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Abstract

Purpose –This study employs firm-level data to evaluate how the knowledge economy impacts the financing
constraints of businesses across 106 low- andmiddle-income nations, focusing on the influence of technological
transformation on corporate financing choices.
Design/methodology/approach – The research centers on privately held, unlisted firms and examines the
distinct effects of knowledge at both the within-country and between-country levels using a panel dataset.
Rigorous sensitivity and endogeneity analyses are conducted to ensure the reliability of the findings.
Findings – The findings indicate that greater levels of the knowledge economy correlate with reduced financing
constraints for firms. However, this effect varies depending on the location within a country and across different
geographical regions. Firms situated in larger urban centers and more innovative regions reap the most significant
benefits from the knowledge economywhen seeking external funding. Conversely, firms in smaller cities, rural areas
and regions characterized by structural and institutional inefficiencies in knowledge generation experience fewer
advantages.
Originality/value –The impact of knowledge exhibits variability not onlywithin and among countries but also
between poor and affluent developing nations, as well as between larger and smaller countries. The knowledge
effect on firms’ access to external finance is influenced by factors such as financial openness and development,
educational quality, technological absorption capabilities and agglomeration conditions within each country.
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1. Introduction
The financing constraints of firms reflect the extent to which firms have adequate access to
external finance to carry out their business operations. Financing constraints affect firms’
investment decisions, innovation, and hence entrepreneurial activity (Broome et al., 2018).
The identification of firms’ financing constraints is therefore a much-debated issue in the
finance and development literature (Levine, 2005; Karlan and Morduch, 2010).

Financing constraints are especially important for small, innovative firms. Understanding
the causes and regional distribution of financing constraints is important for making
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effective policy decisions and understanding small firm entrepreneurial diversity (Pucher
et al., 2016). In this respect, an important consideration for researchers and policymakers is
the link between knowledge, innovation and corporate financing. Knowledge assumes formal
and informal, codified and tacit forms and it is measured rather indirectly at either the firm or
the country level using economic and non-economic information (Shapira et al., 2006). The
knowledge economy uses knowledge inputs to produce the output (Stehr and Mast, 2012).
It refers to the extent of skilled labor and high-tech capital across cities, countries and regions.
It differs from an agrarian economy, which uses unskilled labor to produce primary sector
products, and from an industrial economy, which uses low-skill labor with physical capital in
mass producing output. Instead, the knowledge economy uses information and intangible
capital to produce the output.

Long ago, Schumpeter (1942) stressed the importance of this link. He argued that
entrepreneurs stimulate economic dynamism by transforming ideas into technological
inventions, accessing financing and subsequently turning inventions into innovations with
commercial use (Kurz, 2012). Research in the Schumpeterian tradition has generated several
economic debates (Carlsson et al., 2013). These debates focus mainly on whether business
opportunities are discovered or created (Alvarez et al., 2013) and whether certain business
conditions stimulate innovation and entrepreneurial activity (Autio et al., 2014; Acs et al., 2014).
Further, knowledge, gained through education, experience and learning by doing, affects the
ability of individual entrepreneurs to identify business opportunities and engage in their
pursuit (Aldrich and Yang, 2014). The generation and overtime accumulation of knowledge by
corporate founders passing information to their heir, the interaction of firms within and across
industries and during upstream and downstream operations as well as the recurrent
capitalization of scientific, technological and organizational advances, all are key determinants
of firms’ entrepreneurial performance and competitive survival (Agarwal and Shah, 2014;
Klepper, 2015; Adams et al., 2016). Some of these ideas have recently been incorporated in
macroeconomic models. For example, Hall (2010) notes that the models of endogenous
economic growth have managed to formalize some aspects of the knowledge-innovation
dynamic for explaining economic outcomes. The recent emergence of fintech and digitization
trends worldwide has further elevated the importance of knowledge in financial analysis.
Indeed, Aghion et al. (2017) stress the importance of artificial intelligence and the knowledge
economy for financial development and economic growth, whilst Korinek and Stiglitz (2017)
stress their implication for income inequality and financial inclusion. However, the role of the
knowledge economy as a whole has yet received little attention, especially in financial analysis.

There is increasing evidence that the obstacles on firms’ external finance exhibit spatial
variation, especially in the developed countries (W�ojcik, 2016; Martin, 2011; Lee and Brown,
2017). The variation is associated with economic, institutional and technological factors, of
which the knowledge economy is a key one. For example, Garretsen et al. (2009) stress the role
of information and communication technology (ICT) in reducing the impact of physical
distance in financial transactions thereby affecting the location choice of financial
institutions. Castells-Quintana (2017) documents that urban agglomeration has widened
the range of investment financing opportunities for small firms.

However, the empirical link between knowledge, geography and firms’ financing
constraints and its spatial manifestation has yet to be adequately explored. The literature
focuses either on the effect of knowledge on firms’ innovation and growth (Antonelli and
David, 2016; Antonelli and Colombelli, 2017) or on the geographies of firms’ access to finance
and innovation (Appleyard, 2013; Lee and Luca, 2019; Zhao and Jones-Evans., 2017; Mina
et al., 2013). This link between knowledge and corporate finance is very important for firms in
developing countries due to their suffering from large information asymmetries, weak credit
assurances and human capital deficiencies, as well as due to the tremendous possibilities that
the knowledge environment present for overcoming their underdevelopment. It is also
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important from a policy perspective. Many developing countries are looking to reducing their
development gaps by riding thewagon of the “4th industrial revolution.” It is conceivable that
in the modern world of globalization, ICT expansion and fast technological progress, firms’
financing constraints would be less binding and entrepreneurship less constrained, if firms
capitalize on the opportunities offered by digitization and knowledge.

Using firm-level survey data from the World Bank, this study analyzes the empirical
relation between the knowledge economyand the financing constraints experiencedby firms in
106 developing countries. The relevant literature is rather silentwith respect to this relation. An
additional novel contribution of the study is the estimation of the distinct within- and between-
country spatial effects of knowledge on corporate finance access. A further key strength of the
data is a focus on privately held (non-listed) firms in developing countries, on which there is
little and mostly non-audited information (Farooq et al., 2021, 2023). Spatial dimensions affect
the knowledge effect on firms’ access to external finance. To our knowledge, there is no other
cross-country evidence of the association between the knowledge economy, location of
operation and firms’ financing constraints for the whole range of developing countries.

Our conceptualization of the knowledge economy draws on the World Bank’s (2012)
suggestions and refers to a country’s ability to generate, absorb and diffuse knowledge. Our
measurement of the knowledge economy captures whether a country’s overall business
environment generates and uses knowledge to enhance economic transformation and
development and therefore to push the country towards the knowledge economy. Our
composite measure of the knowledge economy comprises four dimensions of related
information. The first dimension captures the extent to which the economic and institutional
environment creates incentives for the efficient production and absorption of new knowledge
and for its contribution to entrepreneurship. The second dimension captures the extent to
which education and skills are properly articulated to enhance human capital. The third
dimension captures the extent to which the overall ICT infrastructure provides a foundation
for the knowledge economy. The fourth dimension captures the extent to which the national
system of innovation, comprising the constellation of and interaction among firms and
research organizations diffuse knowledge adequately as measured by a country’s ability to
create, publish and patent scientific results. In our study, the mechanism through which the
knowledge economy effect is exerted include information asymmetry mitigation between
lenders and borrowers, cost/price calculations under generalized uncertainty, cognitive
decision-making and know-your-client efficiency. The knowledge economy effect is mediated
by formal and informal institutions and technological capabilities, coordination effectiveness
and network resilience of the financial system as a whole. Knowledge is taken as an
exogenous, economy-wide factor that predicts individual firm financing behavior.

The results of the analysis show that higher levels of the knowledge economy are broadly
associated with lower firms’ financing constraints throughout the developing countries. The
size of the effect is on average considerable, it is higher in richer and larger countries and
lower in poorer and smaller countries. It is also higher in mid-size cities with populations
between 0.5 and 1 million inhabitants and insignificant in small cities and rural areas. It
appears that policies aiming at enhancing firms’ access to external finance in developing
countries would be more efficient if they account for the state of the knowledge economy and
the spatial conditions of firms’ operation.

The study contributes to the literature on the firms’ access to external finance and growth
(Ayyagari et al., 2008, Ayyagari et al., 2016; Mertzanis, 2017, 2019a, b). It stresses the role of
the knowledge economy in affecting the supply of and demand for firms’ external finance
thereby influencing their performance (Alonso et al., 2019; Durst et al., 2023; Fischer et al.,
2021). It uses a large and diversified sample of mostly privately held firms operating in
developing countries. The knowledge effect on private firms has not been extensively studied
(Alsebai et al., 2022). It is nonetheless an important area of research for the financing decisions
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of private firms which are not directly subject to market pressures but reflect more internal
considerations. It further adds to the literature on the geography of access to external finance
and the spatial heterogeneity of financial markets (Martin, 2011; W�ojcik, 2016; Lee and
Brown, 2017) with a focus on developing countries. Finally, it contributes to the strand of
literature that focuses on the relation between agglomeration and financial development
(Duranton, 2014; Castells-Quintana, 2017).

The study is organized as follows. Section 2 reviews previous studies and the related
literature; section 3 describes the identification strategy, data and the empirical methodology
used for the estimation; section 4 analyzes the predictive power of the knowledge economy
and firm-specific characteristics on corporate finance obstacles; section 5 applies sensitivity
tests and endogeneity analysis; section 6 applies additional country-level checks of
robustness of results; and finally, section 7 concludes the analysis.

