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A B S T R A C T

Whilst prior literature often suggests that P2P lending address the credit needs of borrowers 
unserved and underserved by the formal banking sector, this paper contends that the significance 
of P2P lending extends beyond merely bridging the credit gap created by banks. By empowering 
the borrowers (often marginalised entities) with knowledge, skills, confidence and necessary 
documentations, P2P lending plays a transformative role, facilitating these borrowers towards 
their eventual acceptance and integration into the traditional banking system. We then formally 
investigate the impact of P2P lending on the traditional bank-based financial inclusion for a group 
of 34 developing countries during 2013–2020, considering spatial dependence amongst these 
nations. We find that, first, there is positive cross-country spatial dependence in the traditional 
financial inclusion, substantiating the use of spatial analysis. Second, utilising the Spatial Durbin 
Model which is found to be the most suitable specification, we find that P2P lending enhances the 
traditional financial inclusion, both domestically and in neighbouring economies. Third, the 
above holds when the largest P2P lender amongst developing nations (i.e., China) and/or the 
impact of the Covid pandemic (i.e., year 2020) is excluded. Fourth, removing the Covid-19 effect 
strengthens the positive influence of P2P lending on traditional financial inclusion, signifying the 
importance of economic stability and connectivity in fostering this relationship. Finally, the 
robustness of these findings is confirmed with an alternative weight matrix.

1. Introduction

Financial inclusion can be described as the use of financial services at affordable costs even to the vast sections of the marginalised 
and low-income groups in society (Mohammed et al., 2017; Grohmann et al., 2018; World Bank, 2020). By helping alleviate in
equalities and poverty levels, it holds key benefits to both individuals and businesses alike (Lal, 2018; Mader, 2018). With increased 
access to financial services, low-income groups and businesses are enabled to take advantage of economic opportunities to develop 
personal wealth, entrepreneurial skills, education and be better positioned to provide for their families. Therefore, an inclusive 
financial system is essential for accelerated economic growth and development in all levels of society (Mohan, 2006; Allen et al., 2014; 
Adeola and Evans, 2017; Kim et al., 2018).

In the efforts to improve financial inclusion, the major difficulty has been the expensive maintenance cost it requires to keep formal 
bank accounts (Ozili, 2021). It becomes more costly to low-income clients who may be charged the same as high-income clients on 
their bank accounts (Diniz et al., 2012). Moreover, many banks undertake credit search of the applicants before granting requests of 
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opening a bank account. In addition, bank branches are not always easily accessible to the public due to issues with proximity and 
limited numbers. Banks have the tendency to increase investment towards bank branches in city centres than rural communities to 
boost profits and are often not concerned with reaching the grass-root customers (Cinar and Ahiska, 2010). Also, banks usually demand 
physical presence in loan application processes as part of “KYC” (know your customer) requirements which may not always be 
convenient especially in areas with fewer bank branches (Soni and Duggal, 2014). Aside bank factors, culture and religious beliefs of 
certain groups also form a major hindrance to financial inclusion (Gupta, 2015, Llewellyn, 2021). Not surprisingly, 1.4 billion adults 
are still unbanked globally in 2021 according to Demirgüç-Kunt et al. (2022) at the World Bank.

Financial Technology (FinTech) has progressed over the years with the advancement in artificial intelligence, big data analytics, 
machine learning, block chain and distributed ledger systems. These applications not only render support to financial service delivery 
but also have evolved into business models championed by “FinTech” start-ups and IT companies (Gai et al., 2018; Sangwan and 
Nayak, 2019). FinTech provides customer-centric, convenient and cheap solutions to financial management which can be considered 
as alternative options to formal banking services. The popularity of FinTech has surged in the aftermath of the recent financial crisis 
(Kelly, 2014; Gabor and Brooks, 2017). Although the impact of FinTech is still evolving, professionals and academics believe that it 
possesses the qualities that could help reduce the level of credit gaps and boost financial inclusion (Wei and Lin, 2015; Arner et al., 
2016; Carstens, 2019; Patwardhan, 2018).

This paper focuses on an important type of FinTech service, peer-to-peer (P2P) lending. P2P platforms are online lenders that 
directly match savers with borrowers who need personal and business loans (Havrylchyk et al., 2019). It is the chosen FinTech service 
for two important motivations. First, whilst it is widely recognised that P2P lending fills the credit gap created by banks (e.g., Maskara 
et al., 2021; Zhong and Jiang, 2021; Brahmana et al., 2022; Cornelli et al., 2022; de Roure et al., 2022), the significance of P2P lending 
may go beyond merely picking up borrowers who are unserved or underserved by banks. As discussed in Section 2.2, P2P lending 
empowers sub-prime groups via supporting their financial education and literacy (Abid and Rahadi, 2022; Li et al., 2023), enabling 
technological diffusion (Jabbouri et al., 2016; Langley and Leyshon, 2021), improving income position (Abbasi et al., 2021; Sharma 
et al., 2023), raising client confidence (Quinones and Augustine, 2015; Thaker et al., 2019), and facilitating the establishment of credit 
history and documentations needed by banks in the credit assessment process of clients (Emekter et al., 2015; Zhang et al., 2016). Via 
these efforts, P2P lending arms marginalised borrowers with the necessary requirements to eventually transition into securing 
financial services provided by conventional banks (Dorfleitner et al., 2017). Remarkably, how P2P lending could enhance this 
traditional bank-related financial inclusion is an issue hardly researched in the extant literature. Second, as P2P services particularly 
benefit low-income households and small and medium-sized enterprises (SMEs) (Bazarbash and Beaton, 2020; Abbasi et al., 2021; 
Jiang et al., 2021; Cornelli et al., 2022; Tok and Heng, 2022), helping these typically unbanked customers to get on the banking ladder 
is expected to yield strong positive marginal effects not only on reducing the global unbanked population, but also on alleviating 
inequalities and poverty levels, two important Sustainable Development Goals (SDGs). Therefore, assessing the relationship between 
P2P lending and the traditional bank-related financial inclusion offers a valuable yet underexplored opportunity for policymakers to 
promote broader financial inclusion.

Thus, in light of the enhancement P2P could bring to the bank-based financial inclusion, coupled with the notable scarcity of 
literature analysing this specific issue, this paper seeks to bridge this gap by undertaking a first analysis on the extent to which P2P 
lending enhances traditional financial inclusion embodied in the access and usage of bank services (see Hypothesis 1 in Section 2.2). 
Such positive empowerment that P2P lending could extend to its sub-prime customers can generate strong marginal effects on reducing 
global unbanked population and achieving the SDGs for poverty and inequality reduction. Furthermore, traditional bank-based 
financial inclusion can be spatially correlated due to financial integration and international remittances driven by global migration 
(Ozili, 2021; Adams and Page, 2005; De Haas, 2005). The spread of technology and knowledge in P2P lending depends on human 
interactions, which are often influenced by geographical distance (Comin et al., 2012; Havrylchyk et al., 2019). Our study investigates 
how P2P lending affects the traditional financial inclusion by employing spatial models to examine the spatial spillover effect (see 
Hypothesis 2 in Section 2.2), a dimension overlooked in previous studies on P2P lending and bank branches/loans. Finally, our study 
extends prior research by focusing on developing nations. Existing studies on P2P lending and bank loans/branches relationship 
typically adopt a single economy (e.g., Jagtiani and Lemieux, 2018; Maskara et al., 2021; Cornelli et al., 2022) or a cross-country but 
not developing economies focused approach (e.g., Bazarbash and Beaton, 2020; Abbasi et al., 2021; Tok and Heng, 2022). As 
developing countries are faced with lower bank account ownership ratio and severer income inequality and poverty (Demirgüç-Kunt 
et al., 2018, 2022; Derviş and Qureshi, 2016; United Nations, 2023), investigating whether P2P lending can positively influence the 
traditional financial inclusion can provide valuable insights on how to address these challenges in developing markets.

The rest of the paper is organised as follows. Section 2 reviews relevant literature and elucidates our hypotheses of P2P lending 
enhances the traditional bank-based financial inclusion and that there is spatial dependence in this relationship. Section 3 describes the 
data. Section 4 outlines the spatial models. Sections 5 and 6 present empirical results and robustness checks, respectively. The final 
section concludes and outlines implications.

2. Literature review and hypotheses development

2.1. A brief review of previous literature

Many studies have shown that P2P lending thrives in places where the presence of traditional banks is not strong, with the majority 
focusing on the US market. Jagtiani and Lemieux (2018) employ loan-level data from LendingClub, the largest P2P platform in the US, 
from 2010 to 2016. They show that number or size of LendingClub’s loans from a zip code is negatively influenced by the number of 
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bank branches per 100,000 people, implying that P2P loans penetrate areas that are underserved by traditional banks. Also using loan 
applications data from LendingClub to measure P2P lending during 2012–2015, Eid and Yang (2018) find that areas that are finan
cially underserved by the traditional banking system (measured by the number of bank branches per 1000 people) experience higher 
growth of P2P lending. Havrylchyk et al. (2019) adopt P2P loan data from the two largest US P2P platforms, LendingClub and Prosper, 
during 2007–2013. They find that the number and volume of P2P loan per capita has expanded more in areas with lower density of 
branch network and lower bank concentration. Employing loan request data from the second largest P2P platform in the US, i.e., 
Prosper, from 2008 to 2019, Maskara et al. (2021) show that when the number of bank branches decreases in a rural community, the 
number of P2P loan requests increases; for urban area, the number of P2P loan requests is higher when there are fewer pawnshops per 
capita in the area.

For other countries other than the US, Zhong and Jiang (2021) use 18 city participation in nearly all P2P lending platforms for 182 
days (1st Jan 2016 – 30th June 2016) in China. They find that accessibility of formal finance measured by A-Share account-opening 
agency offices in the city reduces P2P participation. For Indonesia, Brahmana et al. (2022) employ loan value to personal income ratio 
collected from 281 P2P borrowers from 6 P2P platforms. They demonstrate that individuals with traditional loan access have lower 
P2P credit. At cross-country level, Oh and Rosenkranz (2020) employ P2P loan data for 62 economies during 2015–2017 from the 
Cambridge Centre for Alternative Finance (CCAF). They find that lower number of bank branch and ATM are associated with the 
expansion of P2P lending. As such, the above-mentioned studies seem to reach the conclusion that P2P offers an alternative to bor
rowers when there lacks the presence of traditional banks.

Another strand of literature demonstrates that P2P lending enhances the SMEs’ access to finance. For SMEs from OECD countries 
over the period 2011–2018, Abbasi et al. (2021) employ leverage (liabilities divided by assets) as a measure to ascertain SMEs’ access 
to loans. P2P lending is captured using the number of P2P lending platforms/FinTechs in a particular country in a given year provided 
by Crunchbase. They find P2P lending platforms increase the access to finance for SMEs. Concentrating on the US, Cornelli et al. (2022)
employ loan-level data from two US P2P platforms, LendingClub and Funding Circle, to small businesses during 2016–2019 to assess 
the impact of P2P lending on credit access for US small businesses. They find that the two P2P platforms lend more in zip codes with 
higher unemployment rates and higher business bankruptcy filings. Comparison between P2P loas to small businesses and traditional 
bank businesses in terms of credit access and interest rates shows that P2P lenders allow small businesses that are unlikely to receive 
credit through traditional banks to access credit and they do so at lower cost. Their findings support the view that P2P lenders have the 
potential to create more credit access to SMEs.

In recent years, there also emerged studies examining whether P2P lending substitutes or complements traditional banking lending. 
Cornaggia et al. (2018) employ P2P loans for unsecured consumer loans from two largest US P2P platforms, LendingClub and Prosper, 
from 2009 to 2015 and find that high-risk P2P loans substitute bank loans while low-risk loans may be credit expansionary. de Roure 
et al. (2022) focus on Auxmoney, the largest P2P lending platform in Germany, and show that P2P lending appears to be expanding 
with a bottom-fishing strategy as it extends credit to borrowers who are either not served by banks or who have been denied credit by 
banks which face an increasing regulatory cost. They conclude that P2P lending is likely to have positive social welfare implications. 
From a cross-country perspective, Bazarbash and Beaton (2020) utilise marketplace lending data from the CCAF relative to a country’s 
GDP to capture FinTech credit. Their marketplace lending includes P2P lending, balance sheet lending and invoice trading for 109 
countries from 2015 to 2017. Their results highlight the role of FinTech credit (including P2P lending) in filling the credit gap 
engendered by traditional lenders. Tok and Heng (2022) take the angle of exploring whether P2P lending substitutes bank branches in 
a cross-country analysis and find that the former has a negative correlation with the latter.

2.2. Theoretical framework and hypotheses development

2.2.1. How P2P lending may enhance the traditional bank-based financial inclusion
Previous studies have examined how the number or intensity of bank branch or ATM might affect the growth of P2P loans (e.g., Eid 

and Yang, 2018; Havrylchyk et al., 2019; Jagtiani and Lemieux, 2018; Maskara et al., 2021; Oh and Rosenkranz, 2020), whether 
customers who already hold a bank account would use P2P (e.g., Zhong and Jiang, 2021; Brahmana et al., 2022), or whether P2P fills 
the credit gap left by traditional lenders (e.g., Bazarbash and Beaton, 2020; Cornaggia et al., 2018; de Roure et al., 2022), with some 
concentrate particularly on SMEs (e.g., Abbasi et al., 2021; Cornelli et al., 2022). These analyses focus on that under what conditions 
(e.g., weak bank presence) P2P may thrive or whether P2P is an alternative to bank loans when the latter is not available. Their 
findings help reach the general conclusion that P2P extends credit to groups that are unserved or underserved by traditional banks.

However, our study posits that the function of P2P lending transcends catering for borrowers unattended by banks; it further 
empowers these borrowers to move upwards to eventually reach bank services by equipping them with knowledge, skills, income, 
confidence and requisite documentations.

Beyond bridging the credit gap engendered by banks, P2P platforms serve to augment the attributes and appeal of marginalised 
groups to traditional financial institutions (Najaf et al., 2022). This enhancement transpires throughout the stages of applying, securing 
and managing P2P loans which support the borrowers’ education and literacy, technological diffusion, income position, confidence, 
establishment of a credit history and procurement of documentations required in banks’ credit evaluations. Via these efforts, P2P 
lending empowers sub-prime groups, arming them with the criteria needed to transition into securing financial services from con
ventional banks (Dorfleitner et al., 2017).

