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Abstract:

The Taproot Assets protocol is a novel technology that enables the issuance
of digital assets on Bitcoin. Since its announcement, the implementation of
stablecoins was a predominant use case for its development. In combination
with the Lightning Network, a stable asset could generate greater utilization
and offer new applications. This potential phenomenon is evaluated statisti-
cally in this thesis through quantitative research in the form of an online survey
and substantive theoretical studies. Adoption is analyzed based on fundamen-
tal theories of Everett M. Rogers’ “Diffusion of Innovations”. Additionally, other
relevant resources are considered to ensure profound transfer of knowledge
and reliable results. The findings indicate an increase of Bitcoin adoption since
prior novices state a first usage after the integration of Taproot Asset stable-
coins. Moreover, further potential is identified by the cumbrousness of the price
volatility of bitcoin regarding the use as a means of payment.
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1 Introduction

Constancy can neither grow nor fall. The oxymoron emphasized in the title of this paper
combines two blockchain-based technologies and raises the question of whether the con-
stancy of technology A (stablecoins) can facilitate the growth of technology B (Bitcoin® adop-
tion). Blockchain technology has so far created a multitude of applications, with Bitcoin be-
ing the first to enable the exchange of fully digitized value and the intentional absence of a
third party. In this paper, the term " crypto asset" is used in alignment with the nomenclature
of the German Banking Act. Accordingly, crypto assets are digital representations of value
that are exchanged, stored, and traded electronically, are not issued by a central bank or
authority, do not have the legal status of currency or money and are accepted by natural or
legal persons (Federal Office of Justice , 2024). The term "digital asset" is used as a syno-
nym, as its definition by the U.S. Internal Revenue Service is identical (IRS, 2023).

In Chapter 2 of this thesis, the fundamentals of the Taproot Assets protocol are explained.
On the one hand, this includes the prerequisites, which primarily concern Bitcoin, a signifi-
cant upgrade of it and the Lightning Network. On the other hand, the Taproot Assets proto-
col is examined, whereby the creation of assets, their structuring and transfers are ana-
lyzed.

In chapter 3, stablecoins are discussed. This is a prominent class of crypto assets in the
blockchain ecosystem that can be categorized into three classes depending on their collat-
eralization mechanism. The current landscape and the most common use cases of stable-
coins are presented. Ultimately, stablecoins have been introduced to Bitcoin before. There-
fore, we look at four different stablecoin projects on Bitcoin and their position in the market.

Chapter 4 describes the purpose of this thesis, including the research question and a hy-
pothesis based on previous theoretical and consistent findings.

In Chapter 5, quantitative research is conducted to identify the impact of Taproot Asset
stablecoins on Bitcoin adoption. First, the methodology, including the assessment of data
collection and quality criteria, is outlined. To provide a theoretical foundation, the definition
of adoption is examined based on fundamental scientific sources. Subsequently, the re-
sponses to the questionnaire are evaluated. The survey participants were confronted with
the question of Taproot Asset stablecoins on Bitcoin and their opinion and eventual usage

1 The terms "Bitcoin" and "bitcoin" are used according to their definitions of the reading "Mastering Bitcoin" and
the general approach. While "Bitcoin" refers to the entire ecosystem, "bitcoin" describes the native crypto asset
being transferred (Antonopoulos, 2021a).
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of such an application. The analysis of potential adoption is divided into a status quo view
and the prospective impact based on the results.

Chapter 6 describes possible implementation approaches for Taproot Asset stablecoins.
Since there are no concepts yet, this part is based entirely on previous theoretical insights
gained from stablecoins and the Taproot Assets protocol. For the integration into the Light-
ning Network, there exist notions that describe how the implementation will proceed, where-
upon a scenario is presented.

In chapter 7, we summarize the thesis and the results of the research. Lastly, an outlook is
given that can be estimated based on the findings, and further fields of research that can
benefit from this study are identified.
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2 Foundations of the Taproot Assets Protocol

In this chapter, we examine the Taproot Assets protocol that natively introduces digital as-
sets to Bitcoin. To obtain a comprehensive understanding, its prerequisites are initially ad-
dressed. The Taproot Assets protocol is built on the bedrock of two crucial developments:
the Lightning Network and the underlying technology of Bitcoin itself. Furthermore, the Tap-
root update added essential features that lay the foundation for issuing digital assets on
Bitcoin. These components play an integral role in the development and operation of the
Taproot Assets software. Subsequently, we will dive into the protocol itself and gain an
understanding of Taproot Assets and elementary concepts such as universes and asset
trees. Since digital values are meant to be exchanged between users, the process of asset
transfers within the Bitcoin Taproot Assets ecosystem will finally be observed. This results
in an extensive characterization that outlines the foundations of Taproot Assets and the
intersection of the technologies involved.