2. Related literature
Firms’ access to financial services and products differs from the actual use of them. This is
because firmsmay not use finance either involuntarily or voluntarily. Some firms have access
to financial services, but they do not use thembecause either they do not need them, or they do
not wish to use them due to social, religious or cultural reasons. Few studies consider whether
knowledge-related factors play a role in providing firms with needed access to financial
services (Ag�enor and Canuto, 2017; Bertoni et al., 2015; Colombelli and Quatraro, 2018).
Further, few studies consider the role of geography on knowledge sharing and local
information asymmetry between lenders and borrowers and therefore on financial inclusion
in local financial markets (Clarkson et al., 2007). We describe the role of these knowledge-
related factors by considering their effect on the demand for and supply of financial services
and products as well as on the structure of financial intermediation.

Knowledge considerations affect the firms’ demand for external finance mainly through
information asymmetry. Masiak et al. (2019) note that the assumption of widely available and
free financial information may not be valid regarding small-size new firms, whose owners
make entrepreneurial decisions under heightened uncertainty. Lowik et al. (2012) argue that
most firms generally have a limited knowledge of financing alternatives, which hampers their
ability to use new and affordable financing investments. Chaudhary (2019) shows that
entrepreneurs, who are not knowledgeable of certain financing instruments, are more often
than not self-discouraged from actively searching for more financing knowledge. This
implies that adequate knowledge of financing alternatives and processes is important even
for firms that do not need or cannot raise external finance, as this impedes themeeting of their
future financing needs. The impact of knowledge on firms’ demand for finance also varies in
accordance with their stage of development, where informal sources may be more important
at their earlier stages, whilst formal, knowledge-demanding ones may be more important at
later development stages (Xiao, 2011).

Further, knowledge affects the demand for external finance through personal human
capital. Hurst and Lusardi (2004) stress the role of entrepreneurs’ wealth in strengthening
their personal human capital due to more extensive acquisition of knowledge they need to
meet their financing constraints. Another way of influence is through the value signals, which
the quality of entrepreneurs’ personal human capital conveys to external investors, ensuring
trust and commitment. Hallen (2008) notes that higher quality of entrepreneurs’ human
capital increases the probability of external investors committing financial resources to
uncertain new ventures. Hsu (2007) argues that these channels of influence explain why new
business ventures that are established by entrepreneurs that care to improve their own
human capital experience lower financing constraints. Moreover, knowledge affects the
demand for finance through the individuals’ cognitive reactions. Atkinson et al. (2007) argue
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that the understanding of the nature and quality of judgments made for seeking finance can
explain the borrowers’ financial capabilities.

Knowledge affects the supply of finance mainly through the improved ability to assess
borrower creditworthiness. Assessing and monitoring creditworthiness requires the
containment of information asymmetry between lender and borrower. Assessment
mechanisms are also diverse, combining different sources of formal and informal,
quantitative and qualitative information about the borrowers, different procedures of
screening this information, different contractual structures and terms of lending and different
monitoring strategies and enforcement mechanisms. Berger and Udell (2002, 2006) and
DeYoung et al. (2010) distinguish between transaction-lending decisions, based primarily on
the use of “hard” and objective knowledge and relationship-lending decisions, based on “soft”
informal and qualitative knowledge. The former requires adequate financial information of
the borrowing firm, adequate ICT infrastructure and cognitive skills to carry out credit
scoring of informationally deficient or opaque firms and their owners. The latter requires
adequate and persistent “relationship banking” with the borrowing firm, its owners and the
local community as well as ongoing monitoring of corporate performance across all types of
financial relationships, including contracting, spending and financing. Liberti and Mian
(2009) argue that the extent of geographical and hierarchical distance between the
information-collecting officer and the loan-approving officer affects the extent of reliance on
objective versus subjective knowledge. Uchida (2011) finds that, during the loan application
screening process, smaller and provincial banks assign higher importance to relationship-
based knowledge and use third-party provided information often, but they also place greater
emphasis on the borrowers’ collateral value as insurance.

Further, knowledge affects the supply for finance through its ability to capitalize on high-
level skill and expertise. Financial institutions provide a wide range of financial services by
more or less specialized staff, ranging from tellers to credit officers, from traders to financial
analysts, from policy distributors to reinsurance experts, with varying degrees of skill and
expertise. Merluzzi and Phillips (2016) document that many jobs in banks usually are local
hires, often devoid of necessary skills to provide financial sophisticated services. Skill here
refers to both cognitive ability and the ability to understand the intricacies of valuing and
marketing of intangible financial products, form financing alliances, perform relationship
financing, capitalize on networks and social media, etc.Where knowledge levels are higher, the
concentration and discharge of such skill and expertise are also higher and vice versa. Lane
et al. (2006) note that the ability to internally train staff depends on the latter’s already
accumulated knowledge and educational background. Professional certification programsmay
often be expensive or confined to only a few eligible ones. Luo et al. (2009) document a positive
relationship between the level of staff expertise and its ability to form financial alliances with
partners that lead to successful ventures. Gomes-Casseres et al. (2006) show that knowledge
flows among alliance-based firms are larger than knowledge flows among non-allied, pairwise
interacting firms and lower than knowledge flows among units within remote firms. They
further posit that similarities of business models between partners determine the flow of
knowledge within alliances. Jabbouri and Farooq (2021) argue that firms employing
inadequately skilled workforce are more likely to experience financing obstacles. The types
of knowledge networks are key determinants of the way knowledge affects the concentration
and discharge of human capital and hence its impact on financial decisions (Lorentzen, 2008).

Finally, the knowledge economy affects external finance through its impact on financial
intermediation and the associated availability of funds. Merton and Thakor (2019) argue that
the knowledge economy has made possible the emergence of fintech and non-intermediated
peer-to-peer (P2P) lending vis-a-vis traditional bank lending. The rise of non-bank lenders is
associatedwith new informational frictions and incentives aswell as a new form of competition
that affect the power of banks as deposit-collectors and the process of screening, monitoring
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and relationship banking with borrowers. The spread of high frequency trading, e-trading and
robo-advising and the use of big data for risk pricing affect the boundaries between direct and
indirect financing mechanisms. Cong and He (2019) argue that the emergence of
cryptocurrencies, mobile wallets and P2P transfers backed by the block chain technology
creates a new competitive basis with traditional bank-originated fiat money thereby affecting
the control and cost of financial transactions and the operation of the clearing and settlement
process. Philippon (2018) argues that the emergence of fintech and dis-intermediated lending
platforms can reduce the cost of financial intermediation considerably but also cause
considerable regulatory challenges, all of which affect the provision of finance.

Overall, the literature suggests that the knowledge economy is associated with
improvements in firms’ access to external finance directly and indirectly, along individual
and institutional channels. This leads to our key testing hypothesis:

H1. Higher levels of the knowledge economy are associated with lower financing
constraints of firms.

The extent to which the knowledge economy affects financing decisions has also a spatial
dimension that can assume either horizontal or vertically integrated forms. Knowledge
spillovers within a country and across countries depend on the strength of knowledge-related
externalities. Keilbach (2000) argues that the assumption of perfect interregional capitalmobility
seekingmost profitable entrepreneurial ventures implies a restrictive geographical homogeneity
in accessing finance. This view ignores the possibility that geographical cities and regions may
trail others, allowing them to catch up in different paces by learning and replicating the more
successful financial intermediation structure or technology. For example, the M-Pesa system of
low-cost digital payment that has revolutionized financial access has thrived inKenya but not in
the neighboring Sudan and Uganda. The New Economic Geography School (e.g. Krugman,
1998; Baldwin and Martin, 2003) suggests that technological progress affects knowledge
diffusion through learning-by-doing and a recurrent effect of gradual knowledge accumulation
on investment, highlighting the role of urban agglomeration and institutions. Johansson (2021)
argues that the geographic patterns of how entrepreneurial behavior affects technological
innovation are linked with the knowledge communicated to entrepreneurs, which is in turn
affected by the structure of the social networks of interpersonal communication. Faggian and
McCann (2006) stress the importance of the interregional transfers of human capital (e.g. skilled
labor possessing tacit knowledge) for knowledge diffusion. Eugster et al. (2018) show that
knowledge spillovers between neighboring regions are determined byproximity and intergroup
cohesion like an epidemic. Aghion and Jaravel (2015) show that regional knowledge spillovers
depend in a hierarchical fashion on the network of innovators and potential adopters across
geographical regions. The extent of industrial and financial agglomeration and the spread
between center and peripheral regions depends on distance and knowledge complementarity.
Nogueira et al. (2015) show that these agglomeration effects tend to facilitate firms’ access
finance through improved selection of lenders, learningof alternatives andmonitoring efficiency
of geographically concentrated investments. The preceding literature suggests that the effect of
the knowledge economy on firms’ access to external finance has a significant geographical
dimension. This leads to our next testing hypothesis:

H2. The effect of the knowledge economy on the financing constraints of firms depends
on geographical factors.

