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Abstract

Financial services have historically been offered by central entities which has

put financial systems in the control of a number of central parties. Some argue

that this centralization has contributed to a more unequal distribution of wealth.

However, during more recent time with the emergence of blockchain, traditional

perspectives on transparency and democratization have shifted. Increasing

financial inclusion has been highlighted as a crucial step in decreasing poverty

levels and blockchain has been discussed as a technology with a potential to make

a difference in this ambition.

This study will focus on sub-Saharan Africa where 550 million individuals lack

access to financial services despite having access to mobile phones. As a

consequence of this, mobile financial services boomed in sub-Saharan Africa,

starting in Kenya. This study will therefore focus on mobile financial services

and more precisely on the perceived usefulness of blockchain technology for the

mobile financial services. Furthermore, the study aims to explore what role

blockchain can play in further increasing financial inclusion in the region. This

was done by conducting several interviews with people representing start-ups,

government agencies, telco companies during a research trip to South Africa and

by participation in the Blockchain Africa Conference 2019 in Cape town.
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The findings from the research show that blockchain is perceived as useful for

mobile financial services, mainly because of its ability to reduce costs by removing

intermediaries, to automate processes and to create decentralized trust. However,

it was also found that the usefulness is negatively affected today due to the lack of

common protocols and definitions, which makes it difficult for blockchain to yet

make a real difference in increasing financial inclusion.

Keywords

Blockchain, Financial inclusion, Mobile financial services, Technology

acceptance model, Perceived usefulness, Diffusion of innovations, Sub-Saharan

Africa
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Sammanfattning

Finansiella tjänster har historiskt sätt tillhandahållits med hjälp av centraliserad

datalagring genom pålitliga intermediärer såsom banker och försäkringsbolag.

Detta har satt det finansiella systemet i kontroll av några få centrala aktörer

vilket somliga menar har ökat den ekonomisk ojämlikheten. På senare tid,

i samband med blockkedjeteknologins framväxt, har synen på demokrati och

transparens skiftat. Ökad finansiell inkludering har lyfts fram som avgörande för

att minska fattigdomen. Blockkedjeteknologin har framhävts att ha potential att

göra skillnad i detta arbete.

Denna studie fokuserar på Subsahariska Afrika där 550 miljoner individer

saknar tillgång till finansiella tjänster trots att de har tillgång till mobiltelefoner.

Att erbjuda mobila finansiella tjänster är viktigt för att möjliggöra finansiell

inkludering. Studien ämnar därför att undersöka upplevd användbarhet

av blockkedjeteknologi för mobila finansiella tjänster och hur tekniken kan

utöka finansiell inkludering i kontinenten. Detta har delvis gjorts genom en

forskningsresa till Sydafrika där flertalet intervjuer utfördes med personer som

representerar startupbolag, regeringen, telekombranschen och den akademiska

världen.

Resultaten från studien visar att blockkedjeteknologin upplevs vara användbar

för mobila finansiella tjänster, främst på grund av dess förmåga att sänka

kostnaderna genom att ta bort mellanhänder, automatisera processer samt skapa

säkra decentraliserade system. Däremot måste standardiserade protokoll och

definitionermåste utvecklas innandetta kan realiseras. Fram till dess kommer det

att vara svårt för blockkedjeteknolgi att göra en verklig skillnad i ökad finansiell

inkludering.

Nyckelord

Blockkedjeteknologi, Finansiell inkludering, Mobila finansiella tjänster,

Teknologiska acceptansmodellen, Upplevd användbarhet,

Innovationsspridning, Subsahariska Afrika
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Glossary

Abstract Data Type - In computer science, this refers to a data

type defined by a set of values and a set

of operations. Examples of abstract data

types are lists, vectors and arrays (Ralph,

1988).

Blockchain - A type of distributed ledger technology

that communicates across

several computers that are linked peer-

to-peer and maintain a

shared ledger that contains information

about transactions. The first and

most well-known implementation of this

technology is the cryptocurrency Bitcoin

(Nakamoto, 2008).

Bitcoin - A cryptocurrency that was introduced by

Satoshi and was the first application of

blockchain technology (ibid.).

Byzantine Generals Problem - The problem of reaching consensus over

a distributed network. The actors in

the network must agree on a strategy to

avoid a system failure. The challenge is

that some actors may be fraudulent and

different observers can have different

understandings of

the same event (Lamport, Shostak, and

Pease, 1981).
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Consensus - Consensus in

blockchain refers to the protocol which

defines a set of rules that the nodes on

the network ensure that a block follows

in the validation process. The goal is to

reach a distributed agreement and solve

the Byzantine Generals Problem (Baliga,

2017).

Cryptocurrency - A decentralized digital asset intended to

work as a medium of exchange.

Diffusion of Innovation - The process in which an innovation is

communicated thorough certain

channels over time among the members

of a social system (Rogers, 1983).

Leapfrog Effect - phenomena where an entity improves its

position by moving quickly past others

or even skips one of the stages of

development.

M-banking - M-banking or mobile banking refers to

the service that allows a remote 24-

hour access to banking services (GSMA,

2018a).

Miner - The validators in a blockchain network

are commonly referred to as miners.

The miner’s main role is to confirm

transactions and make sure that all the

rules in the blockchain are followed by

everyone. It is for example the miners

who prevents participants from double-

spending, i.e. transacting the same

money several times.

Permissioned Blockchain - A blockchain with verifiers linked to a

central authority.
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Permissionless Blockchain - A blockchain with independent verifiers

and anonymous. In this network, the

byzantine general’s problem must to be

solved (Nakamoto, 2008).

Protocol - Protocol or communication protocol

refers to the system of rules that allows

the transfer of information. The protocol

defines the semantics (the process that is

followed when executing a program), the

syntax (the words, phrases and context

of the computer language) and possible

error control techniques.

Sub-Saharan Africa - Refers to the area south of the Sahara

Desert.

The Unbanked - Adults who are excluded from

the banking system (Demirguc-Kunt et

al., 2018).

Trustless System - A system that functions regardless of the

intentions of its participants, who may

be honorable or malicious (Nakamoto,

2008).

xiii



1 Introduction

In this section, a background to the research subject will initially be introduced,

followed by an overview of the structure of the paper. This will be followed

by a presentation of the research question, the delimitations, the expected

contributions from the research and the research domain.

According to the World Bank 1.7 billion people are unbanked (Demirguc-Kunt

et al., 2018), meaning they do not have an account at a financial institution or

through a mobile service provider. This is equivalent to almost 25% of the world’s

population. A majority of these unbanked people come from sub-Saharan Africa,

where 57% of the population remain unbanked (The World Bank Group, 2018b).

Furthermore, there are 980 million unbanked women in the world, accounting to

56% of the unbanked, making this group overrepresented (Demirguc-Kunt et al.,

2018).

Among the reasons for the lack of access to financial services are; (i) the lack of

telecom infrastructure in rural areas, (ii) the high cost of banking transactions and

(iii) unbanked people lacking identification documents (ibid.). According to the

World Bank’s program ”ID4D: Identification for Development” 1.1 billion people

in the world live without a proof of identity. People living in sub-Saharan Africa

are estimated to represent 550 million of these, where the lack of identity is a

barrier to engaging in the financial system (V. T. Desai, 2017).

In a 2017 World Bank report called ”Measuring Financial Inclusion and the

Fintech Revolution”, the transformative power of technological innovations to

increase access to financial services are presented. Digital technology can reduce

costs and connect people throughout the globe. The high adoption of mobile

phones and the internet have provided with means to access financial services for

millions of people in developing countries and has created opportunities which

increases financial inclusion (European Investment Bank, 2018). Sub-Saharan

Africa is the area where more than 10% of the population have a mobile money

account (The World Bank Group, 2017). The digital disruption is seen to have

led to advances in financial inclusion, with the proportion of access to financial

services increased from 23% in 2011 to 43% in 2017 (European Investment Bank,
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2018). McKinsey Global Institute is projecting that digital finance can give access

to the 1.6 million unbanked people by 2025 (Manyika et al., 2016).

More recently one technological innovation that is seen as having the potential to

improve financial inclusion for developing economies is blockchain technology.

This has been on the agenda at international forums such as the Organisation

for Economic Co-operation and Development (OECD) Blockchain Policy Forum

where NGOs, UN Agencies, central bankers and technologists from 34 countries

gathered in September of 2018 (OECD, 2018). Furthermore, in October of 2018

the World Bank held a summit in Bali about financial technology, including how

blockchain can support growth and reduce poverty (The World Bank Group,

2018c) by increasing financial inclusion, which has been highlighted as crucial

in decreasing poverty levels (UNCDF, n.d.).

1.1 Structure of the Paper

In this section, the overall structure of this thesis will be presented. The thesis is

organized as follows:

Chapter 1 - Introduction describes the background of the research, the

research purpose and questions, the delimitations, the research contributions and

the research domain.

Chapter 2 - Literature Review will present a literature review of the research

area as well as the theoretical frameworks that support and structure the

study.

Chapter 3 -Methodologywill firstly explain the research design and the overall

methodology. The research process is then described followed by describing

the research approach. This section will also cover the different data collection

methods implemented, as well as how the data was coded and analyzed. Lastly

the reliability and validity of the study is addressed, followed by a subsection about

research ethics and sustainability.
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Chapter 4 - Results, Analysis and Discussion will present and analyze the

results and findings from the research that was conducted.

Chapter 5 - Conclusions will conclude the thesis, provide answers to the

research questions, discuss the limitations of the thesis and make suggestions on

future work.

1.2 Research Purpose

The goal of this study is to investigate the perceived usefulness of blockchain

withinmobile financial services (MFS), as well as to explore if blockchain can help

increasing financial inclusion in sub-Saharan Africa.

This study aims to contribute to research by contributing to new knowledge on

how blockchain can be used for mobile financial services and if it can increase

financial inclusion in sub-Saharan Africa.

1.3 Research Questions

The research questions that this study will aim to answer are the following:

1) What is the perceived usefulness of blockchain for mobile financial services

in sub-Saharan Africa?

2) Can blockchain increase financial inclusion in sub-Saharan Africa?

1.4 Delimitations

In this study, sub-SaharanAfricawill be the geographical focuswhere the research

will aim to investigate whether blockchain can increase financial inclusion and

how the usefulness of blockchain in mobile financial services is perceived.

Although sub-Saharan African is highly diverse economically, culturally and

politically, the findings and results have been generalized for the whole region

without taking this diversity into account. Instead, this study aims to focus on the

common traits that can be found throughout the region.
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Furthermore, in this study, only one aspect of the Technology acceptance model

2 (TAM 2) will be used, the perceived usefulness from a consumer and an

institutional perspective. The reason this delimitation was made was because

this study aimed to explore how blockchain can be useful for MFS and to increase

financial inclusion. Therefore, since the focus of the study is on usefulness, it was

relevant to delimit the model to perceived usefulness and the factors affecting it.

The purpose of this delimitation is to make the study more focused in order to be

able to analyze the findings connected to the research questions more in depth.

The framework and the term perceived usefulness will be described in Section

2.4.2.

One of the perspectives that this study will use is the perceived usefulness

from the customer perspectives, which often are unbanked or underbanked

individuals. However, financial restriction prevents the research from including

this group of people in the interviews. Instead, a wide range of individuals

and organizations were interviewed, many of whom worked directly with

unbanked and underbanked people. Furthermore, the researchers actively

considered this perspective in their analysis based on the second-hand data on

the unbanked.

1.5 Research Contributions

Blockchain was introduced in 2009 (Nakamoto, 2008). During the recent years,

even though a lot of research has been conducted in this area, there are still many

gaps in the research on how this technology can be used, one such gap is research

exploring in which contexts this technology can be useful (Casino, Dasaklis, and

Patsakis, 2018). Attempting to partly fill this gap is one of the contributions from

this study.