Figure 1: The Taproot Assets stack (Lightning Labs, 2023a)

2.1 Prerequisites

This section explains the three preconditioned pillars that are essential to the Taproot As-
sets protocol. According to its stack, the Taproot Assets daemon (tapd) is dependent on an
instance running the Lightning Network daemon (Ind) and a full node accessing the Bitcoin
blockchain (Lightning Labs, 2023a). Ultimately, the Bitcoin main network received additional
capabilities in a soft fork update, which directly determined the development of the Taproot
Assets protocol.

2.1.1 Bitcoin

Bitcoin is a peer-to-peer network for digital payments that does not depend on a central
entity. Users can execute transactions with the native crypto asset bitcoin. Based on dis-
tributed ledger technology, the network is supported by a decentralized computing infra-
structure of individual node operators, each storing its own copy of the blockchain —a record
of all transactions processed. The absence of a third party eliminates the necessity of uni-
lateral trust and a single point of failure by relying on protocol design and game-theoretic
incentive mechanisms. This requires coordination of state changes between truthful partic-
ipants under the premise of an insecure, error-prone, and pseudonymous network.
(Nakamoto, 2008)
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Bitcoin in general provides three types of nodes that have different functionalities and roles
within the ecosystem. Lightweight clients do not store the entire blockchain to save on stor-
age space. This requires a simplified method of verifying the validity of a transaction and
thus trusting the integrity of other participants who have access to this data. Its main pur-
pose as a wallet application is to transfer and receive bitcoin. Full nodes, however, store
the Bitcoin blockchain and have direct access to any transaction since the genesis block.
Transactions that are propagated in the network can be verified independently. The most
common implementation is the Bitcoin Core reference client, which is also embedded in Ind.
Both Ind and tapd require a fully synchronized blockchain to operate properly, making a full
node the minimum requirement to access all features of the Lightning Network and the
Taproot Assets protocol. Finally, mining nodes run additional software to aggregate uncon-
firmed transactions into blocks, solve a cryptographic puzzle, and distribute the block in the
network. Although they have a significant contribution to the Bitcoin network, we will not
cover mining nodes in detail in this thesis. (Antonopoulos, 2021b; Lightning Labs, 2023b)

Every bitcoin transfer is initiated by a transaction that is distributed among all nodes storing
the blockchain and checked for validity. This is essential to avoid double spending of the
same coin. In a simplified manner, a transaction indicates that Alice assigns an unspent
transaction output (UTXO) to Bob’s Bitcoin address — which is derived from his public key
— and authorizes the transaction with her personal private key. An easily verifiable chain of
ownership and a new set of UTXOs are created, while the previous UTXO is invalidated
once the block is added to the blockchain. Prior to this, miners build a new candidate block
containing all unconfirmed transactions and start solving the cryptographic puzzle, also
known as proof-of-work — Bitcoin’s consensus algorithm. This requires combining various
pieces of information and generating a hash value that aligns with the current target. By
adding the hash value of the previous block, the blockchain is built, which guarantees
Bitcoin's immutability. Within this process, miners compete against each other, causing the
successful miner to broadcast the block, which is verified by other nodes and accepted only
if it is valid. (Antonopoulos, 2021c; Nakamoto, 2008)

Therefore, Bitcoin represents the main network that ensures the proper execution and set-
tlement of all on-chain transactions, the truthful behavior of its nodes, and the record keep-
ing of every state alteration. It urges to implement additional software that enables new
features or remedies deficits to establish a holistic ecosystem with multiple utilizations. For
this reason, technologies such as the Lightning Network and Taproot Assets were devel-
oped.

2.1.2 Lightning Network

The Lightning Network is a second layer scaling solution of Bitcoin. It consists of multiple
bidirectional payment channels between nodes, creating a meshed system in which users
can reach each other through a few hops. Its development was primarily driven by the in-
tentional lack of scalability of the Bitcoin network, which — as a gossip protocol — requires
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that any modification to the uniform state of the blockchain must be shared and agreed upon
with all participants. In this manner, Bitcoin itself can provide security and maintain decen-
tralization (Poon & Dryja, 2016, p. 1 f.). By abandoning scalability on the first layer and
shifting it to the second, Bitcoin overcomes the well-known blockchain trilemma — some-
times also referred to as “scalability trilemma”. This theory was first described by Vitalik
Buterin and states that a blockchain network can only achieve a maximum of two of the
three properties on its base layer (Buterin, 2017). However, each project has its individual
approach to overcoming this challenge and prioritizes the significance of the elements dif-
ferently.