The lack of basic literacy skills and education constitutes a significant impediment for many people in accessing and using banking 
products and services (Aggarwal, 2014; Chikalipah, 2017). According to Demirgüç-Kunt et al. (2022), within the over one billion 
unbanked population, two-thirds are generally uneducated or only have a primary school education. This is predominantly associated 
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with the fact that these groups find banking processes complex and lack the understanding of basic financial products (Beck et al., 
2009). Unsurprisingly, adoption rate is highest among more educated groups (Niu et al., 2020; Morgan, 2022). In this context, P2P 
lending emerges as an appealing alternative for less educated groups, owning to its simplified operational processes. Additionally, P2P 
platforms provide a laid-back approach to financial management tailored to the clients’ personal goals to aid their use of the platform 
tools. Hence, P2P lending serves as an initial financial orientation for individuals with lower literacy levels, enhancing their 
comprehension of financial industry mechanisms (Li et al., 2023). Abid and Rahadi (2022) confirm this by revealing a positive linear 
relationship between usage of P2P lending and the improvement of financial literacy scores of users. They point out that P2P platform 
users are better positioned to acquire financial awareness and knowledge, cultivating an improved attitude towards personal savings, 
expenditure and budgeting. Armed with salient knowledge and sound financial skills, borrowers have greater capabilities to choose the 
right financial products that best serve their financial goals (Bianchi, 2018; Sun et al., 2020; OECD, 2020). Moreover, Grohmann et al., 
2018 find that higher financial literacy levels promote growth in bank account ownership and the overall access to financial services. 
Therefore, the function of P2P lending in educating its client groups is expected to help these less educated groups extend their reach 
for financial service beyond P2P platforms to mainstream banks.

The use of the P2P platform tools also equips users with improved technological knowledge in terms of financial management. The 
hosting of P2P tools over the internet means users develop familiarity with technology and mobile platforms which develops their 
technological savviness. Moreover, the simplified user interface and gamification of P2P lending apps encourage customer engagement 
on the platform and provide an opportunity for enhancing customers’ technological capabilities (Jabbouri et al., 2016; Langley and 
Leyshon, 2021). Game-like features such as leaderboards, rewards and accumulation of points for various activity milestones such as 
completing learning tasks on the platform motivate customers to engage with the platform and thereby improve both financial literacy 
and technological skills (Wanick and Bui, 2019). Studies that explore the adoption behaviour of consumers consistently reveal that P2P 
platforms are generally perceived by customers to be clear, easy to understand and use (Nangin et al., 2020; Lina et al., 2021; Hasan 
et al., 2021). This is found to directly result in increased rate of adoption with an associated tendency for customers to recommend 
platforms to colleagues (Verkijika and Neneh, 2021; Khan et al., 2023). With the rise in technological diffusion and increased 
migration of bank products and services over technological tools like mobile apps and internet banking (Kharim et al., 2011; Mullan 
et al., 2017), this skill enhancing feature of P2P creates an avenue for customers to seamlessly transition to consuming mainstream 
banking products and services.

Demirgüc-Kunt et al. (2015) show that low income and poverty remain the greatest barriers for most unbanked groups in accessing 
banking products. On the other hand, Rosavina and Rahadi (2018) and Ernst and Young (2019) reveal that there has been a wide rate 
of adoption among low-income groups and SMEs with the emergence of P2P lending platforms. Abbasi et al. (2021) and Sharma et al. 
(2023) add that the opportunity given to marginalised individuals and SMEs to secure credit for households and business ventures 
enables such groups to improve their income and financial position. It helps empower them to be eligible and in a better position to 
secure financial products and services from the banking sector which otherwise would not have been possible.

Additionally, P2P has the capacity to enhance market confidence and the trust of the financial sector. This is especially crucial for 
distrusting groups which are financially excluded because of their scepticism of the industry. Zhang et al. (2014) and Thakor (2020)
show that the consumers of P2P lending have low credit scores and hence do not pass the credit compliance test from conventional 
banks. As a result, they take loans from P2P platforms instead of the traditional bank because they are already pessimistic about their 
credit score. These groups could be affected positively if they gain good experience using P2P platforms. This perspective could 
translate into such groups desiring to seek more financial access even to the traditional banking industry. For instance, Quinones and 
Augustine (2015) and Thaker et al. (2019) reveal that P2P has helped to change customer behaviour and bridged trust gaps among 
client groups.

Furthermore, the use of P2P platform helps furnish individuals and groups that formerly do not have any credit history with 
relevant credit records, enabling them to access banking services (Emekter et al., 2015; Zhang et al., 2016). Huang et al. (2004) show 
that the use of artificial intelligence achieves greater precision and accuracy than standard traditional methods of credit assessment. 
Jagtiani and Lemieux (2017) also indicate that credit scoring by lending platforms provide more information than the standard FICO 
credit score. Also, with the rise in open banking where data ownership lies with the customer and they determine who can access such 
information, customers can easily move with the credit history built using P2P platforms. This ensures that borrowers who would have 
previously been rejected by banks for lack of relevant credit history would now have a better chance of acceptance by banks when they 
allow banks to access their P2P financial history. For instance, Nam (2022) finds that for borrowers with unfavourable features such as 
low credit scores, low income and shorter employment history, the use of open banking raises their bank loan approval probability by 9 
percentage points and reduces the interest rate by 2 percentage point.

As such, the significance of P2P lending may go beyond merely addressing the credit needs of borrowers who are unserved or 
underserved by banks. It empowers sub-prime groups via supporting their financial education and literacy, enabling technological 
infusion, improving income position, raising confidence, and establishing credit history and documentations required by banks’ credit 
assessment. These features of P2P lending arm marginalised groups, yielding them upward mobility into securing financial services 
provided by conventional banks. 

Hypothesis 1. P2P lending promotes the traditional bank-based financial inclusion.

2.2.2. Spatial dependence plays an important role in the P2P lending and traditional bank-based financial inclusion relationship
Traditional bank-based financial inclusion is observed to exhibit spatial dependency with spatial spillover effects transmitted from 

one location to the other (Li et al., 2022; Zhu et al., 2019). This can be attributed to the increasing regional convergence driven by 
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financial integration and the growth in international remittances linked to the surge in global migrations (Ozili, 2021; Adams and 
Page, 2005; De Haas, 2005). The heightened financial integration signifies that countries are becoming comparable in their goals and 
supporting common practices to foster financial inclusion (Ozili, 2021). This reveals a growth in regional convergence where countries 
collaborate to enforce similar regulations and implement policies and treaties to attain the common goal (Gabor and Brooks, 2020; 
Kara et al., 2021). Hence, improvement in bank-based inclusion in one country holds the potential to instigate alterations in inclusion 
levels in neighbouring countries, particularly when they exhibit close financial integration.

Furthermore, global migration contributes to rising international remittances (Adams and Page, 2005; De Haas, 2005). Migrants in 
various countries remit income to support family and friends abroad with banks playing a central role in fund transmission (Toxopeus 
and Lensink, 2008). This process provides recipients with direct access to banking services, potentially stimulating future demands for 
banking facilities. Also, the substantial nature of remittances may drive recipients to open bank accounts for savings and proper fund 
management (Anzoategui et al., 2014; Ajefu and Ogebe, 2019). In such instances, the upswing in bank-based financial inclusion within 
one country exerts an influence on the access and usage of banking services in other jurisdictions. In their cross-country studies, Wang 
and Guan (2017) and Bozkurt et al. (2018) also observe the existence of spatial spillover effects in financial inclusion. Focusing on 
China, Li et al. (2022) and Zhu et al. (2019) find the spatial nature of financial inclusion across Chinese provinces.

In addition, spatial correlation is also important for the diffusion of technology due to the theory of human interactions (Comin 
et al., 2012). Borrowers from P2P lending platforms are required to demonstrate their reliability, which often comes from interactions 
with other agents. The frequency and success of these interactions is likely to be shaped by geography (Havrylchyk et al., 2019). 
Indeed, a recent study by Chong and Wei (2023) show that P2P lending portrays a strong spatial relationship across Chinese cities. 
Given the above, spatial dependency is expected to play an important role in the relationship between P2P lending and traditional 
bank-based financial inclusion: 

Hypothesis 2. Spatial dependence significantly influences the relationship between P2P lending and the traditional bank-based 
financial inclusion.

2.3. Our contributions

As discussed in Section 2.1, the focus of previous analyses is on that under what conditions (e.g., weak bank presence) P2P may 
thrive or whether P2P is an alternative to bank loans when the latter is not available. However, our study posits that the function of P2P 
lending transcends catering for borrowers unattended by banks; it further empowers these borrowers to move upwards to eventually 
reach bank services by equipping them with knowledge, skills, income, confidence and requisite documentations (See Hypothesis 1 in 
Section 2.2). Given that a larger proportion of these lower-tier borrowers are without a bank account and typically have lower income, 
helping them get on the banking ladder is expected to yield strong positive marginal effect not only on reducing the global unbanked 
population, but also on alleviating inequalities and poverty levels, two important SDGs. Assessing the relationship between P2P 
lending and the traditional bank-related financial inclusion would thereby provide a consequential yet unexplored avenue for the 
broader promotion of financial inclusion by policy makers.

Second, as discussed in Section 2.2, spatial correlation in traditional bank-based financial inclusion arises due to channels including 
regional convergence facilitated by financial integration and international remittances induced by the rising global migration (Ozili, 
2021; Adams and Page, 2005; De Haas, 2005). Diffusion of technology and knowledge around P2P lending requires human interactions 
which is likely to be shaped by geographical distance due to the theory of multi-party interactions (Comin et al., 2012; Havrylchyk 
et al., 2019). However, preceding studies analysing the association between P2P lending and bank loans/branches have overlooked 
this crucial dimension. With this factor in mind, our study investigates how P2P lending affects the traditional financial inclusion by 
employing spatial models to examine the spatial spillover effect (see Hypothesis 2 in Section 2.2).

Finally, our study also distinguishes itself from prior research through our choice of countries. Previous studies analysing P2P 
lending as an alternative/substitute to bank loans/branches often focus on one economy (e.g., Cornaggia et al., 2018; Eid and Yang, 
2018; Havrylchyk et al., 2019; Jagtiani and Lemieux, 2018; Maskara et al., 2021; Zhong and Jiang, 2021; Brahmana et al., 2022; 
Cornelli et al., 2022; de Roure et al., 2022) or are cross-country but do not concentrate solely on the developing economies (e.g., 
Bazarbash and Beaton, 2020; Abbasi et al., 2021; Tok and Heng, 2022). In contrast, our study places a central emphasis on a group of 
developing nations, for they are the economies faced with lower bank account ownership ratio and severer income inequality and 
poverty (Demirgüç-Kunt et al., 2018, 2022; Derviş and Qureshi, 2016; United Nations, 2023). Through investigating the extent to 
which P2P may enhance the traditional financial inclusion, we can offer insights into how to address the above-mentioned challenges 
prevalent in these developing markets.

3. Data and methods

3.1. Data

We employ annual data for 34 countries (see Appendix A) during period 2013–2020. Data are collected from the Cambridge Centre 
for Alternative Finance (CCAF), IMF Financial Access Survey Database, World Bank Global Financial Inclusion Index (Findex), World 
Bank Database and the International Labour Organization (ILO). Detailed variable measurement and data source are summarised in 
Appendices B and C. The descriptive statistics and correlation coefficients are presented in Tables 1 and 2, respectively.

These 34 countries are selected firstly because the focus of our study is on developing nations. Therefore, although CCAF collects 
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P2P lending data for 191 countries, we concentrate on developing markets. The same focus applies to the data required to construct the 
Traditional Financial Inclusion Index (see Appendix C). By combining data availability for both P2P lending and the Traditional 
Financial Inclusion Index, we identified 34 developing nations for which consistent data is available. The sample period starts from 
2013 as it is the earliest year when a sensible number of countries (i.e., 34) started to report P2P lending data, and 2020 is currently the 
most recent year for which data is available from the CCAF.

3.2. Variables

3.2.1. The traditional financial inclusion index
As reviewed by Khera et al. (2022), earlier studies often rely on a single banking-service related indicator (e.g., the number of 

branches and/or ATMs per adult population, bank accounts per capita) to measure financial inclusion (e.g., Beck, et al., 2009; 
Honohan, 2008) which provides only partial information on the inclusiveness of the financial system of an economy (Sarma, 2008). 
More recent studies have constructed more comprehensive measures of bank-related financial inclusion, taking into account various 
aspects of access and usage by household and firms (Amidžic et al., 2014; Dabla-Norris et al., 2015; Cámara and Tuesta, 2017). 
Following the method of Sarma (2008) and Cámara and Tuesta (2014), we construct an index for the traditional bank-based financial 
inclusion for our sample of 34 developing countries incorporating sub-indices reflecting access and usage dimensions of financial 
inclusion. This method is ideally suited for our analysis for two motives. First, the access and usage dimensions give insight to the 
magnitude of supply and demand of financial services, respectively. Second, these sub-indices are largely bank-based, which provides a 
strong alignment to reflect the traditional bank-based financial inclusion. We refer to it as the Traditional Financial Inclusion Index 
(TFII) hereafter.

Access explains the adequacy of the supply of financial services. It represents the provision of financial services, products and the 
infrastructures that supports their effective operation. Access also relates to the availability of financial institutions and services in a 
manner that allows the public to easily contact such services whenever needed. It is represented by: (i) the number of commercial bank 
branches per 1000 km2 and (ii) the number of ATMs per 1000 km2. These indicators reveal the availability and provision of physical 
points of services as made accessible by financial intermediaries.

Usage is a demand related factor which is determined by the public. Hence, although it is important to make financial service and 
institutions readily accessible to clients, the accessibility of financial institutions and products may not always spontaneously translate 
into actual usage by the public. The public must be willing and able to adopt the available financial products as part of managing their 
finances for inclusion to occur. As such, usage explains the actual patronage and adoption of financial services and products and is 
represented by five indicators including: (i) ownership of financial institution accounts, (ii) saved at a financial institution, (iii) 
borrowed from a financial institution, (iv) credit card ownership, and (v) debit card ownership. These indicators represent the adult 
population fraction that use and are actively exposed to financial service consumption in terms of basic maintenance of bank accounts 
for savings and the use of credit facilities.