Thus, in this study, we test the impact of a composite country-level measure of the knowledge
economy on the degree to which individual firms experience obstacles to accessing external
finance.We also test for thewithin- and across-countrymanifestation of the knowledge effect,
thus highlighting its regional dimension.
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3. Data and methodology
We obtain the data on firms’ access to finance from the Enterprise Surveys (ES hereafter)
administered by the World Bank. The basic dataset includes 132,915 non-financial firms
operating in 106 developing countries during 2006–2018.Our final dataset is constrained by the
time span of the key independent variable and the associated controls, which comprise the final
sample. The novelty of our data is that it focuses on privately held firms, where the knowledge
effect has been inadequately studied. It is nonetheless important for the financing decisions of
private firms which are not directly subject to market pressures but reflect more internal
considerations. Moreover, not all firms and households need all financial services. The Global
Findexdatabase (TheWorldBank, 2022) reveals that some financial exclusion isvoluntary, that
is, some firms choose not to use financial services. Previous studies have shown that private
firms in developing countries have relatively lower access to finance than publicly listed firms
(Mertzanis, 2019a, b, 2020). The mode of ES data collection is face-to-face interviews. The
sampling methodology for ES is stratified random sampling. In a simple random sample, all
members of the population have the same probability of being selected and noweighting of the
observations is necessary. The ES data are collected over several survey rounds. They are
essentially independent collections of cross-section data, where only a few firms systematically
appear throughout the successive surveys. The data structure is unbalanced but it has the
advantage of containing consistent information across all survey years. The ES data have the
important strength of including different firms depending on their size, sector of activity and
other firm-specific characteristics.The surveyresponsesof the firms reflect their experienceand
perception of the surrounding business environment and the obstacles therein. To contain self-
selectionbias, theESdatause randomsamples of representative firmsacrossdifferent sizes and
sectors of activity, which are subsequently updated for each country and properly brought into
consistent form. A potential drawback of the ES data is about whether they truly reflect firms’
financing constraints. However, in the absence of audited, high-quality census data in most
developing countries, surveydata include information that directly reflects the corporate views,
which may be more valuable with respect to the true financing constraints of firms.

The outcomevariable of our analysis is the individual firms’ access to finance,ACCESS. The
latter is an ordinal variable that captures the individual firm’s experience of financing
constraints, based on the answer to the survey question: “How much of a problem is access to
finance for operating and growing your business?”The answer ranges between no obstacle (0),
minor obstacle (1), moderate obstacle (2), major obstacle (3) and severe obstacle (4). However,
these responses may capture only part of the firms’ reality since some firms may not be
constrained or may experience liquidity distress only. Therefore, we are cautious about
interpreting the results properly. Alternative metrics for gauging financing constraints are
typically derived from balance-sheet information (Almeida et al., 2021). Nonetheless, our metric
possesses distinct advantages. Firstly, it adopts amore comprehensive scope, incorporating the
influence of expectations and uncertainty conditions on financing decisions. This is
particularly noteworthy considering Shleifer’s (2019) emphasis on the increasing reliability
of survey data as a source for evaluating market expectations. Secondly, our measure
encompasses both the availability and cost of financing, considering factors such as interest
rates, fees and collateral requirements. This holistic approach proves advantageous, especially
when analyzing the cascading effects of significant external shocks across multiple levels.
Thirdly, our metric embraces the entirety of alternative external financing forms, which are
often prevalent and difficult to differentiate in developing countries. This includes various
sources such as bank financing, equity financing, trade/supplier finance and informal finance.
This inclusive framework ensures a more nuanced understanding of the diverse avenues
through which firms secure external funding in varying economic contexts.

Themain explanatory variable in our study is the knowledge-economy index (KEI), which is
an economy-wide measure of the knowledge economy. The KEI index is based on the
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knowledge assessment methodology (KAM) used by theWorld Bank (TheWorld Bank, 2012).
It is a composite index that measures a country’s ability to generate, absorb and diffuse
knowledge. The KEI measures whether the overall environment of a country creates and uses
knowledge to enhance economic transformation and development and therefore push the
country towards the knowledge economy. Chen andDahlman (2005) note that themethodology
comprises 148 structural and qualitative variables normalized into 12 knowledge indicators,
which are subsequently grouped into four pillars to provide a country scorecard. The first pillar
considers whether the economic and institutional environment creates incentives for the
efficient production and absorption of new knowledge and its contribution to entrepreneurship.
The second pillar considers whether education and skills are properly articulated to enhance
human capital. The third pillar considers whether the overall ICT infrastructure provides a
foundation for the knowledge economy.The fourth pillar considerswhether the national system
of innovation, comprising the constellation and interaction of firms, research centers,
universities and other relevant organizations, diffuses knowledge adequately as measured
by a country’s ability to create, publish and patent scientific results. The KEI ranges within the
[0, 10] interval, with higher values indicating higher ability to create, absorb and diffuse
knowledge. It is best suited for the present analysis. While there may be concerns about the
robustness of the KEI as an aggregate indicator, it fares well in comparative studies and most
importantly it has the key advantage of being widely representative of the quantitative,
qualitative and structural aspects of the knowledge economy and consistentlymeasured across
our entire sample of 106 countries (Chen and Dahlman, 2005). While endogeneity analysis is
performed, the paper analyzes knowledge as an input to financial decision-making.

Table 1 reports average per country values of ACCESS and KEI. These values show
substantial discrepancies across countries. Firms located in Burkina Faso (3.01), Côte d’ Ivoire
(2.72) and Ghana (2.57) experience access to finance to be a severe obstacle to their business
operations; firms located in Eritrea (0.43), Estonia (0.50) and Israel (0.53) experience it as no
significant obstacle; whilst firms located in Egypt (1.55) and Nigeria (1.55) express median
positions. The whole sample distribution of ACCESS shows that on average 9.3% of firms
disclose that access to external finance is a severe obstacle; 16.2% disclose that it is major
obstacle; 21.7% disclose that it is a moderate obstacle; 20.3% discloses that it is a minor
obstacle and 32.5%discloses that it is no obstacle. Moreover, Israel has the highest KEI (8.14),
followed by Estonia (8.37) and Slovenia (8.36); whilst Liberia has the lowest KEI (0.89)
followed by Sierra Leone (0.91) and Myanmar (0.93). The sample average is 3.98.

Further, while the knowledge economy is expected to affect firms’ financing constraints,
the effect is not directly observed. Therefore, we control for other characteristics of firms that
mitigate the effect. The firm-specific characteristics provide external financiers with essential
information to evaluate the risk and potential return associated with providing funds to a
particular firm (Ayyagari et al., 2008, Ayyagari et al., 2016). These characteristics serve as
tangible indicators of a firm’s creditworthiness, financial health and ability to effectively use
external finance, making them critical predictors in the decision-making process of external
financiers. We undertake a careful approach to ensure the robustness of our findings by
controlling for various characteristics of firms that have the potential to influence or mitigate
the observed effect. This comprehensive control strategy involves accounting for factors
such as firm size, age, sector of business activity, corporate legal status, auditing of accounts,
export performance and ownership structure. The ES data serve as a valuable resource,
providing rich information on these firm-specific characteristics. Our methodology aligns
with the work of Adian et al. (2020), who leverage ES data to emphasize the central role of a
firm’s age and size in shaping its access to finance, particularly in the context of the
challenges posed by the pandemic. Additionally, insights from Mertzanis (2017, 2019a, b)
underscore the significance of ownership structure in influencing firms’ access to finance,
highlighting the nuanced interplay between corporate ownership arrangements and financial
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outcomes. Moreover, our study extends into the realm of firm competitiveness, drawing
inspiration from Falciola et al. (2020), who utilize ES data to construct firm competitiveness
levels. This approach involves considering not only business obstacles but also firm-level
characteristics, including legal status. By incorporating these elements, we aim to provide a
nuanced understanding of the factors influencing the competitive landscape of firms,
shedding light on how the legal organization of firms shapes their overall competitiveness.
Furthermore, Lee et al. (2020) use the ES data to analyze the intricate relationship between
corruption, firm-specific characteristics and external finance. Farooq et al. (2021, 2023) use
firm-specific information from the ES data to control for the effect of economic and political
uncertainty on financing constraints.

A key firm-specific variable for the analysis is the location of the firm, LOCATION. The
variable documents whether a firm is in the capital city or in cities with smaller population as
well as in rural areas. The distribution of firms in our sample shows that 14.5% of firms are in
the capital city; 24.7% are in cities with more than 1 million inhabitants; 19.4% are in cities

Country ACCESS KEI Country ACCESS KEI Country ACCESS KEI

Albania 1.04 4.07 Guyana 1.31 4.31 Panama 0.88 5.45
Angola 2.36 1.38 Guinea 2.23 1.58 Paraguay 1.37 3.66
Argentina 1.98 6.02 Guyana 1.31 4.31 Peru 1.30 4.77
Armenia 1.72 5.30 Honduras 1.47 3.31 Philippines 0.84 4.09
Bangladesh 1.75 1.63 Hungary 0.74 7.94 Poland 1.29 7.39
Barbados 1.85 7.25 India 1.16 3.06 Romania 1.64 6.59
Belarus 1.35 5.31 Indonesia 1.16 3.17 Russia 1.45 5.71
Benin 2.13 1.99 Israel 0.53 8.14 Rwanda 1.60 1.26
Bolivia 1.52 4.09 Jamaica 1.72 5.05 Samoa 1.30 2.63
Bosnia and Herzeg 1.42 4.70 Jordan 1.97 4.95 Senegal 2.24 2.91
Botswana 1.69 4.54 Kazakhstan 1.30 5.03 Serbia 1.45 5.30
Brazil 2.34 5.57 Kenya 1.65 2.90 Sierra Leone 2.20 0.91
Bulgaria 1.23 6.22 Kyrgyz Rep 1.43 3.78 Slovak Rep 1.26 7.49
Burkina Faso 3.01 1.65 Lao PDR 1.16 1.67 Slovenia 1.23 8.13
Cambodia 1.22 1.71 Latvia 1.27 7.52 South Africa 0.73 5.77
Cameroon 2.30 1.69 Lebanon 1.76 4.56 Sri Lanka 1.60 4.16
Cape Verde 1.93 3.25 Lesotho 1.72 2.43 Sudan 1.24 1.48
Chile 1.34 7.05 Liberia 1.85 0.89 Swaziland 1.49 3.37
China 0.81 4.38 Lithuania 1.23 7.74 Sweden 0.61 9.43
Colombia 1.73 4.48 Madagascar 1.60 2.05 Tajikistan 1.30 2.96
Costa Rica 2.06 6.06 Malawi 1.96 1.84 Tanzania 2.15 1.86
Cote d’Ivoire 2.72 1.80 Malaysia 1.37 6.10 Thailand 0.58 5.21
Croatia 1.28 6.84 Mali 2.32 1.98 Trinidad and Tob 1.78 5.65
Czech Rep 1.37 7.98 Mauritania 2.19 1.92 Tunisia 1.14 4.56
Dem. Rep. Congo 2.27 3.83 Mauritius 1.89 5.18 Turkey 0.84 5.37
Ecuador 1.52 3.77 Mexico 1.44 5.44 Uganda 2.02 2.28
Egypt 1.55 3.78 Moldova 1.24 4.98 Ukraine 1.61 2.41
El Salvador 1.52 4.18 Mongolia 1.80 4.46 Uruguay 1.44 6.51
Eritrea 0.43 1.07 Morocco 1.29 3.61 Uzbekistan 0.96 3.21
Estonia 0.50 8.37 Mozambique 2.11 1.76 Venezuela 1.23 4.59
Ethiopia 1.67 1.23 Myanmar 0.99 0.96 Vietnam 0.98 3.20
FYR Macedonia 1.45 5.49 Namibia 1.68 4.25 Yemen 1.64 1.85
Georgia 1.34 4.93 Nepal 1.53 1.59 Zambia 1.64 2.52
Ghana 2.57 2.84 Nicaragua 1.24 2.91 Zimbabwe 2.52 2.51
Guatemala 1.46 3.21 Nigeria 1.55 2.15
Guinea 2.23 1.58 Pakistan 1.30 2.31 Total average 1.50 3.98

