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Abstract 
Around the globe, countries move away from banknotes and coins in the favor of 
digitized payments. A number of findings from academic research conclude various 
benefits associated with decreased cash usage, such as enhanced economic 
development, less costs for governments and banks, financial transparency as well as 
lower economic-related crime rates. In a light of various benefits moving towards 
cashless payments, it is hypothesized that there also could be a relationship between 
how innovative a country is and how much cash circulates in economy. The relationship 
could be both-sided like less cash circulation can trigger innovation and, at the same 
time, adoption of cashless payments could be driven by how innovative a country is. To 
be able to investigate a potential correlation, a correlation analysis is conducted 
between the two variables: an innovation level of a country and cash circulation in 
econom. The Global Innovation Index score will be used to summarize various factors 
that provide an overview of national innovation performance, and percentage of Gross 
Domestic Product (GDP) will be used for currency in circulation. According to the 
findings, the hypothesis that there is a correlation between cash circulation and 
innovation performance in a country could not be rejected with a 5% significance level.  
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Sammanfattning 
Runt om i världen öppnar länder upp för att gå från kontanta betalningsmedel mot 
digitala betallösningar. Enligt tidigare forskning, leder minskad kontanthantering till 
flertalet fördelar såsom kraftigare ekonomisk tillväxt, ökad transparens, minskade 
kostnader samt minskad ekonomiskt brottslighet. De fördelar som kontantlösa 
betalningar skapar kan vara kopplade till hur innovativt ett land är och hur mycket 
kontanta medel som cirkulerar i ett lands ekonomi. Ett potentiellt samband mellan 
mängd kontanter som cirkulerar i ett samhälle och innovation i ett land kan vara 
tvåsidigt, till exempel att minskade mängder kontanter i ekonomin kan skapa innovation 
eller så kan kontantlösa betalningar skapas av hög innovationsnivån i ett land. För att 
kunna undersöka ett potentiellt samband, utförs en korrelationsanalys mellan de två 
variablerna: nationell innovationsnivå och mängd kontanter i cirkulation i ekonomin. 
Global Innovation Index används för att sammanfatta olika faktorer som ger en översikt 
över den nationella innovationsnivå per land och en procentandel av 
bruttonationalprodukten (BNP) kommer att användas för mängd valuta i omlopp. Enligt 
framkomna resultat från korrelationsanalysen kunde hypotesen om att det finns ett 
samband mellan kassaflöde och innovationsnivå i ett land inte förkastas.  
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1. Introduction 
Ever since ancient times, money has played a central role in people lives - whether the means                 
of payment have been rare seashells, worthless iron coins, small feathers or stamped precious              
metal pieces. Forms of money have been and still are necessary for value exchange and trade                
around the globe. Money can easily and cheaply transform, store and transport wealth, and              
are therefore an important contribution to the emergence of complex trading networks and             
dynamic markets. Without money, the trading networks and markets had been condemned to             
remain extremely limited in size, complexity and dynamism. The real breakthrough in the             
means of payment came when people started using money that was easy to store and               
transport which lead to cheaper transactions (Platan, 2000). 
 
Payments systems change and develop but vary in their efficiency and popularity in the              
countries across the globe. New requirements need better and better solutions and as with the               
definition of innovation; better solutions meet new requirements, unarticulated needs or           
existing market needs (Maranville, 1992). Over the past decade, digital payments has been             
growing more or less in different parts of the world, impacting economic growth,             
governmental cost and financial transparency. New innovative solutions in combination with           
the continuous trend of less usage of cash may lead to a situation when accepting cash is no                  
longer profitable for a society furthermore leading to a society where cash is no longer               
accepted as a mean of payment. A cashless society.  
 
The word cashless firstly evolved from United States bankers that were looking for ways to               
digitize money with the help of an electronic system that would replace coins, notes and               
paper checks. Money which is in other words the means of exchange that is used as financial                 
payment (Platan, 2000). The converting to another means of payments was referred to as              
converting to a cashless system (Skaggs, 2014). Hence, the economic setting where            
transaction occurs without involvement of cash are cashless transactions (Paul & Friday,            
2012). Cashless society is defined by three characteristics (Dusansky & Koc, 2009). The first              
characteristic is that central banks have no monopoly in issuing money. Secondly, money is              
issued only by private institutions. Lastly, no circulating coins or notes can be issued from               
central banks. Money will no longer have a physical medium of exchange.  
 
Alongside the money, the evolution of technology that facilitates digital financial transaction            
has also occurred. The word innovation comes from latin innovare, which means renew.             
Innovation is seen as implementation of better solutions that meet new requirements,            
unarticulated needs, or existing market needs (Maranville, 1992). Several emerging          
economies have become an important actor in the global innovation system though            
management of renewal. An emerging economy such as China have taken part in the takeoff               
of Asian economies through R&D (Ang & Madsen, 2011).  
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Innovation is important for all countries in different stages. Especially important is the             
creation and diffusion of technologies which is important for the economic growth and             
welfare in economies. Rogers (1995) found that innovation is diffused to members of a social               
system over time and interpersonal networks drive adoption of innovations and new ideas. To              
conduct research on innovation acceptance and adoption, Rogers (1995) proposed the theory            
of diffusion of innovation (DOI). It was also noted by Lai (2016) that payment systems pace                
of development depends on both technological change and barriers of acceptance of new             
products or services.  

1.1 Research problem  

There are a number of findings from previous research concluding various benefits and             
drawbacks of moving away from cash towards digitized payments. There is however not so              
much literature if less cash contributes towards better innovation performance of a country or              
a innovative countries tend to prefer cashless transactions over banknotes and coins. The             
hypothesis of this research is that there might be a correlation between cash circulation in               
economy and innovation, which is interesting in contribution to existing research, given that             
various countries worldwide vary in how much cashless transactions are circulating and how             
dependent economy on cash is as well as in their innovation performance. Thus, the aim of                
this paper is to investigate if the amount of cash circulating in a country could correlate with                 
its innovation performance. Hence, the research question is as follows:  
 
“Is there a correlation between innovation and cash circulation in economy?”  
 
In other words, the focus of the research is to investigate if there is a relationship between                 
innovation performance of country and its cash circulation in economy.  

1.2 Contribution 

This paper contributes to the existing literature by comprehensively reviewing the literature            
of innovation and cash circulation with the focus on investigating a potential correlation             
between these two factors. The investigation aim to shed a light if there is potentially               
correlation between innovation and cash circulation in economy and contribute to a literature             
and research concerning cashless transactions. It may also provide a base for future             
researchers to conceptualize, distinguish and comprehend the underlying behaviour models          
and theories that may affect the previous, current and future application of a cashless society               
and innovation in a society.  
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1.3 Sustainability aspect 

Sustainable development consists of the three dimensions; economic sustainability,         
environmental sustainability and social sustainability. Economic sustainability is linked to          
balanced development and sustainability at all levels. It is about keeping up with the              
resources available and using the appropriate resources as long as possible. Through            
attractive products on the market, sustainable development of companies is achieved. The            
fact that markets work and that natural resources are used properly is also a part of economic                 
sustainability. Environmental sustainability is about showing respect for nature and our           
natural resources. It is also about developing production processes that do not harm the              
environment throughout the product's life cycle. We will strive for environmental balance,            
without wasting natural resources, while preserving biodiversity. It is about preserving the            
ecosystems production ability at water and soil and reducing the impact on nature.  
Social sustainability has no general definition but it refers to people and their equal value.               
That resources, influence and power are distributed fairly, equitably and equally in order to              
meet basic human needs and access to social services, security and participation. At             
companies, social sustainability is created when employees feel that working life fulfills a             
meaning when they feel safe and stimulated. Global deals with the social sustainability of              
solving issues linked to starvation, war and oppression to meet the basic human needs              
(Bergman & Klefsjö, 2012). 
 