All indicators are then normalised using the min-max normalisation method as below: 

dit =
Ait − mit

Mit − mit
(1) 

where i and t are country and time, respectively, and dit represents the normalized indicator. Ait, mit and Mit represents the actual, 
minimum and maximum values of the indicator, respectively. It adjusts the values of the data and bounds them between 0 and 1. This 
approach ensures the elimination of outliers and comparability among indicators (Morris, 2010).

Progressing from the normalisation process, the variables are taken into the principal component analysis (PCA) where the in
dicators are reduced and combined into the access and usage indicators. The PCA process involves a two-stage process where Access 
and Usage are composed as individual dimensions and then a second stage that combines these two dimensions into the Traditional 
Financial Inclusion Index (TFII). The use of the PCA ensures that indicators are reduced to form without jeopardising the information 
contents of the starting indicators. It also enables us to properly assign adequate weights to each indicator in the composition process to 
the tune of extent to which they influence financial inclusion. The above can be summarised in Eqs. (2)-(4): 

Table 1 
Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max

TFII 272 − .653 .447 − 1.488 .312
P2PL 272 7.493 2.436 1.197 17.423
GENDER 272 49.545 1.29 44.511 52.264
EDU 272 54.616 22.068 11.2 98.557
URBAN 272 55.042 21.887 16.947 95.534
INFRA 272 4.65 .313 3.47 5.203
UNEMP 272 6.046 5.155 .21 28.74
GDPG 272 3.245 3.966 − 10.953 21.398
INFL 272 4.762 5.462 − 2.431 53.55
IR 272 7.101 8.855 − 2.367 49.046

Note: Please see Appendices B and C for variable description and data source.
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Ya
it = β1ATMit + β2branchesit + μit (2) 

Yu
it = γ1accountit + γ2savingsit + γ3borrowedit + γ4ccardit + γ5dcardit + vit (3) 

TFIIit = ω1 Ya
it + ω2Yu

it + εit (4) 

where Ya
it and Yu

it denote access and usage dimensions of financial inclusion for country i at time t. β, γ, and ω are the assigned weights 
from the PCA analysis. ATMit is number of ATMs per 1000 km2; branchesit is number of commercial bank branches per 1000 km2; 
accountit is ownership of financial institution accounts; savingsit is saved at a financial institution; borrowedit is borrowed from a 
financial institution; ccardit is credit card ownership; dcardit is debit card ownership and μit , vitandεit are unobserved factors. TFIIit 
denotes the Traditional Financial Inclusion Index. An elevation in TFII signifies an improvement in the traditional bank-based financial 
inclusion, vice versa. See Appendix C for a summary of these indicators.

3.2.2. P2P lending
This study adopts P2P lending data from the CCAF. The CCAF’s concept of ‘Alternative Finance’ includes digital finance activities 

outside of the banking systems and traditional capital markets and occur online (CCAF, 2021). There are on average 2225 FinTech 
financing platforms being surveyed each year across 191 countries. Benefitting from the extensive follow-up hand-collection pro
cedure, these survey-captured platforms include all of the largest FinTech financing platforms in each country, and P2P transactions is 
a key focus of these surveys (Rau, 2020).

The surveys focus specifically on P2P transactions and online crowdfunding. P2P lending transactions is made-up of consumer, 
business and property marketplace lending. These are loans provided by individuals or institutions to consumer borrowers, SMEs, and 
loans secured against a property respectively (Rau, 2020). P2P lending occurring as consumer and business are more popular while 
property lending is still developing due to most platform users being household borrowers and SMEs looking to supplement their 
household income and business budgets (Ofir and Sadeh, 2019; CCAF, 2021). While consumer and business P2P lending are generally 
unsecured, most platforms typically require property P2P lending to be secured against either an income or non-income yielding 
property (Ofir and Sadeh, 2019).

The survey is conducted annually. CCAF allows response to surveys from platforms that transact with individual retail investors 
partially or fully and excludes platforms that transact solely with specialised and non-public groups such as organisational platforms 
dedicated to its corporate employees. Likewise, FinTech platforms operating as financial intermediaries with skin-in the game or solely 
dedicated to payments are also excluded.

Thanks to an extensive manual follow-up process, the survey covers all major FinTech financing platforms in each country. While 
smaller platforms may have been missed, the survey data represents nearly 100 % of the market volume for large platforms (Rau, 
2020). As explained in Rau (2020), it is possible that particular types of platforms are more likely to respond to the survey than others, 
so significant manual efforts were made to follow up with non-respondents. This labour-intensive process ensures comprehensive data 
collection for the CCAF dataset. Therefore, in general the CCAF dataset provides a direct and comparable measure of FinTech by 
capturing the actual size of FinTech-enabled financing (Koranteng and You, 2024), and the dataset is a particularly reliable source of 
P2P lending data given that it is the key focus of the CCAF surveys (Rau, 2020).

Our sample of 34 countries demonstrates a sound representativeness of the global P2P market, reflecting consistently more than 
50 % of the global P2P lending platforms across the whole sample period. As presented in Appendix D, in 2018, our sample reflects 283 
platforms out of the global total of 600 platforms (47 %), 296 out of 622 in 2019 (48 %) and 314 out of 632 in 2020 (50 %). China 
stands out with the largest number of platforms (e.g., an average of 82 platforms during 2018–2020).

Several studies have demonstrated that FinTech lending tend to thrive in more developed countries with higher GDP per capita 
coupled with an effective judicial system, conducive business environment, relaxed regulations and highly sophisticated bond and 
stock markets (e.g., Claessens et al., 2018; Frost, 2020; Cornelli et al., 2021). Recognising that there can be varied development phases 
across a cohort of developing economies, the P2P lending of each country is scaled by GDP per capita for better comparability among 

Table 2 
Matrix of correlations.

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

(1) P2PL 1.000
(2) GENDER 0.177 1.000
(3) EDU 0.015 − 0.049 1.000
(4) URBAN − 0.071 0.092 0.525 1.000
(5) INFRA − 0.118 − 0.255 0.427 0.476 1.000
(6) UNEMP − 0.094 − 0.071 0.413 0.419 0.324 1.000
(7) GDPG 0.111 0.160 − 0.103 − 0.310 − 0.107 − 0.271 1.000
(8) INFL − 0.105 − 0.033 0.050 0.113 0.028 0.122 − 0.164 1.000
(9) IR − 0.008 0.010 − 0.084 0.027 − 0.439 − 0.090 − 0.216 0.184 1.000

Note: Please see Appendix B for variable description and data source. We also conducted a variance inflation factor (VIF) test and found all variables 
individually have VIF values of less than 10 (e.g., 1.370 Infrastructure; 1.463 Education; 1.548 Urban settlement) and a cumulative VIF mean of 
1.460. This confirms that there is no concern of multicollinearity among the variables. The VIF test results are available upon request.
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countries at different stages of economic development.

3.2.3. Control Variables
Financial inclusion may be influenced by several factors ranging from socio-demographics to macroeconomic factors (Zins and 

Weill, 2016; Sanderson et al., 2018). We consider factors in both categories in this study, with socio-demographics factors including 
gender, education and urban settlement, and macroeconomic factors encompassing infrastructure, employment, economic growth, 
price stability and monetary policy.

The gender distribution of a country greatly influences the level of financial inclusion (Swamy, 2019). Male groups are observed to 
be more interested in demanding and using financial services owning to their position as bread winners (Ghosh and Vinod, 2017; Allon, 
2018; Arnold and Gammage, 2019) and the opposite is often found to be true for the female population (Demirgüc-Kunt and Klapper, 
2013; Allen et al., 2016). We thus consider gender (male to total population ratio) and expect it to have a positive effect on financial 
inclusion.

The highly educated tend to be financially savvy and highly interested in personal financial management and hence seek out the 
process and products required to achieve their financial goals (Tambunan, 2015; Larracilla-Salazar et al., 2019; Amari and Anis, 2021), 
a view strongly supported by Zins and Weill (2016), Fungáčová and Weill (2015), Akpandjar et al. (2013) and Llanto and Rosellon 
(2017). Hence, we expect education (percentage of the population with secondary education or more) to positively influence financial 
inclusion.1

Dwellers in urban areas tend to have a wider chance of securing bank accounts and formal financial services easily as traditional 
financial institutions prefer to operate in urban areas than the rural regions (Sarma and Pais, 2011; Hastak and Gaikwad, 2015; Allen 
et al., 2016; Lopez and Winkler, 2018). This, however, lessens rural dwellers’ opportunity of securing financial services (Allen et al., 
2016). As such, we expect a positive relationship between urban settlement (the ratio of urban to total population) and financial 
inclusion.

The provision of quality infrastructure has been found extensively to promote the effective operation of traditional financial 
providers with an associated ease of financial access to consumers (Sarma and Pais, 2011; Aduda and Kalunda, 2012; Bansal, 2014; 
Ajide et al., 2022). Following Mahyideen et al. (2012), Toader et al. (2018) and Ndubuisi et al. (2021), this study adopts mobile phone 
subscriptions as a measure for infrastructure.

A rise in employment levels provides opportunities for groups to earn regular income, making them more likely to demand financial 
services for personal financial management and thereby increase financial inclusion levels (Agyekum et al., 2016; Kim et al., 2018; Vo, 
2019). This is also confirmed by Allen et al. (2014), Zulfiqar et al. (2016) and Mehry et al. (2021). We employ the unemployment rate 
and expect it to have a negative effect on financial inclusion.

Countries with thriving economic conditions are expected to champion higher levels of financial inclusion driven by the high 
demand for financial products to manage personal wealth that accrues to citizens (Fungáčová and Weill, 2015; Kabakova and Plak
senkov, 2018; Sethi and Acharya, 2018). Studies on developing economies largely support this claim (e.g., Evans, 2015; Babajide et al., 
2015; Van et al., 2021; Karim et al., 2022; Sethi and Acharya; 2018). We employ annual growth rate of gross domestic product (GDP) to 
capture the economic state.

Efforts undertaken by central banks to control the flow of funds is essential to the growth of financial inclusion levels (BIS, 2014; 
Mbutor and Uba, 2013). Lower interest rates induce investment and discourage saving, whilst higher rates cause the opposite (Uddin 
et al., 2017). Following Olaniyi (2017) and Adeola and Evans (2017) who find growth in financial inclusion levels associates with 
lower interest rates as the latter stimulates investment, we employ interest rate spread (lending minus saving rate) to reflect the 
monetary policy stance and expect it to have a negative effect on financial inclusion.

Finally, the persistent rise in inflation causes price instability and market uncertainties which in turn reduce market confidence 
(Riggi and Venditti, 2015). Under such conditions, market participants are inclined to demand less of financial products resulting a 
decline in financial inclusion (Evans, 2018; Lenka and Bairwa, 2016). Thus, price instability (measured by consumer price index-based 
inflation) is expected to adversely affect financial inclusion.

4. Spatial models

Several economic factors are observed to respond to geographical location, distance, and the interrelatedness among regions. This 
connection evidence the existence of dependencies among the regions with the effects of the economic factor exhibiting a feedback 
loop with the connected regions (Ertur and Koch, 2007). For these economic factors exhibiting signs of spatial dependencies, the 
standard Ordinary Least Squares (OLS) estimator is inappropriate to estimate the model as it fails to identify such heterogeneities and 
hence generates inefficient parameters (Elhorst, 2003). In such case, the use of spatial regression becomes imperative to producing 
unbiased and efficient parameters (Anselin et al., 2008). Consequently, this motivates the adoption of spatial regression as the 

1 Many empirical studies show a strong positive relationship between the level of education and financial literacy (OECD, 2012; Albeerdy, and 
Gharleghi, 2015; Fachrudin and Fachrudin, 2016; Baihaqqy and Sari, 2020). Highly educated groups reflect a superior and well measured approach 
to financial decision making and are more able to understand the concept of diversification in their financial planning (Lusardi and Mitchell, 2014). 
De Bassa Scherensberg (2013) observes that 60 % (49 %) of people with postgraduate (college) education are inclined to answer financial literacy 
questions correctly relative to less educated groups. Therefore, we assume that the level of education rationalises the extent to which a person can 
understand financial literacy concepts.
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empirical tool to answer research questions.
Specifically, the standard OLS model assumes that the dependent variable of unit i to be explained by the explanatory variables of 

the same unit, with any unexplained variations deemed unobserved. In contrast, spatial models acknowledge the existence of de
pendencies across space and incorporate three distinct categories of spatial interaction effects: endogenous interaction effects, 
exogenous interaction effects, and correlated effects (Elhorst, 2010). In the context of financial inclusion, an endogenous interaction 
effect manifests when alterations in financial inclusion within a country prompt corresponding changes in financial inclusion in 
neighbouring countries, thereby indicating spatial dependence in financial inclusion across nations. Exogenous interaction effects 
occur when the explanatory variables of financial inclusion in one country exert an influence on the financial inclusion levels in other 
countries. Correlated effects pertain to similar environmental factors across countries that affect financial inclusion in a similar way 
but are not observed, i.e., the errors are correlated across space. The incorporation of all these spatial interaction effects gives the 
following: 

yit = ρWyjt +Xitβ+WXjtθ+ μi + δt + uit , i, j = 1,…..,N, (5) 

uit = λWujt + εit (6) 

− 1 ≤ ρ ≤ 1 − 1 ≤ λ ≤ 1, (7) 

where subscripts i and t denote spatial units (countries) and time, respectively. yit refers to the Traditional Financial Inclusion Index 
(TFII) in country i at time t, ρ measures endogenous interaction effects, or the impact of financial inclusion in countries other than 
country i on financial inclusion in country i. W is an N × N non-negative matrix specifying the spatial arrangement of countries. Xit 
includes our main variable of interest, namely P2P lending (P2PL), and a list of control variables (i.e., the three social-demographic 
factors of gender, education and urban settlement and the five macroeconomics factors of infrastructure, employment, economic 
growth, price stability and monetary policy discussed in Section 3.2) in country i at time t. β represents the coefficients of the P2P 
lending and the control variables. θ includes parameter estimates of the exogenous interaction effects (i.e., P2PL and control variables), 
or how financial inclusion of country i responds to changes in explanatory variables of country j. μi and δt represent country and time 
fixed effects, respectively. λ measures the correlated interaction effects (Wu) and εit denotes the error term.