Source(s): Authors’ calculation
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with 0.25–1 million inhabitants; 13.9% are in cities with 0.05–0.25 million inhabitants; 9.9%
are in cities with less than 0.05 million inhabitants and 17.8% of firms are in rural areas.
W�ojcik (2016) suggests that the divide between large financial centers, mid-level cities and
rural areas plays a key role in the differences in corporate finance access. Igwe et al. (2019) use
the ES data to show that firm location predicts investment, productivity and growth of SMEs
in Africa. We use LOCATION in all models to capture within-country spatial effects. Finally,
we use country-level variables to control the impact of national economic and institutional
effects. The Appendix includes a description of all the variables in the study. Where
necessary, we took logarithmic values of level variables to contain potential outlier bias.

Table 2 displays summary information of the variables in the study.Themean countryvalue
for ACCESS is 1.5 and the standard deviation is 1.33, indicating considerable dispersion.
Further, the within-country distribution of ACCESS shows that firms located in the capital city
have an average value of 1.61; firms located in cities with at least one million people have an
averagevalue of 1.43; firms located in cities between 0.25 andonemillion people have an average
value of 1.48; firms located in cities between 0.05 and 0.25 million people have an average value
of 1.50; firms located in cities between less than 0.05million people have an averagevalue of 1.41;
and firms located in rural areas have an average value of 1.55. It appears that firms in the capital
cities experience the most severe financing obstacle and those in smaller cities less than 0.05
million people experience the least severe obstacle. Moreover, the mean country value of KEI is
3.98 and its standard deviation is 1.79, also indicating considerable dispersion. About 47.2% of
the firms in the sample are small firms, 33.7% aremedium-size and 19.1 are large firms. Further,
45.5% of firms are joint stock companies, 47.5% are established and operate in the capital city
and major cities. The sample is quite diverse and balanced.

SinceACCESS is an ordinal variable, we deploy an ordered probitmodel for estimating the
causal effect, using the maximum likelihood estimator (Greene, 2012). We consider only
observations with non-missing values for the estimation. In our cross-country setting with a
potential omitted variable bias, we use country fixed effects to capture unobservable

Variable Obs Mean S.D. Min 0.25% Mdn 0.75% Max

ACCESS 128,284 1.5 1.33 0 0 1 3 4
KEI 122,527 3.98 1.79 0 2.51 3.78 5.4 9.43
LOCATION 109,328 2.76 1.27 1 2 3 4 6
AGE 130,423 7.57 0.02 5.56 6.56 7.56 7.58 7.61
SIZE 132,904 1.72 0.76 1 1 2 2 3
LEGAL 132,900 2.83 1.13 1 2 3 3 7
EXPORT 131,060 7.21 21.67 0 0 0 0 100
AUDIT 132,699 1.51 0.54 1 1 1 2 3
OWNF 132,371 7.88 25.31 0 0 0 0 100
OWNG 132,380 0.55 6.52 0 0 0 0 100
TECHCAP 121,542 1.24 0.23 0.43 1.21 1.43 1.67 1.91
CREDIT 128,482 1.51 0.31 0.31 1.33 1.52 1.71 2.2
FINOPEN 129,763 1.25 0.7 0.04 0.91 1.19 1.87 2.41
GINI 132,904 40.04 8.15 25 33.6 39.2 45.5 65
QUALEDUC 117,166 3.39 0.71 0 2.88 3.39 3.94 5.44
FDITECHTRAN 117,166 4.49 0.6 0 4.19 4.55 4.88 5.92
TECHABS 117,166 4.41 0.59 0 4.1 4.34 4.75 6.07
POPDENS 129,993 136.51 195.72 2 32 73 147 1,178
DISTANCE 127,973 672.61 844.22 0 220 425 823 4,322
AGGLOMER 128,198 43.48 19.1 4.8 28.8 42.9 53.6 90.5
POP75 130,404 37.47 32.57 0 12.7 25.1 57 100

Source(s): Authors’ calculation
Table 2.
Descriptive statistics
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influences of time-invariant factors (i.e. geography, institutions, etc.) among countries. We
also use year effects to capture unobservable time-relevant influences (i.e. shocks, crises, etc.)
that affect all countries. Subsequently, we add country-level control variables in separate
groups to study different economic and institutional influences while containing collinearity.
In this setting, we measure the key predictor variable at the country level whereas we
measure the outcome variable at the firm level. Moulton (1990) identified the statistical bias
that results from the attempt to measure the effect of aggregate policy variables on micro
units. Consequently, we cluster the standard errors at the country level in all regressions. Our
setting also implies that in a given country and year, there are several different firm-level
observations per one key predictor observation. The error term of the estimation might be
large since it is difficult to fit all the outcome points at the same time thereby inducing a more
conservative estimate of the effect of the key predictor variable. The model of empirical
estimation assumes the following form:

ACCESSijtl ¼ αþ KEIjt β1 þ X2ijtl β2 þ X3jtl β3 þ μijtl (1)

The outcome variable ACCESSi,j,l shows the probability that the firm I, operating in city l, in
country j, during year t, perceives access to finance to be either no or minor or moderate or
major or severe obstacle to its business; KEIjt is the knowledge economy index per country j
and year t; whilst X2ijtl is the vector of firm-specific characteristics used as control variables,
and X3tj is the vector of country-level factors used as control variables. Τhe term μijtl is the
overall regression’s error term that comprises the sum of ηj, θl, λt and ei,t, where ηj accounts for
the unobservable country-specific effects, θl, accounts for location-specific effects, λt accounts
for the time-specific effects and the εitl is a disturbance parameter that is assumed to vary
across firms, cities, countries and years and follow the normal distribution. Note that the use
of an ordered probit model to analyze ordinal variables does not produce a goodness-of-fit
statistic like the R2 of OLS regression. The probit estimates are maximum likelihood values
produced through a process of iteration and not calculated to minimize variation. The probit
model produces a pseudo R2 measure of the goodness-of-fit, which ranges too from 0 to 1 and
higher values imply better fit of the model. However, these pseudo R2 values are typically
very low. Wooldridge (2010) suggests that in the case of a binary outcome variable, the
McFadden’s pseudoR2 values could have an interpretation that is parallel to theR2 in theOLS
regression. We address potential endogeneity arising from omitted variables by using fixed
effects and applying an instrumental variables method with a suitable instrument. Finally,
we are careful to interpret our parameter estimates as indications not of outright causation
but of strength of association. In the text, we may use the terms “cause” or “predict” only to
facilitate discussion. Table 3 presents the matrix of correlations between KEI and the firm-
specific regressors, which are less than the 0.5 value, and therefore do not exhibit severe
collinearity.

4. Analysis of the results
4.1 Baseline effects
The estimation results report the change in the probability that a firm describes financing as
an obstacle to business operation following a change in the state of the knowledge economy in
each country. To estimate the basic relation under different conditions, we estimate
successive maximum likelihood models, applying a sample split between rich and poor
countries as well as large and small counties, based on the median values of the GDP per
capita and population, respectively. We include interaction effects based on the mean values
of interacted variables to better capture the spatial dynamic of the knowledge effect. Table 4
presents the baseline estimates. In all models, KEI is a negative and strongly significant

Knowledge
economy and

finance



predictor of firms’ financing constraints throughout the developing countries in all models.
The magnitude of the effect is considerable; it is higher in high-income and high-population
countries and lower for low-income and low-population developing countries. These results
tend to confirm our first testing hypothesis, by documenting a positive association between
the level of the knowledge economy and firms’ access to external finance. It appears that firms
in high-income and high population countries can better take advantage of the knowledge
economy in reducing information asymmetry, enhancing human capital input, and
effectively using informal practices to address their financing constraints than is the case
in low-income and population countries. Thus, country size and income do affect the impact of
the knowledge economy on corporate finance behavior. The results further show that the
knowledge effect differs between thewhole sample and the subsamples by development level,
indicating considerable differences in the knowledge diffusion process as well as reflecting
the within-country distribution effects of financing constraints experienced by individual
firms in countries with different financial systems and institutional conditions. The
interaction effects are significant and mostly negative, which shows that higher spatial
decentralization is associated with a stronger knowledge effect. This dynamic effect is
stronger in high-income and low-population countries. These findings appear to generalize,
by considering broader external financing options and all developing countries, the earlier
findings of Berger and Udell (2002, 2006), DeYoung et al. (2010), Uchida (2011) and
Uchida (2011).