Figure 2: The blockchain trilemma (Buterin, 2021)

The Lightning Network enables the creation of off-chain payment channels between nodes
through special agreements named 2-of-2 multi-signature addresses. These are construc-
tions that require transactions signed by both participants involved to spend the deposited
bitcoin. This initializes the creation of the payment channel and records it on the blockchain.
If the counterparties decide to change the allocation of funds, they update the state of the
payment channel. This can be done by simply signing and exchanging new transactions
and overwriting the previous state. Since it is a bilateral agreement, it is not necessary to
broadcast the update to the Bitcoin network. While the two counterparties agree upon the
current balance of a mutual payment channel, this is in fact the balance and no conflicts
occur. Hence, the counterparties only exchange transaction drafts that can be broadcasted
to the main network anytime to close the channel, distribute the bitcoins according to the
balance, and inform the network about the final state. In case of disagreement, the protocol
provides protection against fraud through game-theoretic incentives and penalties based
on cryptography. For instance, if Alice propagates an obsolete state of the payment channel
to gain advantage for herself, she will be punished and risks losing all her deposited funds
to Bob. (Poon & Dryja, 2016, p. 4 ff.)

Since transactions do not need to be broadcasted to and verified by the entire network,
nearly instantaneous transfers of bitcoin are possible, which improves scalability. In
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addition, the fees for executing transactions are extremely low as the first layer is not bur-
dened. This also enhances efficiency since unlimited exchanges can be performed off-chain
within the scope of the payment channel. If, however, users had to establish a new payment
channel with every counterpart they want to interact with, scalability and efficiency would
be compromised.

To overcome this, the concept of payment routing was implemented in the Lightning Net-
work. Thus, two parties exchanging bitcoin do not need to be directly linked by a mutual
payment channel. Since channels are public, the origin node can construct a path to the
receiving node. For instance, if Alice wants to send bitcoin to Carol but only maintains a
payment channel to Bob, it is sufficient if Carol also shares a channel with Bob. In this
simplified scenario, Bob would serve as an intermediate node, of which there are in fact
several. The pathfinding process is subject to various conditions, most notably that the hops
and the payment channels in between must hold at least the appropriate amount of trans-
ferred bitcoin. (Antonopoulos, Osuntokun, & et al., 2021a)

The Lightning Network is embedded in several software implementations, all of which are
compliant with the Basis of Lightning Technology. These are standardized specifications
that define how the network operates to harmonize the different solutions and ensure in-
teroperability (Antonopoulos, Osuntokun, & et al., 2021b). One of the software implemen-
tations is Ind, developed by Lightning Labs, that also initiated the Taproot Assets protocol.
The objective is to merge both technologies allowing Taproot Assets to be integrated into
the Lightning Network and to benefit from its capabilities (Lightning Labs, 2023c). Before
we go further into the details, we first examine the third prerequisite for the Taproot Assets
protocol.

2.1.3 Taproot Update

On November 14, 2021, at block height 709,632, a substantial Bitcoin update named Tap-
root was launched through a soft fork activation (Bitcoin Optech, 2021). A soft fork is a
procedure used by Bitcoin to introduce new features and consensus rules which are sup-
ported by a majority of the network, are backwards compatible, and thus do not result in a
separation of the blockchain into two branches (Bitcoin Project, n.d.). The update was as-
sociated with the adoption of new features that are crucial to the development of the Taproot
Assets protocol. In particular, these include Schnorr signatures and Merkelized Abstract
Syntax Trees (MAST). We will explore both in this subsection.

Traditionally, Bitcoin’s cryptographic scheme for public key generation is the Elliptic Curve
Digital Signature Algorithm (ECDSA). Any transfer of bitcoins is based on this technique.
The public key (K) is created by computing a product of the randomly generated private key
(k) and the constant generator point (G) on the standardized elliptic curve secp256k1:
(Antonopoulos, 2021d)

K=kxG
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The security of the equation is guaranteed by a one-way function of the discrete logarithm
problem, which cannot be solved for the private key. The Taproot update introduces a novel
scheme for generating digital signatures over the same elliptic curve, called Schnorr signa-
ture algorithm, that has the same security assumptions as ECDSA. This technique offers
numerous advantages without neglecting the security aspects of Bitcoin’s cryptography. In
particular, the linearity property of the Schnorr signature algorithm allows for more efficient
mathematical structures. Simply put, it is possible to add multiple public keys generated
from different private keys and perform batch validation with the sum of their generated
digital signatures. This enables special multi-signature schemes where bitcoins are sent to
the aggregation of the participants' public keys. The threshold signature is then generated
in the same way. Both the threshold public key and the threshold signature are indistin-
guishable from ordinary public keys and signatures. Therefore, it is not publicly ascertaina-
ble who the participants are and how many were involved, which enhances privacy. (Wuille,
Nick, & et al., 2023)

An even more interesting approach to this linear aggregation mechanism is the generation
of a modified public key (Q) by offsetting it with a cryptographic hash commitment (H) to a
message (m), as formula | shows hereinafter. To spend the output, a modified private key
(q) is created with the same offset as in formula Il. This procedure of key pair modification
with a specific dataset is called Taptweak. (Bitcoin Optech, 2019)

LQ=K+HK|m)*G
Il q = k+ H(K|m)

To fully understand the main purpose of the committed message and its function within
the Taptweak, we first need to explain scripts in Bitcoin. Scripts specify the spending con-
ditions of a UTXO defined by the sender of a Bitcoin transaction. As an example, we intro-
duce four different spending conditions for a Bitcoin UTXO:

Spending condition 1: Bob produces a valid signature with the corresponding
private key.