While technically feasible to estimate Eq. (5), the interpretability of the results becomes challenging when all three spatial 
interaction effects are simultaneously considered (Elhorst, 2010). The Spatial Autoregressive Regression (SAR) model constrains 
spatial dependence solely in the dependent variable (the initial term on the right-hand side of Eq. (5)), whereas the Spatial Error Model 
(SEM) permits only the correlated effects (i.e., λWujt). On the other hand, the Spatial Auto Combined (SAC) model omits spatially 
lagged independent variables in estimations but includes ρ and λ, and the Spatial Durbin Model (SDM) excludes the correlated effects 
while capturing the endogenous and exogenous interaction effects through the incorporation of the first and the third terms on the 
right-hand side of Eq. (5), respectively.

LeSage and Pace (2009) advocate for models capable of addressing both endogenous and exogenous interaction effects, as the 
exclusion of either (by assuming ρ=0 or θ=0) or both (by assuming ρ=0 and θ=0) can yield biased and inconsistent estimates while 
neglecting the presence of correlated effects may reduce efficiency in estimates which is of relatively less concern. This clearly points to 
the SDM a preferable choice amongst alternative candidates of spatial models. On the same ground, Elhorst (2012) further indicates 
that the SDM produces unbiased coefficient estimates even if the true data generation process is a SEM, SAC or SAR.

By dropping the subscripts, Eq. (5) can be rewrite as follows: 

y = (I − ρW)
− 1
(Xβ+WXθ)+ (I − ρW)

− 1ε (8) 

where (I − ρW)
− 1 is the spatial multiplier. The spatial multiplier indicates that the spatial dependent variable (Wy) depends on the 

error term of other countries, leading to a correlation between Wy and the error term. OLS will produce inconsistent estimates under 
this circumstance whilst the maximum likelihood (ML) estimation provides consistent and efficient parameter estimates (Anselin, 
1988). Furthermore, the bias correction procedure by Lee and Yu (2010) ensures the consistency of fixed effect estimations of panel 
models.

To determine the most appropriate model specification for a given research context, both the likelihood ratio (LR) and the Wald 
tests can be employed to test the following hypotheses after the estimation of the SDM. The choice of the LR and Wald tests as 
postestimation test for model selection is discussed by Anselin (1988) and Florax and Nijkamp (2003). These two tests are widely 
employed in the empirical literature for spatial model selection (e.g., Kopczewska, 2017, Kamenetsky et al., 2019, Liao et al., 2020, 
Yan et al., 2022, Ahmad and Law, 2024). As the SDM nests the SEM and the SAR, the SEM and SAR are special cases of the SDM. 
Therefore, providing ρ ∕= 0, if tests do not reject θ = 0, the SAR is the preferred model; if the tests do not reject θ + ρβ = 0, the SEM is 
the appropriate model. If not, in both cases, the SDM is the selected model. Between SDM and SAC, as they are non-nested, the selection 
is based on the model with the lower Akaike Information Criteria (AIC). In terms of the decision on specific effects, the Hausman and J 
test are suitable tests in spatial panel regression (Mutl and Pfaffermayr, 2011).

To delineate the spatial dependence structure, the inclusion of a spatial weight matrix is required. The spatial weight matrix can be 
formulated based on a distance criterion pertinent to the jurisdiction under investigation or guided by theoretical considerations. It can 
take many forms including contiguity, inverse distance, inverse squared distance (distance decay) and nearest neighbour weight 
matrices (Qu and Lee, 2015). The contiguity matrix requires shared boundaries. The nearest neighbour matrix allows for considering 
specified neighbouring entities for spatial interaction effects, with flexibility in the number of neighbours, starting from one and 
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excluding self. Inverse distance matrix assumes interdependence among all units, utilising linear distance (dij) with weights as 1/dij. To 
allow for non-linear distance relationships, the inverse squared distance (distance decay) matrix is based on 1/d2

ij, assuming that the 
strength of spatial relationships decays faster with increasing distance.

Geographic proximity has been well recognised as a crucial determinant influencing the economic behaviour of individuals or 
entities due to the existence of information asymmetry and agency conflicts (Gaspar and Massa, 2007; Baik et al., 2010; John et al., 
2011; El Ghoul et al., 2013; Opie et al., 2019: Hu et al., 2021; Wu et al., 2022). Moreover, countries that are geographically closer tend 
to exhibit heightened interactions and share similarities in aspects such as culture, religion, language, and values (Halpern and 
Muraközy, 2007; Bisgin et al., 2012; Szmrecsanyi, 2012; García-Gavilane et al., 2014; Kowalewski et al., 2021). Therefore, closer 
countries are expected to have stronger interactions.

Given that the possible weights that could be explored are contiguity matrix, inverse distance, inverse squared distance (distance 
decay) and the nearest neighbour matrices, we first remove contiguity matrix from our options as it requires all countries to share 
common physical boundaries whilst some countries in our sample are islands. Also, it is quite restrictive to assume that interactions 
only exist among boarder-sharing countries. Similarly, the fixed distance thresholds also ignore interactions with countries outside the 
specified distance.

All three remaining matrices, namely inverse distance, inverse squared distance (distance decay) and the nearest neighbour 
matrices, assume that closer geographic proximity enhances interactions as discussed above. Between the inverse distance and the 
inverse squared distance (distance decay) matrix, we opt for the latter as although both consider the link between geographic prox
imity and interactions, the latter further allows a non-linear distance relationships where the strength of spatial relationships decay 
more rapidly with increasing distance (Kopczewska et al., 2017; Duncan et al., 2017; van Mierlo et al., 2021). This feature enables the 
inverse square distance (distance decay) matrix to account for both global and local effects among countries (Kopczewska et al., 2017; 
Bulty et al., 2023), making it an intuitive choice for us as our sample countries may share stronger local ties in terms of culture or 
history in addition to the overall global connections shared across the sample in terms of economic positions, trade and regulations.

For robustness check, we utilise the nearest neighbour matrix. Although similar to the inverse distance matrix in that it focuses 
solely on local effects, it allows for the specification of a flexible number of neighbouring entities for spatial interaction effects. This 
provides a distinct perspective compared to the inverse squared distance (distance decay) matrix employed in the main analysis.

Fig. 1. Traditional Financial Inclusion Index (TFII) Note: Please see Appendices B and C for definition of TFII.
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5. Empirical results

5.1. Descriptive statistics

The descriptive statistics and correlation matrix are presented in Tables 1 and 2, respectively. There are a total of 272 observations 
given the sample period 2013–2020 for 34 developing nations. The traditional bank-based financial inclusion, TFII, is in an index form. 
P2P lending (scaled by GDP per capita) and the infrastructure indicated by mobile subscription are in natural logarithm and denoted as 
P2PL and INFRA, respectively. All other variables are in percentages. Variable definitions are summarised in Appendices B and C.

The TFII is an index variable that can be both positive and negative. A higher value depicts positive enhancement in financial 
inclusion and vice versa. Table 1 shows that TFII ranged from a minimum of − 1.488 to a maximum of 0.312 with standard deviation of 
0.447 %. Fig. 1 plots TFII for each economy. Almost all countries have experienced gradual improvement in financial inclusion during 
2013–2020.

P2PL exhibits a comparatively moderate standard deviation of 2.436 % in Table 1. Fig. 2 further illustrates P2P lending in each 
country. China shows an upward increase from 2013 with the highest level of P2PL recorded in 2017 which then declines gradually in 
2018 and 2019 and significantly in 2020. In addition to being the countries with the largest number of P2P platforms (as illustrated in 
Appendix D), China is also the largest P2P lender amongst the group of 34 countries as demonstrated in Fig. 2.

For control variables, URBAN and EDU show the highest standard deviation. South American countries such as Uruguay, Argentina, 
Brazil and Chile record around 90 % urban settlement whereas the ratio for Rwanda and Nepal is less than 20 %. Countries such as 
Mongolia have the highest proportion (over 80 %) of educated population while Mali and Rwanda record the lowest level (around 
10 %) among their population.

The correlation matrix is presented in Table 2. The highest correlation coefficient is observed between URBAN and EDU (0.525). As 
such, the overall values of correlation coefficients do not raise any concern in the dataset.

5.2. Spatial model choice

The initial step involves a spatial autocorrelation test for TFII through Moran’s I test. The outcome is depicted in Fig. 3, revealing a 
statistically significant positive value of 0.473 at the 1 % significance level. This result signifies a discernible spatial pattern in the TFII 
among countries, indicating the presence of spatial dependence. Fig. 4 further confirms that countries with similar levels of financial 

Fig. 2. Peer-to-peer (P2P) lending Note: Please see Appendix B for definition of peer-to-peer (P2P) lending.
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inclusion tend to be geographically clustered, providing support for the positive spatial correlation of the financial inclusion across 
nations. This finding aligns with the spatial dependency inherent in the traditional financial inclusion, as delineated in Section 2.2, 
which is driven by regional financial integration and the international remittance system (Ozili, 2021; Adams and Page, 2005; De Haas, 
2005). This observation underscores that it is imperative to consider the spatial spillover effects in the context of financial inclusion.

Following the recommendation of Elhorst (2010), we proceed to estimate the SDM, SAR, SEM and SAC models to identify the most 
suitable specification. The estimation results of Eq. (5) using all four spatial models (Columns (2)-(5)) and the OLS (Column (1)) are 
presented in Table 3. The inverse square distance (distance decay) weight matrix is employed for the main estimations as discussed in 
Section 4. At the bottom of the table, we report the diagnostic tests results along with AIC scores. Note that we employ robust spatial 
Hausman test, and the results suggest fixed effect at 1 % significance level for the SDM specification in Table 3. To avoid underfitting in 
the SDM, the spatially lags of all explanatory variables are included.

We first notice that the spatial dependence denoted by ρ is positive and significant at 1 % level for SDM, SAR and SAC (Column (2), 
(3) and (5) respectively), suggesting that the traditional bank-based financial inclusion in a given country tends to move in the same 
direction as that of its surrounding countries. In Column (4), SEM estimates the spatial error (λ) which is also significant at 1 % level.

As the SAR and SEM are nested models of the SDM, we conduct the LR and Wald tests to identify if the SDM can be simplified into 
either of these two models. If the null hypothesis that the spatially lagged independent variables are jointly insignificant (θ = 0) is not 
rejected, SDM can be simplified into SAR. As the hypothesis θ = 0 was rejected at 1 % significance level, SAR is not the appropriate 
model. Similarly, the null of θ+ρβ = 0 and was rejected at 1 % significance level, suggesting SEM is not the preferred model either. As 
the SAC is not nested in the SDM, the AIC is used to decide between the SAC and SDM. Here also the SDM model had the lowest AIC not 
only relative to SAC but also the SAR model, confirming the suitability of SDM. Consequently, results in Columns (2)-(5) in Table 3
support that the SDM is the most appropriate model.

Fig. 3. Moran’s I test for the Traditional Financial Inclusion Index (TFII) Note: Each dot represents the period (2013–2020) average value of 
TFII of one of the 34 sample countries. See Appendices B and C for definition of TFII.
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In light of the aforementioned observations, we direct our focus towards the SDM model presented in Column (2). ρ is positive 
(0.468) and exhibits high significance at the 1 % level, indicating spatial dependence in the dependent variable TFII. P2PL has positive 
(i.e., 0.009) and significant (at 1 % significance level) coefficient. Likewise, its spatial lag WP2PL has a positive sign (0.015) and is 
significant at 5 %.

Amongst the control variables, URBAN,INFRA,IR,UNEMP, and INFLA have significant coefficients. For the former three variables, 
their spatial lags have signs that are consistent with that of the main estimates, whilst the spatial lag of WUNEMP and WINFLA 
demonstrates an opposite sign in comparison with the main estimate. Although GENDER is insignificant in Column (2), its spatial lag 
WGENDER is significant at 5 % and has a positive coefficient. The overall statistical significance of the spatially lagged dependent and 
independent variables in SDM clearly highlights that disregarding spatial effects causes bias in the fixed effects estimates in OLS 
analysis (Column (1)).

In summary, it is crucial to emphasise that ρ consistently exhibits a positive and highly significant presence across all specifications 
(when estimated) in Table 3. It provides spatial evidence confirming propositions articulated by prior studies (discussed in Section 2.2) 
that traditional financial inclusion of an economy is influenced by that of other economies. It highlights the necessity of employing 
spatial models, as demonstrated in our study, to account for such dependence.

5.3. Direct, indirect and total effects

Having identified the SDM as the most appropriate model, we proceed to estimate the direct, indirect and total effects based on the 
SDM with fixed effect. The coefficients of the SDM differ from those of non-spatial models, as they cannot be directly interpreted as 
marginal effects due to the influence of spatial dependence, which may create a feedback effect (LeSage and Pace, 2009). Therefore, it 
is standard to decompose the estimated coefficients into direct and indirect effects. The direct effects refer to the impact of changes in 
an explanatory variable in country i on the TFII of the same country (country i). Indirect effects on the other hand, capture the effects of 
changes in an explanatory variable in country i on the TFII of the rest of the countries in the sample. Furthermore, impacts brought by a 
change in an explanatory variable in country i pass through other countries and they come back to the original location. These are 
called feedback effects and explain the differences between the coefficient estimates of the SDM model and the direct effects (LeSage 
and Pace, 2021; Weng et al., 2023). The total effects are the summation of the direct and indirect effects.

The results are presented in Table 4, where Columns (1)-(3) are estimates based on the SDM specification. Following Kopczewska 
et al. (2017), we exclude insignificant spatially lagged independent variables and re-estimate with the significant ones in the SDM in 
Column (2) in Table 4 to make sure that our results are not driven by any collinearity between insignificant and significant spatially 
lagged independent variables and to avoid overfitting. This also applies to the rest of this paper.