Moreover, firms’ access to external finance is strongly associated with the location within
the country that the firms reside. On average, the direct location effect on firms’ access to
external finance is stronger and beneficial for firms operating in large cities with over one
million inhabitants, except for poor countries. The location effect is considerably higher in
rich (7.8%) and large countries (8.1%). These differences are also manifested, albeit less
strongly and with an inverse sign, in the other locations. As expected, the knowledge effect is
weak or nonexistent for firms residing in small cities and rural areas. Thus, a significant
direct within-country location effect is documented regarding firms’ experience of financing
constraints that influences the knowledge effect, which is beneficial for firms’ access to
external finance mainly in large cities. It appears that, in line with the predictions of the New
Geography School, larger cities experience agglomeration economies that facilitate learning
and information sharing that tend to improve firms’ access to external finance. In this respect,
richer countries have an advantage (Duranton, 2014). On the other hand, in large countries,

Variable (1) (2) (3) (4) (5) (6) (7) (8) (9)

KEI (1) 1
LOCATION (2) 0.225* 1
AGE (3) 0.125* �0.027* 1
SIZE (4) 0.074* �0.061* 0.241* 1
LEGAL (5) �0.259* �0.049* 0.055* �0.083* 1
EXPORT (6) 0.055* 0.042* 0.083* 0.266* �0.048* 1
AUDIT (7) �0.027* 0.010* �0.139* �0.286* 0.004 �0.110* 1
OWNF (8) 0.014* �0.032* 0.038* 0.163* �0.068* 0.186* �0.129* 1
OWNG (9) �0.014* 0.016* 0.004 0.082* �0.039* 0.013* �0.044* 0.007* 1
VIF 1.39

Note(s): Pairwise correlations among the KEI and the specific characteristics of firms. The symbol * indicates
a significant coefficient at the 5% level. VIF mean values above 4 for a small sample, or 10 for a large sample,
indicate collinearity
Source(s): Authors’ calculation
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the knowledge effect is stronger in both very large and very small cities, but with beneficial
and detrimental, respectively, effects on access to external finance. The difference between
the population size effects and the city size effects highlight the importance of the distribution
of population within countries for firms’ access to external finance. Our results also confirm
our second testing hypothesis, by documenting the significant role of the firms’ location and
geography in influencing the knowledge effect on their external finance decisions.

Finally, the specific characteristics of firms predict firms’ access to external finance. On
average, older, larger and export-oriented firms, incorporated as joint stock companies face
lower financing constraints. These results largely conform to prior findings in the literature
regarding the role of firm-specific characteristics for firms’ access to external finance

ACCESS
All

countries
High-income
countries

Low-income
countries

High population
countries

Low population
countries

KEI �0.056** �0.259*** �0.169*** �0.252*** �0.105***
(0.023) (0.033) (0.051) (0.090) (0.034)

City over 1 ml
people

�0.049*** �0.078*** �0.024 �0.081*** 0.062***
(0.014) (0.024) (0.019) (0.021) (0.022)

City over 1 ml
people * KEI

�0.091*** �0.206*** 0.098*** �0.081*** �0.273***
(0.007) (0.015) (0.012) (0.009) (0.018)

City between 0.25
and 1 ml

0.044*** 0.045* 0.038** 0.031 0.082***
(0.014) (0.024) (0.018) (0.021) (0.020)

City between 0.25
and 1 ml * KEI

�0.056*** �0.186*** 0.050*** �0.036*** �0.234***
(0.007) (0.016) (0.011) (0.009) (0.019)

City between 0.05
and 0.25 ml

0.049*** 0.064** 0.036* 0.088*** 0.008
(0.015) (0.025) (0.019) (0.023) (0.019)

City between 0.05
and 0.25 ml * KEI

�0.037*** �0.124*** �0.013 �0.053*** �0.123***
(0.007) (0.019) (0.012) (0.008) (0.020)

City less than
0.05 ml

0.047*** �0.040 0.106*** 0.125*** 0.007
(0.017) (0.031) (0.021) (0.030) (0.021)

City less than
0.05 ml * KEI

�0.050*** �0.071*** �0.073*** �0.030*** �0.256***
(0.008) (0.025) (0.012) (0.009) (0.021)

AGE �1.031*** �1.331*** �0.736** �1.236*** �0.657*
(0.240) (0.357) (0.326) (0.322) (0.367)

SIZE �0.059*** �0.083*** �0.044*** �0.052*** �0.071***
(0.005) (0.008) (0.007) (0.007) (0.008)

LEGAL 0.016*** 0.021*** 0.008* 0.014*** 0.014**
(0.004) (0.005) (0.005) (0.005) (0.006)

EXPORT �0.001** �0.001* �0.001 �0.001*** 0.001*
(0.001) (0.001) (0.001) (0.001) (0.001)

AUDIT 0.041*** 0.083*** 0.005 �0.008 0.090***
(0.009) (0.012) (0.012) (0.012) (0.012)

OWNF �0.003*** �0.003*** �0.003*** �0.002*** �0.003***
(0.001) (0.001) (0.001) (0.001) (0.001)

OWNG �0.001 �0.001 �0.001 �0.002* 0.001
(0.001) (0.001) (0.001) (0.001) (0.001)

Year effects Yes Yes Yes Yes Yes
Country effects Yes Yes Yes Yes Yes
Pseudo R2 0.050 0.057 0.041 0.043 0.055
N 91,928 43,973 47,955 50,760 41,168

Note(s): The outcome variable is access to external finance, ACCESS. The independent variable is the
knowledge economy index.We cluster the standard errors at the country level. The first-level control variables
include the specific characteristics of firms. The standard errors are in parentheses. We use an order probit
model. We report the location effects, but not the country-year effects. *p < 0.1, **p < 0.05, ***p < 0.01
Source(s): Authors’ calculation
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(Ayyagari et al., 2008, Ayyagari et al., 2016; Mertzanis, 2017, 2019a, b). Overall, this evidence
shows a significant impact of the knowledge economy on firms’ access to external finance in
developing countries, which is also influenced by the firms’ location. The knowledge and
location effects vary considerably with the size and economic development of counties. It
appears that knowledge diffusion affects differently the demand for and supply of finance in
developing countries, which has a significant regional dimension.

4.2 Within and between-country effects
To examine in more detail aspects of the regional impact of knowledge on firms’ access to
external finance, we split the total sample to capture within country and across geographical
region dimensions. The sample split is also a robustness check against potential
measurement error based on a different set of observations. The within-country dimension
includes five different locations, according towhether the firm operates in the capital city or in
cities with successively lower population. Table 5 presents the marginal effects of the within-
country location impact of KEI on firms’ financing constraints. The results show that the
impact of the knowledge economy on the firms’ financing constraints carries a consistent
negative sign, but its magnitude varies considerably among the different locations a firm is
residing with a country. It is higher in mid-size cities with population between 0.5 and 1
million inhabitants (30.3%) and insignificant in small cities and rural areas. Interestingly, the
knowledge effect is insignificant for firms located in the capital city. This may be due to the

ACCESS
Capital
city

City with more
than 1 ml people

City with between
1 ml and 0.5 ml

people

City with between
0.5 ml and 0.25 ml

people

City with between
0.25 ml and 0.05 ml

people

KEI �0.205 �0.199** �0.303*** �0.301*** �0.051
(0.559) (0.086) (0.061) (0.079) (0.079)

AGE �1.092* �1.039** �1.368*** �1.419** �0.077
(0.575) (0.459) (0.472) (0.585) (0.761)

SIZE �0.088*** �0.051*** �0.065*** �0.068*** �0.070***
(0.012) (0.010) (0.011) (0.013) (0.017)

LEGAL �0.001 0.029*** 0.016** 0.009 �0.013
(0.008) (0.006) (0.008) (0.009) (0.012)

EXPORT 0.001 �0.002*** �0.001 �0.001 0.001
(0.001) (0.001) (0.001) (0.001) (0.001)

AUDIT 0.082*** 0.044*** 0.094*** 0.013 �0.069***
(0.021) (0.015) (0.019) (0.022) (0.026)

OWNF �0.003*** �0.003*** �0.002*** �0.003*** �0.003***
(0.001) (0.001) (0.001) (0.001) (0.001)

OWNG 0.002 �0.003*** 0.002 �0.001 �0.001
(0.002) (0.001) (0.001) (0.001) (0.002)

Year
effects

Yes Yes Yes Yes Yes

Country
effects

Yes Yes Yes Yes Yes

Pseudo R2 0.015 0.028 0.014 0.016 0.021
N 16,235 29,614 23,111 15,725 10,363

Note(s): The sample is split by within-country location. We cluster the standard errors at the country level.
The outcome variable is access to external finance, ACCESS. The independent variable is the knowledge
economy index. The first-level control variables include the specific characteristics of firms. The standard
errors are in parentheses.We use an order probit model.We report the location effects, but not the country-year
effects. *p < 0.1, **p < 0.05, ***p < 0.01
Source(s): Authors’ calculation
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practice of financial institutions in most developing countries adhering to relationship-
financingmore often than in developed ones. Relationship financing and community banking
aremore feasible and less costly when the firm operates outside the capital city facing a lower
cost of client monitoring (Gilbert and Wheelock, 2013). Further, since often capital cities are
not necessarily the largest cities in a country, any differences in the knowledge effect may
also reflect the role of bureaucracies and other capital city-specific factors and restrictions.
Capital cities tend to finance large development projects than small firms. The results of the
recent Small Business Credit Survey in the USA shows that small firms have better access to
external finance in smaller cities (Prakash, 2020). Finally, the knowledge effect would be
stronger when firms choose to seek finance directly through the more sophisticated security
exchanges, mostly located in capital cities. However, few firms in developing countries
qualify for exchange listing even if this option were ever available. While the results of the
baseline model remain generally stable, the size distribution of the knowledge effect is wider,
implying a strong within-country location influence. It appears that the knowledge diffusion
process is faster outside the capital cities, concentrating mainly on large and mid-size cities
and less on small cities and rural areas, thereby influencing the location intensions of firms
seeking external finance. Casual observation shows that many “smart cities” in developing
countries are located far away from huge metropolitan areas (e.g. Cairo, Rio) (Buntz, 2017).
While financial centers aremostly located in capital cities and overall population sizematters,
firms seeking external finance appear better able to benefit from the dynamic of the
knowledge economy if they reside outside the vast metropolitan areas. This finding for the
developing countries differs to some extent fromW�ojcik’s (2016) suggestion that differences
in firms’ access to external finance are associated with the divide between large financial
centers and rural areas.