Spending condition 2: 1,000 blocks were added to the blockchain (time-lock)
and Alice produces a valid signature.

Spending condition 3: two of Alice, Bob and Carol jointly produce a valid signa-
ture (multi-signature).

Spending condition 4: Carol provides a value that corresponds to a specific
hashed secret and produces a valid signature.

So far, privacy concerns are not considered in this process of Bitcoin. As a result, spending
the UTXO would lead to the disclosure of all other spending conditions. For example, if Bob
was able to produce a valid signature (spending condition 1), anyone would be able to see
that Alice and Carol were also involved in this transaction since it is published on the
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blockchain. Furthermore, since all the possible spending conditions must be revealed, com-
plex transactions can become data intensive. (Van Wirdum, 2019)

Nevertheless, to allow multiple spending conditions without exposing the options that have
not been used, Taproot uses a technology called MAST. The idea of MASTs was previously
discussed by prominent Bitcoin developers and was brought to paper and implemented by
Jeremy Rubin, Manali Naik, and Nitya Subramanian (Rubin, Naik, & et al., 2014). Though
it has never been integrated into the Bitcoin software ever since. MASTs combine the prop-
erties of two technologies already used in Bitcoin today: Merkle Trees and Pay-to-Script-
Hash (P2SH) transactions.

Merkle Trees are cryptographic data structures introduced in 1980 by Ralph C. Merkle to
authenticate entries within a public file (Merkle, 1980). In Bitcoin, transactions in each block
are stored within a Merkle Tree to save storage space, provide confidentiality, and simplify
verification. In this process, hashed transaction data is stored in the leaves of a tree struc-
ture. The hash values of adjacent transactions are concatenated at each branch and
hashed again. Finally, the Merkle root is created, which represents a hash value of all the
information within the tree. It is stored in the header of the Bitcoin block and provides a
digital fingerprint that ensures the integrity of its entries, consumes minimal storage, and is
an efficient way to verify the presence of a transaction within the block while keeping other
information secret. The existence of a transaction within the Merkle Tree can be verified by
taking its hash value and generating all other hash values up to the root. If it equals the
given hash value of the Merkle root, the transaction is in fact included in the block.
(Antonopoulos, 2021e)

P2SH is a transaction type of Bitcoin that supports complex scripting (e.g., spending condi-
tions 2, 3 and 4), while the funding address is a fixed-length 20-byte hash. Contrary to the
usual scripting system described previously, P2SH shifts the responsibility of providing the
conditions to spend the UTXO to the recipient. Hence, Bob defines an arbitrary spending
condition in a redeem script, hashes it, and sends the hash value to Alice, who creates the
transaction containing Bob’s hashed redeem script. When Bob later provides the script, the
UTXO can be spent as it corresponds to the script hash. (Andresen, 2021)

MASTSs unify these two technologies and store multiple scripts in a Merkle Tree, where the
branches down to its leaves represent different spending paths for the UTXO. The root is a
hash value that includes all the spending conditions of the UTXO. Within the Taptweak, the
root of the MAST represents the message of the cryptographic hash commitment described
above. In addition, Taproot introduces a new type of Bitcoin transaction: Pay-to-Taproot
(P2TR). It combines the previously described P2SH with the most basic form of spending a
bitcoin: Pay-to-Pubkey (P2PK). This transaction type simply transfers the bitcoin to another
user's public key. P2TR supports either key-based or script-based spending of the UTXO.
Spending to the public key results in a P2PK transaction, while the cryptographic hash com-
mitment and therefore the MAST of scripts is concealed. If the script-based spending is
applied, the selected path is executed within the validation process and ultimately recorded
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on the blockchain, while any other option is kept private. Figure 3 shows the structure of a
MAST, which is identical to a Merkle Tree: (Wuille, Nick, & et al., 2023)

Figure 3. MAST of scripts for Taproot outputs (Wuille, Nick, & et al., 2023)

2.2 The Taproot Assets Protocol

The Taproot Assets protocol enables digital assets to be natively integrated into the Bitcoin
blockchain. Formerly known as Taro (Taproot Asset Representation Overlay), it incorpo-
rates several new elements that are based on the Taproot upgrade and are covered in this
section. As an overlay, it depends on the conventions of the Bitcoin protocol, which serves
as a backbone and is given special rules for handling Taproot Asset data. In addition to the
on-chain issuance and transfer of Taproot Assets, an interconnection with the Lightning
Network is planned. This is of particular importance for fungible token such as stablecoins,
which potentially are exchanged more regularly due to their uniformity. These are ad-
dressed in the chapter 3. (Osuntokun, 2022)