According to the World Business Council for Sustainable Development, innovation is at the             
core of creating a sustainable human society (Gobble, 2012). Sustainability requires           
fundamental, disruptive and system-wide innovation which is one of the main variables            
investigated in this paper. Another variable that is hypothesized to be correlated with             
innovation is cash circulation in economy. It can be viewed through the sustainable aspect as               
given the outcome of the research shows a negative correlation, meaning that low cash              
circulation is correlated with high innovation performance, this paper could potentially           
contribute to the literature about benefits of moving away from cash. Decreased cash             
circulation in economy in its turn means less paper used for banknotes as well as less metal                 
used for coins production, which is beneficial for environment.  

1.4 Delimitations 

The measurement of innovation is limited to innovation index score, more precisely input and              
output pillars from Global Innovation Index report. The report has a methodological            
limitation to available and transparent data from Global Innovation Index and International            
Monetary Fund (2016) , World Economic Outlook database and Central banks bulletins with             
a sample of 71 countries from year 2013 to 2017.  
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1.5 Research Ethics  

Since the sample of the conducted research is based on the transparent data from Global               
Innovation Index report, International Monetary Fund and national Central Banks bulletins,           
no primary data is gathered and there is a limited possibility of harm. Secondly, there is no                 
confidentiality or anonymity that has to be ensured, since the data is collected from              
transparent sources that in their turn are based on macroeconomic indicators.  

1.6 Outline 

The paper aims to investigate correlation between the innovation performance of a country             
and cash circulation in the economy. The research will be of a quantitative character and               
conducted through correlation of two variables - cash in circulation as a percentage of GDP               
and global innovation index score. The sample consist of 71 countries that are both presented               
in GII and have data through all years studied, namely 2013 to 2017 as well as available and                  
transparent data about currency in circulation. The sample is considered to be sufficient to              
conduct statistical analysis based under assumption that population is normally distributed. 
 
Theoretical framework och literature review will be presented in chapter 2 and chapter 3 will               
focus around the methodology and data. After that, in chapter 4, an empirical analysis follows               
and the final chapter 5 is a discussion.  
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2. Theoretical framework and literature review 
This chapter address and describe existing literature of the two forces: innovation and cash in               
circulation. It also describes the background on why there could be a correlation between the               
forces. There are various factors that play a role in how fast and willing a society is to move                   
towards cashless payments. One of these might be a level of innovation in a country or a level                  
of innovation might be influenced of how far a transition towards cashless payments has              
gone. The variables earlier referred to as the two forces; innovation and cash circulation will               
be investigated further through the two variables to be studied in this paper. The research               
question of the paper is as follows: Is there a correlation between innovation and cash               
circulation in economy?  

2.1 Transition towards cashless society  

Thomas et al. (2013) aimed to evaluate 33 economies and their probability to become              
cashless. Three criterias were evaluated to define how close the economy is to become              
cashless, through three different criterias: share, trajectory and readiness. Share is a            
percentage of all the transactions done in any other means of payment than cash, trajectory is                
the change in cash payments value from 2006 to 2011 and readiness for potentially              
converting cash to electronic payments. Thomas et al. (2013) states countries regarding to the              
value of cashless transactions: Belgium (90%), France (92%), Canada (90%), UK (89%),            
Sweden (89%), Australia (86%), and the Netherlands (85%). Single Euro Payment Area            
(SEPA) integrates all Euro electronic payment systems, that EU had established in 2014.             
SEPA facilitates domestic and cross-border euro payment through elimination of geographic,           
technical and legal hinders for electronic payments. In addition, the SEPA payment scheme             
for credit transfer and direct debit was developed (European Central Bank, 2014).  
 
The cash declining tendency can be associated with credit card long term increase which has               
served as more or less replacement for cash transactions. Sweden is a country that has one of                 
the lowest percentage of cash circulation in the economy. According to a survey conducted              
by the Swedish Riksbank in 2018, the volume of cash payments in sale has dropped by a half                  
from 40% to 20% from 2010 to 2014.  
Moreover, the survey shows that in 2018, only 13 % paid their most recent purchase in cash.                 
Another country that has shown an evident tendency to move away from a physical currency               
in a favour of a digital one was United States. American Institute of Economic Research               
(2012) state that merely 7% of financial transactions circulate in cash.  
 
 
 
 

8 



Degree Project in Entrepreneurship and Innovation Management (TEILM), spring 2019 

Emma Glennow and Alexandra Granström  

 

Within the extensive research regarding possible effects of a transition, economists present            
different standpoints as some focus on costs and benefits when other focuses on implication              
on monetary policy and the role of central banks. Some economists argue that a transition               
towards cashless will streamline monetary policy while others argue central banks will lose             
their independency which leads to a less streamlined monetary policy (Dalebrant, 2016).            
Since the cash usage continues to decline, cash might be difficult to use as means of payment                 
in the future. Digital means of payment as a CBDC (central bank digital currencies) have               
started to interest central banks.  
 
Realising the transition to a digital world the Swedish Riksbank is on the forefront with               
investigations during 2018-2019 on if Swedish krona should be available in electronic form.             
A closer look into Sweden and The Swedish Riksbank shows the transition to a more digital                
world since the Swedish Riksbanks is responsible of promoting a safe and efficient payment              
system even in times of technical development and digitalisation of payments.  
A digital currency as E-krona could ensure Riksbankens responsibility of promoting a safe             1

and efficient payment system with ensured access to state guaranteed ways of payment for              
the general public (Riksbanken, 2018). Central bank digital currencies is not only            
investigated by the Swedish Riksbank but also analysed by several central banks around the              
world.  
 
A report by Julin et al. (2017) investigate a possible implementation of a CBDC. Julin et al.                 
(2017) discussed that the introduction of a CBDC could have consequences for monetary             
policy, partly because it may be more difficult for the central bank to forecast the demand for                 
CBDC than for today's demand for cash. Julin et al. (2017) state that a CBDC may have                 
consequences for the banking system in the form of displacement effects, but that these              
depend the design of the system. Julin et al. (2017) argue that there may be risks with the                  
introduction of a CBDC, including that problems with money laundering and terrorist            
financing may arise. At this early stage, a CBDC is being investigated for smaller payments               
that should not yield any interest. 
 
Moreover, a study written by Barrdear and Kumhof (2016) examines which macroeconomic            
consequences that an interest-bearing CBDC could have for an economy. The authors start             
from a DSGE model adapted for the American economy before financial crisis 2008 where              
they include economic variables related to the introduction of one CBDC. The result shows              
several clear advantages of introducing a CBDC system, primarily by an increase in GDP of               
close to 3%  for the size of an introduction of the CBDC corresponding 30% of GDP.  
 

1 A digital currency can be defined as a currency in which the transactions take place electronically, which there 
is a difference between a currency and a currency where transactions take place in physical form. Digital 
currencies is a collective name that includes both virtual currencies and cryptographic currencies. 
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Barrdear and Kumhof (2016) also believe that an introduction would be effective because it              
may be an instrument for conducting monetary policy, which would affect one central bank's              
ability to stabilize the business cycle and economic shocks by countercyclically check either             
the quantity or price of the digital currency.  
 
Barrdear and Kumhof (2016) find that a central bank issued digital currency would be              
effective on the technology and the interchangeability between CBDC and bank deposits.            
Stated is that a centralized construction would be the cheapest option, but then the system               
would be more sensitive and associated with more risks. In addition, a central bank-issued              
digital currency may compete against commercial bank money since individuals rather would            
like to keep CBDC than commercial bank money. However, this issue was not thoroughly              
investigated. One question that arises is how safe the estimates the authors have obtained              
from the DSGE model are. This is because the model is based on several assumptions, which                
should give one significant uncertainty in the results.  
 
Bordo and Levin's (2017) report on a CBDC, unlike the two above the central bank reports                
issued by a research institution. The report analyzed the most important elements of CBDC.              
Bordo and Levin's (2017) find that an interest-bearing CBDC without the addition of cash              
will contribute to higher macroeconomic stability as interest rates will not be limited to any               
lower limit. Bordo and Levin (2017) also mean that a CBDC will provide increased              
transparency in monetary policy. In addition, the authors find that in the event of a severe                
economic downturn. There is an alternative to increasing public expenditure, instead the            
central bank could use CBDC as a money-financed means to stimulate the economy.  
 