In Columns (1)-(3) in Table 4, P2PL has positive direct, indirect and total effects on TFII. The positive direct effect (i.e., 0.013), 
significant at 1 % significance level, suggests that an increase in P2P lending in an economy raises the traditional bank-based financial 
inclusion within the nation. It confirms our expectation that P2P lending empowers borrowers with much needed financial literacy, 
skills, confidence, income and documentations, facilitating their acceptance by the banking services later on (Abid and Rahadi, 2022; 
Li et al., 2023; Jabbouri et al., 2016; Langley and Leyshon, 2021; Abbasi et al., 2021; Sharma et al., 2023; Quinones and Augustine, 
2015; Thaker et al., 2019; Emekter et al. 2015; Zhang et al., 2016). Concerning the indirect effect of P2PL, its coefficient is positive (i.e., 
0.037) and also significant at 1 %, indicating that a change in local P2P lending affects TFII in neighbouring countries. It lends support 
to the human interactions theory of technology diffusion where such interactions are shaped by geographical distance (Comin et al., 

Fig. 4. Spatial distribution of the Traditional Financial Inclusion Index (TFII) (Average of 2013–2020) Note: See Appendix A for the list of 34 
countries included in this study. See Appendices B and C for definition of TFII.
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2012; Havrylchyk et al., 2019; Chong and Wei, 2023). Overall, the total effect of P2PL stands at a positive value of 0.05, significant at 
the 1 % level. The results provide firm evidence that P2P lending goes beyond catering to borrowers who are unserved and under
served by banks; it also makes a positive contribution towards enhancing the traditional bank-based financial inclusion in both local 
and neighbouring economies. Therefore, the above results strongly support Hypotheses 1 and 2.

Table 3 
Model selection: Full sample.

Dependent Variable: TFII (1) (2) (3) (4) (5)
OLS SDM SAR SEM SAC

P2PL .013 * ** .009 * ** .01 * ** .01 * ** .011 * **
​ (.004) (.003) (.003) (.003) (.003)
GENDER .01 − .003 − .002 − .021 * * .007
​ (.015) (.011) (.011) (.011) (.014)
EDU .005 − .004 0 .003 − .001
​ (.003) (.002) (.002) (.002) (.002)
URBAN .068 * ** .052 * ** .039 * ** .012 * ** .035 * **
​ (.007) (.008) (.006) (.003) (.006)
INFRA − .173 * ** − .114 * * − .154 * ** − .052 − .166 * **
​ (.06) (.048) (.046) (.052) (.044)
UNEMP − .013 * * − .014 * ** − .012 * ** − .011 * * − .011 * **
​ (.006) (.004) (.004) (.004) (.004)
GDPG − .004 * − .002 − .001 .001 − .001
​ (.002) (.002) (.001) (.002) (.001)
INFLA − .001 − .003 * * − .002 − .003 * ** − .001
​ (.002) (.001) (.001) (.001) (.001)
IR − .005 * * − .005 * * − .006 * ** − .003 * − .006 * **
​ (.002) (.002) (.002) (.002) (.002)
Cons − 4.289 * ** ​ ​ − .144 ​
​ (.834) ​ ​ (.605) ​
Wx ​ ​ ​ ​ ​
Wx: P2PL ​ .015 * * ​ ​ ​
​ ​ (.007) ​ ​ ​
Wx: GENDER ​ .063 * ** ​ ​ ​
​ ​ (.015) ​ ​ ​
Wx: EDU ​ 0 ​ ​ ​
​ ​ (.005) ​ ​ ​
Wx: URBAN ​ .007 ​ ​ ​
​ ​ (.012) ​ ​ ​
Wx: INFRA ​ − .27 * ** ​ ​ ​
​ ​ (.095) ​ ​ ​
Wx: UNEMP ​ .002 ​ ​ ​
​ ​ (.009) ​ ​ ​
Wx: GDPG ​ .002 ​ ​ ​
​ ​ (.003) ​ ​ ​
Wx: INFLA ​ .004 * * ​ ​ ​
​ ​ (.002) ​ ​ ​
Wx: IR ​ − .011 * ** ​ ​ ​
​ ​ (.004) ​ ​ ​
ρ (rho) ​ .468 * ** .548 * ** ​ .629 * **
​ ​ (.07) (.053) ​ (.081)
λ (lambda) ​ ​ ​ .73 * ** − .212
​ ​ ​ ​ (.042) (.189)
(sigma2_e) ​ .004 * ** .005 * ** .005 * ** .005 * **
​ ​ (0) (0) (.001) (0)
(lgt_theta) ​ ​ ​ ​ ​
N 272 272 272 272 272
R2 .523 .075 .091 .195 .08
Between R2 .135 .074 .09 .197 .079
Within R2 .523 .649 .571 .268 .594
Log likelihood 291.5 354.012 330.76 210.262 331.22
AIC − 563 − 632.024 − 603.519 − 394.525 − 602.439
Hausman test 99.47 * ** 61.305 * ** 20.717 * ** 11.783 ​
Waldtest θ= 0 ​ 46.50 * ** ​ ​ ​
Waldtest θ+ βρ= 0 ​ 287.50 * ** ​ ​ ​
Lrtest θ= 0 ​ 396.17 * ** ​ ​ ​

Note: Please see Appendices B and C for variable description and data source. t-statistics are in parentheses; * ** , * * and * indicate statistical sig
nificance at 1, 5 and 10 % level, respectively. Fixed or random effect is adopted based on Hausman test statistics (see fourth last row). Hausman test is 
not reported for the SAC model as the fixed effect variant of the model is largely favoured in literature and the random effect option can be written as a 
special form of SAR model (Mutl and Pfaffermayr, 2011; Belotti et al#, 2017). The weight matrix used is the Distdecay: the inverse square distance 
(distance decay) weight matrix.
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Following Rios et al. (2016), Zhang et al. (2021), and Derouez et al. (2023), we further assess the magnitude of the feedback effects 
related to P2P lending by examining the gap between the direct effects in Table 4 and the coefficient provided by the SDM model in 
Table 3, i.e. 0.013–0.009 = 0.004. This confirms the existence of feedback effects that capture the impact of P2P lending on neigh
bouring countries’ traditional bank-based financial inclusion which then ultimately reaches the country of origin and positively in
fluences its financial inclusion. This provides additional evidence of a positive spatial spillover effect of P2P lending on traditional 
bank-based financial inclusion. However, as the direct effects include the feedback effects, we will focus on the direct effects hereafter.

For the social-demographic variables, GENDER, measured as the percentage of male in the population, has a positive indirect 
(0.107) and total effect (0.112) on TFII, both at 1 % significance level although the direct effect (0.005) is insignificant. Previous 
findings suggest a strong positive relationship between male groups and financial inclusion (e.g., Wang and Guan, 2017; Shabir and 
Ali; 2022) and that women are more likely to be financially excluded than their male counterparts (e.g., Muravyev et al., 2009; 
Clamara et al., 2014; Kairiza, et al., 2017). The positive indirect effect implies that a higher ratio of male population which are more 
economically vibrant groups in comparison to their female counterparts can lead to larger international financial transactions and 
activities with neighbouring countries, creating a favourable environment for the demand for traditional bank services there.

URBAN has positive and significant direct, indirect and total effects. The positive direct effect (i.e., 0.056) arises as dwellers in 
urban centres tend to be more financially included than rural settlers as they have better access to financial infrastructure and facilities 
(Hastak and Gaikwad, 2015; Allen et al., 2016; Lopez and Winkler, 2018). The positive indirect effect (i.e., 0.046) shows that growth in 
urban development in one country has positive spillover on the traditional financial inclusivity levels of its neighbours. This can be 
explained from the point that most multi-lateral transactions undertaken between countries tend to occur at the hubs of financial 
districts which are usually situated in urban centres. This gives greater international exposure to urban centres and as these 
cross-border interactions increases, neighbouring jurisdictions are expected to see a rise in inclusion levels aided by the inflow of funds 
and resources from elsewhere. This is in line with Bozkurt et al. (2018) who also made a similar discovery. Given the positive direct and 
indirect effects, URBAN has a positive total effect coefficient of 0.102 at 1 % level of significance.

Focusing on the effects of macroeconomic factors, INFRA has negative direct (i.e. − 0.153), indirect (-0.523) and total effects 
(-0.676) on TFII at 1 % significance level. Although mobile phones facilitate digital access to financial services, they can simulta
neously be negatively correlated with the number of traditional bank deposits and loans per capita in many countries (Tok and Heng, 
2022). Indeed, Tok and Heng (2022) further show that the usage of mobile phone leads to the reduction of the traditional bank 
branches for a group of over 50 countries. The negative spillover effect could be a result of reduced demand for traditional physical 
financial service providers abroad as mobile phones can also support cross-border transactions and other international financial 
services, a result also found by Bozkurt et al. (2018).

UNEMP has negative direct (i.e., − 0.015), indirect (i.e., − 0.013) and total effects (i.e., − 0.028) on TFII. Whilst high employment 
rates promote the demand for bank accounts and other financial products among the employed population to manage their finances 
(Vo, 2019; Agyekum et al., 2016; Kim et al., 2018), the unemployed groups would naturally have little financial fortitude to demand 
financial services and products when they are not gainfully employed. This is consistent with Clamara et al. (2014) who find that the 
status of being unemployed is negatively associated with financial inclusion. The negative indirect impact of UNEMP can be explained 
by the occurrence that rising unemployment rate induces increased migration to other areas where jobs can be secured (Kuscevic, 
2014; Wang and Guan, 2017). However, the rise in immigration can also result in reduced wage rate and increased unemployment rate 
levels for the host country (Angrist and Kugler, 2003; Dustmann et al., 2017). Moreover, if immigrants possess low human capital, 

Table 4 
Direct, indirect and total effects: Full sample.

Based on the SDM model Table 3 Column (2)

(1) (2) (3)
Direct effects Indirect effects Total effects

P2PL .013 * ** .037 * ** .05 * **
​ (.003) (.013) (.014)
GENDER .005 .107 * ** .112 * **
​ (.011) (.028) (.035)
EDU − .004 − .003 − .007
​ (.002) (.002) (.004)
URBAN .056 * ** .046 * ** .102 * **
​ (.006) (.008) (.011)
INFRA − .153 * ** − .523 * ** − .676 * **
​ (.046) (.166) (.182)
UNEMP − .015 * ** − .013 * ** − .028 * **
​ (.005) (.005) (.009)
GDPG − .002 − .001 − .003
​ (.002) (.001) (.003)
INFLA − .002 * .005 .003
​ (.001) (.003) (.004)
IR − .006 * ** − .022 * ** − .028 * **
​ (.002) (.008) (.009)

Note: t-statistics are in parentheses; * ** , * * and * indicate statistical significance at 1, 5 and 10 % level, respectively. The weight 
matrix employed is the Distdecay: the inverse square distance (distance decay) weight matrix.
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general economic growth declines in response to high population growth paired with lower productivity (AboElsoud et al., 2020). This 
consequently decreases household disposable income and savings and ultimately lowers financial inclusion levels for the host country 
(Jaumotte et al., 2016; Verme and Schuettler, 2021).

IR has a negative direct (-0.006), indirect (-0.022) and total effects (-0.028) at 1 % level of significance. High domestic interest rates 
limit the attractiveness of financial products like loan facilities to local borrowers (Uddin et al., 2017; Adeola and Evans, 2017). 
Moreover, the effects of strong financial links among countries facilitates stronger spillover of interest rates across countries facilitating 
the broader influence of global yields among several jurisdictions despite the independence of jurisdictional policy rates (Kearns et al., 
2023; Almahadin, 2022). Hence, it is expected for financial inclusion to reduce in neighbouring countries that share strong financial 
links due to the overarching effects of high global interest rates.

INFLA has a significantly negative direct effect (-0.002) on TFII at 10 % level. Higher inflation introduces price instability, market 
uncertainties and reduces market confidence (Nowzohour and Stracca, 2020). Directly, market participants may seek to protect their 
wealth through avoiding certain financial products that expose them to high risk (Braggion et al., 2023; Schnorpfeil et al., 2023). This 
situation coupled with the tendency of uninformed marginalised groups to opt for crude methods of protecting their wealth, such as 
hoarding and stacking of funds at home for short-term transactions, could reduce the overall demand for traditional financial services 
(Heemskerk et al., 2004; Flodén et al., 2021). The total effect of INFLA, however, is insignificant due to the lack of indirect effect.2

We also address the concern that our spatial model may be subject to potential endogeneity bias due to correlations between 
regressors that influence the dependent variable. Specifically, as GDP growth may influence P2P lending, the positive impact of P2P 
lending on the traditional bank-based financial inclusion could be overestimated. Therefore, to isolate any potential impact of the 
former on the latter, we ran a regression where P2P lending and GDP growth are the respective dependent and independent variable, 
and then used the residuals in place of P2P lending in spatial analysis. We found that the coefficients of the residuals, its spatial lag, and 
its corresponding direct, indirect and total effects were all very similar (almost identical) to those of P2P lending. Furthermore, when 
GDP growth was excluded, the results in Tables 3 and 4 remained almost unchanged for P2P lending and other variables. As such, the 
influence of GDP growth on P2P lending and other regressors do not seem to be a significant concern. Additionally, we employed a two- 
stage least squares (2SLS) method which provides consistent estimates with endogenous regressors in the presence of spatial 
dependence (Fingleton and Le Gallo, 2008, Le Gallo and Fingleton, 2019). Following Hu et al. (2021), we instrumented the spatially 
lagged dependent variable by its temporally lagged variable (LW_TFII) and spatially lagged independent variables P2P lending 
(W_P2P) and GDP growth (W_GDPG). Our instruments were shown to be valid. Most importantly, P2P lending remained to have 
positive and significant impact on traditional bank-based financial inclusion, supporting the main conclusion of our spatial analysis. 
These results are available upon request.

The empirical analysis conducted thus far firmly validates the consideration of spatial dependence across countries when inves
tigating traditional financial inclusion and how it is influenced by P2P lending. Furthermore, our results demonstrate that P2P lending 
not only enhances traditional financial inclusion locally, but also actively contributes to the improvement of financial inclusion in 
neighbouring countries.