Although the main network alpha version of tapd was released on October 18, 2023, the
technology is still under development. Thus, the aspects mentioned in this section may be
subject to changes in the future. Users should also be aware of the loss of funds when
interacting with the protocol. However, future software improvements will be forward com-
patible, which ensures that they will not interfere with assets that have already been issued.
The alpha version does not yet support the integration of Taproot Assets into the Lightning
Network, which will be included in additional updates. (Gentry, 2023)

2.2.1 Taproot Assets

The Taproot Assets protocol enables the issuance of arbitrary digital assets. These can be
emitted in the form of “collectibles”, such as non-fungible tokens (NFT), or “normal” assets
for the application of fungible tokens (e.g., stablecoins), which we will focus on in this thesis.
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However, the application of Taproot Assets is not limited and can have various other repre-
sentations such as shares or tickets. To encourage adoption, the utilization of Taproot As-
sets is light-client friendly supporting access for users who do not run their own full node,
although this comes with limitations when interacting with the protocol. Besides the integra-
tion into the Lightning Network, further updates may bring the incorporation of confidential
transactions through zero-knowledge proofs or other prominent technologies. (Lightning
Labs, 2023c)

Taproot Assets are designed to significantly operate off-chain in order to avoid large storage
requirements or congestion of the memory pool. This is also influenced by the experience
of the year 2023, in which many transactions with large storage volumes were sent due to
the inscription of Ordinals, which are NFTs on the Bitcoin blockchain. The basic process of
transferring Taproot Assets is described later. Since assets can have multiple attributes that
expand to large data packages, universes have been created. These are repositories that
provide information about a particular Taproot Asset, including transaction data, thus mak-
ing them comparable to a Bitcoin block explorer. Anytime an on-chain transaction is created,
it generates a new proof, resulting in a linear increase in asset proofs. In addition, universes
verify the provenance of an asset so that users do not have to trust the originator and can
therefore be used as proof of reserves to validate the total amount. (Lightning Labs, 2023d;
Osuntokun, 2023a)

2.2.2 Asset Trees

The MAST described in the previous subsection, which was introduced by the Taproot up-
date, is extended within the Taproot Assets protocol by another asset tree: Merkle-Sum
Sparse Merkle Tree (MS-SMT). This is a Merkle Tree that has by default 225 leaves, of
which empty ones have the value “null” whereas the root contains all the information. MS-
SMTs enable a key-value mapping — similar to dictionaries in programming languages —
where the information stored in the leaves is linked to its location. A bitmap is created out
of this mapping which allows to perform a non-inclusion proof if specific data is not included
or has been deleted. Like Merkle Trees, the information in the leaves is hashed to ensure
privacy. Since the Bitcoin Improvement Proposal (BIP) of MS-SMTs is still under develop-
ment, the final implementation can change throughout further processes. Figure 4 illustrates
the construction of a MS-SMT: (Osuntokun, 2023b)
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Figure 4: Taproot Asset MS-SMT (Gondo, 2023)

The MAST script tree at the top represents the script paths that include all the script-based
spending conditions for the UTXO. Its root is committed to within the Taptweak. The asset
tree of the Taproot Assets protocol is nested in the script tree and comprises two levels of
MS-SMTs. The upper aggregates all the assets in its leaves, each of which constructs a
tree on the second level that defines the UTXO sets of a specific asset combined with some
data (e.g., asset ID, asset type, amount). The following subsection will focus on the transfer
of Taproot Assets between users. (Gondo, 2023)

2.2.3 Asset Transfer

Taproot Assets are being created in a Taproot transaction on the Bitcoin blockchain. There-
fore, the asset is assigned a unique asset identifier which makes it distinguishable from
others. This issuing transaction does not contain any inputs, however, the outputs can have
multiple recipients. Moreover, it is possible to create multiple assets within one issuing
transaction. The issuance fills the MS-SMT described earlier of the given asset, where each
receiving account (key) is allocated to a leave (value) in which the corresponding amount
held by the account is stored. The publication of the issuing transaction and its inclusion
into a Bitcoin block confirms the creation of the Taproot Asset. To others this transaction is
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indistinguishable from any other Taproot transaction, which enhances the privacy, since
only involved users understand its purpose. (Lightning Labs, 2023d)