Furthermore, this study will be of value for individuals, governments, researchers

as well as aid organizations, local organizations, telco companies, and start-ups

interested in learning more about the use and potential of blockchain technology

in sub-Saharan Africa. This study will also as a bi-product of the research provide

some preliminary insights into the current state and the perceived barriers of
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blockchain adoption. Thus, this study can be valuable for companies wanting to

enter the African blockchain market as well as government wanting to implement

policies to increase adoption.

1.6 Research Domain

This thesis is conducted within the field of Industrial Engineering and

Management. The research area of blockchain for financial inclusion is carried

out by mainly integrating a range of disciplines such as computer science,

engineering, technological innovation management, developing economics and

finance. Furthermore, it relates to social entrepreneurship by its focus on

how technology can improve the lives of the poor and solve social problems by

financially include the unbanked.
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2 Literature Review

This section will present a literature review of the research area. The first

subsection will present blockchain technology, followed by a subsection about

financial inclusion and mobile financial services. This section is concluded

with presenting the theoretical frameworks that support and structure the

study.

2.1 Blockchain Technology

Blockchain technology, one type of distributed ledger technology, is attracting

attention on a global scale. Blockchain is a technology that has enabled digital

ownership and the transaction of ownership on a decentralized network by

leveraging cryptography (Nakamoto, 2008). In this section, the fundamental

principles that make this technology work will be described.

Asmentioned, there is a growing interest in blockchain technology and an analysis

of the number of publications related to blockchain in the scientific database

Web of Science reveals a large increase in publications between 2013 and 2018

as illustrated in Figure 2.1.

Figure 2.1: The Number of Blockchain Related Publications in the Scientific
Database Web of Science (Own Work)
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This illustrates how the interest in blockchain technology has grown rapidly in

the research world. A similar growth pattern can be found in the increase of

investments in blockchain from venture capital firms, which is illustrated in

Figure 2.2 based on data from Pitchbook (Diar, 2018).

Figure 2.2: Venture Capital Blockchain Investments in Million Dollars (Diar,
2018)

The increased interest in blockchain technology highlights the growing

expectations on the technology. It is considered to be a potential trigger for a new

internet paradigm of value by some, through its ability to facilitate the process of

tracking assets effectively while providing a shared, cryptographic and distributed

ledger with a verified, reliable and permanent content (Gupta, 2018). The most

common application of this technology today is cryptocurrencies. However, the

potential applications of blockchain go further beyond cryptocurrencies, such as

voting systems, health data management and identity verification (Swan, 2015).

In the book Blockchain - Blueprint for a New Economy, the author argues that

blockchain, like the internet, have the potential of coordinating human activity

on a level that was not possible before in the form of an economic layer to the

internet which did not exist before. The author continues to describe blockchain

as a potential trigger for a new paradigm for the discovery, valuation and transfer

of ownership (ibid.).
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2.1.1 Centralized and Decentralized Computer Networks

Computer networks are digital telecommunications networks that allow nodes

to share data with each other through data links (ATIS, 2011). These networks

can be architected and controlled differently. A centralized computer network is

organized around a server, which is controlled by one central entity. All the clients

in the network are then connected to this server (Reese, 1997) (Puthal et al., 2018).

A decentralized computer network is instead a network containing several servers

and the clients are not all connected to the same server. Each server exercise

control over the clients independently from the other servers (Schollmeier, 2001)

(Duong and Zhou, 2003). Distributed computer network on the other hand

completely lacks servers. Instead, all nodes in this type of network are connected

to each other (Puthal et al., 2018). The main advantage of this type of network

is that it lacks a single point of failure (Coulouris et al., 2012), which essentially

means that this system is very stable since every node is a backup. The problem

with distributed systems is to reach consensus within the network, which is a

problem commonly referred to as the Byzantine Generals Problem (Baliga, 2017).

The different types of computer networks discussed in this section are illustrated

in Figure 2.3 below:

Figure 2.3: An Illustration of the Topology of Different Network Types. In the left
illustration, all the participant clients are connected to a central serverwhich holds
all the control over the clients. In the middle illustration, nodes are connected
to several centralized servers which are independent of each other. In the right
illustration, all the nodes are connected to each other and there is no central server
(Armani, 2019).
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2.1.2 Principles of Blockchain Technology

Blockchain is a specific form of distributed ledger technologies that appends

a set of transactions in a block to a chain of blocks. Blockchain leverages

cryptography to achieve a completely decentralized network which at the same

time can maintain consensus and create a trustless environment (Nakamoto,

2008). In order for this to be achieved, the following three components are

important: (i) securing and time-stamping the series of transactions, (ii) having

a protocol that define how consensus is reached and lastly (iii) a transaction

language that can change the ledger state (Paul, 2018).

The first implementation of the blockchain technology was the cryptocurrency

Bitcoin, which was introduced the year 2009. It created a trustless, secure

and anonymous system for the transaction of electronic cash over a distributed

network (Nakamoto, 2008). Each and every transaction is stored in a ledger

which is immutable and double-spending is not possible. The introduction of this

cryptocurrency also created a distributed network where users communicate over

the Bitcoin protocol.

The most obvious implication of bitcoin’s blockchain technology is that third

parties are not needed to verify transaction and transactions do not need to

be stored in a centralized ledger system. Instead, all participating users in the

distributed network hold an exact copy of the database (Swan, 2015). This

makes it possible to track ownership of assets since the ledger provides a unified

transaction history (Gupta, 2018). The strength of this network is that the ledger

is immutable and cannot be tampered by the participants, which makes it close to

impossible to double spend or alter transactions.

The introduction of Bitcoin inspired others and as a consequence of this, Vitalik

Buterin published his whitepaper presenting the Ethereum as a next generation

blockchain platform. In the introduction of his whitepaper on page 1, he gave the

following statement regarding Bitcoin and the purpose of launching the Ethereum

platform:
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“When Satoshi Nakamoto first set the Bitcoin blockchain

into motion in January 2009, he was simultaneously

introducing two radical and untested concepts. The

first is the ”bitcoin”, a decentralized peer-to-peer online

currency that maintains a value without any backing,

intrinsic value or central issuer. [...] Satoshi’s blockchain

was the first credible decentralized solution. And now,

attention is rapidly starting to shift toward this second

part of Bitcoin’s technology, and how the blockchain

concept can be used for more than just money.

”

As described in the quote, the Ethereumplatformaimed tomake blockchain about

more than cryptocurrency. The introduction of this next-generation blockchain

broadened the use-case for blockchain technology. On page 1 in the whitepaper,

the following suggestions on new blockchain applications were highlighted:

“Commonly cited applications include

using on-blockchain digital assets to represent custom

currencies and financial instruments (”colored coins”),

the ownership of an underlying physical device (”smart

property”), non-fungible assets such as domain names

(”Namecoin”) as well as more advanced applications

such as decentralized exchange, financial derivatives,

peer-to-peer gambling and on-blockchain identity and

reputation systems. Another important area of inquiry

is ”smart contracts” - systems which automatically move

digital assets according to arbitrary pre-specified rules.

”

10



The introduction of Ethereum coined the concept of smart contracts, which

further increases the cost reduction as intermediaries can be replaced by

protocols. Smart contracts define rules and automatically enforce the obligations

defined in the contract. There are two types of smart contracts (Linklaters, 2017):

(i) legal contracts which create legal contracts without needing a middleman and

(ii) contracts that trigger an action when a certain event occurs. To conclude,

blockchain can have different implications depending on the perspective of the

observer. (i) From a juridical view, blockchain is a technology that will provide

a validation mechanism without intermediaries; (ii) from a technological view,

blockchain is a sophisticated database that maintains a ledger; (iii) from the

perspective of commerce, blockchain creates a network for transferring ownership

and value.

2.1.3 Functional Principles

In this section, functional principles of the blockchain technology will be

presented and explained. Understanding these conceptswill help understanding

when this technology is useful and what its strengths and weaknesses are.

2.1.3.1 Blocks in the Blockchain

The blockchain, like the name suggests, consists of a chain of blocks which contain

transaction information. Blocks will be placed in a waiting pool when two parties

enter an agreement over the network. This unconfirmed transaction will then be

distributed between the miners in the network to verify and finally append the

block to the blockchain. In the Bitcoin Blockchain, the waiting queue is called

the Mempool (Saad and Mohaisen, 2018), each block contains a reference to the

previous block and contain the following information; (i) A time stamp, (ii) the

nonce (the proof-of-work verification), (iii) and the Merkle tree root, which will

be explained in Section 2.1.3.5.
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2.1.3.2 Electronic Signatures

On the blockchain, asymmetric cryptography is combined with cryptographic

hash functions to construct a system for electronically authenticating transaction

and contracts (Coulouris et al., 2012). In the following subsections, the function

of cryptography in the blockchain will be explained.

2.1.3.3 Asymmetric Cryptography

Blockchain technology implements asymmetric cryptography

to secure transaction. This method is built on the principle of paired keys and

in blockchain a public key is used to encrypt the transaction and a private key is

used to decrypt that same transaction. These keys only work in pars, a private

key can therefore only decrypt transactions sent to its complementary key (ibid.).

This process is illustrated in Figure 2.4.

Figure 2.4: Illustration of how Transactions are Ciphered on the Blockchain
(SSL2BUY, n.d.)

2.1.3.4 Cryptographic Hash Functions

Cryptographic hash functions are special types of hash functions. It is essentially

a mathematical algorithm that maps data to a hash (string). This operation is not

invertible, which means that the input data cannot be recreated in any other way

than a brute-force search of possible inputs until a match is found (Dang, 2009).

This brute-force method of solving the cryptographic problem is what is referred

to as Proof of Work. The complexity of this problem depends on the blockchain’s

chosen level of security. This will be discussed further in Section 2.1.4, where
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different methods for reaching consensus will be discussed.

2.1.3.5 Merkle Tree

In cryptography and computer science, a Merkle tree is an abstract data type

which allow an efficient and secure verification of the contents of large data

structures. Merkle trees are composed of a set of nodes (Ralph, 1988). As

illustrated in Figure 2.5, the root hash is inside the block in the blockchain and is

a representation of the whole tree. Each node in the Merkle tree is a combination

of its children nodes, except for the bottom layer where the nodes contain the

transactions.

Figure 2.5: An Illustration of the Merkle Tree in the Blockchain (Barisser, 2018)

Fundamentally, a blockchain is a large Merkle tree because the root hash in

one block is depending on the root hash in the previous block and altering one

transaction in the bottom of one hash tree in one of the blocks will lead to an

inconsistency causing the protocol to not append the block to the blockchain.

This process of verifying transactions ensures the network that ownership

and the transfer of value can efficiently and safely be recorded without

intermediaries.
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2.1.4 Consensus

In a distributed network like the blockchain, it is essential to have a consensus

protocol to decide when transactions are legitimate and when they are not.

However, reaching consensus in a decentralized network is hard and this problem

was formalized 1978 and published in a paper 1981 called The Byzantine Generals

Problem (Lamport, Shostak, and Pease, 1981). Several attempts to solve this

problem have been made. One solution to this problem is Proof of Work,

which was presented by Satoshi in conjunction with the presentation of Bitcoin

(Nakamoto, 2008).

2.1.4.1 Proof of Work

Proof of Work is a solution to the Byzantine Generals Problem presented by

Satoshi and is the consensus protocol used in the Bitcoin network. This procedure

to reach consensus is referred to as mining and involves a brute-force approach

to solve a cryptographic hash function. The first miner to successfully solve this

problem receives financial reward in the form of unspent transactions outputs,

commonly referred to as coins. The reasonminers receive a reward is to give them

incentive to legitimately verify transaction and to compensate the computational

power and energy invested by theminer. This is themost secure known solution to

the Byzantine Generals Problem, which makes it common in low trust networks.