For example, the central bank could deposit funds for CBDC accounts for households in the               
lower income levels to dampen the decline in consumption that follows an economic             
downturn. Bordo and Levin (2017) also argue that increased use of CBDC without the              
addition of banknotes and coins will contribute to reduced tax evasion, money laundering and              
other illegal activities, as they mean a large part of these activities happens with the use of                 
banknotes and coins today. The authors conclude by emphasizing that central banks should             
not assume a passive role in the issuance of a CBDC by the rapid the development of new                  
payment systems. 
 
ECB has also published reports on CBDC. In a report by Meaning et al. (2017) examines                
what effects an introduction of a CBDC can have for an economy. They find that 
Monetary policy could function largely in the same way as today, but they believe that 
The transmission mechanism would be slightly stronger, because the key rate will be 
greater effect on other interest rates in society. The authors point out that their report is in an                  
early stage stage in the understanding of CBDC and requires continued work, both             
theoretically and possibly empirically to get a better idea and to be able to fully inform                
decision makers.  

10 
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ECB has also published a previous report examining the risks of virtual currencies, more              
precisely, Bitcoin and the computer game Second Life's own currency Linden Dollar are             
examined. They find that virtual currencies can have negative implications for states and             
central banks because they believe that virtual currencies can contribute to an increased risk              
of criminal activities such as fraud and money laundering. They also write that the virtual               
currencies can have one displacement effect against central bank-issued currencies. The           
report discusses and finds out unlike the ECB's report mentioned above, positive effects of a               
digital currency, without seeing risks (ECB, 2012).  
 
A CBDC is not argued by everyone to be introduced to the market without risk. Some stated                 
risks that the central banks have to handle with digital currencies is the belief to be                
considered as an attractive way for money laundering and drug trading in some circuits. If               
cash is phased out completely in society, society needs to rely on electronic systems, which               
can be subjected to various types of hacking or sabotage, so-called IT attacks. ECB (2012)               
writes that Bitcoin suffered, among other things, an IT attack in 2011 reduced the value of the                 
currency from USD 17.50 to close to USD 0.01 in just a few minutes. In addition, cyber                 
attacks are a real threat to the e-krona, but also so-called outsourcing risks if part of the                 
business is moved to a third (uncontrolled) party. 
 
Most reports are however predominantly positive with the introduction and release of a             
central bank digital currency. Julin et al. (2017), Barrdear and Kumhof (2016), Bordo and              
Levin (2017) and Meaning et al. (2017) agree that the introduction of CBDC may have               
effects on both monetary policy and financial stability. Barrdear and Kumhof (2016), Bordo             
and Levin (2017) and Meaning et al. (2017) discusses that an interest-bearing CBDC can              
come to act as an additional monetary policy tool. 

2.2 Detriments and benefits of a transition towards a cashless society  

There is literature both in favor of transition towards cashless society and against it. Among 
others, benefits of a transition towards cashless payments are economic growth, declining 
costs, financial transparency and reduction of economic crime, while detriments are digital 
exclusion, cyber crimes, threats to privacy and technological change.  
 

2.2.1 Detriments 
 

Digital exclusion 
There is a group of people in the population that remain dependent on cash. In this group the                  
digital knowledge and/or access to banks is limited and access to internet could in lime cases                
also be limited. For society it is a question how this group would manage in a cashless                 
society. Victoria Cleland, chief cashier of the Bank of England, pointed out the importance of               
cash for financial inclusion (Fabris, 2018).  

11 
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According to analysis by Payment UK and the Bank of England, the number of those who                
rely almost entirely on cash in the UK, has jumped by 500,000 to 2.7 million over the past                  
two years (Fabris, 2018). The Governour of the Australian National Bank, Ewald Nowotny,             
said “We do not foresee a totally cashless society”. In a potential instance energy blackout,               
cash is as well the only surviving way of payment (Cerulus & Contituglia, 2018).  
 

Cyber crimes 
Fabris and Luburić (2014) indicated, by data from the Anti-Phishing Working group, that 
86% of 14,000 existing phishing websites are falsely represented as financial institutions. 
Cyber crimes are shown by literature to be on a uptrend and discussed to be the fastest 
growing crime in the USA (Fabris, 2018). It is clear indications on a rise of cyber crimes and 
a higher grade of security than already existing security needs to develop to meet the rising 
amounts (Fabris, 2018). 
 

Threats to privacy 
Digital payment methods opens for tracking possibilities of transactions.Literature often finds 
arguments that privacy is only required by individuals who have something to hide, this does 
not have to be the case. For example, this information can enable customer profiling, 
commercial use of personal data, creation of psychological profiles of individuals, the 
creation of databases about their consumer habits, insight into their assets which increases the 
risk of robbery (Fabris, 2018). 
 

Fast paced technological change  
If technology and innovation affect the related movements of money supply it means that the               
government loses a certain amount of control over monetary policy. Central banks, with the              
responsibility of promoting a safe and efficient payment system with ensured access to state              
guaranteed ways of payment for the general public (Riksbanken, 2018), faces rapid            
technological change. Technology is developing fast and central banks face huge           
technological changes in a transition towards a cashless society when the industry is, at the               
same time, changing completely. Studies of an introduction of a digital currency as CBDC,              
will at an introduction to the market, be seen as a secure means of payment and be an                  
alternative to both banknotes and coins as well as to commercial bank money. Since a CBDC                
can be seen as a secure method of payment, the risk of banking operations increases arises                
because the public can move commercial bank money to CBDC. This states that if a central                
bank digital currency becomes more advantageous, commercial bank money can have a            
counterbalancing effect on the private banks business (Barrdear & Kumhof, 2016).           
Introduction of CBDC, may as well compete with the commercial banks on the platform              
digital payment services to the public, especially since the distribution of CBDC, at             
introduction will be through central banks. 
 

12 
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2.2.2 Benefits 
 

Enhanced economic growth associated with cashless transactions 
The widespread usage of card payments has a beneficial influence on economic growth,             
namely that the GDP of 56 countries increased by 983 billions U.S. dollars due to the card                 
payments usage. Consumption increase related to widespread adoption of card payments was            
equal to an average of 0.7% across the 56 studied countries (Zandi et al. 2013). One measure                 
of cash usage is outstanding cash in relation to GDP which differs across the globe. The                
measure gives an insight of how dependent a national payment operations on cash. Sweden is               
one of the clear examples to depict a declining trend to use cash, which had 10 percent cash                  
usage from the GDP while showing just 1.5% in 2006. One of the reasons of such low                 
percentage is the GDP increasing relatively fast in contrast to outstanding value of cash.              
However, there was also an indication towards a cashless society as the outstanding value of               
cash has been decreasing rapidly since 2007, showing a drop of 12 % in a half year period in                   
2006 (Arvidsson, 2013).  
 
According to Slozko and Pelo (2014), there is a positive correlation between cashless             
payments and increasing GDP growth. The paper focused on the impact of electronic             
payments on the financial system. The findings also revealed that a spread of cashless              
transactions depends on the level of economic development of a country. In other words, the               
better financial health as well as overall wealth of the country the higher the probability that                
cashless transactions will be adopted. In addition, cashless payments drive the acceleration of             
economic development, through, besides other ways, increased consumption due to electronic           
payments. All in all, the findings contributed to a a hypothesis that cashless transactions lead               
to enhanced economic development and better financial efficiency like global immediate           
transactions, increased financial activity and rapid access to financial markets (Slozko &            
Pelo, 2014).  
 