While the current implementation supports the transfer of Taproot Assets on-chain, the real
benefit for stablecoins will be introduced with an integration into payment channels of the
Lightning Network. Since this is not yet specified, we will first focus on on-chain transactions
and describe possible implementation approaches later. Bitcoin address types generally
have specific prefixes, while P2PK addresses start with a "1", P2SH addresses start with a
"3" (Antonopoulos, 2021d). Taproot Asset addresses of the main network have the prefix
"tapbc" and contain information such as the ID of the asset and the amount to be transferred
as well as the tweaked public key, which represents the MAST (Osuntokun, 2023c). When
a Taproot Asset is transferred, an address is generated by the recipient and communicated
to the sender, who initiates the transaction. However, the protocol still allows some flexibility
for the sender to configure this process. To carry out the transaction, the sender creates a
new MS-SMT listing the adjusted balances by decreasing or increasing the amounts of the
various accounts involved, while the total amount remains unchanged. The transaction must
be transferred on-chain and added to a block for the definite confirmation. (Lightning Labs,
2023d)

Taproot Assets are designed to be customizable and therefore offer additional features
which have not yet been explained. Due to the peculiarities of a digital asset, it could be
necessary to merge or split units. This could be beneficial for the application of NFTs, which
—when merged — create a new unique collectible. An example could be the use of this token
within the metaverse or the gaming industry. Since this paper is focusing on the implemen-
tation of stablecoins through Taproot Assets, we will not examine this in detail. Although, to
integrate stablecoins, it is necessary to guarantee fast transfers, a stability mechanism
through the extension and contraction of supply as well as further requirements. These will
be explored and outlined in chapter 6. To fully understand stablecoins and its current land-
scape, the next chapter will focus on this type of crypto asset.
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3 Exploring Stablecoins

Stablecoins have become one of the largest crypto asset classes amongst blockchain net-
works. First introduced in 2014, their additional value lies in the promise of stability and an
inherent link to the value of a predefined asset. Thus, one unit of the stablecoin can be
equal to the value of $1 or any other fiat currency. Although, stablecoins do not have to be
linked to a currency but can represent any other asset. The hypothesis is that each unit of
the stablecoin can be redeemed at any time for the corresponding value that it is tied to.
The classification of stablecoins, which we will focus on in the first section, initially distin-
guishes between two types: collateralized and uncollateralized stablecoins, whereby the
first group is further subdivided into off-chain and on-chain collateralized stablecoins. This
ranking also reflects user sentiment towards the current market coverage of the stablecoin
landscape, which is discussed later in this chapter. As stablecoins have a large share in
terms of market capitalization, they also have an impact on the entire ecosystem including
various use cases. Finally, given that the Taproot Assets protocol aims to enable the issu-
ance of stablecoins on the Bitcoin network, we focus on existing solutions that combine
these two fields.

3.1 Stablecoin Classification

Stablecoins can be classified according to various characteristics, such as the type of asset
they represent or the blockchain network in which they are natively integrated. Generally,
the distinction is made according to the type of collateralization. There are currently three
different methods, which we will explain in the following subsections. Occasionally these
groups are further subdivided or titled differently, but we will focus on the most common
procedure. While the first two types attempt to achieve stability through collateralization, the
third group does so without the support of underlying assets using a different technique that
we will observe later. As we will identify a design for the Taproot Asset stablecoin later in
section 6.1, it is crucial to understand the different approaches and benefits of existing sta-
blecoin implementations.

In addition to the blockchain trlemma, there is also the concept of the stablecoin trilemma.
Thereby, stablecoin classes can only achieve two of the following three characteristics: sta-
bility, (capital) efficiency and decentralization. Both stablecoin classes that apply collateral-
ization have the objective of maintaining relatively stable values. While off-chain models
additionally focus on efficiency, on-chain collateralized stablecoins address decentraliza-
tion. Uncollateralized stablecoins strive to simultaneously target efficiency and decentrali-
zation. In the following subsections, this concept will be elaborated in more detail. Figure 5
illustrates the interdependence of the different stablecoin classes and their characteristics:
(Zhao, 2023)
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Figure 5: The stablecoin trilemma per class (own illustration)

3.1.1 Off-chain collateralized Stablecoins

Off-chain collateralized stablecoins are backed by a reserve of assets that are not recorded
on the blockchain, but in a ledger managed by a centralized entity. Most of them represent
a fully digitized version of a fiat currency. The collateral mostly comprises financial assets
that have a high liquidity ratio but are relatively stable, such as fiat currencies, bank deposits
or short-term debt. Overall, the collateral must at least be equal to the value of the current
supply to fulfill redemption. This creates a good balance between efficiency and stability, as
the issued stablecoins and the collateral are in a 1:1 exchange ratio. Although we only focus
on fiat stablecoins in this paper, there also exist ones that represent the value of other
assets. One example is Tether Gold, a stablecoin that is pegged to the value of one troy
ounce of gold that is physically stored in a vault (Tether Operations Limited, 2022). How-
ever, the more widely used stablecoins are fiat-backed stablecoins such as Tether USD
(USDT), Circle's USD Coin (USDC) and Binance USD (BUSD), all of which aim to maintain
their peg to the US dollar. There are also stablecoins that are pegged to other fiat currencies
such as the Euro (e.g., EURC by Circle), but these are less represented on the market.
Tether and Circle are examples of custodians that manage the spreadsheet of the respec-
tive stablecoin and its collateral. (Mai, 2022)