When selecting a consensus algorithm, there is a trade-off between cost and

security with verification time (ibid.).

2.1.4.2 Proof of Stake

Precisely like the proof of work algorithm, the goal of the proof of stake algorithm

is to achieve a distributed consensus. The difference is that the proof of stake

algorithm is less resource intensive than the proof of work algorithm, which is

because users here will not compete to solve the algorithm first, instead users are

picked to validate the transactions depending on their stake. Hence, miners with

larger funds have a larger probability to validate the next transaction (Buterin,

2014).
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2.1.5 Blockchain Domains

Blockchain domains are generally divided into the following main categories

(Casino, Dasaklis, and Patsakis, 2018):

• Public permissionless.

• Private permissionless.

• Public permissioned.

• Private permissioned.

These different domains are visually represented in Figure 2.6.

Figure 2.6: Properties of Different Blockchain Domains (Own Work)

To summarize Figure 2.6, the X-axis shows what level of trust is placed on the

validators, e.g. miners, in the network. Being to the right of the X-axis, indicates

there is a higher trust on the validators that they correctly verify transactions.

The opposite to this is to the left of the X-axis, where validators are less trusted

to be honest. The Y-axis shows how anonymous the validators are, on the

top, the validators are anonymous and hard to identify, on the opposite site

of the Y-axis, validators are instead often known and not anonymous. Hence,

15



public domains provide a greater anonymity of the validators compared to private

domains and permissioned blockchains places a greater trust in the validators

compared to permissionless blockchains. The permissionless public and the

private permissioned blockchain domains will be explained more in detail in

Section 2.1.5.1 and Section 2.1.5.2.

2.1.5.1 Public Permissionless Blockchain

The primary intention when public permissionless blockchains were introduced

was to increase transparency and trust while removing intermediaries when

transacting value between peers. Transactions are encrypted and are represented

by a random ID called the public key. The users in a network like this are therefore

anonymous. Bitcoin is an example of a public permissionless blockchain and is

completely decentralized. Themajor advantages of this is that the network has no

downtime and third parties cannot interfere (Nakamoto, 2008).

However, one concern with these types of networks is the scalability. There

is no limit in how many users can be part of the network which comes at the

cost of performance, mainly speed, as the adoption increases (Vukolić, 2016)

(Zheng et al., 2018). Furthermore, since all the participant in the network are

anonymous, the risk of being exposed to malicious participants increases. Proof

of work networks requires that the majority of the participants are loyal to keep

the security intact which makes these types of networks sensitive to so called 51 %

attacks, which will be explained in Section 2.1.6 (X. Li et al., 2017). In addition to

this, privacy issues are a problem in these types of networks because the ledger is

public which makes it possible for others to view your balance and transnational

history if they know your public key. Furthermore, another issue is that if one

loses their private key to the blockchain, as well as the recovery codes, then the

access to the own wallet is lost forever. This is the consequence of not having a

central entity that can help its customers when something goes wrong. This issue

is not present if one use blockchain services provided by a central entity which will

store this personal information. However, using blockchain services provided by

a central entity’s can make the own information vulnerable to additional risks,

such as hackers attacking one’s personal information stored at the servers of the

central entity.
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2.1.5.2 Private Permissioned Blockchains

Private permissioned blockchains are operated internally in a single organization

or between a group of stakeholders (Gupta, 2018). This type of blockchain is

especially suitable for corporate environments because the validators are known

and the information in the network is not public. In these networks, the

decentralization is replaced by an authority and trust outside the network and this

can improve the scalability and the performance of the blockchain. This is because

there is a trade-off between performance and the difficulty of the consensus

algorithm (Casino, Dasaklis, and Patsakis, 2018). In private blockchains, the

difficulty of consensus algorithm can be decreased because validators are not

anonymous. The trust between the stakeholders will instead determine what level

of difficulty is necessary. This is due to the fact that less trust is needed in the

blockchain network when the stakeholders trust each other outside the network,

in order to reach the desired level of total trust.

2.1.6 Blockchain Vulnerabilities

Blockchains were once hailed unhackable, however that is not completely true.

The truth is that hacking a blockchain is hard and many times expensive, it is still

possible. In this section, the largest hacking vulnerabilities of blockchain will be

explored (Liu et al., 2017).

2.1.6.1 The 51 % attack

This is a common phrase in the crypto world and refers to the situation were 51

% of the processing power on a blockchain falls into the hands of a malicious

participant which will temporarily control the network. Consequently, this

participant can then manipulate the public ledger. The difficulty of performing

an attack like this varies for different blockchains. A manipulation like this

could result in transactions between users being stalled and it will also allow the

malicious participant to double-spend coins during the time of control (X. Li et al.,

2017).
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2.1.6.2 Routing attack

Taking the Bitcoin blockchain as an example, research suggests that over 60% of

the Bitcoin network is having its nodes hosted by the following internet service

providers (ISP’s) (Apostolaki, Zohar, and Vanbever, 2017):

• Hurricane Electric

• Level3

• Telianet

This makes the Bitcoin network vulnerable if one of the ISP’s were compromised.

The hackers could split the network by routing traffic and preventing nodes on

one side to communicate with nodes on the other side. The attackers could in this

case double spend on the shorter blockchain and stop rerouting traffic once their

funds have arrived. The shorter blockchain will in that case be rejected by the

network and the spent coins will be returned to the hackers’ wallet (X. Li et al.,

2017).
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2.2 Financial Inclusion

The term ”financial exclusion”, the opposite of ”financial inclusion”, was first

coined by Leyshon and Thrift in 1993 (Packman, 2014). This led to an increase

in popularity of the term ”financial inclusion”, which was later identified as

important to fight poverty. The term ”financial inclusion” according to The

Banking Association of South Africa is the following (The Banking Association

South Africa, n.d.):

“Access and usage of a broad range of affordable, quality

financial services and products, in a manner convenient to

the financially excluded, unbanked and under-banked; in

an appropriate but simple and dignified manner with the

requisite consideration to client protection. Accessibility

should be accompanied by usage which should

be supported through the financial education of clients.

”

According to this definition, the following is important to include in solutions and

products aiming to help financial inclusion:

• Appropriate services are offered in a simple and dignified manner.

• The solution should be easy to access and the end-users should be supported

to use it through education.

• The solution should be of good quality and affordable while being offered in

a convenient manner.

• The solution should ensure the protection of the clients, such regulatory

consequences and language barriers.

Today, there are 1.7 billion that are unbanked, accounting to almost one-third

of the people in the world. A lot of efforts have been made toward financial

inclusion and since 2011 1.2 billion adults worldwide have gotten access to an

account. In some of these countries (such as China, Kenya, India, Thailand)
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where 80% or more of the population have accounts, the next step is to increase

account usage andmove people from access to account to actual usage. More than

55 countries have made commitments to financial inclusion since 2010 and 60

countries have either launched or are developing a national strategy for financial

inclusion. Common traits for countries that have achieved the most progress

toward financial inclusions is that they have policies delivered at scale, such as

universal digital ID, leveraged government payments and allowedmobile financial

services to thrive. Furthermore, new business models are also being welcomed

such as leveraging e-commerce data for financial inclusion and taking strategic

approached that bring together diverse stakeholders such as financial regulators,

telecommunications, competition and education ministries (The World Bank

Group, 2018a).
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2.3 Introduction to Mobile Financial Services

Mobile Financial Services is defined as ”the use of a mobile phone to access

financial services and execute financial transactions” (AFI, 2012b). Mobile

Financial Services (MFS) includes the full spectrum of financial services, from

payments and current accounts, to savings, loans, investments and insurance. An

overview is illustrated in Figure 2.7.

Figure 2.7: Mobile Financial Services (Own Work)

As illustrated in Figure 2.7, one subset of MFS is payments, which mainly

refers to payment services between peers and between businesses and customers

(Mutsa, Grandis, and Zouaoui, 2017). These services are mainly provided by

telco companies through mobile devices. According to Global System for Mobile

Communications (GSMA) 60 percent of the population in Africa has a mobile

money account. GSMA is an industry trade body that represents the worldwide

mobile communications industry uniting more than 750 operators with over

350 companies in the broader mobile ecosystem, including handset and device

makers, software companies, equipment providers and internet companies,
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as well as organizations in adjacent industry sectors (GSMA, 2018a. GSMA

also publish authoritative industry reports and research, that have been used

throughout this study.

Another subset is financial services, which includes microfinance as well as

microinsurance. Microinsurance is a form of insurance for people with low

income and gives protection from risks such as illness, injury, death, property

damage or crop loss (Chandani, 2009). Microfinance refers to a banking system

offered to individuals that do not access traditional systems. Amongst services

offered are credits and savings. These services can also be provided through

mobile phones. Lastly, another subset of Mobile Financial Services is banking.

This simply refers to executing transactional services such as remittance and non-

transactional services such as viewing the account balance (GSMA, 2018a).

In order to describe various aspects of mobile financial services, three following

broad categories or environments are important to consider (The Seven Pillars of

Mobile Financial Services Development 2011):

1. Institutional environment:

”The characteristics related to regulation and consumer protection that

support the development of mobile financial services.”

2. Market environment:

”The market competitiveness of the private sector players, degree of

innovation, and presence of catalysts for development of mobile financial

services.”

3. End-user environment:

”The robustness of distribution and empowerment of individuals to access

and adopt mobile financial services.”
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2.3.1 ICT in sub-Saharan Africa

Information and communications technology (ICT) development in sub-Saharan

Africa has grown rapidly the past decade. According to GSMA the overall mobile

subscription penetration in Africa reached 44% in 2017 compared to 25% from

2010. The growing access tomobile connectivity has been vital to empower people

and driving economic growth by increasing efficiency and productivity. The same

report by GSMA also suggests that Mobile adoption has also had its impact on

labor, estimated to have created 3million jobs in 2017. The same report states that

7.1% of the GDP ($110 billion) across sub-Saharan Africa is generated by mobile

technologies and services and is projected to constitute 7.9% of GDP ($150 billion)

by 2022 (GSMA, 2018b). Even though it is getting more common for people in

urban areas to have a mobile phone, the mobile coverage is still limited in rural

areas with an absence of fixed connectivity, electricity grids and consequently

an internet connection. People in these areas may be without access to mobile

financial services or anymobile services and are therefore outside the scope of the

telco companies, banks and other service providers (AFI, 2010a). At the end of

2018 more than 90 percent of the sub-Saharan population were covered by 2G

networks. By 2025 mobile broadband will account for 87% of mobile connections

and 3G will account for 60% of all mobile connections (Radcliffe, 2018).

A variety of reasons are brought up why sub-Saharan Africa is underdeveloped

such as colonialism, ethnic tensions, political violence. Focusing on the

institutional environments, a lot of countries in sub-Saharan Africa lack good

institutions that ensure strict enforcement of property rights, the knowledge

on how to deal with corrupt practices effectively and providing equality to its

people. One examples is highlighted by a report by the United Nations Food and

Agriculture Organization, that shows over 61 countries, weak governance led to

corruption in land occupancy and administration (Kshetri, 2016).
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2.4 Theoretical Framework

In entrepreneurship and innovation research, two frequently applied frameworks

are Rogers’ Diffusion of Innovations (DOI) and the Technology AcceptanceModel

(TAM). Integrating TAM with Rogers’ DOI is proposed by researchers to provide

a better model to explain radical technological change. Prior studies have shown

good results in integrating these models (Lou and E. Y. Li, 2017). These will be

explained more in detail in the following sections.

2.4.1 Rogers’ Diffusion of Innovations Theory

Diffusion of innovations is a theory that tries to explain how, why and at what rate

new ideas and technology are spread. The theory was popularized in 1962 when

Everett Rogers, an American communication theorist and sociologist, wrote the

book ”Diffusion of Innovations”. Diffusion research had its roots in social science

in Europe and was originally studied by Gabriel Tarde, a French sociologist in the

19th century. He examined why ten out of 100 innovations were spread while the

rest got neglected. (Rogers, 1983).