Second, to see the geographical region impact of the knowledge economy on firms’ access
to external finance, we split the sample into the UN-classified regions of the world. The UN
classification is based on such factors as proximity standards, development levels,
geographical morphologies, international body memberships and shared norms and
cultures among the countries grouped in each world region. Table 6 presents the marginal
effects of the geographical region impact of the KEI on firms’ financing constraints. The
results show considerable differences in the knowledge effect among the different
geographical regions. The distribution of the knowledge effect is wider than that of the
baseline models. KEI is negative and significant in all geographical regions, except for the
firms residing in East Asia and Pacific, Central Asia and the Middle East countries. Its
magnitude is stronger in firms residing in Latin America (97.9%), South-East Asia (53.3%)
and Africa (39.5%) and weakest in firms residing in Europe (14.7%). While firms residing
near or within some parts of the European Unionmay benefit from EU technological advance
and proximity, firms residing in the Latin America and South-East Asia regions appear to
benefit the most, perhaps because the catching up process has had more distance to cover.
Dahlan (2007) stresses the difficulties involved in embracing the knowledge economy by
Latin American countries early on. However, a recent report by the Institute of International
education (IIE) (2019) highlights the large progress made in the Latin America countries
during the last decade in adopting the knowledge economy. Degelsegger-M�arquez et al. (2018)
have documented the progress of the Southeast Asia countries, characterized by huge
coastlines and strong innovative activity, towards the knowledge economy. Further, Bizri
(2018) notes that, despite considerable progress, economic and infrastructural inequalities in
the Middle East and North Africa may explain the region’s slow pace towards the knowledge
economy.

Further, the direct impact of within-country location on financing constraints also varies
considerably among geographical regions. Firms seeking external finance are more likely to
benefit by moving into the large cities in South-East Asia (41.3%) and East Asia (18.8%), less
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so in Central Asia (11.5%), but not in Europe. Similar variations in the direct location effect
are observed on locational divergence of the knowledge effect can be made for firms residing
in other within-country locations. These results provide some prima facie evidence of the
likely locational concentration of finance-hungry firms throughout the developingworld. The
location effect is generally weaker in firms residing in Central Asia countries, as the area is
characterized by relatively less advanced financial systems. Overall, the regional effects are
strong but also quite diversified within countries and across geographical regions. The
impact of knowledge diffusion in affecting the supply of and demand for external finance
takes on a diverse regional manifestation that may not be explained solely along economic
and technological grounds. For example, Mertzanis (2017) notes the significance of
institutions and social structures in affecting firms’ access to external finance. This is new
evidence on the association between the knowledge economy and firms’ financing constraints
that exhibits a strong geographical dimension.

ACCESS Africa
East-Asia
and Pacific

Central
Asia Europe

Latin
America

Middle East
and North
Africa

South-East
Asia

KEI �0.395*** �0.130 �0.063 �0.147*** �0.979** �0.054 �0.533***
(0.044) (0.105) (0.048) (0.138) (0.446) (0.034) (0.047)

City over
1 ml people

0.098** �0.188*** �0.115*** �0.007 �0.029 0.098** �0.413***
(0.038) (0.051) (0.041) (0.070) (0.029) (0.042) (0.104)

City between
0.25 and 1 ml

0.194*** �0.186*** �0.029 0.159*** �0.116*** 0.127*** �0.138**
(0.039) (0.053) (0.038) (0.055) (0.027) (0.037) (0.084)

City between
0.05 and
0.25 ml

0.257*** �0.152*** 0.007 �0.153*** �0.063** 0.240*** �0.151
(0.043) (0.057) (0.036) (0.051) (0.032) (0.041) (0.101)

City less than
0.05 ml

0.054 �0.299*** �0.014 �0.077 0.031 0.314*** �0.022
(0.081) (0.067) (0.037) (0.049) (0.044) (0.040) (0.107)

AGE �1.133** �0.949 �0.022 �0.365 �0.587 �1.404* �4.350***
(0.565) (0.655) (0.553) (0.833) (0.563) (0.806) (0.707)

SIZE �0.118*** 0.002 0.001 �0.052*** �0.114*** �0.068*** �0.099***
(0.012) (0.014) (0.013) (0.019) (0.013) (0.018) (0.014)

LEGAL 0.032*** 0.038*** �0.023** 0.007 0.001 0.031*** 0.042***
(0.008) (0.010) (0.010) (0.015) (0.008) (0.012) (0.011)

EXPORT �0.002*** �0.002*** 0.001 0.001 0.001* �0.001 �0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

AUDIT 0.149*** 0.062*** �0.035* �0.038 0.048** 0.012 �0.021
(0.017) (0.023) (0.020) (0.030) (0.021) (0.032) (0.025)

OWNF �0.003*** �0.002*** �0.002*** �0.003*** �0.003*** �0.002** �0.004***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

OWNG 0.001 �0.006*** �0.001 0.001 �0.002 0.001 0.005
(0.001) (0.001) (0.001) (0.002) (0.004) (0.002) (0.004)

Year effects Yes Yes Yes Yes Yes Yes Yes
Country
effects

Yes Yes Yes Yes Yes Yes Yes

Pseudo R2 0.059 0.032 0.027 0.032 0.037 0.024 0.025
N 20,029 13,750 15,132 7,703 14,784 7,704 12,826

Note(s):The sample is split by the keyUNgeographical regions.We cluster the standard errors at the country
level. The outcome variable is access to external finance, ACCESS. The independent variable is the knowledge
economy index. The first-level control variables include the specific characteristics of firms. The standard
errors are in parentheses.We use an order probit model.We report the location effects, but not the country-year
effects. *p < 0.1, **p < 0.05, ***p < 0.01
Source(s): Authors’ calculation

Table 6.
Spatial analysis –
between country/
region effects
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5. Endogeneity analysis
The robustness of the estimates depends on addressing several potential econometric biases.
First, the problem of reverse causality implies a possibility that firms’ financing constraints
influence endogenously the constituent elements of the knowledge economy, causing the
regressors to be correlated with the regression’s error term. We argue that endogeneity
concerns due to reverse causality are not credible in this study. It is rather unreasonable to
expect a feedback effect from the financing obstacles of an individual firm to the state of the
knowledge economy in the country as a whole. The formation of the knowledge capability
and knowledge diffusion networks predates and outweighs the measurement of the
dependent variables, especially given the long-term nature of the educational improvements
and the technological progress. Further, the large cross-section of sample data also lowers the
possibility of reverse causation.

Second, time-invariant or very slowly changing country-level factors, such as geography,
social norms and institutions, may exert considerable unobservable effects across countries
on individual corporate behavior and therefore be correlated with the regression’s error term.
It is possible that firms may choose to locate in different cities for other reasons, thereby
affecting their access to external finance. We have dealt with this potential endogeneity
problem by including country-year fixed effects, adding firm-level control variables, and will
be adding country-level collinearity-corrected control variables, capturing non-linearities (log
values).

Third, to further check the robustness of our estimates against potential omitted variable
bias, we perform an endogeneity analysis using alternative estimation methods.We apply an
OLS as a benchmark, along with instrumental variable (IV) methods for estimating our
equation (1). The OLS method applies an ordinary least squares approach to estimate the
results. The IV-2SLS method fits an IV approach that uses the 2SLS estimator, whilst the IV-
GMMmethod uses an instrumental variable approach that uses the two-stepGMMestimator.
A key consideration is the identification of a proper external IV instrument. We use the
average country-level measure of IQ as our external instrument for the IV methods. The IQ
variable reflects an approximation of a country’s cognitive ability, based on the use of various
cognitive tests performed on individuals in a country (Lynn and Becker, 2019). It is strongly
correlated with the knowledge economy (0.608 pairwise) and weakly with the individual
firms’ financing constraints (0.109). The IQ variable makes considerable economic sense too.
Making economic decisions requires the effective use of cognitive abilities. Cognition affects
individuals’ ability to gather information about economic variables, to solve technological
and resource-allocation problems over time, and to grasp economic reasoning and intuition,
thereby facilitating projections and efficient choice (Falk et al., 2018). Using cross-country
analysis, Lin and Bates (2022) find that higher cognitive ability is associated with higher
economic knowledge and financial literacy, both directly and indirectly. D’Acunto et al. (2019)
further argue that individuals with higher cognitive ability make lower financial forecast
errors because they comprehend abstract economic concepts better and are more capable of
forecasting mean-reverting processes.