A typical lifecycle of fiat-backed stablecoins starts with verified users buying the stablecoin
directly from the custodian, for example Tether. USDT is issued by a smart contract — a
computer program deployed on the blockchain that is executed automatically — and sent to
the buyer's address. The holder can now transfer USDT via the blockchain network or use
them in decentralized finance (DeFi) applications. These are also smart contracts that en-
able the utilization of traditional financial services within the blockchain ecosystem. The
custodian promises that users can redeem the USDT in fiat currency at any time. In this
step of the process, users send their USDT back to the custodian, who burns it and transfers
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the same amount of fiat currency back to the user's bank account. It is important to note
that only the custodian can issue and remove off-chain collateralized stablecoins, which
creates a dependency for users on their integrity. (Tether Operations Limited, n.d.)

Stability is achieved through two coherent mechanisms. Firstly, the promise is given that
each unit is redeemable for the equivalent amount of $1, as the value of the supply is
hedged by the collateral batch. Secondly, arbitrageurs take advantage of price discrepan-
cies on the secondary market. In the case of fiat stablecoins, the theory says that if the
stablecoin-US dollar ratio is above one (stablecoin is worth more than $1), arbitrageurs
could exchange their US dollars for stablecoins at the custodian and make a profit by selling
them on the secondary market at the prevailing higher price. This increases the supply of
the stablecoins, which leads to a price reduction. If the stablecoin-US dollar ratio is below
one (stablecoin is worth less than $1), arbitrageurs would redeem their holdings at the cus-
todian, which reduces supply and leads to an increase of the market price. However, if trust
in the stablecoin's peg breaks, its holders will exchange it for the promised value, flooding
the market with the stablecoin and causing its price to fall. This incident would be compa-
rable to a bank run challenging the quality of the redemption mechanism. Therefore, sta-
blecoin holders must always trust the custodian concerning its management and collateral
selection. (Baughman, Carapella, & et al., 2022)

To retain the trust of users, custodians that provide off-chain collateralized stablecoins en-
sure a high level of transparency by having themselves regularly audited by third parties
and providing information about their reserves. As a result, weekly or even daily updates on
the collateral reserves are published and updated on their website.

3.1.2 On-chain collateralized Stablecoins

On-chain collateralized stablecoins secure their stability by promising users that the individ-
ually deposited collateral can be obtained at any time for the return of the lent assets. There-
fore, a few differences to the aforementioned stabilization mechanism of off-chain collat-
eralized stablecoins occur. The collateral that users provide to receive the stablecoin are
blockchain-based crypto assets such as Ether — the native crypto asset of Ethereum. Each
user independently deposits the collateral in a smart contract provided by an institution.
However, users do not have to trust this institution, as it is not a custodian responsible for
spreadsheet or collateral management, but rather the program code of the smart contracts.
The most popular on-chain collateralized stablecoin is DAI, which was initiated by the Mak-
erDAO project, a decentralized autonomous organization (DAO) in which token holders can
participate in the governance process of the protocol to determine its future path. During
election periods, MakerDAO governance token holders can, for example, vote on the per-
centage of the stability fee payable by DAI borrowers to reclaim their collateral. This applies
to most on-chain collateralized stablecoins and guarantees decentralized processes of the
protocol. Yet, it is important to note that the power in the governance token distribution is
not always fully decentralized. Concerning MakerDAO, the top ten addresses hold more
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than 43% of the governance token and can thus manipulate elections (Etherscan, 2024a).
DAl also aims to maintain a 1:1 peg to the US dollar. Since there is no custodian adminis-
tering the collateral, which is furthermore filled with rather unstable crypto assets, over-
collateralization is required. Hence, users who borrow DA, for example, must deposit 150%
of the value of Ether compared to the corresponding value of DAI as collateral. This com-
pensates for the volatility of the crypto asset. This mechanism also makes on-chain collat-
eralized stablecoins rather capital inefficient. In the future, traditional assets that are to-
kenized (e.g., blockchain-based bonds) could serve as a more stable on-chain collateral.
(Baughman, Carapella, & et al., 2022)

On-chain collateralized stablecoins are created through users depositing crypto assets in a
vault provided by a smart contract. Subsequently, a transfer of DAI to the corresponding
wallet is initiated. The ratio of over-collateralization depends on the evaluation of risk pa-
rameters determined in election periods by governance token holders. After receiving the
stablecoin, the user can transfer DAI via the blockchain network or use it for DeFi applica-
tions. By returning the borrowed DAI amount and paying the stability fee, the user can with-
draw the deposited collateral. However, if the ratio between the collateral and the borrowed
DAl enters a predefined zone — i.e., approximating a 1:1 ratio due to collateral depreciation
— the vault is liquidated, and the collateral is sold via an automatic auction mechanism to
prevent under-collateralization. In both cases, the DAI provided to release the collateral is
ultimately burned. (MakerDAO, n.d.)