Diffusion research can be described as a type of communication research even

though it did not begin in this academic discipline. The research was initially

conducted by scholars in a variety of fields such as education, marketing,

geography and sociology each with their own way to pursue this type of research.

However, similar findings were also found among the various fields. In the

1960’s Rogers aimed to create awareness of these diffusion research traditions

by merging them and developing the Diffusion of Innovations, which is based on

over 600 studies. To this day, his study constitutes the modern basis of diffusion

research and has found a prominent position. It is included in areas such as

marketing, advertising, and consumer behavior (ibid.).

The diffusion of innovations received a lot of interest because of the high level of

difficulty in getting a new idea adopted, even when its advantages are apparent.

Diffusion research focuses on the conditions that will increase or decrease the

adoption of a new idea, product or practice among a group of people. Many

innovations require a lengthy period of time from availability to getting widely
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adopted. Thus, it has become important to understand how you can speed up the

rate of diffusion of an innovation (Rogers, 1983).

Rogers defines diffusion as “the process in which an innovation is communicated

thorough certain channels over timeamong themembers of a social system”. The

four main elements in this theory are the innovation, communication channels,

time and the social system. These aspects are found in every diffusion research

study. Rogers defines an innovation as ”an idea, practice or object that is

perceived as new by an individual or other unit of adoption”. The perceived

newness of the idea determines if it is an innovation (ibid.).

Diffusion research focuses onhowcommunication channels are used for adoption.

Communication channel is described as ”the means by which information

is exchanged between individuals”. One example is mass media channels,

that is a rapid and efficient means to reach potential adopters and creating

an awareness about an innovation. Another channel is interpersonal which

involves a face-to-face exchange. Diffusion research shows that most individuals

evaluate an innovation on the basis of what is conveyed to them from people

similar to themselves that have previously adopted the innovation. Effective

communication occurs when two individuals are homophilous, meaning they

share the same values and social characteristics. A common problem in the

communication of innovations is that the individuals are heterophilous. One

example is the difference in knowledge between the technically competent change

agent and his clients (ibid.).

Furthermore, diffusion research has also focused on the characteristics of

innovations. Past research indicates that the following five characteristics

affect the rate of adoption. Firstly, the relative advantage which is described

as the extent to which an innovation is perceived as better than the idea it

supersedes. This can be measured in economic terms, convenience or social

status. Compatibility is the degree to which an innovation is perceived as being

aligned to existing values, experiences and the needs of potential adopters. If an

idea is not compatible with the values of a social system, it will not be adopted

as fast. Thirdly, complexity is the degree to which an innovation is perceived as

difficult to understand and use. Simple ideas are usually easier to understand and
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will therefore be adopted more rapidly compared to innovations that require new

knowledge. Furthermore, trialability is the degree to which an innovationmay be

experimented with on a limited bias. Being able to experiment with an innovation

on a partial basis will represent less uncertainty for the potential adopter. Lastly,

observability is the degree to which the results of an innovation is visible to others

(Rogers, 1983).

The innovation-decision process occurs through five steps. This process describes

how an individual pass from first knowledge of an innovation to an attitude

forming and later a decision to adopt or reject an innovation. Next step is the

implementation of the idea and lastly a confirmation of the decision. The five steps

of the adoption process are knowledge, persuasion, decision, implementation

and confirmation as described in Figure 2.8. The first stage, knowledge is when

the individual gets exposed to an innovation and gains an understanding about

its function. Secondly, persuasion is when an individual form an interest in the

innovation and seeks more information about its advantages and disadvantages.

The third step is decision which is when the individual engages in activities that

lead to a considering whether to adopt or reject the innovation. Implementation

is when the individual employs the innovation. This can be done in varying

degree depending on how useful it is. Lastly, confirmation is when the individual

reinforces the decision to continue using the innovation. There is a possibility to

reverse this decision because of dissatisfaction or a better alternative idea. This so-

called discontinuance occurs during the confirmation stage (YMCA, n.d.).

Figure 2.8: Five Stages in the Decision Innovation Processes (YMCA, n.d.)

Rate of adoption is defined by Rogers as the ”relative speed with which an

innovation is adopted by participants of a social system”. This is usually

measured by the time it takes for a certain percentage to adopt an innovation.

The adopter categorization is based on the individual’s innovativeness. Rogers
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defined this as ”the degree to which an individual or other unit of adoption

is relatively earlier in adopting the new ideas than other members of a social

system” . There are five categories of adopters based on their propensity to adopt

a specific innovation. These are innovators, early adopters, early majority, late

majority, and laggards as described in table 2.1. The personalities of themembers

of each category are different and should be addressed differently. A company

that launches a new product on the market (for example, a new mobile phone)

can adapt its marketing according to each category.

Adopter Category Definition

Innovators

“
Innovators are willing to take risks, have the highest social

status, have financial liquidity, are social and have closest

contact to scientific sources and interaction with other

innovators. Their risk tolerance allows them to adopt

technologies that may ultimately fail. Financial resources

help absorb these failures.

”

Early adopters

“
These individuals have the highest degree of opinion

leadership among the adopter categories. Early adopters

have a higher social status, financial liquidity, advanced

education and are more socially forward than late adopters.

They are more discreet in adoption choices than innovators.

They use judicious choice of adoption to help them maintain

a central communication position.

”
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Early Majority

“
They adopt an innovation after a varying degree of time that

is significantly longer than the innovators and early

adopters. Early Majority have above average social status,

contact with early adopters and seldom hold positions of

opinion leadership in a system

”

Late Majority

“
They adopt an innovation after the average participant.

These individuals approach an innovation with a high

degree of skepticism and after the majority of society has

adopted the innovation. Late Majority are typically skeptical

about an innovation, have below average social status, little

financial liquidity, in contact with others in late majority and

early majority and little opinion leadership.

”

Laggards

“
They are the last to adopt an innovation. Unlike some of the

previous categories, individuals in this category show little

to no opinion leadership. These individuals typically have an

aversion to change-agents. Laggards typically tend to be

focused on ”traditions”, lowest social status, lowest financial

liquidity, oldest among adopters, and in contact with only

family and close friends.

”
Table 2.1: Definitions for Categories of Adoption (YMCA, n.d.)

The graph below illustrates the distributions of adopter categories. One problem

companies and entrepreneurs encounter is how to move from the left to the

right in the curve illustrated in Figure 2.9 and getting their idea accepted by the

mainstream customer (CFI, n.d.).
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Figure 2.9: Adopter Categories (CFI, n.d.)

2.4.2 Technology Acceptance Model

In 1967 Martin Fishbein and Icek Ajzen proposed the Theory of Reasoned Action

(TRA). This theory explains how the actual behavior of a person is a function

of his or her prior intention and called this behavioral intention. They also

proposed that the behavioral intention is determined by the attitude toward the

behavior and the subjective norm associated with the behavior in question. The

attitude toward the behavior is defined as a ”person’s positive or negative feelings

about performing the actual behavior”. Moreover, the subjective norm is defined

as ”the perception the individual has about what his or her important people

think about the performance of the behavior in question”. TRA was utilized

to make predictions on individual’s behavior, as depicted in Figure 2.10 below

(Mohammad, 2009).

Figure 2.10: Illustration of Theory of Reasoned Action (Hale, Householder, and
Greene, 2002)
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In 1985 Fred Davis proposed the Technology Acceptance Model (TAM) in his

MIT Sloan School of Management doctoral thesis building on the prior work

of Fishbein and Ajzen (Mohammad, 2009). Firstly, the subjective norm was

removed since its theoretical status was questioned and because it was seen as

an aspect difficult to understand. Secondly, he decided to neglect the individual’s

salient belief to determine the attitude of a person towards a behavior. Instead,

Davis backed by several prior studies, suggested that the attitude of a user towards

a system can be explained by perceived usefulness and perceived ease of use and,

attitude toward using the system.

The TAM model suggests that there exists a relationship between perceived

usefulness, perceived ease of use, behavioral intention to use and actual system.

These aspects are first explained in Table 2.2 and their relationship in Figure

2.11. Several researchers have provided empirical evidence suggesting that these

relationships exist (ibid.):

Perceived Usefulness (PU) ”The subjective belief that using a particular technology

would enhance performance.”

Perceived Ease of Use (PEOU) ”The subjective belief that using a particular technology

would require less effort. This affects the perceived

usefulness, as a technology that is easier to use tends to

be perceived as more useful.”

Attitudes Towards Use (ATU) ”The attitude towards use is influenced by the PU and

PEOU which mediate the relationship between external

variables and attitude.”

Behavioral Intention to Use (BI) ”The subjective intention to perform a specific behavior.

A strong BI indicates a higher tendency to use and accept

a technology.”

Actual System Use ”The predicted actual use of the technology.”

Table 2.2: Factors Influencing Technology Acceptance (ibid.)
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Figure 2.11: Original TAM (Mohammad, 2009)

TAM has become the most influential theoretical model in the research of

user technology acceptance and is a frequently used by the information system

community. The initial model that was constructed has been modified by adding

new variables over time both by Davis and other researches (Mohammad, 2009).

In 2000 Davis and Venkatesh introduced TAM 2 which added external variables

to better explain perceived usefulness (ibid.). They defined social influence

(subjective norms) and cognitive instruments (job relevance, image, quality and

demonstrability). These variables are explained further in Figure 2.13. TAM 2 is

recognized as providing a more detailed explanation of the perceived usefulness

of a given system and is illustrated in Figure 2.12.

Figure 2.12: Illustration of the TAM2 (Mohammad, 2009)
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Figure 2.13: TAM2 Definitions (Sullivan, 2016)

In this study TAM 2 was used instead of TAM because the main focus was to

explore the determinants of perceived usefulness. As mentioned earlier, TAM

2 was extended to include factors influencing perceived usefulness compared

to the original TAM. There is also another extension of the TAM model called

the TAM 3 model. The TAM 3 model extends TAM by including variables

affecting the perceived ease-of-use (Mohammad, 2009). The factors influencing

the perceived ease-of-use are mainly technical, such as the anchor factors in the

model extension, which are listed below (ibid.):

• Computer self-efficacy

• Perceptions of external control

• Computer anxiety

• Computer playfulness,

Since this is outside the scope of the study, the TAM 3model was rejected in favor

of the TAM 2 model.
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3 Methodology

This section will present the research design and the overall methodology. The

research type is first described followed by the research method. The literature

review and the different data collection methods is then covered followed by

how the data was analyzed. Lastly the reliability and validity of the study is

addressed.

3.1 Research Type

A research paradigm can be described as a framework that guides how scientific

research should be conducted. The research paradigm is held by a research

community and is based on a set of shared assumptions, values, concepts and

practices. The two main research paradigms are positivism and interpretivism.

Positivism is underpinned by the assumption that social reality is objective and

external to the research, and that there is only one reality. This is different from

interpretivism, that assumes that social reality is subjective and the existence

of multiple realities (Collis and Hussey, 2014). Furthermore, interpretivism

assumes that findings are biased and knowledge comes from subjective evidence

from participants. The preferred researchmethods when adopting interpretivism

is qualitative methods such as unstructured interviews (ibid.). This study is

conducted within the interpretivist research paradigm by studying perceived

usefulness that is based on subjective social aspects. The subjective meanings of

the various respondents from the interviews is analyzed in order to understand

the social phenomenon.

When research is classified based on its purpose, it can be described as being

exploratory, descriptive, analytical or predictive (ibid.). A combination of these

is also possible. Whether the research conducted is exploratory, descriptive,

analytical or predictive is determined by the research questions and the objectives.