Moreover, according to Heaslip (2017) the awareness about benefits that digital payment            
systems lead to, begin to shift as payment systems is a part of seamless customer experience.                
The current expectation is that nor only payments investments will improve the perception of              
the whole experience but also reduce the internal costs with introducing a range of innovative               
payment systems. Overfelt (2013) claimed that according to the National Retail Federation            
merchants pay about $30 billion each year for debit and credit card purchases. Even though               
this decreases their profits by 3%, however, at the same it also increases profits by 4-5%.                
Boosted cash flow, better business image, improved customer service and the last but not              
least increased sales are the activities that cashless transactions lead to (Alliance, 2003).  
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 Declining costs associated with cash 
Currently, large firms already appreciate the advantages of digital payments and have            
implemented systems that would facilitate digital transactions. In contrast to small firms,            
however, that tend to be less eager to switch to electronic payments because of the fees that                 
incur as to being able to offer credit card payments (Skaggs, 2014). The strategy that might,                
despite the credit card usage fee, deemed to be irrational. Real cost of cash transactions is                
something that could be skipped if the cashless society becomes the reality. There are various               
costs and inefficiencies associated with cash. Those are processing costs, vulnerability to            
theft and hinder to free cash flows. Among various processing costs that cash transactions              
might imply are time to complete transaction at the cash register, monitoring and securing the               
cash and transportation for later deposit to a bank (Skaggs, 2014). 

 
Financial transparency and reduction of economic crime 

One of the most mundane examples that comes to mind when considering benefits of cashless               
payments is that people that prefer cashless payments hold less cash with them that              
discourages robberies and pickpocketing. According to Swedish Bankers Association, decline          
in cash circulation is directly related to reduction of robberies, decreasing from 111 to 16               
during 2008-2011 (Skaggs, 2014). Furthermore, other researches are also pointed out           
beneficial influence on a society associated with cashless transactions. Mieseigha and           
Ogbodo (2013) claimed that adoption of cashless transaction leads to enhanced economic            
growth, accountability, transparency and reduction of cash related fraud. 
 
When estimating impact of cashless transactions on crime activity, the economic crimes rates             
are the ones that might be eliminated considerably with the introduction or wider spread of               
transparent payment system. According to Armey et al. (2014), the negative relationship is             
found between incidence of economic crimes and access to electronic payments. However,            
the paper findings does also suggest that cashless transactions have inconsiderable impact            
incidence of non-economic crimes. Another perspective that the paper has highlighted was            
how electronic financial transactions access could potentially influence poorer and less           
developed communities. The reason the impact could be of a truly transformative is that cash               
related crimes such as hold ups or pickpocketing, that occur frequently, cannot be conducted              
without the cash. Hence, a personal security can be greatly impacted in the less fortunate               
areas with the introduction or wide spread usage of electronic payments.  
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2.3 Innovation as a force  

Renewal is necessary for companies to be able to meet and exceed the expectations that exist                
among customers, investors and industry competition. Without renewal and innovation, sales           
stagnate and companies compromise the chances of their future survival. 
 
Innovation is about creating a structure and an organizational culture that is open to change.               
Keeley et al. (2013) means that the shift to making innovation into a disciplined science               
means will have a strong impact on the outcome, impact and success rate of innovation.               
Keeley et al. (2013) describes that there are often patterns that characterize a good              
innovation. This pattern can be characterized by a combination of points that together form              
the scope of innovation chosen. The categories mentioned are collaboration, structure,           
processes, products, product systems, service, channels, brand and customer engagement          
(Keeley et al. 2013). 
 
Open Innovation mainly refers to the willingness of companies to collaborate on innovation             
projects with other companies with the objective to optimize innovations. The trend towards             
open innovation is coming from the changing environment: whilst industrial companies were            
competing on features and performance in the olden days, the focus nowadays lies on              
offering an overall value that exceeds pure product performance. An increased amount of             
open innovation will be practiced in the future as it is more efficient to cooperate on                
innovation projects, be it with startups or other more established companies with an             
innovative focus (Huberty, 2015). 
 
Incremental versus radical innovation mainly focuses on the organization at its core, and the              
wholesome effect on the organization from active innovation process initiatives. Incremental           
innovation is best illustrated when advancing expertise in a given realm to sustain existing              
position (Carpenter 2015). The measurement is the result of executing initiatives related to             
current operations.  
 
Moving outside this realm of familiarity is where the true challenge lies. When referring to an                
organization's ability to radically innovate its processes, it bounds the question of how the              
organization is constructed to it is fundamental core. How flexible the organization is in              
changing its internal paradigm to achieve radical change in its parameters of operation and              
value creation (Norman & Verganti 2013). Radical innovation reduce the existing system by             
replacing it with something entirely new (Norman & Verganti, 2013). Being ready for a              
radical challenge, hence needs certain philosophies to be embedded in the organizational            
core. How does a company navigate in between the borders of when to execute an               
incremental vs. a radical innovation strategy? 
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To navigate in this unfolded medium, there needs to be a clear sense of what it is that the                   
organization wants to accomplish. This is the dynamic job of the CEO; to provide a clear                
vision and to continually act on it (Carpenter 2015). A great vision for what is possible may                 
not be sufficient due to customers readiness. Often, gradual incremental improvements or            
complementary products have to be introduced to the market before the radical innovation             
has a chance to succeed. One must seek to understand where this clash might be in order to                  
make plans accordingly and to address misunderstandings in a reasonable way. Thus, the             
more radical an innovation might be, the more there may be a focus on education rather than                 
on explanation (Norman & Verganti, 2013). 

2.4 The relationship between cashless society and innovation 

There are various ways to analyze the potential effect of innovation on cashless payments in a                
society. One of the theoretical frameworks that can be applied is the Diffusion of Innovation               
Theory, that furthermore will be referred to as DOI. Rogers (1995) introduced DOI concept              
where he highlighted how innovation is diffused to members of social system over time.              
According to DOI, interpersonal networks drive adoption of innovations and new ideas, or to              
be more precise, interaction of members within those networks (Rogers, 1995).  
 
Diffusion of Innovation can be divided into three major variables: characteristics of            
innovation, characteristics of innovators and environmental context (Wejnert, 2002).         
Characteristics of Innovation has two dimensions it can be estimated with. Firstly, public             
versus private consequences of the innovation. In the context of cashless payments it can be               
described through for example impacts of the one on GDP growth, crime rate and business               
prosperity versus convenience and customer experience enhanced by the use of electronic            
payment. Secondly, benefits versus costs are other characteristics of innovation. In the light             
of transition towards cashless payments, costs could be the transaction fees associated with             
credit card usage in contrast to benefits like the impact on businesses increased revenue, and               
the missing out in potential sales if the vendor would not accept cashless payments.  
 
The second variable, Characteristics of Innovator, has a range of variables namely societal             
entity, familiarity with innovation, socioeconomic characteristics, status characteristics,        
position in social networks as well as social characteristics (Wejnert, 2002). In the light of the                
cashless transition, as leads from the statement itself - two parties involved, hence             
characteristics of innovator would concern both businesses as well as consumers. An            
interesting phenomenon as both highly depend on each other and have a potential to influence               
each others decisions. For instance, if a businesses customers hold credit cards and no cash               
with them as well as unwillingness to use ATM to withdraw cash from their bank accounts,                
businesses will be forced to adopt electronic ways to accept payments. The contrary is true,               
when a customer prefers digital ways of payments but cannot find the vendors the businesses               
that will accept cashless payments is forcing customers to withdraw cash from ATM to be               
able to pay for product and services.  
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All in all, the hypothesis can be drawn that characteristics of innovator is not of the crucial                 
relevance when it comes to integrating cashless payments but rather the number of parties              
that are willing or unwilling to accept or reject cashless transactions. On a global scale,               
however, countries that have a wide spread of cashless transactions might have similar             
features in common, like high GDP, decent level of economic development as well as low               
corruption.  
 
The third main variable of DOI is Environmental Context, which can be divided into              
geographical settings, societal culture, political conditions and global uniformity (Wejnert,          
2002). In the context of cashless society, environmental factors are one of the key drivers for                
transition towards cashless society. Geographical settings refer normally to the proximity           
where innovation occurs (Wejnert, 2002). In the setting of cashless payments it drives the              
spread forward, as if the businesses around have adopted electronic payments systems -             
competitors are likely to do the same. Particularly, if customers prefer digital payments and              
already enjoying this type of convenience at competitors. In a similar manner, Swish, a              
Swedish mobile app that aims to facilitate peer-to-peer transactions. If everyone is using             
Swish and in case of some splitting bill purposes, if majority prefer mobile app transactions               
instead of cash, the person not having an app would sooner or later have to download it.                 
Another driver is social culture that contributes as well to the spread of cashless transactions.  
 