5.4. Further analysis: the effect of TFII leader and covid-19 pandemic

As illustrated in Fig. 1, the level of TFII China is noticeably higher than the rest of the 34 developing countries. It reflects that the 
general development of the financial market of China is more advanced compared to the average developing markets. This illustrates 
the significant expansion and advancement of China’s bank-dominated financial markets in the recent decade. Furthermore, China is 
the largest P2P lender in our sample of developing economies, both in terms of number of P2P platforms (Appendix D) and volume of 
P2P lending (Fig. 2). As such, we exclude from our full sample China to remove any possible dominating effect it might have on the 
results. Furthermore, given the possible outlier effects of year 2020 that could occur as a result of the Covid 19 pandemic, we exclude 
year 2020 from both the full- (all 34 countries) and sub-sample (without China) to assess for any distorting impact of Covid 19 on our 
results.

Hence, we provide three sets of further analysis in this section. Firstly, we exclude China from the full sample, secondly, we exclude 
the year 2020 and lastly, we exclude both China and year 2020 to control for both effects of TFII market leader and Covid 19 
concurrently. The findings are summarised in Table 5 (Columns (1)-(12)) and Table 6 (Columns (1)-(9)).

In Table 5 when China is excluded, Columns (1)-(4) show a positive and significant ρ at the 1 % significance level for SDM, SAR and 
SEM models respectively, which is similar to the findings of the full sample in Table 3 (Columns (2)-(5)). This reaffirms the positive 
spatial correlation in traditional financial inclusion among neighbouring countries. In Column (1), the hypotheses θ = 0 and θ+ρβ = 0 
are both rejected at 1 % significance level. The lower AIC statistic of the SDM compared to the SAC coupled with the insignificant ρ of 
SAC gives further credence to the appropriateness of SDM for our specification.

Columns (1)-(3) in Table 6 summarises the direct, indirect and total effect estimates based on the SDM in Column (1) in Table 5
when 2020 is excluded from the full sample. Like in Section 5.3, following Kopczewska et al. (2017), only significant spatially lagged 
variables were included in the SDM re-estimation. Compared to the full sample results in Table 4, we find that the coefficients for the 

2 As we employ annual data, we assume there is no lagged effect of the control variables on financial inclusion. Nevertheless, we tested for this 
potential lagged effect and found it to be insignificant. For instance, we found the lagged effect of GDP growth on financial inclusion to be 
insignificant. This aligns with Olaniyi and Osi (2017), Arshad et al. (2021) and Lee at al. (2022) who also showed GDP lags to be insignificant when 
considering financial inclusion. These results are not reported here to save space but are available upon request.
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Table 5 
Further Analysis: The impact of China and the Covid-19 year of 2020.

Dep Variable: TFII Excluding China Full sample excluding 2020 Excluding both China and 2020

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
SDM SAR SEM SAC SDM SAR SEM SAC SDM SAR SEM SAC

P2PL .013 * ** .016 * ** .013 * ** .014 * ** .013 * ** .012 * ** .013 * ** .01 * ** .013 * ** .014 * ** .012 * ** .01 * **
​ (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003)
GENDER − .005 − .006 − .026 * * .006 0 .001 − .016 − .017 0 − .002 − .018 * − .019 * *
​ (.011) (.012) (.01) (.013) (.01) (.01) (.01) (.011) (.01) (.011) (.009) (.009)
EDU − .003 .003 * .003 − .001 − .001 − .001 .004 * .001 − .001 .003 * .003 .001
​ (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002)
URBAN .036 * ** .009 * ** .009 * ** .026 * ** .044 * ** .034 * ** .01 * ** .04 * ** .029 * ** .008 * * .008 * * .025 * *
​ (.009) (.003) (.003) (.006) (.007) (.006) (.003) (.007) (.009) (.003) (.003) (.011)
INFRA − .126 * ** − .103 * * − .065 − .166 * ** − .103 * * − .12 * * − .044 − .075 − .106 * * − .063 − .048 − .071
​ (.046) (.048) (.05) (.043) (.046) (.047) (.05) (.054) (.045) (.049) (.048) (.046)
UNEMP − .013 * ** − .011 * ** − .012 * ** − .013 * ** − .021 * ** − .012 * * − .009 * * − .012 * ** − .019 * ** − .009 * − .01 * * − .012 * **
​ (.004) (.004) (.004) (.004) (.005) (.005) (.004) (.005) (.005) (.005) (.004) (.004)
GDPG − .006 * ** − .004 * * − .006 * ** − .002 − .002 − .003 − .003 − .005 * * − .005 * * − .006 * * − .009 * ** − .009 * **
​ (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.003) (.003) (.003) (.003)
INFLA − .003 * ** − .003 * * − .004 * ** − .002 − .002 − .001 − .003 * * − .002 * − .002 − .002 * − .003 * * − .003 * *
​ (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001)
IR − .005 * ** − .006 * ** − .004 * * − .006 * ** − .002 − .008 * ** − .007 * ** − .007 * ** − .003 − .008 * ** − .008 * ** − .008 * **
​ (.002) (.002) (.002) (.002) (.003) (.002) (.002) (.002) (.003) (.002) (.002) (.002)
cons ​ .083 .466 ​ ​ ​ − .399 ​ ​ − .222 .04 ​
​ ​ (.656) (.59) ​ ​ ​ (.551) ​ ​ (.621) (.534) ​
Wx ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Wx: P2PL .012 ​ ​ ​ .018 * * ​ ​ ​ .014 * ​ ​ ​
​ (.008) ​ ​ ​ (.008) ​ ​ ​ (.008) ​ ​ ​
Wx: GENDER .065 * ** ​ ​ ​ .036 * * ​ ​ ​ .035 * * ​ ​ ​
​ (.014) ​ ​ ​ (.014) ​ ​ ​ (.014) ​ ​ ​
Wx: EDU 0 ​ ​ ​ − .008 ​ ​ ​ − .008 ​ ​ ​
​ (.005) ​ ​ ​ (.005) ​ ​ ​ (.005) ​ ​ ​
Wx: URBAN .021 ​ ​ ​ − .001 ​ ​ ​ .015 ​ ​ ​
​ (.013) ​ ​ ​ (.012) ​ ​ ​ (.013) ​ ​ ​
Wx: INFRA − .271 * ** ​ ​ ​ − .101 ​ ​ ​ − .108 ​ ​ ​
​ (.092) ​ ​ ​ (.094) ​ ​ ​ (.092) ​ ​ ​
Wx: UNEMP .002 ​ ​ ​ − .013 ​ ​ ​ − .01 ​ ​ ​
​ (.009) ​ ​ ​ (.011) ​ ​ ​ (.011) ​ ​ ​
Wx: GDPG .007 * * ​ ​ ​ .012 * * ​ ​ ​ .017 * ** ​ ​ ​
​ (.003) ​ ​ ​ (.005) ​ ​ ​ (.005) ​ ​ ​
Wx: INFLA .005 * * ​ ​ ​ .001 ​ ​ ​ .001 ​ ​ ​
​ (.002) ​ ​ ​ (.002) ​ ​ ​ (.002) ​ ​ ​
Wx: IR − .01 * ** ​ ​ ​ .018 * ** ​ ​ ​ .019 * ** ​ ​ ​
​ (.004) ​ ​ ​ (.007) ​ ​ ​ (.007) ​ ​ ​
ρ (rho) .471 * ** .62 * ** ​ .665 * ** .551 * ** .58 * ** ​ .276 .569 * ** .65 * ** ​ .089
​ (.069) (.046) ​ (.074) (.069) (.054) ​ (.277) (.067) (.048) ​ (.274)
λ (lambda) ​ ​ .718 * ** − .233 ​ ​ .742 * ** .512 * ​ ​ .757 * ** .699 * **
​ ​ ​ (.044) (.179) ​ ​ (.044) (.286) ​ ​ (.042) (.161)
(sigma2_e) .004 * ** .005 * ** .005 * ** .005 * ** .003 * ** .004 * ** .004 * ** .004 * ** .003 * ** .004 * ** .004 * ** .004 * **
​ (0) (.001) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)
(lgt_theta) ​ − 2.58 * ** ​ ​ ​ ​ ​ ​ ​ − 2.603 * ** ​ ​

(continued on next page)
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Table 5 (continued )

Dep Variable: TFII Excluding China Full sample excluding 2020 Excluding both China and 2020

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
SDM SAR SEM SAC SDM SAR SEM SAC SDM SAR SEM SAC

​ ​ (.152) ​ ​ ​ ​ ​ ​ ​ (.152) ​ ​
N 264 264 264 264 238 238 238 238 231 231 231 231
R2 .057 .139 .18 .074 .074 .089 .218 .118 .051 .143 .186 .13
Between R2 .056 .129 .175 .071 .073 .089 .218 .119 .049 .138 .186 .131
Within R2 .646 .483 .323 .57 .607 .54 .288 .469 .591 .42 .226 .336
Log likelihood 349.031 214.715 213.791 324.845 343.368 320.463 206.057 322.076 336.471 201.441 205.547 314.069
AIC − 622.061 − 367.429 − 401.582 − 589.689 − 610.736 − 582.926 − 386.114 − 584.152 − 596.943 − 340.882 − 385.093 − 568.138
Hausman test 47.964 * ** 10.643 6.783 ​ 36.865 * ** 20.222 * ** 13.856 ​ 31.367 * * 11.637 6.963 ​
Waldtest θ= 0 268.63 * ** ​ ​ ​ 45.81 * ** ​ ​ ​ 270.06 * ** ​ ​ ​
Waldtest θ+ βρ= 0 270.48 * ** ​ ​ ​ 274.62 * ** ​ ​ ​ 261.85 * ** ​ ​ ​
Lrtest θ= 0 387.26 * ** ​ ​ ​ 367.37 * ** ​ ​ ​ 340.04 * ** ​ ​ ​

Note: t-statistics are in parentheses; * ** , * * and * indicate statistical significance at 1, 5 and 10 % level, respectively. The weight matrix employed is the Distdecay: the inverse square distance (distance 
decay) weight matrix.
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direct, indirect and total effects of P2P lending in Columns (1)-(3) (i.e., 0.014, 0.015 and 0.03, respectively) are all positive and highly 
significant at 1 % level. They are also slightly smaller especially for indirect and total effects relative to the full sample (in Table 4), 
although the differences seem to be marginal. Nonetheless, the consistent positive results reflect that even for countries with lesser 
developed levels of traditional financial inclusion (when compared to China), the growth of P2P would have a significantly positive 
influence in empowering borrowers to become eligible for banking services. These results therefore reveal that China does not exert 
dominating skewing effects on the results.

In Columns (5)-(8) of Table 5 when the year 2020 is excluded, we observe consistently positive and significant ρ at 1 % significance 
level, echoing findings in Table 3 (Columns (2)-(5)). Again, SDM is the appropriate specification model as θ = 0 and θ+ρβ = 0 are both 
rejected at 1 % significance level in Column (5) and that the AIC of SDM is lower than that of SAC.

Columns (4)-(6) in Table 6 summarises the direct, indirect and total effect estimates based on the SDM in Columns (5) of Table 5. 
Compared to the full sample results in Table 4, we find that the coefficients for the direct, indirect and total effects of P2P lending in 
Columns (4)-(6) (i.e., 0.015, 0.039 and 0.054, respectively) are all positive and highly significant at 1 % significance level and slightly 
higher coefficients relative to the main results in Table 4 (i.e. 0.013, 0.037 and 0.05). It thereby provides strong support for the positive 
effect of P2P lending on raising TFII which is robust to the effects of Covid 19. This communicates that there is no distorting impact of 
the pandemic on our results.

Excluding both China and 2020 (Columns (9)-(12) in Table 5), ρ is significant at 1 % across all models except for SAC. This is 
consistent with the full sample excluding 2020 in Table 5 (Columns ((1)-(4)). Similarly, AIC of SDM is the lowest relative to all 
specifications, again validating SDM as the appropriate model specification.

In Table 6 (Columns (7)-(9)) which summarises the corresponding direct, indirect and total effect estimates, we find that the 
coefficients for direct, indirect and total results of P2P (i.e. 0.018, 0.044, 0.062) are positive and highly significant at 1 % level. This is 
firmly coherent with that of the full- (in Table 4) and the sub-samples (Columns (1)-(3) and (4)-(6) in Table 6) although these co
efficients are noticeably higher relative to the previous findings. Controlling for both China and the turbulent times of 2020 reveals that 
for relatively less financially developed countries, P2P lending had the strongest impact prior to Covid 19 owing to the vibrancy of 
economic conditions in these areas (CCAF, World Bank and World Economic Forum, 2020; Cumming et al., 2021). As we observe 
stronger impact of P2PL on TFII when year 2020 is not included (with or without China), it therefore emphasises the necessity of 
stabilised economic conditions in facilitating the positive drive of P2P lending on the traditional financial inclusion levels in devel
oping countries.

For the direct, indirect and total effects of control variables in Table 6, the results are overall similar to previous findings except 
GDPG, INFLA and IR. Although GDPG is consistently negative and insignificant in the main results (in Table 4), it now becomes positive 
and significant at least at 10 % for both indirect and total effects when excluding 2020 (Columns (5)-(6)) and excluding both China and 
2020 (Columns (8)-(9)). A number of studies have shown stronger positive spillover effects of local GDP to neighbouring countries 
occurring as a result of increased trade openness which facilitates economic growth development which increases income among 
countries (Yanikkaya, 2003; Kim, 2011; Were, 2015; Frankel and Romer, 2017). This culminates into an enriched desire of citizens to 
engage with traditional financial institutions to manage wealth which inherently increases the usage of financial services for financial 
inclusion (Van et al., 2021). The exception is when China is excluded where GDPG shows a negative direct effect (Column (1)). The 

Table 6 
Further analysis: Direct, indirect and total effects when excluding China and/or year 2020.