This research will have an exploratory approach, given the high degree of novelty

of the distributed ledger technology. Instead of testing a hypothesis an exploratory

study aims to gain insights into a problem, issue or phenomenon. Since the
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purpose of this study is to explore if blockchain can increase financial inclusion

an exploratory research design is appropriate.

Exploratory research is conducted when the precise nature of the research area

is unclear and tries not to provide with final or conclusive answers. It is

conducted when few or no earlier studies have been done (Collis and Hussey,

2014). Blockchain implementation for financial inclusion is a new concept and

the previous research done is limited. A lot of projects are still in early stages and

there is a deficient body of knowledge. Thus, it is not feasible in the context of this

research area to identify conclusive answers. Adapting exploratory research gave

room for alternative solutions for the research problem.

Exploratory research canbe conducted by literature review, aswell as interviewing

experts in the area or conducting group interview. The form of these interviews

in exploratory research is often unstructured or semi-structured. In the research

conducted for this thesis, semi-structured interviews were conducted since this is

would provide with a unique set of data of a complex research area. In exploratory

research questions in the data collection usually commencewith ”What” or ”How”.

This was taken into consideration when constructing questions for the semi-

structured interviews (Saunders, Lewis, and Thornhill, 2009) [Appendix A].

3.2 Research Method

Research can also be classified based on its logic, whether it is inductive, deductive

or abductive. Inductive research describes a study in which theory is developed

from the observation of empirical reality. It moves from individual observation to

statements of general patterns, meaning it moves from the specific to the general

(Collis and Hussey, 2014). In comparison to a deductive approach, an inductive

approach does not begin with a hypothesis or a claim for theory. Furthermore,

the nature of the research findings is unclear until the study is completed. For

this study inductive approach was appropriate since no hypotheses was set nor

was the nature of the findings clear. Furthermore, it is often used for qualitative

studies, as in this when research questions are often open-ended when the aim

is understanding dynamics, robustness, emergence or constructing alternative
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futures (Dudovskiy, 2018).

3.3 Literature Review

An exhaustive literature review has been conducted. This was essential to develop

a research idea, defining the scope of the research area, finding appropriate

theoretical frameworks, as well as analyzing and interpreting the findings. The

aim of the literature review was to gain an understanding of the research area

and get an overview of the existing body of knowledge. At an initial stage

of the research process, the literature review had a broad approach, and the

focus was to understand the fundamental of blockchain technology and financial

inclusion. The initial literature review consisted mostly of authoritative reports

produced by management consulting firms, Non-governmental organizations

(NGOs), governmental agencies, companies as well as start-ups. However, when

the research got more focused academic journals were more frequently used.

The relevance of the literature has been evaluated by first reviewing the

summaries. Validity has been assessed based on the number of citations, and

where the publication was made. Attempts have been made to find support from

other similar articles. The main source of literature was KTH Primo, which is

the scientific search service of KTH Royal Institute of Technology, and Google

Scholar.

In order to understand how blockchain can be implemented to increase financial

inclusion following keywords were used:

• “Blockchain + Financial Inclusion”

• “Blockchain + Africa”

• “Blockchain + Mobile Financial Services”

• “Blockchain + SDG”

• “Blockchain + Developing countries”

• “Blockchain + Use Case”
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• ”Blockchain”

• ”Blockchain + Perceived usefulness”

• ”Diffusion of Innovations Theory”

• ”Technology Acceptance Model”

• ”ICT + Africa”

A thematic literature approach was conducted, partly based on these different

keywords but also based on different uses cases and theoretical frameworks.

Since blockchain technology is a relative new research area that is changing fast,

a limitation was made to only search for literature that is not older than five

years.

3.4 Data Collection

Primary data was collected through semi-structured interviews and group

discussions. Since the research area is complex, interviews and discussions

were seen as appropriate methods for data collection compared to having

questionnaire. By collecting data this way, the study was provided with

explanations and more high-quality data.

The largest portion of data collection was made through interviews and group

discussions, summarized in the bullet-list below:

1. Round 1: Semi-structured interview with experts from Blockchain Africa

Conference 2019. Including experts within blockchain technology, mobile

financial services and ICT in Africa.

2. Round 1: Group discussions together with participants at the Blockchain

Africa Conference 2019, including investors, politicians and innovators.

3. Round 2: Semi-structured interview with business analysts within

blockchain and one technical blockchain expert from Ericsson, as well as

researchers from KTH.
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3.4.1 Semi-Structured Interviews

The primary source for data collection was semi-structured interviews. In total

nine one to-to one interviews were conducted with a time of approximately sixty

minutes per interview. 30 people were involved in the group discussions that

also were semi-structured. Semi-structured interviews mean that the interviewer

prepares some questions and themes in advance while other questions are

developed during the course of the interview. This also allows for new ideas to

be explored (Saunders, Lewis, and Thornhill, 2009). The flow of the interviews is

also based on each setting meaning that some prepared questions were omitted

and follow up questions varied. Semi-structured or unstructured interviews are

the appropriate method in exploratory studies since it makes the research flexible

and adaptable to new findings (ibid.). An interview guide was made in order

to conduct each interview [Appendix A]. Questions were based on the literature

review and in order to fit the theoretical framework of Diffusion of Innovations

and Technology Acceptance Model 2 (TAM2). After the nine interviews and

the group discussions, data saturation was reached, with recurring themes and

comments expressed. Thus, additional interviews were not needed with the data

providing a good basis for further analysis.

The value of conducting interviews in this study was the first-hand experiences on

the implications of technology in Africa, which has resulted in unique set of data

that would otherwise not been acquired. Two rounds of interviews were done,

the first one conducted during a research trip to Blockchain Africa Conference

2019 in Cape Town, South Africa (Blockchain Conference Cape Town 2019, 2019)

and the second one in Stockholm, Sweden. The respondents interviewed for the

first round are presented in the following table according to organization, name,

function, and date of each interview. 3.1.

Name Role Organization Country Interview Date
Akhona Damane Head of Digital Advantage CSIR ZA 6 Mars 2019
Carel De Jager Instructor and Consultant Blockchain Academy ZA 6 Mars 2019
Richard Cole Project Manager GreenFingers Mobile ZA 7 Mars 2019
David Wood Founder and CEO Wadappt ZA 7 Mars 2019

Table 3.1: A List of the First Round of Interviews [Appendix B.1].
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The aim of the first round of interview was to get an overview of the research

area and gain insights on perceived usefulness from individuals with experience

fromworking with unbanked people and how financial inclusion can be increased

using blockchain. The Blockchain Africa Conference 2019 were attended the 6th

of March 2019 in Cape Town for the purpose of this study and focused on how

blockchain technology and cryptocurrencies can achieve the U.N.’s Sustainable

DevelopmentGoals (SDGs) for economic growth and social inclusions by enabling

access to a wide range of financial and other services, critical to the long-term

reduction in poverty and achievement of economic growth in Africa. To get a

holistic view on the research area, interviewees were selected to represent people

with backgrounds from various industries, from the start-up world, academia,

telco companies, a governmental agency and business analysts. The reason

why people from the government was interviewed was to gain an understanding

of the efforts and the policies implemented to leverage advances in ICT to

address socio-economic challenges as well the overall African ICT environment.

Interviewing people from start-ups provided with knowledge on different use

cases for blockchain technology. Both governmental officials and start-ups work

closely with the financially excluded and could provide with knowledge on their

needs valuable for analyzing perceived usefulness. Prior to the conference, several

individuals were highlighted as interesting profiles to interview, which was based

on the description of the participating speakers and tutors. Through successful

networking at the conference, interviews were made possible. The majority of the

contacted respondents agreed to be interviewed. Contact with interviewees from

Ericsson were established through our firm supervisor.

The second round of interview was made with interviewees with a background

in academia to include an academic perspective to get a better balance between

different interests in the research. Furthermore, interviews during this round

were also made with business analysts and one system architecture from Ericsson

with experience from different sub-Saharan African countries. They provided

with insights on the institutional perceived usefulness of blockchain. The

respondents interviewed for the second round are summarized in 3.2.
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Name Role Organization Country Interview Date
Mukesh Thakur System Architect Ericsson FI 4 April 2019
Mohamed Maalim Business Analyst Ericsson KY 4 April 2019
Opeyemi Adenirian Business Analyst Ericsson KY 5 April 2019
Leila Bahri Postdoc Researcher KTH SE 29 April 2019
Jannis Angelis Assistant Professor KTH SE 29 April 2019

Table 3.2: A List of the Second Round of Interviews [Appendix B.2].

In total, six interviews were conducted face-to-face and four using video-

conference software such as Skype and Google Hangout. One interview was held

in Swedish and the rest were held were held in English and recorded after been

giving permission. Audio recordings enabled transcripts and thus amore in-depth

analysis. Simultaneously as the interviews, some notes were taken in case the

audio-recordings were lost.

3.4.2 Group Discussion

Group discussions were also conducted on several occasions during the research

trip to South Africa. In total discussions were held with 30 persons, with

discussions varying from three to five participants. The discussions were

approximately 25 minutes long.

The selection of the interviewees followed the same as for the semi-structured

interviews and were conducted face to face during the Blockchain Africa

Conference 2019. The group discussions were facilitated by both researchers.

The purpose of the group discussions was to identify key themes in the research

area. It was also an opportunity to receive feedback on the research conducted to

that point. This would improve the subsequent data collection, and the writing of

better interview questions.

The discussions were semi-structured and covered a variety of topics such as

blockchain acceptance, financial inclusion, ICT adoption in rural communities,

poverty reduction. Each group discussion commenced with a briefing about

the aims of the study. The group discussions were valuable by providing with

feedback on the research and by allowing a lot of ideas and themes to be explored

compared to solely using one-to-one interviews. Group interactions led to highly
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productive discussions as the interviewees evaluated and challenged points raised

by other group members. This was not possible when conducting the one-to-one

interviews. However, in these discussions there is a possibility of group effect to

emerge, where certain participants try to dominate the interviewwhile othersmay

feel inhibited to fully participate (Saunders, Lewis, and Thornhill, 2009). This can

result in some group members agreeing with the views of others, while actually

disagreeing. In order to reduce this, all group members were encouraged to

actively participate and that all have the opportunity to state their points. Another

potential disadvantage of group discussions is that theymay not be able to provide

depth and detail compared to individual interviews. However, this is not seen as

a problem since this was not the aim of the group discussions. (ibid.).

3.5 Data Analysis

One interview was conducted in Swedish, while all the other interviews were

conducted in English. The Swedish interview was then transcribed manually

while the English interviewees were transcribed using an automatic transcription

software service called Temi (TEMI, n.d.). The transcripts were not 100 percent

accurate, therefore the recordings of the interviews were listened to several

times and manually revised in order to ensure accuracy. The next step was

to process the transcripts. First a reduction of the text was done by analyzing

the content and reduce the amount of information by removing sentences that

do not convey a meaning and are only used to build the conversation, such

as jokes and coordinating conjunctions. This reduction to empirical data was

done by reading through each transcript a couple of times and noting keywords

and themes the interviewee covered relating to the theoretical framework and

research questions. The researchers conducted two individual analyses of

the keywords and themes using color coding and in the end, the researchers

identified common categorizations. In the few cases were the researchers made

different categorizations, agreement was reached through discussions were each

researchermotivated their viewby listing different pros and cons. When analyzing

qualitative data from the interviews and literature there is no convention for this

analysis.

40



The coding of the content was then performed individually by color coding the

transcripts. The following color codes were used:

• Technology - Responses related to technological strength and weaknesses

were color coded were commonly found in the middle of the interviews. The

interviewees commonly phrased their responses in the following ways:

... is good because [...]

... advantage is [...]

... strength is [...]

... weakness is [...]

... challenges are [...]