A number of social culture values that can promote cashless transactions are innovation,             
awareness about environment and entrepreneur mindset, in contrast to conservatism, tradition           
and orthodox mindset that would pose a hindrance. Other variable that influences diffusion of              
innovation from environmental context perspective is political conditions (Wejnert, 2002). In           
the setting of transition towards cashless society, governments often encourage electronic           
transactions instead of cash circulation due to decreased crime rates, declined cost of             
processing cash and sustainable benefits. Lastly, global uniformity is another driver for DOI             
(Wejnert, 2002). Cashless transactions, for instance, would definitely flourish with a global            
adoption of electronic payments and growth of multinational corporations that prefer           
electronic payments.  
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3. Methodology and data 

3.1 Research methodology 

A quantitative research is conducted in this paper to investigate potential correlation between             
innovation and cash circulation. The most common correlation indicator in statistical analysis            
is Pearson correlation indicator, also referred to as correlation coefficient (Rodgers, 1988).            
The deductive approach was applied in this paper, since reasoning is carried out in following               
manner - the hypothesis is made about correlation between innovation and cash circulation in              
economy, which is to be examined to later make conclusions upon the findings from              
correlation analysis (Sternberg, 2009). One of the reasons to conduct a quantitative research             
is due to the fact that variables studied can be easily quantified - firstly, a cash circulation as                  
the percent of GDP and secondly, an innovation as a Global Innovation Index score from               
Global innovation index editions for each country in a sample studied. Second reason of              
conducting a quantitative research is to minimize biases of authors that could influence the              
outcome of a research. Aim of correlation analysis is to provide an insight about how strong                
it is as well as if negative or positive a correlation between two variables is, over time. This                  
goes hand in hand with the research question of the paper which is as follows: 
 
“Is there a correlation between innovation and cash circulation in economy?” 
 
Each edition of GII features report, innovation scores for each country as well as detailed               
breakdown of 80 indicators that innovation index score consists of (Dutta et al. 2018). The               
more info about GII follows under the later section of methodology. 
 
International Monetary Fund (2016) , World Economic Outlook database and Central banks            
bulletins were used to gather data about currency in circulation as well as national Gross               2

domestic product (constant prices) also referred to in this paper as GDP. Then the currency in                
circulation was divided by the national GDP data to get a percentage of cash circulating in the                 
economy. Please find the data collected in Appendix, Table 2. Data used for correlation              
analysis. 

3.2 Reliability and Validity 

Reliability means that significant results must be repeatable and if other researches will             
conduct the same experiment the same result should be derived ( Shuttleworth , 2008). Due to              
a quantitative research of the paper as well as transparency about the data used, the results of                 
the paper can be easily replicated given all the steps of research are followed.  

2 Currency in circulation is the amount of currency that is not held by central banks, or in other words banknotes 
and coins used by resident sectors and non-residents of a country (International Monetary Fund, 2016). This 
definition is commonly used to denotes cash circulation in economy.  
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Validity deals with requirement of the scientific research method, more specifically that            
results obtained meet all of the requirements ( Shuttleworth , 2008). One of them is             
randomization of the sample, which is carried out through taken as many countries as              
possible around the globe that have available data on variables studied.  
Another factor is if there any other causal relationships ( Shuttleworth , 2008). The research             
touches upon a complex phenomena like innovation and macro factor like cash circulation in              
economy. There is not just a high probability of other factors involved in the correlation but                
also it is not evident which factor is a driver as both variables might inter-influence each                
other. Hence, the research aims to investigate whether there is a correlation rather than a               
casual relationship in order to be able to meet the validity requirement. In addition,              
innovation is a broad definition and can be derived given various and diffuse indicators it               
may be a limitation imposed on the study. The innovation performance is represented by GII               
and its indicators of innovation performance of a country. There is a chance that other               
indicators of innovation are not taken into account in the GII. Please find the brief description                
of the Global Innovation Index used in correlation as well as reasons of choosing one in next                 
section. 
 

3.2.1 Global innovation index 
The Global Innovation Index (GII) represents the innovation performance of 126 countries            
around the globe with the relevant 80 indicators that provide a detailed overview over              
national innovation through various aspects as education, political environment, business          
infrastructure and sophistication. The aim of the GII is to cover the multi-dimensional aspects              
of innovation that are drivers for the improved productivity, job and output growth. On top of                
the traditional indicators that GII takes into account to establish a ranking of a country,               
national level of research and development are also examined (Dutta et al. 2018).  
 
The index is a product of collaboration between Cornell university, graduate business school             
INSEAD and World Intellectual Property Organization (WIPO). The index includes 96.3% of            
global GDP and 90.8% of the world's population. The GII has been established since early               
2000 and has given out 11th reports, each of them providing insights related to innovation               
and having a specific theme or industry (Dutta et al. 2018).  
 
When it comes to how the global innovation score is given to a particular country there are 80                  
indicators that decide the level of innovation. The aspects of innovation are divided into five               
input pillars, which cover indicators of the national economy, and two output pillars which              
provide the evidence of innovation performance. The five input pillars are Infrastructure,            
Institutions, Human capital and Research, Market sophistication and the Business          
sophistication. Further, Creative outputs as well as Knowledge and technology outputs are            
classified as two output pillars.  
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The pillars are scored as the weighted average of sub-pillars that are in their turn are                
calculated as the weighted average of indicators, 80 in total in the latest index edition (Dutta                
et al. 2018). Please find the list of pillars, sub-pillars and indicators Appendix, Table 1.               
Global Innovation Index Score (GII) rank indicators. 
 
Each released GII report features a theme that is examined as for instance the latest topic was                 
Energizing the World with Innovation or in other words energy landscape. The innovation             
that concerns energy production, distribution, consumption and storage is examined in the            
latest report (Dutta et al. 2018).  
The specific team of each release on the one hand helps a deep dive into specific area or                  
industry but on the other hand limits the scope of innovation that in its turn can be                 
disadvantageous when used in the study that aim to establish a correlation of the broad               
innovation performance of the country. The outcome of correlation will hence concern not             
the innovation performance in general but rather a specific industry, the implication that             
should be taken into account when making conclusions and assumptions later in the paper.  
 

3.2.2 Alternative innovation scores: Bloomberg innovation ranking  
Another index that sheds a light over countries innovation performance across the globe is              
Bloomberg Innovation ranking, which is made by financial software and media company            
Bloomberg L.P. The ranking has studied various countries and analyzed national innovation            
level by using seven matrics, including manufacturing capability, research and development           
spending as well as concentration of high tech public listed companies (Coy et al. 2015).  
 
The analysis sample included 200 countries around the globe, however just 69 of them had               
data available for all the metrics studied. Bloomberg has ranked top 50 countries given their               
innovation performance based on the six metrics. Firstly, research and development was            
taken into account or to be more precise the expenditure of it as a percentage of GDP.                 
Secondly, manufacturing value added per capita was another indicator of innovation. Thirdly,            
the concentration of high tech companies within biotechnology, aerospace and defence,           
software, hardware, renewable energy companies as well as Internet software and services as             
a share of world's total high tech publicly listed companies. Fourth metric was postsecondary              
education which is composed patrially of a number of secondary graduates that are enrolled              
in postsecondary institutions as a percentage of cohort, partially of a percentage of labor with               
tertiary degrees and lastly of annual engineering as well as science degrees as a percentage of                
total tertiary graduates and as a percentage of the labor force. Fifthly, research personnel              
engaged in research and development per 1 million population was taken into account. At last               
but not least, patents findings per 1 million population and per 1 million dollars of research                
and development spent as well as patents granted as a percentage of world's total or in other                 
words patents was the sixth metric of the BII.  
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All of the metrics are equally weighted as well as components, if multiple, to give out a score                  
ranging from 1 to 100. The ranking is based on various resources including Bloomberg,              
World Bank, World Intellectual Property Organisation, International Monetary Fund (Coy et           
al. 2015). However, there is one relevant influence that is unfortunately hard quantified:             
government regulation, which are definitely can either boost of hinder innovation imposing            
various kinds of regulations.  
 