Excluding China 
Based on SDM model Table 5 Column (1)

Full sample excluding 2020 
Based on SDM model Table 5 Column (5)

Excluding both China and 2020 
Based on SDM model Table 5 Column (9)

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Direct 
effects

Indirect 
effects

Total 
effects

Direct 
effects

Indirect 
effects

Total 
effects

Direct 
effects

Indirect 
effects

Total 
effects

P2PL .014 * ** .015 * ** .03 * ** .015 * ** .039 * ** .054 * ** .018 * ** .044 * ** .062 * **
​ (.003) (.005) (.007) (.003) (.014) (.015) (.004) (.016) (.019)
GENDER .003 .13 * ** .132 * ** .006 .07 * * .076 * * .003 .066 * .069
​ (.012) (.034) (.042) (.01) (.027) (.034) (.011) (.037) (.045)
EDU − .001 − .001 − .002 − .003 − .003 − .006 .002 .003 .005
​ (.002) (.002) (.005) (.002) (.002) (.005) (.002) (.003) (.005)
URBAN .046 * ** .049 * ** .095 * ** .041 * ** .035 * ** .076 * ** .011 * ** .014 * * .025 * **
​ (.007) (.01) (.015) (.006) (.008) (.011) (.004) (.005) (.009)
INFRA − .153 * ** − .574 * ** − .727 * ** − .134 * ** − .117 * * − .251 * ** − .064 − .084 − .148
​ (.047) (.193) (.215) (.046) (.049) (.092) (.051) (.072) (.122)
UNEMP − .015 * ** − .016 * ** − .031 * ** − .021 * ** − .018 * ** − .039 * ** − .017 * ** − .022 * ** − .039 * **
​ (.005) (.006) (.01) (.005) (.006) (.01) (.005) (.008) (.013)
GDPG − .006 * ** .006 0 0 .022 * * .022 * − .002 .038 * ** .036 * *
​ (.002) (.005) (.005) (.003) (.009) (.011) (.003) (.013) (.015)
INFLA − .003 * * .008 * * .005 − .001 − .001 − .003 − .003 * − .003 * − .006 *
​ (.001) (.004) (.005) (.001) (.001) (.002) (.001) (.002) (.003)
IR − .007 * ** − .028 * ** − .035 * ** − .001 .027 * ** .026 * * 0 .037 * ** .036 * *
​ (.002) (.009) (.011) (.003) (.01) (.012) (.003) (.013) (.016)

Note: t-statistics are in parentheses; * ** , * * and * indicate statistical significance at 1, 5 and 10 % level, respectively. The weight matrix used is the 
Distdecay: the inverse square distance (distance decay) weight matrix.
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Table 7 
Robustness checks: Model selection using an alternative weight matrix.

Dep Variable: TFII Full sample Excluding China Full sample excluding 2020 Excluding both China and 2020

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)
SDM SAR SEM SAC SDM SAR SEM SAC SDM SAR SEM SAC SDM SAR SEM SAC

P2PL .01 * ** .011 * ** .01 * ** .009 * ** .014 * ** .014 * ** .012 * ** .012 * ** .011 * ** .013 * ** .011 * ** .009 * ** .013 * ** .013 * ** .01 * ** .01 * **
​ (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003) (.003)
GENDER .009 .005 .002 .006 .006 .002 − .002 .004 .012 .008 .004 .008 .011 .006 .003 .006
​ (.011) (.012) (.011) (.011) (.011) (.012) (.011) (.011) (.01) (.011) (.01) (.01) (.01) (.011) (.01) (.01)
EDU 0 .005 * ** .006 * ** .003 0 .005 * ** .006 * ** .004 0 .005 * ** .006 * ** .004 − .001 .005 * ** .006 * ** .004 *
​ (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002)
URBAN .043 * ** .009 * ** .009 * ** .034 * ** .028 * ** .007 * * .007 * * .026 * ** .039 * ** .007 * * .008 * * .033 * ** .025 * ** .006 * .006 * * .028 * **
​ (.008) (.003) (.003) (.006) (.009) (.003) (.003) (.007) (.008) (.003) (.003) (.007) (.009) (.003) (.003) (.008)
INFRA − .111 * * − .061 − .048 − .12 * * − .131 * ** − .077 − .048 − .119 * * − .058 − .029 − .026 − .068 − .08 − .033 − .016 − .058
​ (.05) (.047) (.051) (.048) (.048) (.047) (.05) (.049) (.051) (.048) (.051) (.049) (.049) (.048) (.05) (.05)
UNEMP − .015 * ** − .009 * * − .011 * * − .012 * ** − .012 * ** − .011 * * − .011 * * − .013 * ** − .018 * ** − .008 * − .01 * * − .012 * * − .013 * ** − .009 * − .01 * * − .012 * *
​ (.004) (.004) (.005) (.004) (.004) (.004) (.005) (.004) (.005) (.005) (.005) (.005) (.005) (.005) (.005) (.005)
GDPG − .001 − .001 0 − .001 − .004 * − .003 * * − .005 * * − .003 * − .002 − .001 − .002 − .004 − .003 − .005 − .006 * * − .006 * *
​ (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.003) (.002) (.002) (.003) (.003) (.003) (.003)
INFLA − .002 * − .002 * − .002 * − .002 − .002 * − .003 * * − .003 * * − .002 * − .002 − .002 − .001 − .001 − .002 − .002 − .002 − .001
​ (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001) (.001)
IR − .004 * * − .006 * ** − .005 * ** − .005 * ** − .005 * ** − .006 * ** − .005 * ** − .006 * ** − .004 − .007 * ** − .008 * ** − .008 * ** − .006 * * − .008 * ** − .008 * ** − .008 * **
​ (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.002) (.003) (.002) (.002) (.002) (.002) (.002) (.002) (.002)
cons ​ − .943 − 1.293 * * ​ ​ − .427 − .877 ​ ​ − 1.139 * − 1.45 * * ​ ​ − .739 − 1.201 * * ​
​ ​ (.646) (.637) ​ ​ (.643) (.635) ​ ​ (.605) (.588) ​ ​ (.61) (.584) ​
Wx ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Wx: P2PL .009 ​ ​ ​ .004 ​ ​ ​ .018 * * ​ ​ ​ .01 ​ ​ ​
​ (.007) ​ ​ ​ (.008) ​ ​ ​ (.009) ​ ​ ​ (.008) ​ ​ ​
Wx: GENDER .071 * * ​ ​ ​ .073 * * ​ ​ ​ .068 * * ​ ​ ​ .069 * * ​ ​ ​
​ (.031) ​ ​ ​ (.03) ​ ​ ​ (.028) ​ ​ ​ (.027) ​ ​ ​
Wx: EDU − .011 * * ​ ​ ​ − .017 * ** ​ ​ ​ − .012 * ** ​ ​ ​ − .019 * ** ​ ​ ​
​ (.004) ​ ​ ​ (.004) ​ ​ ​ (.004) ​ ​ ​ (.004) ​ ​ ​
Wx: URBAN .03 * * ​ ​ ​ .073 * ** ​ ​ ​ .015 ​ ​ ​ .062 * ** ​ ​ ​
​ (.012) ​ ​ ​ (.016) ​ ​ ​ (.013) ​ ​ ​ (.016) ​ ​ ​
Wx: INFRA − .308 * ** ​ ​ ​ − .444 * ** ​ ​ ​ − .131 ​ ​ ​ − .32 * * ​ ​ ​
​ (.111) ​ ​ ​ (.11) ​ ​ ​ (.126) ​ ​ ​ (.126) ​ ​ ​
Wx: UNEMP .019 * * ​ ​ ​ .021 * * ​ ​ ​ 0 ​ ​ ​ .007 ​ ​ ​
​ (.01) ​ ​ ​ (.01) ​ ​ ​ (.015) ​ ​ ​ (.014) ​ ​ ​
Wx: GDPG .002 ​ ​ ​ .007 * * ​ ​ ​ .009 ​ ​ ​ .017 * ** ​ ​ ​
​ (.003) ​ ​ ​ (.003) ​ ​ ​ (.006) ​ ​ ​ (.006) ​ ​ ​
Wx: INFLA .003 ​ ​ ​ .006 * ​ ​ ​ .001 ​ ​ ​ .003 ​ ​ ​
​ (.003) ​ ​ ​ (.003) ​ ​ ​ (.003) ​ ​ ​ (.003) ​ ​ ​
Wx: IR − .001 ​ ​ ​ .001 ​ ​ ​ .018 * * ​ ​ ​ .019 * * ​ ​ ​
​ (.005) ​ ​ ​ (.005) ​ ​ ​ (.007) ​ ​ ​ (.007) ​ ​ ​
ρ (rho) .494 * ** .664 * ** ​ .549 * ** .445 * ** .648 * ** ​ .568 * ** .523 * ** .655 * ** ​ .503 * ** .5 * ** .668 * ** ​ .512 * **
​ (.072) (.043) ​ (.085) (.074) (.045) ​ (.092) (.073) (.046) ​ (.098) (.074) (.047) ​ (.108)
λ (lambda) ​ ​ .761 * ** .126 ​ ​ .744 * ** .111 ​ ​ .765 * ** .282 * ​ ​ .769 * ** .31 *
​ ​ ​ (.041) (.174) ​ ​ (.044) (.195) ​ ​ (.043) (.166) ​ ​ (.044) (.173)
(sigma2_e) .004 * ** .005 * ** .005 * ** .005 * ** .004 * ** .005 * ** .005 * ** .005 * ** .003 * ** .004 * ** .004 * ** .004 * ** .003 * ** .004 * ** .004 * ** .004 * **
​ (0) (.001) (.001) (0) (0) (0) (.001) (0) (0) (0) (0) (0) (0) (0) (0) (0)
(lgt_theta) ​ − 2.584 * ** ​ ​ ​ − 2.58 * ** ​ ​ ​ − 2.587 * ** ​ ​ ​ − 2.604 * ** ​ ​

(continued on next page)
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Table 7 (continued )

Dep Variable: TFII Full sample Excluding China Full sample excluding 2020 Excluding both China and 2020

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)
SDM SAR SEM SAC SDM SAR SEM SAC SDM SAR SEM SAC SDM SAR SEM SAC

​ ​ (.159) ​ ​ ​ (.151) ​ ​ ​ (.153) ​ ​ ​ (.151) ​ ​
N 272 272 272 272 264 264 264 264 238 238 238 238 231 231 231 231
R2 .069 .275 .255 .141 .049 .255 .235 .143 .072 .318 .267 .153 .046 .277 .24 .154
Between R2 .069 .274 .258 .141 .049 .246 .232 .142 .071 .316 .268 .153 .046 .273 .24 .155
Within R2 .656 .524 .322 .584 .666 .53 .379 .57 .654 .507 .33 .546 .656 .475 .292 .511
Log likelihood 351.408 221.433 217.76 338.799 350.203 218.673 214.754 328.468 341.612 210.617 208.98 326.959 338.468 203.989 203.979 315.759
AIC − 626.815 − 380.867 − 409.52 − 617.598 − 624.406 − 375.345 − 403.508 − 596.936 − 607.223 − 359.233 − 391.959 − 593.919 − 600.936 − 345.979 − 381.957 − 571.517
Hausman test 39.471 * ** 14.497 10.698 ​ 50.251 * ** 10.012 8.141 ​ 28.377 * 12.22 9.385 ​ 54.086 * ** 9.367 5.873 ​
Waldtest θ= 0 259.95 * ** ​ ​ ​ 263.06 * ** ​ ​ ​ 23.36 * ** ​ ​ ​ 268.96 * ** ​ ​ ​
Waldtest θ+ βρ= 0 267.30 * ** ​ ​ ​ 270.90 * ** ​ ​ ​ 26.63 * ** ​ ​ ​ 268.98 * ** ​ ​ ​
Lrtest θ= 0 323.61 * ** ​ ​ ​ 378.12 * ** ​ ​ ​ 207.26 * ** ​ ​ ​ 341.88 * ** ​ ​ ​

Note: t-statistics are in parentheses; * ** , * * and * indicate statistical significance at 1, 5 and 10 % level, respectively. The weight matrix used is the Wknn5: the nearest neighbour weight matrix including 
5 nearest neighbouring countries.
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Table 8 
Robustness checks: Direct, indirect and total effects using an alternative weight matrix.

Full sample Based on SDM model Table 7
Column (1)

Excluding China Based on SDM model Table 7
Column (5)

Full sample excluding 2020 Based on SDM model 
Table 7 Column (9)

Excluding both China and 2020 Based on SDM 
model Table 7 Column (13)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Direct effects Indirect effects Total effects Direct effects Indirect effects Total effects Direct effects Indirect effects Total effects Direct effects Indirect effects Total effects

P2PL .011 * ** .010 * ** .021 * ** .014 * ** .011 * ** .025 * ** .015 * ** .06 * ** .075 * ** .015 * ** .014 * ** .029 * **
​ (.003) (.004) (.006) (.003) (.004) (.006) (.003) (.016) (.018) (.003) (.005) (.007)
GENDER .019 .145 * * .165 * * .014 .132 * * .147 * * .019 * .132 * * .152 * * .021 * .145 * * .166 * *
​ (.012) (.063) (.07) (.012) (.054) (.061) (.012) (.063) (.071) (.011) (.059) (.066)
EDU 0 − .016 * * − .016 * − .002 − .029 * ** − .03 * ** − .001 − .022 * * − .023 * * − .002 − .033 * ** − .035 * **
​ (.002) (.008) (.009) (.002) (.008) (.009) (.002) (.01) (.011) (.002) (.009) (.011)
URBAN .044 * ** .095 * ** .139 * ** .037 * ** .15 * ** .187 * ** .045 * ** .052 * ** .097 * ** .03 * ** .146 * ** .177 * **
​ (.007) (.017) (.019) (.008) (.02) (.022) (.007) (.013) (.017) (.009) (.025) (.027)
INFRA − .171 * ** − .682 * ** − .853 * ** − .189 * ** − .892 * ** − 1.082 * ** − .057 − .067 − .124 − .138 * ** − .745 * ** − .884 * **
​ (.048) (.188) (.205) (.046) (.168) (.184) (.048) (.059) (.106) (.048) (.239) (.264)
UNEMP − .012 * ** .021 .009 − .009 * * .03 * .021 − .021 * ** − .024 * ** − .045 * ** − .011 * * − .011 * − .023 * *
​ (.004) (.016) (.017) (.004) (.016) (.018) (.005) (.009) (.013) (.005) (.006) (.011)
GDPG .001 .001 .001 − .003 .011 * * .008 * − .003 − .003 − .006 − .001 .032 * * .031 * *
​ (.002) (.002) (.003) (.002) (.004) (.005) (.003) (.003) (.006) (.003) (.013) (.014)
INFLA − .002 * − .002 − .004 − .002 .01 .009 − .002 − .002 − .004 − .002 − .002 − .003
​ (.001) (.001) (.003) (.001) (.006) (.007) (.001) (.002) (.003) (.001) (.001) (.003)
IR − .005 * * − .005 * * − .009 * * − .005 * ** − .004 * * − .009 * ** − .002 .03 * ** .028 * * − .003 .035 * ** .032 * *
​ (.002) (.002) (.004) (.002) (.002) (.004) (.003) (.011) (.013) (.003) (.013) (.015)

Note: t-statistics are in parentheses; * ** , * * and * indicate statistical significance at 1, 5 and 10 % level, respectively. The weight matrix used is the Wknn5: the nearest neighbour weight matrix including 
5 nearest neighbouring countries.
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total effect (Column (3)), however, is insignificant in this case due to the positive indirect (albeit insignificant) effect. IR continues to 
have a negative impact (as explained in Section 5.3) when China is excluded (Columns (1)-(3)), but it shows positive indirect effect 
when excluding 2020 (with or without China) which leads to overall significant and positive total effects on TFII. It may reflect that 
during more stable economic environment, high domestic interest rates push borrowers to use financial products provided by financial 
institutions abroad, generating positive spillover effects on TFII in neighbouring countries. INFLA has positive indirect effect when 
China is excluded (Column (2)) which may suggest that high domestic inflation drives financial activities abroad although its total 
effect is insignificant due to the persistent negative direct effect (Columns (1)).