• Culture - Responses relating to social factors were color coded and were

mainly found in the middle and the end of the interviews. The interviewees

commonly included the following words in their responses:

1. Legitimize

2. Leaders

3. Culture

• Acceptance - Responses relating to technology acceptance were color

coded and responses were mainly found towards the end of the interviews.

The interviewees commonly included the followingwords in their responses:

1. Adoption

2. Implementation

3. Solution

• Trust - Responses relating to decentralized trust were color coded and

responses were found in all parts of the interviews. The interviewees

commonly included the following words in their responses:

1. Transparency

2. Traceability
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3. Trust

• Social Impact - Responses relating to financial inclusion were color

coded and responses were in all parts of the interviews. The interviewees

commonly included the following words in their responses:

1. Identity

2. Financial Inclusion

3. Unbanked

4. Decentralized

5. Rural

6. Democracy

7. Corruption

In the end, the researchers switched their coding of the transcript and another

reading of the transcripts was made in order for the researchers to reach an

agreement on how to categorize the findings.

3.6 Reliability and Validity

Reliability and validity are two components of high-quality research. Reliability

refers to the extent the same answers can be obtained if the research were

repeated. High levels of reliability mean that if other researchers repeat the

study the same result would be produced. One of the drawbacks of using semi-

structured interviews is their low reliability (Collis and Hussey, 2014). The lack of

standardization in this type of interview, can lead to different types of information

obtained depending on the interviewer and the time it was collected. The open

questions as well as the following up questions are different each interview.

However, to increase the standardization of the semi-structured interviews and

enhance the reliability an interview guide was made [Appendix A]. An additional

drawback with semi-structured interviews is the difficulty to keep notes and

answer questions at the same time. This problem was minimized by recording

every interview. One type of bias in relation to semi-structured interviews is
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called interviewee bias, when the person interviewed gives a false response or

distorted description of the phenomenondiscussed. The personbeing interviewed

might be reluctant to give certain information. Since people from startups and

for-profit companies were interviewed during the Africa Blockchain Conference

there is a possibility for them to portray themselves positively for commercial

purpose in order to become business partners Ericsson, the commissioner of

this thesis. They can also be reluctant to discuss or reveal an aspect of topic

because it is confidential information. Furthermore, there is a possibility that the

people interviewed during the Blockchain Africa conference, being enthusiasts

of blockchain technology to be biased and not providing with disadvantages of

implementing the technology. Regarding the data analysis of the qualitative

data from the interviews there is no bullet-proof convention for doing this

since the researcher have different interpretations, which can lower reliability.

When analyzing qualitative data from the interviews and literature there is no

convention for this analysis. Lastly, the literature review is considered to be of

high reliability and repeatability since every secondary source is presented (Collis

and Hussey, 2014).

Validity is the extent which a test corresponds to what the researcher wants to

measure (ibid.). The validity of the literature review is high since the reports and

journals were critically assessed based on the number of citations and the time

of their publication. Since some of the reports were provided by companies or

governmental agencies there is risk for the information provided is biased. It

was also important to ensure that the respondent of the interview understood

the purpose of the study and interpreted the intended meaning of a question. If

not done correctly, there is a risk the data provided by the respondent does not

reflect what the researcher wants tomeasure. To lower this risk, probes were used

in the interviews as much as possible. This would increase the understanding

of the respondent. Furthermore, to increase the validity, the respondents were

always given a background to the research and its purpose in the beginning of the

interviews as well as in the email contact.
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3.7 Research Ethics and Sustainability

3.7.1 Research Ethics

Research ethics is not static and new ethical problems are encountered when

the scientific landscape changes. This study is exploring a relatively new and

constantly changing field of research, which makes it even more important to

focus on the ethical aspect. It is also crucial to find a reasonable balance

between different interests. This study has followed the ethics considerations and

guidelines recommended by the Swedish Research Council (Swedish Research

Council, 2019) to ensure that good efforts has been made to conduct research of

high quality. Some of the efforts that weremade during this study are summarized

below:

• All data collected during this study is confidential andwill not be sharedwith

third parties.

• Interviewees were offered anonymity, however everyone turned down this

offer.

• The methods that were used are transparent.

• The owners of material that has been used in this study are credited through

proper referencing.

• Efforts wasmade to find a reasonable balance between different interest, for

example by including intervieweeswith different backgrounds and interests.

3.7.2 Sustainable Development

In this study, sustainability is fundamental as one of the main purposes of this

report is to explore how blockchain technology can increase financial inclusion in

sub-SaharanAfrica. Sustainable development is defined in the BrundtlandReport

published by the United Nations (U.N) in 1987 as ”development that meets the

needs of the present without compromising the ability of future generations to

meet their own needs” (United Nations, 1987).
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The General Assembly of the UN set 17 sustainable development goals (SDGs)

goals in 2015 for the year of 2030. These goals address global challenges the

world faces. According to the UN, increasing financial inclusionwill make amajor

impact in reaching several of the sustainable development goals, illustrated in

Figure 3.1. According to UN, it is an important enabler to reach the following

eight of the seventeen UN’s Sustainable Development Goals (UNCDF, n.d.):

• SDG 1 on eradicating poverty.

• SDG 2 on ending hunger, achieving food security and promoting sustainable

agriculture.

• SDG 3 on promoting health and well-being.

• SDG 5 on achieving gender equality and economic empowerment of women.

• SDG 8 on promoting economic growth and jobs.

• SDG 9 on supporting industry, innovation, and infrastructure.

• SDG 10 on reducing inequality.

• SDG 17 strengthen the means of implementation and revitalize the global

partnership for sustainable development.

Figure 3.1: The U.N. Sustainable Development Goals (UNCDF, n.d.)

Furthermore, the 17 goals require global cooperation, transparency, trust and

better management of resources. These are aspects that can be enabled by
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leveraging blockchain technology (UNCDF, n.d.).

Secondly, as part of this research, the Blockchain Africa Conference was

attended in South Africa where it was addressed how blockchain technology

and cryptocurrencies can achieve the UN’s Sustainable Development Goals for

economic growth and social inclusion. The conference explored ways the

technology can broaden the access to a wide range of financial and other services

by looking at use cases in areas such as payments, remittances, identity, renewable

energy, agriculture, community currencies and distribution of aid and support.

Leveraging blockchain technology is believed to improve the efficiency of these

use cases. The interviewees from the conference aswell as the overall research trip

provided with relevant data in order to understand the technology’s implications

on sustainability.

However, one of the significant risks of blockchain technology is that it can

facilitate criminal activity. Terrorist organizations and criminals have reportedly

used cryptocurrencies for the funding and purchasing of goods and services in

the Darknet. The proprieties of blockchain makes it difficult for law enforcement

agencies to identify transactions and connect them to users (Forbes, 2018).

However, an important notation is if this criminal activity is a new formof criminal

activity that did not exist before or if it only is a digitization of the criminal

activities that were existing before cryptocurrencies.
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4 Results, Analysis and Discussion

In this section, the findings from the research will be analyzed together with the

findings from the literature review. This section is divided into two subsections

which are derived from the TAM 2 model. Section 4.1, Cognitive Instrumental

Process, will focus on how the usefulness, the quality and the results of blockchain

technology are perceived. Section 4.2, Social Influence Process, will present the

findings that are related to social processes and cultural aspects. The quotations

in this section will be numbered to help the reader know which quotes are made

by the same interviewees. The numbers are however not linked to the list of

interviewees presented earlier.

4.1 Cognitive Instrumental Process

In this section, three main findings related to the perceived usefulness of

blockchain technology will be presented. These findings have been common

denominators in the interviews, group discussion and are supported by the

literature review.

A common denominator in the majority of the interviews was that blockchain

was perceived to have a high degree of job relevance as defined in the TAM

2 framework. Furthermore, a majority of the institutional interviews, as well

as the group discussions, suggested that blockchain technology is relevant and

perceived as useful in the mobile financial industry. The main characteristics

of the technology that were used as motivations was its ability to reduce costs

by reducing the number of intermediaries, automating processes by leveraging

smart contracts, traceability, creating trust and fast settlements. Furthermore,

implementing blockchain was perceived to create tangible results as it could

greatly reduce costs by cutting out intermediaries and automate processes.

However, in the academic interviews blockchainwas only perceived to be useful in

some specific cases. It was stressed that if the creation of trust is the sole purpose

of a blockchain implementation, it is many times unnecessary. This is because the

blockchain technology will have a low relative advantage to current technologies
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as trust can sometimes be created easier and in more efficient ways. However,

in some cases, where trust cannot be created in any other way, it can be useful

to implement blockchain, such as in multiparty environments where participants

are of equal size and a dominating trustworthy participant is missing. In one of

the academic interviews, the following was said about the relative advantage of

blockchain when asked when blockchain is especially useful:

“
In a network where it exists many small stakeholders without a natural

dominant stakeholder. It might not always be good for all the participants, but it

is good for the network. -Interviewee A

”
Furthermore, group discussion as well as the technical interview criticized the

current output quality of blockchain as they perceived the technology to not be

mature enough for implementation. The lack of standard definitions and stable

protocols were especially highlighted as challenges technologically. The following

was commented about blockchain and its maturity:

“
A very new and fluid technology. The code has to be stable and the protocol

needs to be defined. There are no standard definition and people are still coming

up with new concepts in blockchain which they implement in their own way.

That is now not how enterprises work because you have to follow common

protocol. -Interviewee B

”
The quote above illustrates how the lack of standardization is a factor negatively

affecting the perceived usefulness as defined in the TAM 2 framework. This is

also supported by recent research where it was found that there is a need for

standardization at protocol level (Post, Smit, and Zoet, 2018). Similar findings

from research have also been made about blockchain technology in the energy

sector (Song, Y. Li, and Yang, 2018).

Another important aspect that was discussed in the group discussion and in

the academic interviews, was that while transparency can add value in some

ecosystems, it can be perceived as an issue in others. Hence, the output quality of
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blockchain differ depending on the interests of the participant. The main conflict

of interests that transparency could create the fact that some organizations can

be reluctant to share their information as it could jeopardize their position of

competitive advantage. This is because an increased efficiency is not always in

each stakeholder’s interest as efficiency can also mean that you will decrease

your revenue because you are the inefficient party. In one of the interviews

the following comment was made about stakeholder’s reluctance to share their

information:

“
It is about winning, not being honest. -Interviewee A

”
This is in line with previous research, where it has been found that blockchain will

not only create winners, but also losers (Novak, 2019) and refers to blockchain’s

ability to alter the flow of money in a way that can be difficult to predict. In the

interviews and group discussions, it was found that this negatively affected the

perceived usefulness of participants feeling threatened by the technology.

The other main finding that was derived from the group discussion and was

identified in the majority of the interviews was that blockchain has the potential

to increase financial inclusion. This statement was motivated by several factors,

the most common was its technological characteristics which could facilitate

the integration of identification solutions to lower the barriers of entry to the

ecosystem. This simplifies the process of including many of the 1.1 billion people

missing identification documents. Furthermore, the identification barrier does

not exist for the decentralized blockchain cryptocurrencies available today, the

only requirement to participate in these networks for anyone is an internet

connection and a device (i.e. computer or cellphone). However, it is important

to explore how these type of solutions without requirements for identification can

be constructed to comply with regulations, such as AML and KYC.

This is in line with previous research, where it has been argued that it is important

to start from identity to achieve financial inclusion and that digital identity is

facilitated by blockchain technology, which can allow anyone to participate as long

as they have a connected device (Freund, 2017).
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Furthermore, another important aspect that was found in a majority of the

interviews was the fact that blockchain is decentralized, permissionless and

automated, which makes a strong case for using this technology to increase

financial inclusion as the technology does not discriminate, it knows no risk

and allow anyone to participate. Furthermore, in some of the interviews, it was

highlighted that the technology’s ability to allow transaction at near zero fees could

make it useful in remittance and when making micro-transactions, which could

attract further the financially excluded.