3.2.3 Applications and reasons of choosing Global Innovation Index over          
Bloomberg Innovation Ranking  

The differences that the indices described above have, however, is that Bloomberg ranking             
focuses mainly on high tech industry while GII has market and business sophistication of              
different industries each year that gives a broader picture if multiple rankings featuring             
different industries are taken into account. In this sense, GII provides a broader outlook and is                
more applicable in our study that aims to answer a broad statement concerning the overall               
innovation level rather than specifically high tech industry. Another reason to choose GII             
over Bloomberg ranking is the limited number of observations where GII provides data for              
over 120 countries each year, compared to 50 countries ranked by Bloomberg, even though              
an analysis is made on 200. For the paper the larger sample available, the closer observations                
will resemble normal distribution which is beneficial for conducting statistical analysis.  
At last but not least, the data about currency circulation in a country is either not available or                  
transparent for all countries around the globe which imposes restrictions on how many             
countries can be studied in the sample. All in all, the larger sample innovation ranking               
provides the better as well as internationally recognised reputation, are major reasons of             
choosing GII over other innovation rankings. 
 

3.2.4 Limitations associated with Global Innovation Index  
Cornell university, graduate business school INSEAD and World Intellectual Property          
Organization (WIPO) have collaborated to create GII which is taking into account various             
indicators that are meant to provide an overview over innovation performance in a country.              
However, there is a risk that some of the indicators are left out or should not be there while                   
evaluating national innovation performance. Furthermore, some of the indicators could have           
been left out due to the fact that those are not easily quantified even though are relevant for                  
innovation evaluation. In addition, Bloomberg ranking for instance has ranked South Korea            
as the most innovative country (Jamrisko et al., 2018) in contrast to Switzerland which is the                
most innovative country when ranked by GII (Dutta et al., 2018). This inconsistency shows a               
clear example of  how differently innovation can be evaluated.  
Furthermore, how different innovation in countries, that are ranked closely, actually are?            
These are a couple of limitations associated with using GII scores that are meant to provide                
innovation performance of countries studied in the sample.  
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3.3 Sample size 

Even though GII represents 126 countries worldwide in its latest edition of 2018, the sample               
of this paper consists of 71 countries that are both presented in GII and have data through all                  
years studied, namely 2013 to 2017 as well as available and transparent data about currency               
in circulation (banknotes and coins) from International Monetary Fund (2016) , World            
Economic Outlook database and Central banks bulletins. The sample is considered to be             
sufficient to conduct statistical analysis.  

3.4 Correlation analysis 

Excel would be used to conduct a correlation test to get a Pearson correlation coefficient. The                
correlation is obtained through covariance of two variables studied and divided by a product              
of their standard deviations (Rodgers, 1988). Please find the visual representation of the             
statistical formula below: 

 
Pearson correlation coefficient can either turn out to be strong/weak positive or strong/weak             
negative. The negative value of correlation test will indicate the negative relationship while             
the positive will show the contrary. In addition there are different levels of how strong the                
correlation might be, where a value between -1 and 1 will give an insight of how strong or                  
weak relationship with 1 being the most correlated and -1 the contrary (Taylor, 1997). 
 
Secondly, we want to test whether the correlation is statistically significant to be able to               
support the null hypothesis that there is a correlation between percentage of cash circulating              
in economy and the innovation performance of a country. Our null hypothesis is hence: 

: There is a correlation between cash circulation in economy and innovation score of aH0                
country 

: There is no correlation between cash circulation in economy and innovation score of aH1                
country 
We assume that samples of observations are normally distributed, where when the sample of              
the whole population, in our case every country in the world, is unknown. Normal              
distribution based upon the fact that observations become normally distributed when drawn            
independently from independent distributions and when number of observations is          
sufficiently large, which is also the case for our data collection (Lyon, 2014).  
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Further, to be able to not to reject the null hypothesis, p-value needs to be obtained and the                  
significance level needs to be chosen. A p-value denotes a probability of the outcomes              
obtained from statistical test to be more extreme than or equal to the observed value               
(Wasserstein et al, 2016). The significance level in chosen to be 0.05, the most common one                
in statistical analysis. Significance level will be denoted as alpha (ɑ) in empirical output and               
as long as the p-value is lower than the chosen confidence level ( of 0.05) - the null                  
hypothesis is not rejected (Taylor, 1997) that is in our case that there is correlation between                
innovation score and cash circulation in the economy .  
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4. Empirical analysis 
Our statistical analysis are conducted with the help of excel add-in feature data analysis .              
Correlation analysis are performed with the help of excel. Please find the Table 5. Summary               
of outcomes below summarizing the outcomes of correlation analysis. More detailed           
information on the outcomes is available in Appendix, Table 3. Correlation outcomes.  
 

  2017 2016 2015 2014 2013 

Correlation -0.340 -0.339 -0.377 -0.375 -0.378 

p - value 0.002 0.003 0.001 0.001 0.001 

α 0.05 0.05 0.05 0.05 0.05 

Table 4. Summary of outcomes 

According to the results, there is a negative correlation between GII score and currency in               
circulation percentage of GDP. All of the outcomes are in a span of -0.3 to -0.38 and are                
statistically significant given 0.05 significance level. This leads to that we cannot reject the              
null hypothesis that there is a correlation between cash circulation in economy and innovation              
score of a country. In addition, the correlation turns out to be negative which is also depicted                 
on figure 1 below. The data represented in the figure is from 2017 with GII score on one axis                   
and cash percentage of GDP on another.  

        
Figure 1. Correlation between cash percentage of GDP and Global Innovation Index Score (GII), 2017 

 
All in all, the correlation based on the GII scores from 2013-2017 as well as cash circulation                 
as the percent of GDP has shown a statistically significant negative correlation with             
significance level 0.05. In other words, based on the data studied, high innovation             
performance of a country is associated with low cash circulation of the economy.  
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Findings go hand in hand with previous research concerning various benefits of moving             
towards cashless payments, hence decreasing cash circulation. Slozko and Pelo (2014)           
pointed out the enhanced probability of adoption of cashless transactions the better the             
financial health of the country. The better the financial health of the country the higher               
probability of a country to get a higher GII score which includes factors like infrastructure,               
institutions, market and business sophistication (Dutta et al, 2018) that are related to              
financial health of a country. Hence, the findings that show negative correlation between cash              
circulation and GII score contribute to the research about positive impact of decreased cash              
circulation on economic development.  
 
According to Alliance (2003), boosted cash flow, better business image, improved customer            
service and the last but not least increased sales are the activities that cashless transactions               
lead to. This goes hand in hand, with the findings in the paper as well, as business                 
sophistication is one of the GII input pillars (Dutta et al, 2018) that contributes to a higher GII                  
score. In other words, the better business sophistication associated with less cash usage             
conform negative correlation between GII score and cash circulation in economy. 
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5. Discussion  
The negative correlation can be discussed through various input and output pillars that GII              
score consists of that are related to adoption of digitized payments which in its turn can drive                 
cash circulation down. High-tech imports like payments systems that enable digitized           
payments is a part of GII score, hence the more payment system are adopted the less need for                  
cash circulation in economy, which goes in hand with correlation analysis outcome that             
turned out to be negative between cash circulation and GII score. In addition, there are               
various processing costs associated with cash that could be skipped the less cash circulation              
(Skaggs, 2014). This also goes hand in hand with findings from this paper as released               
resources from processing cost of cash could be invested elsewhere like research and             
development, education or contribute to a higher GDP (Slozko & Pelo, 2014) which in their               
turn enhance a GII score.  
 
One of the possible reasons of correlation might be that innovation within payments systems              
as well as willingness of private persons and businesses to find efficient ways of payments               
triggers innovation. This in this turn leads to more efficient ways to operate businesses and               
day-to-day transactions saving time and money for businesses to be able to invest more in               
innovation and research and development to gain a competitive edge. In other words this              
example shows how the less cash usage can unlock more innovation in a country. 
 