Our further analysis in this section reaches three important conclusions. First the spatial ρ remains to be positive and significant at 
1 % in all cases when estimated in Table 6, firmly signifying spatial dependence in the traditional financial inclusion and validating the 
adoption of spatial models. Second, P2PL shows consistently positive direct, indirect and total effects on TFII in Table 6, confirming 
that P2P lending enhances the traditional bank-based financial inclusion. Finally, the above conclusions remain unchanged to the 
exclusion of China or year 2020 or both, demonstrating that China and/or Covid 19 does not exert distorting effects on our results. 
Moreso, when year 2020 is removed, the positive direct, indirect and total effects continue to be significant at 1 % and are with larger 
coefficients than the full sample results in Table 4, indicating that the positive effect of P2PL on TFII is stronger in periods of stable 
economic conditions. Therefore, Hypotheses 1 and 2 remain valid.

6. Robustness checks: an alternative weight matrix

As discussed in Section 4, we adopt the five-nearest neighbour weight matrix as an alternative weight matrix for further robustness 
check for our main results. These are summarised in Tables 7 and 8. Columns (1)-(16) in Table 7 shows the model selection which is 
consistent with the main results in Tables 3 and 5. ρ (when estimated) is positive and highly significant across all columns, pointing to 
the spatial dependence in TFII. The null of θ = 0 and θ+ρβ = 0 are rejected at 1 % significance level (in Columns (1), (5), (9) and (13)). 
Also, SDM has lower AIC than the SAC model across all columns. Hence the SDM remains to be chosen specification. Consistent with 
Table 3, P2PL remains positive and significant at 1 % level across all samples in Table 7; spatial lag WP2PL is also positive although 
significant only in the case of full sample excluding 2020 (Column (9)).

The estimated direct, indirect and total effects adopting the five-nearest neighbour matrix are summarised in Table 8. The full 
sample results in Columns (1)-(3) in Table 8 strongly corroborate with that in Table 4 when using the inverse square distance (distance 
decay) weight matrix. Specifically, P2PL has positive and significant (at 1 % significance level) direct, indirect and total effects on TFII. 
When China or year 2020 or both is excluded from the full sample in Columns (4)-(12), the results are similar to Columns (1)-(3) in 
Table 8 and are also consistent with that in Columns (1)-(9) of Table 6. In particular, in Columns (7)-(12) in Table 8 where year 2020 is 
excluded, the direct, indirect and total effects of P2PL on TFII again illustrate higher values than the full sample results in Column (1)- 
(3).

Control variables also show overall comparable result as in Tables 4 and 6 except EDU which remains negative but now becomes 
significant (at least at 10 % level) for indirect and total effects. This indicates that a higher level of education in a country reduces 
financial inclusion in neighbouring nations. The presence of highly educated groups places the home country in a competitive 
advantage over its neighbours (Miningou and Tapsoba, 2020). This incentivises foreign investors from neighbouring countries to seek 
leveraging the use of high skilled labour and invest in the home country at the expense of its neighbours (Brooks et al., 2010; Kheng 
et al., 2017). As such, the negative spillover effect of education may occur as a result of attraction of investment away from neigh
bouring countries.

Therefore, the robustness check using an alternative weight matrix first confirms the significance of spatial ρ, highlighting the 
necessity of considering special dependence. It also shows that the strong positive direct, indirect and total effects of P2PL on TFII 
persist regardless of weight matrices employed. In addition, the exclusion of year 2020 or China or both does not alter the positive 
effect of P2PL on TFII. Finally, when year 2020 is removed, again we observe noticeable increase in the positive effect of P2PL on TFII 
with or without China. Overall, Hypotheses 1 and 2 continue to hold.

7. Conclusions and Implications

This paper examines how P2P lending affects the traditional bank-based financial inclusion for a group of 34 developing economies 
during the period 2013–2020. Whilst previous literature suggests that P2P lending compliments bank services by addressing the credit 
needs of unserved and underserved customers, we contend that as the process and interactions involved in securing, managing and 
utilising P2P loans empower the borrowers by enhancing their knowledge, skills, income, confidence and documentation, P2P lending 
prepares and facilitates these borrowers to transition into users of banking services and products, ultimately fostering their inclusion in 
the traditional banking system (Hypothesis 1). Furthermore, we posit spatial spillover effects in the relationship between P2P lending 
and traditional bank-based financial inclusion (Hypothesis 2) and we employ a range of spatial models to examine this effect. In 
addition, our analysis concentrates on a group of 34 developing economies where there are lower bank account ownership ratio and 
severer challenges in addressing poverty and inequality. We construct a Traditional Financial Inclusion Index, employ P2P lending 
data from CCAF and adopt a list of socio-demographic and macroeconomic factors as control variables. We further analyse the role of 
China and assess the impact of the Covid-19 pandemic.

Our findings can be summarised as follows. First, our spatial model analysis strongly validates the consideration of spatial 
dependence in the traditional bank-based financial inclusion across countries. The SDM specification is found to be the most appro
priate spatial model for our data. Second, P2P lending has strong positive direct, indirect and total effects on enhancing traditional 
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financial inclusion. Therefore, P2P lending enhances the financial inclusion both locally and in neighbouring countries, providing firm 
support for Hypotheses 1 and 2. Third, when the top leading nation with the highest level of traditional financial inclusion and P2P 
lending in the group (i.e., China) is excluded, the direct, indirect and total effects of P2P lending remain positive and highly significant. 
Fourth, when the year of Covid-19 pandemic (i.e., 2020) is removed, the above findings remain unchanged whilst the magnitude of the 
direct, indirect and total effects of the P2P lending show noticeable increase whether China is included or not, implying the importance 
of economic stability and connectivity in fostering the positive impact of P2P lending. Finally, the above findings are robust when the 
alternative weight matrix is employed.

Our investigation has important policy implications. As we find that P2P promotes the traditional bank-based financial inclusion, 
for developing countries where a large portion of population remains unbanked, P2P lending could become an effective means to 
elevate this part of population to reach bank services, facilitating the achievement of the SDGs for poverty and inequality reduction 
(UNSGSA, 2018; World Bank, 2019; Hudaefi, 2020). Hence, this place P2P in great light as a credible tool for the effective tackling of 
chronic financial exclusions by the formal banking system (Ezzahid and Elouaourti, 2021; Zhong and Jiang, 2021).

The strong positive spatial spillover effect of P2P across developing countries also calls for cooperation between global financial 
regulators to extract the full potential of P2P for global financial inclusion (BIS, 2020; Feyen et al., 2021). This is particularly important 
for developing nations, as with relatively lower levels of financial inclusion, they stand to gain more during the process of monitored 
promotion of P2P lending. Having said that, the susceptibility of P2P platforms to high default rates (Serrano-Cinca et al., 2015) calls 
for regulators to exert a balanced financial regulatory framework to support and guide the healthy growth of P2P lending (World Bank 
and CCAF, 2019).

Furthermore, our study demonstrates the significance of socio-economic and macroeconomic factors in influencing the level of 
traditional financial inclusion. For instance, urban settlement and unemployment rate have shown positive and negative effect, 
respectively. It communicates the need for governments to promote organised urbanisation of rural areas (Lyons et al., 2017; Lal, 
2018) and the need for job creation programmes to facilitate the reduction in unemployment (Inoue, 2019; Koomson et al., 2020) to 
create a financial inclusion inducive environment. In addition, higher proportion of males in the population is found to promote 
financial inclusion. Addressing the existing gender disparity in financial inclusion necessitates thoughtful policies and societal ini
tiatives (e.g., female entrepreneurship support and financial education) aimed at encouraging greater female participation in the 
financial system (Dawood et al., 2019; Arshad, 2023).
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Appendix A. List of countries

The 34 developing countries included in this paper are: Argentina, Brazil, Chile, China, Cameroon, Colombia, Ecuador, Egypt, 
Georgia, Ghana, Guatemala, Indonesia, India, Jordan, Kenya, Madagascar, Mexico, Mali, Mongolia, Malaysia, Nepal, Pakistan, Peru, 
Philippines, Romania, Rwanda, Senegal, Togo, Thailand, Uganda, Uruguay, Vietnam, South Africa, and Zimbabwe.

Appendix B. Variable description and data source

Variables Symbols Description Expected 
Sign

Data Source

​ Traditional bank- 
based Financial 
Inclusion Index

TFII This is an index based on sub- 
indicators listed in the 
Appendix C. See Section 3.2
for steps in constructing this 
index.

​ ​

​ Peer-to-peer (P2P) 
lending

P2PL It includes P2P/marketplace 
consumer lending, P2P 
marketplace business lending 
and P2P/marketplace 
property lending. It is scaled 
by GDP per capita and it is in 
natural logarithm.

+ Cambridge Centre for 
Alternative Finance (CCAF)

Control Variables

(continued on next page)
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(continued )

Variables Symbols Description Expected 
Sign 

Data Source

​ Variables Symbols Description Expected Sign Data 
Source

Supporting Literature

Socio- 
demographic 
factors

Gender GENDER The ratio of the 
population of males 
to the total 
population (%)

+ WB Swamy (2019), Ghosh and 
Vinod (2017), Allon (2018), 
Arnold and Gammage (2019)

Education EDU Percentage of 
population that have 
at least some 
secondary education 
(%)

+ WB Tambunan (2015), 
Larracilla-Salazar et al. 
(2019), Amari and Anis 
(2021)

Urban Settlement URBAN The ratio of urban 
population to the 
total population) (%)

+ WB Sarma and Pais (2011), 
Hastak and Gaikwad (2015), 
Allen et al. (2016), Lopez and 
Winkler (2018)

Macroeconomic 
factors

Economic Growth GDPG Real Gross Domestic 
Product growth rate 
(%)

+ WB Fungáčová and Weill (2015), 
Kabakova and Plaksenkov 
(2018), Sethi and Acharya 
(2018)

Infrastructure INFRA Number of the mobile 
cellular subscriptions 
per 100 people. It is in 
natural logarithm.

+ WB Sarma and Pais (2011), 
Aduda and Kalunda (2012), 
Bansal (2014), Ajide et al. 
(2022)

Unemployment 
Rate

UNEMP The ratio of the total 
unemployed person 
to the total labour 
force (%)

- ILO Agyekum et al., (2016), Kim 
et al. (2018), Vo et al., 
(2019), Allen et al. (2014), 
Zulfiqar et al. (2016), Mehry 
et al. (2021)

Inflation INFLA Year on year 
percentage change in 
Consumer Price Index 
(%).

- WB Riggi and Venditti (2015), 
Lenka and Bairwa (2016), 
Evans (2018)

Interest Rete IR Interest rate spread 
(lending rate minus 
deposit rate) (%)

- WB Olaniyi (2017) and Adeola, 
Evans (2017)

Note: All variables are continuous. ILO: International Labour Organization. WB: the World Bank.

Appendix C. The Traditional bank-based Financial Inclusion Index (TFII)

Indicators Sub- 
indices

Data Source

Number of commercial bank branches per 1000km2 Access 
(Ya)

IMF Financial Access Survey Database
Number of ATMs per 1000 km2

Ownership of financial institution accounts (% of adult population over the ages of 15) Usage 
(Yu)

World Bank Global Financial Inclusion Index Database 
Saved at a financial institution (% of adult population over the ages of 15)
Borrowed from a financial institution (% of adult population over the ages of 15)
Credit card ownership (% of adult population over the ages of 15)
Debit card ownership (% of adult population over the ages of 15)

Note: Studies that used similar approach (but not for the group of countries analysed in our study) include Cámara and Tuesta (2014), Mialou et al. 
(2017) and Khera et al. (2022).

Appendix D. Number of P2P lending platforms

Country 2018 2019 2020

Argentina 5 5 6
Brazil 18 18 19
Chile 3 3 3
China 82 82 83
Cameroon 1 1 1
Colombia 4 5 5
Ecuador 1 2 2
Egypt 1 1 1

(continued on next page)
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(continued )

Country 2018 2019 2020

Georgia 1 1 1
Ghana 2 2 2
Guatemala 1 1 1
Indonesia 33 38 83
India 72 75 40
Jordan 2 2 2
Kenya 8 8 9
Madagascar 1 1 1
Mexico 12 12 6
Mali 1 1 1
Mongolia 1 2 12
Malaysia 4 5 2
Nepal 1 1 3
Pakistan 1 1 3
Peru 7 7 7
Philippines 3 3 3
Romania 1 1 1
Rwanda 1 1 1
Senegal 1 1 1
Togo 1 1 2
Thailand 3 3 3
Uganda 1 1 1
Uruguay 1 1 1
Vietnam 6 7 1
South Africa 2 2 6
Zimbabwe 1 1 1
Sum of the 34 sample countries 283 296 314
Sum globally 600 622 632

Note: Data is collected from the Cambridge FinTech Ecosystem Atlas of Cambridge Centre for Alternative 
Finance:https://ccaf.io/atlas/visualisation/graph?country_field=op_ 
hq&country=IN&segments=TMD3ALoYPC,WLS8F4XDuu&year= 2020

Data availability

Data will be made available on request.
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