This importance of these characteristics for increasing financial inclusion is

supported by findings in a paper published by the Indian Council for Research

on International Economic Relations. In the paper, based on data from The

World Bank Findex Data (Demirguc-Kunt et al., 2018), it was found that high

costs, lack of identification and lack of trust are important reasons explaining

why individuals are financially excluded (Sharma et al., 2019). Solving these

can be facilitated by blockchain technology, which therefore could help increase

financial inclusion. Research has indicated similar findings, where it was

highlighted that blockchain technology, through automation and its ability to

remove intermediaries, could create opportunities for reducing costs, which could

result in increasing financial inclusion (Kewell, Adams, and Parry, 2017).

However, the risk of having miners that are not democratized need to be

highlighted. In some of the interviews and group discussions, it was found

that there is a risk and vulnerability that mining power gets monopolized and

controlled by someone, which could decrease the democratization. Different

vulnerabilities of blockchain technology was also presented in the literature

review. One dilemma that was presented was the trade-off between security and

speed, which given the consensus algorithms known today could create a situation

where the output quality is sacrificed (speed) in order to reach the desired level of

security.
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4.2 Social Influence Process

In this section, findings related to perceived usefulness involving social influence

processes will be presented. Furthermore, as in the previous section findings are

analyzed according to the diffusion of innovations theory.

Firstly, the majority of interviews and discussions suggested that usage of

blockchain solutions is perceived to increase individuals’ social image and status,

aspects defined in the theoretical framework of TAM2, by enabling more efficient

mobile financial services. This is supported by the various use-cases discussed

during the interviews. Examples of blockchain applications that can help increase

individuals financial inclusion and thus their social image and status are global

remittance, credit scoring, creation of digital identity and improving democratic

process such as voting. The interviewees proposed how these use-cases within

mobile financial services will improve their efficiency by the use of blockchain

technology. Blockchain solutions can lower the cost to open and maintain a bank

account which would lower the entry barriers for the unbanked. Another example

brought up several times is how blockchain can lower the transaction fees and the

settlement time for remittance.

These examples relates to the definition of financial inclusion as defined by

the World Bank, that based on empirical research has concluded that financial

products and services need to be useful, affordable and delivered in a responsible

way (The World Bank Group, 2007). Since our findings show that blockchain

solutions for several financial services use-cases enables these aspects, blockchain

have the potential to financially and socially include millions of people in sub-

Saharan Africa, and therefore influence their image and social status (Kewell,

Adams, and Parry, 2017).

Furthermore, the majority of the interviews as well as the group discussion,

suggested that a good user experience will be of big importance if blockchain

solutions are going to be adopted. Interviewee D said the following about the

importance of user-interface when asked what is important in order to make

people in rural communities perceive blockchain as useful:
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“
User experience and user interface. You must remember, many of these Africans

that uses informal saving systems do it in cash. They get together once a week,

maybe on a Saturday for tea, and they put all the cash into a basket. If you want

to do an informal saving system on the blockchain, let’s say, to make it

completely abstract on your app, you should not have more than one or maybe

two buttons. You should have very little information. Keep it simple because

otherwise you’ll never get accepted. -Interviewee E

”
According to TAM2, beliefs and attitudes towards technology will depend on

the personal experience of usage. The framework also highlights how increased

system experience may subside the effects of subjective norm. In order to create

a positive personal experience and frequent usage and system experience of

blockchain solutions the design of the user experience needs to be simplified, easy

and adapted to the population in sub-Saharan Africa. This would also lower the

complexity of its solution, which is important for adopters to learn to use the

innovation. This is of even greater importance in sub-Saharan Africa, since a

majority of people in the rural communities are poor and financially illiterate. The

interviews suggest that it is important for the developers, asmuch time as possible

immerse with the end-users if they want to create good solutions.

Research has shown that many organizations have recently begun to leverage

human-centered design, a design approach where designers gain deep empathy

for their stakeholders in order to develop solutions that tackle poverty. Human-

centered design is viewed as a useful framework for design in a developmental

context because it focuses on the needs of the humans and can thus be useful for

people wanting to develop blockchain solutions in sub-Saharan Africa (Gordon et

al., 2017).

Furthermore, research in technology diffusion to and adoption by low-income

countries highlights the importance of making adoptions according to local

economic, social, technical and environmental conditions (Zanello et al.,

2016).
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Another challenge that can lower the system experience of blockchain technology

in the context of mobile financial services is that the unbanked people are not

familiar with transacting digital money and this can be an obstacle for perceiving

the technology as useful. This is a challenge mentioned by several interviewers

who suggest that cryptocurrencies need to be converted to cash as accepted

payment method. This can be facilitated by the millions of people in sub-Saharan

Africa using mobile phones for sending money. Studies by GSMA show that

60 percent of the population in Africa has a mobile money account (GSMA,

2018a.

One common denominator in the majority of the interviews was that a key driver

for blockchain technological acceptance is getting legitimization from the people

with influence and power. TAM suggests that the direct effect of subjective

norm will have a strong effect during early usage of technology. Trust is gained

through informal or formal leaders and is hard to earn. In the context of sub-

Saharan Africa tribal practices are common, which stems from a lack of strong

democratic institutions (Juma, 2012). The interviews suggest that it is important

for developers to work with existing businesses that already have legitimization

in order to gain validation of blockchain and influence people’s perception of the

technology. Interviewee C said the following regarding gaining the trust of people

in rural communities to convince them to accept and perceive a technology or

solution as useful:

“
You need to gain the trust of the leaders in those areas. No one’s going to be able

to go into a market and gain trust instantly, you need to go through the right

channels. That is why we work with an agribusiness who has been working with

these farmers already. We did not go in there and just threw an app in their face

and said you must use it. We went through an agribusiness who has been

working with these farmers and who has a relationship with them already

-Interviewee C

”

.

This is also supported by research that found that organizations will succeed

or fail in information technology acceptance based on their leadership and the

great effect a change leader can have on acceptance of technology (Abu-Nahleh,
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2014).

One main finding from the interviews regarding blockchain acceptance in rural-

communities is that the technology may be unnecessary and not perceived to be

useful if the sole purpose of implementing it is to create trust. This is because in

these rural-communities, trust can be created easier and more efficiently through

informal leaders and tribe leaders, which can give blockchain technology a low

relative advantage. Therefore, if the sole purpose of implementing blockchain is

to create trust, it is important to consider each individual case in order to reach

conclusions on blockchain’s relative advantage.

In sub-Saharan Africa, in general, there is a low trust to government and

institutions (Transparency International, 2019), which can make a case for using

blockchain according to Interviewee A. Several countries in Africa have been

plagued with a lack of transparency and corruption, such as manipulation of

elections results. Another example of corruptions is land fraud where cartels

collude with governmental officials to create titles for land they want to acquire.

In the latter case blockchain can be used to create foolproof digital land registries.

The information can be stored in immutable digital registries and cross-checked

by a network of computer users. The following comment was made about

blockchain technology by a governmental official in South Africa about how the

technology can be leveraged to minimize corruption, create a more equal society

and hence increase the financial inclusion:

“
It is decentralized, the technology does not discriminate. It does not care if you

are rich or poor, everyone can participate. -Interviewee D

”
This comment, by Interviewee D, highlights the importance of the technology’s

ability to not be influenced by corrupt third parties, which is a problem in the

region (ibid.). This is important in order to eliminate the gaps between rich and

poor, as well as between men and women.

However, research has found that the level of corruption can be a barrier to

innovation. A study by World Bank found that corruption and bribes diminish

the probability of new products being introduced (Zanello et al., 2016).
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Overall what can be concluded is that, although the damaged institutional

conditions of sub-Saharan African countries creates big potential for several

blockchain use-cases, it can also be a big barrier for its adoption and

diffusion.
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5 Conclusions

In this section, the conclusion from the research and the main outcomes of the

research will be presented. In Section 4, several findings were presented and

discussed. These findingswill in this section be summarized and conclusions will

be made to answer the research questions that were formulated in Section 1.3.

The answers to research question 1 are presented in Section 5.1 and the answers

to research question 2 are presented in Section 5.2. The section will be concluded

with a brief subsection about the limitations of the study and recommendations

on future research

5.1 Research Question 1

What is the perceived usefulness of blockchain for mobile financial

services in sub-Saharan Africa?

In this study, it was found that blockchain is perceived as useful for MFS in sub-

Saharan Africa but that the technology is not perceived as ready for adoption yet.

The blockchain technology was found as useful because of its ability to increase

efficiency using its technological features such as automating processes using

smart contracts and reducing the number of intermediaries. In sub-Saharan

Africa, one feature that was perceived as especially useful was the fact that it is

a decentralized technology because the technology does not discriminate, and it

allows anyone to participate in the network. Furthermore, the barriers to entry

such a network are very low, one can connect remotely and the only requirements

to participate is a connected device, such as a cellphone. This makes it easy for

unbanked people to gain access to mobile financial services, especially since a

large proportion of the unbanked people lacks identification documents which

excludes them from non-blockchain financial services.

However, despite that the potential benefits of blockchain are promising, there

are still factors contributing to blockchain not being perceived as useful and these

factors needs to be resolved. Most importantly, the protocols and basic definitions

of the technology are not yet defined and there is no common understanding
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on how to create blockchain solutions today. In order to take advantage of the

technology’s advantages, it is important that you can build reliable solutions. As of

today, it is not clear how you need to design the blockchain infrastructure from the

groundupwhenprovidingMFS. This requiresmore research and a demonstration

of the technology’s feasibility. In order for blockchain to compete with non-

blockchain MFS infrastructures, it is important that the technology matures and

that a common understanding is reached on how a blockchain infrastructure

should be designed in order to provide reliable MFS.

5.2 Research Question 2

Can blockchain increase financial inclusion in sub-Saharan Africa?

In this study it was found that blockchain technology has the potential to increase

financial inclusion by enabling availability, accessibility, and affordability. One

of the reasons is its ability to reduce costs for ownership and maintaining a bank

account by eliminating costly intermediaries. This will lower the entry barriers

for people who are in consideration of joining the financial system. In addition

to this, blockchain technology can lower the transaction fees and decreasing

the settlement time for global remittance. Furthermore, the development of

blockchain-based identities can allow unbanked people to gain access to the

financial services and engage in the global economy. Another example of its

application was its creation of transparent credit history, which can facilitate

people taking loans. Through analyzing interviews and an extensive literature, it

could be concluded that blockchain technology can improve the efficiency of these

use-cases compared to not implementing the technology.

However, even though the outlooks are promising, there are hurdles that needs

to be overcome first. In addition to the technical weaknesses presented in Section

5.1, another central challenge that was identified is that blockchain solutions for

financial inclusion needs to be more user-friendly and adapted to the people

living in the rural communities in sub-Saharan Africa. The developers need to

work together with these people in order to create solutions with a good user

interface. Conclusively this study shows that blockchain technology can facilitate

the financially and socially inclusion of millions of people in sub-Saharan Africa.
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The research does however show that even if the technical challenges are solved,

there are challenges of how services should be packaged and legitimized in order

to reach a technology acceptance and adoption in sub-Saharan Africa.

5.3 Limitations

In this study, many measures have been made to maintain a high degree

objectivity when conducting a systematic work develop new knowledge. However,

despite the attempts made, it is hard to completely elude some aspects which

could be seen as potential weaknesses in the study. One such weakness is that this

study partly relies on self-reported data, such as interviews and group discussion.

One weakness of conducting this type of qualitative research is that it is difficult

to independently verify the data and replicate the results. Another weakness is

that self-reported data can contain biases such as (Robins, Fraley, and Krueger,

2007):

• Selective memory, which is the ability to remember certain facts but not

others.

• Telescoping, the ability to perceive recent events asmore remote than they

are and distant events to being more recent than they are.