Another explanation of a relationship between cash in economy and innovation might be that              
governments that encourage and finance new businesses as well as realize importance of             
innovation and invest much in research and development and education, in other words a              
country is likely to have a higher level of innovation, could have been encouraging less cash                
usage. There are various benefits associated with decreased cash usage like less costs for both               
banks and government (Skaggs, 2014), economic growth,decreased crime rates and financial           
transparency (Mieseigha et al. 2013). Due to various benefits, parliaments could have driving             
implementation of cashless payments, which is an example of innovation driving transition            
towards cashless payments.  
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6. Conclusion and suggestions for future research 
The aim of this paper was to investigate the correlation between cash circulation in economy               
and innovation performance of a country. Our correlation analysis outcomes have shown a             
negative correlation between those two variables, meaning that high GII score, or innovation             
performance, is associated with low percentage of cash circulation in economy and vice             
versa. Hence, we could not reject the null hypothesis on a 0.05 significance level for all                
samples from 2013 to 2017 that the cash circulation is correlated with innovation             
performance of a country.  
 
We can conclude that the hypothesis of a potential correlation between innovation and cash              
circulation in a country can not be rejected. With the finding the research provides a base for                 
future researchers to conceptualize, distinguish and comprehend the underlying behaviour          
models and theories that may affect the previous, current and future application of a cashless               
society and innovation in a society.  
 
However, there are some methodological limitations due to the fact that innovation is hard to               
quantify. Innovation performance in the research was quantified by scores provided by            
Global Innovation Index. Even though it is a globally established innovation scoring system,             
there still might be some limitations associated with using one as there is a risk that not all                  
indicators are included or should be there to evaluate innovation. Furthermore, various            
innovation scoring systems might rank countries differently, strengthening the argument          
about limitations associated with innovation evaluation indicators. For instance, Bloomberg          
scored South Korea as the most innovative country (Jamrisko et al., 2018) while Switzerland              
was leading according to GII (Dutta et al., 2018). Thus, further research is encouraged that               
would use a different innovation scoring system to strengthen or weaken findings of this              
paper.  
 
In addition, the findings in this paper shed a light on a potential benefit moving towards                
cashless society, meaning that less banknotes and coins circulates in economy is correlated             
with high level of innovation performance. Which of the forces is stronger, meaning whether              
the innovation leads to society using less cash to a larger extent than decreasing cash usage                
unlocks innovation, is however not discussed in this paper. The future research is encouraged              
to deepen the correlation analysis and investigating causal relationship and lag structure            
between these two variables. All in all, the relationship between cash usage in economy as               
well as innovation performance could be further studied and the causality could be             
investigated additionally between these two. Thus, suggested future research circle around if            
the innovation is driving establishment and wide spread of cashless payments or vice versa              
less cash in economy driving the innovation as well as if there is an evidence of which force                  
is to a greater extent intense.  
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Appendix 
 
Table 1. Global Innovation Index Score (GII) rank indicators 
 

Index Rank Indicators 

1 Institutions 

1.1. Political environment 

1.1.1. Political stability and absence of violence/terrorism 

1.1.2. Government effectiveness 

1.2. Regulatory environment 

1.2.1. Regulatory quality 

1.2.2. Rule of law 

1.2.3. Cost of redundancy dismissal 

1.3. Business environment 

1.3.1. Ease of starting a business 

1.3.2. Ease of resolving insolvency 

1.3.3. Ease of paying taxes 

2 Human capital and research 

2.1. Education 

2.1.1. Expenditure on education 

2.1.2. Government expenditure on education per pupil, secondary 

2.1.3. School life expectancy 

2.1.4. Assessment in reading, mathematics, and science 

2.1.5. Pupil-teacher ratio, secondary 

2.2. Tertiary education 

2.2.1. Tertiary enrolment 

2.2.2. Graduates in science and engineering 

2.2.3. Tertiary level inbound mobility 

2.3. Research and development (R&D) 
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2.3.1. Researchers 

2.3.2. Gross expenditure on R&D (GERD) 

2.3.3. Global R&D companies, average expenditure top 3 

2.3.4. QS university ranking average score top 3 universities 

3 Infrastructure 

3.1. Information and communication technologies (ICTs) 

3.1.1. ICT access 

3.1.2. ICT use 

3.1.3. Government's online service 

3.1.4. Online e-participation 

3.2. General infrastructure 

3.2.1. Electricity output 

3.2.2. Logistics performance 

3.2.3. Gross capital formation 

3.3. Ecological sustainability 

3.3.1. GDP per unit of energy use 

3.3.2. Environmental performance 

3.3.3. ISO 14001 environmental certificates 

4 Market sophistication 

4.1. Credit 

4.1.1. Ease of getting credit 

4.1.2. Domestic credit to private sector 

4.1.3. Microfinance institutions' gross loan portfolio 

4.2. Investment 

4.2.1. Ease of protecting minority investors 

4.2.2. Market capitalization 

4.2.3. Venture capital deals 

4.3. Trade, competition, & market scale 

4.3.1. Applied tariff rate, weighted mean 
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4.3.2. Intensity of local competition 

4.3.3. Domestic market scale 

5 Business sophistication 

5.1. Knowledge workers 

5.1.1. Employment in knowledge-intensive services 

5.1.2. Firms offering formal training 

5.1.3. GERD performed by business enterprise 

5.1.4. GERD financed by business enterprise 

5.1.5. Females employed with advanced degrees 

5.2. Innovation linkages 

5.2.1. University/industry research collaboration 

5.2.2. State of cluster development 

5.2.3. GERD financed by abroad 

5.2.4. Joint venture/strategic alliance deals 

5.2.5. Patent families filed in at least two offices 

5.3. Knowledge absorption 

5.3.1. Intellectual property payments 

5.3.2. High-tech imports 

5.3.3. ICT services imports 

5.3.4. Foreign direct investment, net inflows 

5.3.5. Research talent in business enterprise 

6 Knowledge and technology outputs 

6.1. Knowledge creation 

6.1.1. Patent applications by origin 

6.1.2. PCT international applications by origin  

6.1.3. Utility model applications by origin 

6.1.4. Scientific and technical publications 

6.1.5. Citable documents H index 

6.2. Knowledge impact 
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6.2.1. Growth rate of GDP per person engaged 

6.2.2. New business density 

6.2.3. Total computer software spending 

6.2.4. ISO 9001 quality certificates 

6.2.5. High-tech and medium high-tech output 

6.3. Knowledge diffusion 

6.3.1. Intellectual property receipts 

6.3.2. High-tech exports 

6.3.3. ICT services exports 

6.3.4. Foreign direct investment, net outflows 

7 Creative outputs 

7.1. Intangible assets 

7.1.1. Trademark application class count by origin 

7.1.2. Industrial designs by origin 

7.1.3. ICTs and business model creation 

7.1.4. ICTs and organizational model creation 

7.2. Creative goods and services 

7.2.1. Cultural and creative services exports 

7.2.2. National feature films produced 

7.2.3. Global entertainment and media market 

7.2.4. Printing and publishing output 

7.2.5. Creative goods exports 

7.3. Online creativity 

7.3.1. Generic top-level domains (gTLDs) 

7.3.2. Country-code top-level domains (ccTLDs) 

7.3.3. Wikipedia yearly edits 

7.3.4. Video uploads on YouTube 
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Table 2. Data used for correlation analysis 
 