Table 7 presents the results from using separately the OLSmethod (column 1) and the two
IV estimationmethods (columns 2 and 3). The results show that the KEI remains negative and
significant in all alternative estimation methods. However, the magnitude of its effect is
relatively lower and differs little among the IV methods. The spatial variables also broadly
retain their baseline configuration. The first stage IV results show that a country’s average IQ
level is a significant predictor of the state of its knowledge economy. The large value of the F
statistic suggests that our chosen IQ variable is a relevant external instrument in our IV
analysis associated with small standard errors. In the second stage results, since clustering
standard errors at the country level implies a drop of the i.i.d. assumption, the appropriate
Kleibergen–Paap LM statistic rejects the null hypothesis that our model is underidentified,
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and further the Kleibergen–Paap Wald statistic shows that the excluded instrument is not
strongly correlated with the endogenous regressors. These statistics suggest that the
excluded instrument is exogenous to our outcome variable and therefore suitable for our IV
analysis. Moreover, the Stock-Wright LM statistic exceeds the Stock-Yogo threshold (16.38),
which suggests that the orthogonality conditions regarding the joint significance of
potentially endogenous regressors are valid and thus our IV estimates are broadly consistent.
Finally, the AR (2) test in the GMM estimation indicates rejection of the null hypothesis and
thus no second order Arellano–Bond serial autocorrelation at the 5% level.

To further insulate our results from the possibility of inconsistency and omitted variable
bias, we use another IV method that might fit better our estimation framework. We use a
conditional mixed process (CMP)with themaximum likelihood estimator and standard errors
clustered at the country-level for the estimation of possible endogeneity of the KEI (Roodman,
2011). The conditional process means that the model can vary by observation. An estimation
method can be dropped for observations for which it is not relevant. The mixed process
means that different equations can have different types of dependent variables (different

ACCESS OLS (1) IV-2SLS (2) IV-GMM (3) CMP (4)

KEI �0.064* �0.071*** �0.072*** �0.131***
(0.038) (0.217) (0.217) (0.027)

City over 1 ml people �0.082* �0.0645*** �0.0644*** �0.196**
(0.058) (0.0190) (0.0190) (0.083)

City between 0.25 and 1 ml 0.023* 0.0440** 0.0441** 0.155**
(0.048) (0.0190) (0.0190) (0.064)

City between 0.05 and 0.25 ml 0.054 0.0873*** 0.0874*** �0.097
(0.050) (0.0199) (0.0199) (0.064)

City less than 0.05 ml 0.062 0.118*** 0.118*** 0.131***
(0.054) (0.0229) (0.0229) (0.027)

Firm-specific characteristics Yes Yes Yes Yes
Year effects Yes Yes Yes Yes
Country effects Yes Yes Yes Yes

First-stage
IQ 0.086*** 0.093***

(0.001) (0.011)
F statistic 94.51 18.589

Second stage
Kleibergen-Paap_Wald_F_stat 93.999 93.259
Kleibergen-Paap_LM_stat (p-v) 41.970 (0.000) 41.122 (0.000)
Stock-Wright_LM_stat (p-v) 29.975 (0.762) 29.153 (0.758)
AR (2) 1.02 (0.072)
Wald χ2 345.504
Atanhrho 0.145 (0.032)
N 114,772 113,768 113,768 122,450

Note(s): The outcome variable is access to external finance, ACCESS. We cluster the standard errors at the
country level. The independent variable is the knowledge economy index. The first-level control variables
include the specific characteristics of firms. The standard errors are in parentheses. We report the location
effects, but not the country-year effects. The column OLS presents the results of fitting an ordinary least
squares model. Column IV-2SLS presents the results of fitting a 2SLS instrumental variables model. The
column GMM presents the results of fitting an instrumental variable approach that uses the GMM estimator.
The column CMP presents the results of applying a conditional mixed process. The external instrument is the
average IQ level per country. Country-year effects and firm-specific characteristics are not reported. *p < 0.1,
**p < 0.05, ***p < 0.01
Source(s): Authors’ calculation

Table 7.
Endogeneity analysis
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response types). Themaximum likelihood approach to estimating the separate equations as a
system (mixed process) rather than as a two-step (individual) process, has benefits. It
overcomes several potential problems of unobservable influences, but at the cost of
estimation efficiency. Similarly, we use the average country-level measure of IQ as our
external instrument. Table 7 (column 4) reports the results of the mixed conditional process.
The LR χ2 statistic is high enough, indicating that our model is a good approximation. The
point of interest is the significance of the Atanhrho coefficient, which measures the
correlation between the errors of the two estimation processes. The results show that the
Atanhrho coefficient is insignificant and hence the null hypothesis of KEI exogeneity is not
rejected at the 10% level. This implies that, since the external instrument is broadly suitable
and the endogeneity test confirms the exogeneity of KEI, our estimates are broadly
consistent.

6. Country-level factors and further robustness checks
The link between knowledge, geography and finance is multifaceted. Mason (2010) identifies
three channels through which geography affects financial activity: distance, capital and
centralization flow. First, a large geographical distance between lenders and business
borrowers reduces the number of personal interactions due to communication and transport
cost, thereby exacerbating any existing information asymmetries. Zhao and Jones-Evans.
(2017) confirm that physical distance between financial institutions and SMEs affects their
financing. Second, financial institutions operate within competitive, more or less centralized
financial systems and geographies. The Global Financial Development Report (2022) argues
that densely populated urban areas offer greater proximity to financial services and
institutions where they perceive lower costs and risks than rural areas. Liang et al. (2014) find
evidence for clustering of the financial services industry in large cities, which drives
competition and in turn reduces financing constraints. Degryse and Ongena (2005) note that
the localized form of “relationship banking” in each geographical region explains the extent to
which repeated social interactions generate preferential treatment towards local borrowers
because of their lower information asymmetries and lenders’ stake in the well-being of the
local/regional economy thereby affecting access to external finance. Third, given financial
openness, financial institutions collect and manage savings from all localities and regions
within and between countries, which they subsequently reinvest in different geographical
regions through diverse financial networks and strategies. Coastlines translate exposure for
sea transport and trade and access to external finance. The OECD (2014) assesses the impact
of ports on cities and documents the role financing activities play in conjunction with
coastline exchange.

The knowledge economy further mediates these regional effects. The geographic
compactness of population affects knowledge spillovers through communication efficiency.
Shabani et al. (2011) argue that high population density facilitates physical interaction due to
proximity, strong social networks and institutions of communication and information
exchange. Ponds et al. (2010) highlight the role of the regional configuration of university–
industry links. Zheng (2022) documents the propensity of firms to concentrate in certain
locations is higher in areas and sectors where new knowledge gets more easily codified and
transmitted with less human mediation, such as in large cities. Caniels and Verspagen (2001)
suggest that coastal geographical regions influence the degree of connectedness and
knowledge diffusion among geographical regions and model the impact of distance on
knowledge spillovers.

To evaluate the relevance of these conjectures, we apply additional robustness tests to
assess the role of financial conditions, education and technology and geographical and
demographic factors. We expand the arguments of equation (1) to include new regressors
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capturing some aspects of these country-level factors. In all models we add the variable
CRISIS that captures the effects of the global financial crisis. Table 8 presents the new
baseline estimates after having controlled for financial openness (FINOPEN), financial
development (CREDIT), income inequality (GINI), the quality of the education system
(QUALEDUC), the extent of technology absorption by the firms (TECABSR), the extent of
FDI and technology transfer (FDITECTRN), population density (POPDENS), geographical

ACCESS
Financial

development

Education
and

technology

Geography
and

demography
All

countries

High-
income
countries

Low-
income
countries

KEI �0.048*** �0.099*** �0.090*** �0.084*** �0.154*** �0.041***

(0.002) (0.003) (0.003) (0.004) (0.011) (0.005)
City over 1 ml
people

�0.059*** �0.129*** �0.088*** �0.093*** �0.038 �0.127***

(0.012) (0.013) (0.012) (0.013) (0.024) (0.017)
City between
0.25 and 1 ml

0.026** 0.053*** 0.047*** 0.064*** �0.011 0.035**

(0.013) (0.013) (0.013) (0.013) (0.024) (0.017)
City between
0.05 and
0.25 ml

0.010 0.034** 0.015 0.025* 0.031 0.050***

(0.014) (0.014) (0.013) (0.014) (0.025) (0.019)

City less than
0.05 ml

0.007* 0.022 0.007* 0.045*** 0.028 0.108***

(0.016) (0.016) (0.015) (0.017) (0.032) (0.020)
CRISIS 0.053** 0.098*** 0.113*** 0.120*** 0.181*** 0.304***

(0.023) (0.022) (0.022) (0.025) (0.043) (0.041)
CREDIT �0.382*** �0.417*** �0.261*** �0.208***

(0.013) (0.016) (0.029) (0.027)
FINOPEN �0.002** 0.035*** 0.053*** �0.016**

(0.005) (0.006) (0.010) (0.008)
GINI 0.005*** 0.008*** �0.001 0.012***

(0.001) (0.001) (0.001) (0.001)
QUALEDUC 0.017** 0.056*** 0.050*** 0.137***

(0.007) (0.008) (0.016) (0.012)
TECABSR 0.069*** 0.048*** 0.082*** �0.104***

(0.008) (0.009) (0.018) (0.012)
FDITECTRN �0.114*** �0.120*** �0.097*** �0.114***

(0.008) (0.009) (0.016) (0.013)
POPDENS �0.001*** �0.002 �0.001*** �0.001***

(0.002) (0.002) (0.002) (0.002)
DISTANCE 0.001*** 0.002*** �0.001*** �0.002

(0.003) (0.002) (0.002) (0.002)
AGGLOMER 0.002* 0.002*** �0.001 0.008***

�0.090*** �0.084*** �0.154*** �0.041***

Firm-specific
character

Yes Yes Yes Yes Yes Yes

Year effects Yes Yes Yes Yes Yes Yes
Country effects Yes Yes Yes Yes Yes Yes
Pseudo R2 0.018 0.017 0.016 0.021 0.032 0.020
N 109,872 106,621 112,676 101,196 46,601 54,595

Note(s): The outcome variable is access to external finance, ACCESS. We cluster the standard errors at the
country level. The independent variable is the knowledge economy index. The first-level control variables
include the specific characteristics of firms. The standard errors are in parentheses. We use an order probit
model. We report the location effects, but not the country-year effects. We do not report the effect of the firm-
specific characteristics for space reasons. The second-level control variables include the country-level values of
financial conditions (column 1), the education and technology conditions (column 2) aswell as of geography and
demography conditions (column 3). *p < 0.1, **p < 0.05, ***p < 0.01
Source(s): Authors’ calculation

Table 8.
Additional robustness:
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distance (DISTANCE), level of agglomeration (AGGLOMER) and the extent of population
living within 75 Kms from the sea (POP75). The Appendix details all control variables.
Pairwise correlations between these control variables for each group do not indicate
significant multicollinearity problems.