• Attribution, the ability to attribute positive events to one’s own

contribution while attribution negative events to external forces.

• Exaggeration, the ability of presenting events asmore significant than they

actually were.

Furthermore, this research conducted qualitative research, which can be hard

to accurately replicate. The exact same result may not be obtained every time

the research is replicated, which is because of the biases in self-reported data as

presented earlier in this section, as well as the fact that the researchers’ biases

affect the outcome despite the efforts to be systematic.

Another limitation of the research is that financial limitations made it difficult

to include unbanked people in the interview sample. Including unbanked

people in the interview sample would create a better balance between different
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interest, which would have improved the quality of the research. The unbanked’s

perspectivewas however considered anyway by drawing conclusions from second-

hand data. Analyzing second-hand data have biases and using first-hand data

would be more desirable. In addition to this, the limited number of interviews is

another limitation, as well as the fact that a highly diverse region like sub-Saharan

Africa has been generalized.

5.4 Suggestions on Future Research

There are several areas that are of interest to study in the future. This study

is purely qualitative with no quantitative elements. However, the framework

of TAM used in this study is usually conducted by quantitative measurements.

Questionnaires are sent out in order to evaluate individuals perceive of use and

perceive of ease. In future research this study can be conductedwith a quantitative

method, to attempt verify the findings in this research.

Furthermore, this study has not focused on the blockchain’s ease-of-use and did

as a consequence not draw any conclusions on attitude toward using, behavioral

intention to use and actual system use. The reason no conclusions about the

mentioned factors were made was to not misuse the model, as the model clearly

states that the mentioned factors also depends on the ease-of-use. Therefore, in

future studies, it would be interesting if a more technical research is conducted

using the TAM 3 model which has a greater focus on the perceived ease-of-use

of the technology compared to TAM 2. Providing insights on the perceived ease-

of-use could together with the findings connected to perceived usefulness in this

study could help drawing conclusions on blockchain’s actual system use using the

TAM 3 model.

Another important perspective that this study lacks is the juridical point of view.

In future research, it would be interesting if juridical and regulative challenges are

explored and try to identify what requirements blockchain solutions need to fulfill

in order to comply with AML and KYC regulations.

Furthermore, conducting a similar research in other regions, such as South East

Asia, could be conducted to identify blockchain’s perceived usefulness and how it
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can contribute to financial inclusion in that region. If common findings are made

for both the regions, it can be of great interest for organizations aiming to develop

blockchain solutions with end-customers in both regions.
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A Interview Guide

Part 1: Introduction (5 minutes)

• Present who we are and explain the purpose of the interviews.

• Ask if we can record the interview.

• Ask if the interviewee wants to be anonymous.

Part 2: Background (5 minutes)

• Who are you?

• What company do you work for?

• What role do you have?

• What experiences do you have?

Part 3: Exploring their experiences, views, attitudes and ideas (15

minutes)

• How are you working with blockchain today?

(How do you intend to work with blockchain in the future?)

• What role do you think blockchain can play in your field?

• What value can blockchain create that existing technologies cannot?

• In your opinion, what blockchain use cases have great potential in your field?

• What are the benefits of using blockchain in the MFS sector?

• What is your view on blockchain adoption in Africa?

Part 4: Evaluating their comments (15 minutes)

• What limitations in the technology have challenged you?

• In your experience, how mature is DLT today?

• Did blockchain change your previous business model?

(Do you think youneed to adjust your current businessmodelwhen adopting

blockchain?)
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• How can DLT increase financial inclusion in sub-Saharan Africa?

• What practical problems do you see in using digital money in Africa?

Part 5: In-depth discussion (10 minutes)

• How can the discussed challenges be tackled?

• How did you reach consumer acceptance of your blockchain solution in

discussed area?

(What is necessary to reach acceptance for blockchain technology in

discussed area?)

• How can the discussed challenges in transiting to digital money be handled?

• How would you like a blockchain solution to be designed?

• What prevents a full-scale blockchain adoption already?

• What are the challenges you face when reaching blockchain acceptance?

• What limitations in the technology have challenged you?

• In your experience, how mature is DLT today?

• Did blockchain change your previous business model?

(Do you think youneed to adjust your current businessmodelwhen adopting

blockchain?)

• How can DLT increase financial inclusion in sub-Saharan Africa?

• What practical problems do you see in using digital money in Africa?

Part 6: In-depth discussion (10 minutes)

• How can the discussed challenges be tackled?

• How did you reach consumer acceptance of your blockchain solution in

discussed area?

(What is necessary to reach acceptance for blockchain technology in

discussed area?)

• How can the discussed challenges in transiting to digital money be handled?

• How would you like a blockchain solution to be designed?
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• What prevents a full-scale blockchain adoption already?
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B Organizations of the respondents

B.1 Interview Round 1 - Research trip to South Africa

The Council for Scientific and Industrial Research (CSIR) is a leading

scientific and technology research organisation that researches, develops,

localises and diffuses technologies to accelerate socioeconomic prosperity in

South Africa. The organisation’s work contributes to industrial development and

supports a capable state.

The Blockchain Academy was established in 2015 and is the first of its

kind in South Africa. Entrepreneurs, developers and institutions from many

different industries attend their training and consulting sessions to learn about

the innovative potential of blockchain technology and cryptocurrencies such as

bitcoin. They have provided training in the following six African countries:

Swaziland, Mauritius, Ivory Coast, Namibia, Zimbabwe and South Africa as well

as in Oman in the Middle East.

GreenFingers Mobile is a mobile technology platform which manages and

finances large groups of smallholder farmers in value chains. GreenFingers

Mobile replaces pen and paper-based management systems with real time big

data, to reduce transaction costs and enable the efficient inclusion of smallholder

farmers in global value chains. Itwas initially piloted in 2013, and fully established

in 2015. The technology solution currently operates in three countries, managing

over 5,000 smallholder farmers, across commodities like ABE chilli, soy, sorghum

and maize.

Wadappt is a platform that utilizes the power of the blockchain to connect impact

investors with donors in a manner that is mutually beneficial and aims to unlock

substantial amounts of funding. Its current focus is on funding the preservation

of key biomes in Africa.
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B.2 Interview Round 2

Ericsson is one of the leading providers of Information and Communication

Technology (ICT) to service providers, with about 40%of theworld’smobile traffic

carried through their networks. They enable the full value of connectivity by

creating game-changing technology and services that are easy to use, adopt, and

scale, making their customers successful in a fully connected world.

KTH Royal Institute of Technology has since its founding in 1827, grown to

become one of Europe’s leading technical and engineering universities, as well as

a key centre of intellectual talent and innovation.
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C Industry Report

C.1 Current Trends of Blockchain Development

C.1.1 Public Sector

As of today, China and Europe are in leading positions in the formulation of

blockchain policies. The European Union established an observatory 2018 with

the purpose of formulating blockchain standard policies, coordinate the academic

society and facilitate cross-country Blockchain-as-a-Service (BaaS).

In 2017, the State Council of China has issued a five-year plan for promoting

the development of new technologies such as blockchain. Following this,

many local governments in China, such as Shenzhen, Guangzhou, Guiyang,

Qingdao and Hangzhou have adopted blockchain supporting policies to promote

blockchain development. As a consequence, a platform for collaboration was

established under the guidance and support of the Chinese Ministry of Industry

and Information Technology. The collaboration is called the Trusted Blockchain

Alliance and the purpose of it is to promote the integration of blockchain

technologies. Over 150 companies are members of this alliance, some of the

companies participating are the following:

• Huawei

• China Mobile

• China Telecom

• JD Finance

C.1.2 Private Sector

In the private sector, one important blockchain development is the Hyperledger

project that was launched by the Linux Foundation in 2015 and aimed to create

a cross-industry collaboration. The project is today supported by more than 200

companies, the following are some examples:
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• Huawei

• IBM

• Intel

• Fujitsu

• Cisco

• Samsung

• Accenture

• American Express

• Deutsche Bank

The goal of this project is to allow itsmembers to collaborate in building platforms

that will support use cases in multiple industries.

Another important development in the private sector is the Enterprise Ethereum

Alliance (EEA), which was established in 2017. Some of the founders of this

Alliance are listed below:

• Accenture

• Bank Santander

• Intel

• JP Morgan

• Microsoft

• ConsenSys

As of today (2019), the alliance has gathered more than 150 members. The

purpose of this alliance is to develop standards and facilitate blockchain

developments within its network.

Lastly, one important development for blockchain in MFS is Facebook’s project

Libra, which will be unveiled in June 2019. The information that is known

today is that Facebook’s cryptocurrency will be backed by a basket of multiple

international fiat to decrease its volatility. The cryptocurrency will be transferable
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with near zero fees through Facebook, Messenger and WhatsApp. Furthermore,

the goal is to work with merchants to accept the cryptocurrency as payment. This

project is supervised by PayPal’s former President andVice-President of Facebook

Messenger.

C.2 Identified Use-Cases Related to the Findings of the
Study

In this study, it has been found that, at least in the short-term, that cost-reduction

is blockchain’s main strategic value. This depends on its ability to automate,

remove intermediaries and reduce administrative labors related to record keeping

and transaction settlements. However, in the long-term, blockchain can enable

entirely new business models and revenue streams. Some of these long-term

business models and developments related to them will be presented in this

section.

C.2.1 Blockchain-Based Identity Management

The most important project today is the non-profit foundation Sovrin which was

founded by IBM and is a member of Hyperledger. The Sovrin project is operated

by stewards and trusted organizations such as:

• ABSA

• Cisco

• T-Mobile

• IBM

• Visma

The goal is to create a new standard for digital identity where individuals can

control their digital identity. This could allow new revenue streams by creating

competition on credential quality and cost. One example of a new business model

here could be to choose to share a verifiable claim of own location. The mobile
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carrier could provide this information to the entity that requested it and get paid

for the information.

C.2.2 Eliminating Counterfeit Products

One of the key findings in this study is that blockchain’s ability to provide

traceability is perceived as useful. This could be useful in example marketplaces

like Jumia, AliExpress and Ebay to prevent the sale of counterfeit goods. If

the supply chain would be on a blockchain, the customers could verify the

origin of the products. The German software company SAP is announced

their ambition of developing a blockchain solution to help eliminate counterfeit

products. Following this announcement, they established an Industry Blockchain

Consortium, where they can collaborate with like-minded industry leaders and

partners. Some of the members are: Intel, UPS, A3 by Airbus and T-Mobile.

C.2.3 MFS Supply Chain

As found in the study, blockchain is perceived to decrease the costs in MFS.

This cost reduction is mainly derived from the technology’s ability to optimize

the current processes. One example of process that could be automated on the

blockchain is the process of complyingwith AMLandKYC. Today, each institution

needs to individually verify compliance with the regulation and according to the

Cost of Compliance report by ThomsonReuter, the overall cost derived from these

processes account for 5-10 percent of the annual turnover of financial institutions.

A blockchain system could work as an independent verifier for these processes

and eliminate multiple verifications of the same clients. Today, several projects

are active in working on providing this service in the future. The Sovrin project is

one example. Other examples are VerifyUnion, Civic, Cambridge Blockchain and

KYC-chain.
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C.3 Recommendations for Institutions

1. Start collaborating with alliances and industry partners. It is

important to be part of the process of the implementation and development

of clear blockchain standards and policies. It is important that key industry

players like Ericsson collaborate with national organizations and potential

future partners to find a shared success and to accelerate the blockchain

development. Furthermore, it is important to affect the development in

alliances to benefit the own organization.

2. Promote the innovation of blockchain solutions by creating

incubation environments. Sweden is listed as the second most

innovative country on the World Index of Innovative Countries 2018 which

makes this type of initiatives more lucrative for Ericsson, especially if it is

supported by government. It is important to encourage the experimentation

of this technology to discover problems and make improvements.
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