  2017 2016 2015 2014 2013 

Economy GII Cash 
% of 
GDP 

GII Cash % 
of GDP 

GII Cash % 
of GDP 

GII Cash 
% of 
GDP 

GII Cash 
% of 
GDP 

Switzerland 6769 12% 6628 12.08% 6830 11.48% 6478 10.81
% 

6659 10.78% 

Sweden 6382 1% 6357 1.40% 6240 1.70% 6229 2.00% 6136 2.10% 

United 
Kingdom 

6089 4% 6193 3.50% 6240 3.40% 6237 3.50% 6125 3.40% 

Singapore 5869 8% 5916 7.61% 5940 7.07% 5924 6.49% 5941 6.22% 

United 
States 

6140 9% 6140 8.29% 6010 7.94% 6009 7.69% 6031 7.26% 

Denmark 5870 3% 5845 3.00% 5770 2.90% 5752 2.90% 5834 2.90% 

Israel 5388 7% 5228 6.26% 5350 6.29% 5546 5.55% 5598 5.25% 

Japan 5472 21% 5452 20.61% 5400 19.95% 5241 19.14
% 

5223 18.63% 

Canada 5365 4% 5471 4.11% 5570 3.90% 5613 3.64% 5760 3.56% 

Norway 5314 2% 5201 1.62% 5380 1.72% 5559 1.75% 5564 1.82% 

Australia 5183 4% 5307 4.34% 5520 4.23% 5501 4.03% 5307 3.90% 

New 
Zealand 

5287 3% 5423 2.69% 5590 2.72% 5452 2.66% 5446 2.61% 

Iceland 5576 5% 5599 4.55% 5700 4.33% 5405 4.07% 5640 3.91% 

Czech 
Republic 

5098 11% 4940 10.80% 5130 10.30% 5022 9.90% 4836 9.40% 

Hungary 4174 13% 4471 12.40% 4300 11.70% 4461 10.70
% 

4693 9.90% 

Malaysia 4272 9% 4336 8.81% 4600 8.29% 4560 7.68% 4692 7.65% 

Bulgaria 4284 14% 4142 13.60% 4220 12.80% 4074 12.20
% 

4133 11.00% 
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United Arab 
Emirates 

4324 6% 3935 5.50% 4010 5.37% 4325 5.71% 4187 5.12% 

Poland 4199 11% 4022 10.83% 4020 9.71% 4064 8.83% 4012 8.05% 

Croatia 3980 7% 3829 6.40% 4170 5.90% 4075 5.60% 4195 5.20% 

Ukraine 3762 36% 3572 34.61% 3650 32.05% 3626 28.59
% 

3578 22.96% 

Thailand 3757 17% 3651 16.54% 3810 16.17% 3928 16.29
% 

3763 15.59% 

Chile 3870 6% 3841 5.93% 4120 5.87% 4064 5.40% 4058 5.02% 

Romania 3916 11% 3790 9.83% 3820 8.76% 3808 7.87% 4033 7.08% 

Turkey 3890 8% 3903 7.80% 3780 6.74% 3820 5.91% 3603 5.46% 

Qatar 3790 2% 3747 2.03% 3900 1.92% 4031 1.87% 4100 1.71% 

Mongolia 3713 5% 3574 5.14% 3640 4.46% 3752 5.23% 3577 5.86% 

Costa Rica 3709 4% 3840 4.15% 3860 4.10% 3730 4.00% 4154 3.86% 

Mexico 3579 8% 3456 7.98% 3800 7.17% 3602 6.35% 3682 5.64% 

South Africa 3580 5% 3585 4.85% 3740 4.50% 3825 4.34% 3760 4.00% 

Georgia 3439 12% 3386 11.08% 3380 9.51% 3453 9.62% 3556 9.62% 

Kuwait 3610 4% 3361 4.04% 3320 3.78% 3519 3.80% 4002 3.79% 

Uruguay 3453 11% 3428 10.18% 3580 10.15% 3476 9.45% 3808 9.20% 

Colombia 3478 9% 3416 8.43% 3640 8.29% 3550 7.22% 3738 6.58% 

Brazil 3310 21% 3319 20.13% 3490 18.90% 3629 17.86
% 

3633 16.58% 

Tunisia 3230 17% 3055 14.64% 3350 12.85% 3294 12.50
% 

3582 11.51% 

Panama 3498 2% 3349 1.59% 3680 1.72% 3830 1.44% 3182 1.10% 

Peru 3290 11% 3251 10.17% 3490 10.13% 3473 10.17
% 

3596 9.32% 

Philippines 3248 15% 3183 13.84% 3110 13.23% 2987 12.97
% 

3118 11.81% 
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Kazakhstan 3150 12% 3151 11.18% 3120 8.24% 3275 7.71% 3273 10.25% 

Mauritius 3482 11% 3586 10.80% 3920 10.41% 4094 10.52
% 

3800 10.10% 

Morocco 3272 24% 3226 23.63% 3320 22.80% 3224 22.17
% 

3089 21.64% 

Bosnia and 
Herzegovina 

3023 15% 2962 14.54% 3230 12.91% 3243 12.21
% 

3624 11.19% 

Kenya 3095 6% 3036 6.11% 3020 5.93% 3185 5.78% 3028 5.76% 

Jordan 3052 17% 3004 16.60% 3380 15.90% 3621 15.68
% 

3730 0.00% 

Jamaica 3036 15% 2897 13.03% 2990 11.34% 3241 10.17
% 

3289 9.53% 

Albania 2886 35% 2838 34.04% 3070 32.51% 3047 31.45
% 

3085 29.38% 

Indonesia 3010 7% 2907 6.49% 2980 6.53% 3181 6.17% 3195 6.13% 

Belarus 2998 4% 3039 3.16% 3820 2.73% 3710 2.54% 3462 2.26% 

Dominican 
Republic 

3117 6% 3055 5.25% 3060 5.29% 3229 5.32% 3328 5.13% 

Paraguay 3030 6% 2820 5.93% 3070 5.89% 3159 5.91% 3028 5.69% 

Botswana 2997 3% 2896 3.18% 3050 3.15% 3087 2.97% 3114 2.83% 

Namibia 2794 9% 2824 8.24% 2810 8.49% 2847 8.25% 2836 7.19% 

Egypt 2600 22% 2596 21.11% 2890 17.59% 3003 16.62
% 

2848 15.48% 

Rwanda 2736 3% 2996 2.80% 3010 2.97% 2931 2.82% 2764 2.77% 

Senegal 2711 10% 2614 9.22% 3100 8.79% 3006 7.88% 3048 7.68% 

Guatemala 2790 16% 2730 14.30% 2880 13.84% 3075 12.62
% 

3146 12.23% 

Uganda 2697 8% 2714 7.27% 2760 6.83% 3114 6.44% 3121 5.75% 

Honduras 2636 18% 2694 15.90% 2750 15.49% 2673 14.42
% 

2880 13.29% 

Madagascar 2415 40% 2479 35.28% 2440 29.87% 2550 26.67 2295 24.32% 
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% 

Nepal 2420 54% 2313 53.32% 2110 46.15% 2379 37.77
% 

2497 36.12% 

Pakistan 2380 35% 2263 32.18% 2310 28.55% 2400 23.80
% 

2333 22.53% 

Algeria 2434 65% 2446 62.82% 2440 59.39% 2420 54.97
% 

2311 49.62% 

Cameroon 2258 7% 2282 7.13% 2780 6.67% 2752 5.57% 2571 5.48% 

Mali 2248 11% 2477 11.46% 2840 11.37% 2618 12.48
% 

2884 14.94% 

Mozambique 2455 10% 2984 10.17% 3010 8.71% 2852 8.58% 2650 7.70% 

Bangladesh 2372 14% 2286 13.30% 2370 11.77% 2435 11.22
% 

2452 10.89% 

Nigeria 2192 3% 2315 3.17% 2370 2.66% 2779 2.64% 2657 2.78% 

Zambia 2083 6% 1992 5.05% 2460 5.16% 2576 4.71% 2679 3.96% 

Niger 2118 18% 2044 22.55% 2120 21.30% 2427 21.10
% 

2403 18.27% 

Burkina 
Faso 

2186 11% 2105 7.57% 2870 8.38% 2818 6.77% 2703 6.46% 

Togo 1841 15% 1842 13.34% 1840 13.93% 1765 9.61% 2304 10.94% 
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Table 3. Correlation outcomes 
 

Correlation for 2017     

  GII Cash % of GDP 

GII 1   

Cash % of GDP -0.340275955 1 

Correlation for 2016     

  GII Cash % of GDP 

GII 1   

Cash % of GDP -0.339236788 1 

Correlation for 2015     

  GII Cash % of GDP 

GII 1   

Cash % of GDP -0.377135685 1 

Correlation for 2014     

  GII Cash % of GDP 

GII 1   

Cash % of GDP -0.375796398 1 

Correlation for 2013     

  GII Cash % of GDP 

GII 1   

Cash % of GDP -0.378185056 1 

 
 
 
 
 

40 