The new estimates show that KEI remains negative and significant in predicting firms’
probability to experience financing constraints in all models, confirming the directions of the
baseline results. The size of the effect is stronger when we control for the role of education and
technological conditions, then for financial conditions and least so for geographical and
demographic conditions. The effect is stronger in richer developing countries. As expected, the
global financial crisis is found to have a detrimental effect on financing constraints in all models.
It appears that, after the inclusion of country-level controls, the impact of the knowledge
economy in richer developing countries reflects more complex country-level conditions tending
to discourage external financing. One reason for the adverse may be the extent of “over-
propertization” of knowledge, which in more developed countries has resulted from knowledge
privatization away from ‘open science’, which signaled a progressive rise in the cost of finance
(Pagano and Rossi, 2009). Another reason is that in more advanced developing countries, the
disruptive effects of new technologies (i.e. fintech) are more strongly felt, thereby adversely
upsetting traditional financial intermediation structures (Merton and Thakor, 2019).

The location effect shows that firms operating in large cities experience lower financing
constraints, confirming the baseline results. However, the size of the direct within-country
location effect is lower relative to the baseline results, whilst it is stronger for the financial and
technological controls relative to the geography and demographics controls. Where the direct
location effect is significant, the results show larger discrepancy between richer and poorer
developing countries, reaffirming the key role of economicdevelopment.More specifically, credit
expansion improves firms’ access to external finance, except for poor countries, but current
account openness and forex liberalization do not appear to benefit firms. Income inequality
appears to affect adversely firms’ access to external finance only in richer developing countries.
Further, technology transfer associated with foreign direct investment facilitates access to
external finance. However, better firm absorption of technology and higher quality of the
educational system do not appear to improve firms’ access to finance, especially in poor
countries. This implies that absorptive capacity and education may be beneficial to firms only
after they reach a certain level of absorption capacity. Finally, geography and demographics
appear to be insignificant factors, except for distance and agglomeration. Lower distance is
broadly associated with better firms’ access to external finance, but only in richer developing
countries. The rather chaotic transportation and communication conditions in many large cities
in the developingworld do not facilitate firms’ access to external finance. In addition, the level of
agglomeration appears important mainly in richer developing countries. Transport,
environmental and other synergies in those countries are stronger and the concentration of
financial activity is stronger, thereby facilitating the knowledge effect on firms’ access to
external finance. These findings appear to be only partly in line with those ofW�ojcik (2016) and
Martin (2011). Overall, country-level factors reflecting the degree of financial openness and
development, the quality and absorption of education and technology as well as geographical
and demographic conditions appear to influence the knowledge effect on firms’ access to
external finance. However, the size and sometimes the direction of the knowledge effect vary in
accordancewith the different institutions and income levels, highlighting a divergent experience
between developed and developing countries.

7. Conclusions
The knowledge economy stands as a crucial global phenomenon and a significant predictor
of external finance accessibility for firms. It plays an essential role in meeting the varied
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requirements – such as reputation, information and collateral – of firms seeking external
financial support. Additionally, it fosters the development of cognitive skills among
entrepreneurs, essential for navigating financing alternatives and influences the structure of
financial intermediation. It is noteworthy that the impact of the knowledge economy extends
spatially, affecting the horizontal and vertical diffusion of knowledge to decision-makers in
diverse ways.

By leveraging firm-level survey data, this study examines thepredictive power of a country’s
knowledge economy index concerning financing constraints across 106 developing nations. A
distinctive aspect of the analysis is its consideration of both within-country and cross-regional
knowledge effects. Several firm-specific characteristics are used to control for the knowledge
effect across and within countries, capturing unique aspects of corporate organization.

The findings reveal that the knowledge economy index robustly predicts firms’ external
finance access in developing countries, with higher levels of the knowledge economy linked to
lower financing constraints. The impact varies within-country locations and across
geographical regions, underscoring the spatial nature of the knowledge economy effect.
Notably, firms in major cities and specific regions experience the most significant benefits
when seeking external finance, while those in smaller cities, rural areas and regions marked
by structural and institutional inefficiencies gain the least.

Furthermore, the study demonstrates that specific firm characteristics play a significant
role in determining financing constraints and influencing the knowledge economy effect. In
addition, country-level factors, such as the level of financial development and openness, the
absorptive capacity for education and technology by firms and the agglomeration conditions
within each country all contribute to shaping the knowledge effect on external finance access.
The results also highlight considerable differences in both the knowledge and regional effects
between wealthier and poorer developing countries, emphasizing the relevance of economic
development, particularly in larger countries with greater opportunities.

In conclusion, policy decisions aimed at enhancing firms’ access to external finance would
benefit from considering a country’s knowledge economy conditions and the implications of
knowledge diffusion within and across borders. Future analyses should examine in more
depth the understanding of the channels through which knowledge effects diffuse,
accounting for variations in technological progress pace and the supportive role of
institutional conditions across countries.
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Appendix

Variable Description and source

ACCESS An ordinal variable, from the World Bank’s Enterprise Surveys, which assumes the value of
0 if a firm experiences no financing obstacle, 1 forminor obstacle, 2 formoderate obstacle, 3 for
major obstacle and 4 for severe obstacle

KEI The index of an economy-widemeasure of the knowledge economy, ranging from 0 to 10, with
higher values implying stronger knowledge economy, from the World Bank’s Development
Indicators

LOCATION An ordinal variable, from theWorld Bank’s Enterprise Surveys, which assumes the value of 1
if a firm is in the capital city, 2 in a city of more than one million people, 3 in a city between¼
and onemillion, 4 in a city between 0.05 and¼ of a million and 5 in a city less than 1/20 million

AGE The logarithm of the number of years since the firm was first established, from the World
Bank’s Enterprise Surveys

SIZE An ordinal variable, from theWorld Bank’s Enterprise Surveys, which assumes the value of 1
if the firm is small (5–19 employees), 2 if it ismedium (20–99 employees) and 3 if it is large (over
99 employees)

LEGAL A binary variable, from theWorld Bank’s Enterprise Surveys, which assumes the value of 1 if
the firm is a joint-stock company and 0 otherwise

AUDIT A binary variable, from theWorld Bank’s Enterprise Surveys, which assumes the value of 1 if
the firm’s annual financial reports were reviewed by external auditor last year, and the value
of 0 otherwise

EXPORT The percent (%) of total corporate sales value that is exported directly, from theWorld Bank’s
Enterprise Surveys

OWNF The percent (%) of total corporate equity capital that is owned by the overseas shareholders,
from the World Bank’s Enterprise Surveys

OWNG The percent (%) of total corporate equity capital that is owned by the domestic state, from the
World Bank’s Enterprise Surveys

CRISIS Dummy variable that takes the value of 1 during the 2007–2009 years and 0 otherwise. The
variable captures the effect of the global financial crisis

CREDIT The logarithm of the total amount of credit to the domestic private sector (% GDP), from the
World Development Indicators. It generally measures financial development

FINOPEN The Chinn-Ito indexmeasures a country’s degree of capital account openness, from Chinn and
Ito (2006) (annually updated). This index takes on negative and positive values. Higher values
imply fewer restrictions on cross-border financial transactions

GINI The Gini coefficient, from the World Development Indicators, supplemented by UNDP
information. It generally measures income inequality

QUALEDUC The index of the education system quality, from the Global Competitiveness Report’s
Executive Opinion Survey. It ranges from 0 to 7 (best) and reflects the achievement of the
education system, based on education results (e.g. PISA tests, etc.)

FDITECTRN The index of foreign direct investment and technology transfer, from the Global
Competitiveness Report. It ranges from 1 to 7 (best) and measures the extent to which foreign
direct investment brings new technology into the country

TECABSR The index of the firm’s absorptive capacity, from the Global Competitiveness Report,
Executive Opinions Survey. It ranges from 0 to 7 (best) and reflects the extent to which
business adopt new technology in their operation

POPDENS The logarithm of the number of people per km2, from the World Bank’s World Development
Indicators

DISTANCE The average national distance to capital city (Kms), from theWorldDevelopment Indicators. It
measures the ease or difficulty for capital, labor, goods, services, information and ideas, to
traverse through space

AGGLOMER The index of agglomeration, from Uchida and Nelson (2010), based on UN primary data and
using a threshold of 100,000 or more for largest city size

(continued )
Table A1.

Definition of variables
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Variable Description and source

POP75 The percent (%) of total population, living at less than 75 Kms from the coastline, from the
World Development Indicators

INTERNET The percent (%) of population using the Internet, from the World Development Indicators
IQ The index of average IQ scores per country, from Lynn and Becker (2019). It measures the

degree of a country’s average cognitive ability, as an aggregated value of individuals’
cognitive tests. The variable is used an external instrument in the IV analysis

Source(s): Authors’ calculationTable A1.
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