As there is no central institution that administers the underlying collateral of the stablecoin,
other methods must ensure its stability. The protocol itself contains approaches that ensure
a 1:1 peg to the US dollar, such as over-collateralization and its liquidation according to the
risk profile of the collateral deposited. In addition, MakerDAO governance token holders
update the security requirements of DAI and its protocol through election periods. In the
event of attacks on the network's infrastructure or DAI's price stability, an emergency shut-
down is caused which enables users to immediately withdraw their deposited collateral from
the vaults. (MakerDAOQO, n.d.)

3.1.3 Uncollateralized Stablecoins

Uncollateralized stablecoins — also known as algorithmic stablecoins — do not apply any
collateral as the other two categories described above. Although there are different ap-
proaches regarding the design of the stabilization mechanism, all projects ultimately lever-
age economic theory and incentivization through the adjustment of the supply to ensure
stability. This can be achieved either directly by using a rebase model or through a coupon
model, where other tokens such as bonds or shares are introduced that can be exchanged
for the stablecoin at a fixed rate. An example applying the rebase model is Ampleforth, while
Terra USD (UST) is an algorithmic stablecoin using the coupon model. It is important to
highlight that both projects failed and decoupled from their peg, while UST was even up-
dated and replaced by USTC (CoinMarketCap, 2023a; CoinMarketCap, 2023b). For
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simplicity, this thesis will only concentrate on the original project UST. Similar to on-chain
collateralized stablecoins, the stabilization mechanism of uncollateralized stablecoins is pri-
marily implemented through the use of smart contracts. Since no collateral management is
required, there is theoretically no need for a custodian, which keeps the protocol decentral-
ized. Furthermore, uncollateralized stablecoins are highly capital efficient as users do not
need to deposit any assets to use them. However, the security aspects usually pose a chal-
lenge since there is no peg to other valuable assets as well as an inherent dependency on
the protocol design. For this reason, various projects proposing this type of stabilization
mechanism have failed in the past, for example UST or Basis Cash. (Baughman, Carapella,
& et al., 2022)

Algorithmic stablecoins are created and destroyed by smart contracts through supply ex-
pansion and contraction. Holders can execute transactions on the blockchain network or
use them for DeFi applications. Unbacked stablecoins aim to maintain a 1:1 peg to a specific
fiat currency, which is predominantly the US dollar. If the price of the stablecoin is $1, the
stabilization mechanism functions properly. Only if a disconnection of the value occurs the
protocol must adjust in order to regain stability. This happens automatically due to the im-
plementation through smart contracts. If the price of the stablecoin exceeds $1, an expan-
sion of the supply results. This mechanism is based on the fundamental economic theory
of market equilibrium. Thus, if the supply of an asset increases while demand remains con-
stant, the equilibrium price decreases. In the event of a decrease in supply, the opposite
effect occurs. So, if the price decreases below $1, the protocol burns existing stablecoins,
which leads to a contraction of the supply and an appreciation of the price. This technique
applies to the rebase model. The coupon model uses a similar approach by incentivizing
bond token holders to buy or sell the stablecoin to manage the supply. (Baughman,
Carapella, & et al., 2022)

3.2 Stablecoin Landscape and Utilization

Stablecoins have experienced significant growth within the blockchain ecosystem and play
a central role in facilitating transactions, providing a store of value, and functioning as a
bridge between the volatile crypto markets and traditional finance. At the time of writing, the
total market capitalization of stablecoins is around $138 billion. However, at its peak in April
2022, it was almost $190 billion. This was shortly before the failure of the largest algorithmic
stablecoin project to date, as mentioned above. As a result, the general trust in stablecoins
and their stabilization mechanism was damaged, which led to less utilization. (DefiLlama,
2024)

Market capitalization is calculated by multiplying the current market price of one unit of a
crypto asset by the total supply in circulation. Therefore, especially for stablecoins, it is
reasonable to conclude that the market capitalization reflects the acceptance or trust that
users have towards a particular asset, as its value remains approximately at $1 and only
the circulating quantity changes.
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Based on the market capitalization of stablecoins, market coverage shows a clear user
preference for off-chain collateralized models. Since April 2021, the three largest stable-
coins by market capitalization have mostly been USDT, USDC and BUSD, all of which apply
off-chain collateralization. The market capitalization of this category amounts to approxi-
mately $130 billion, which represents more than 94% of the whole market. After the failure
of the uncollateralized stablecoin project Terra USD in May 2022, users primarily shifted
their holdings to off-chain collateralized crypto assets, resulting in their dominance. How-
ever, these projects also have experienced problems in the recent past. In February 2023,
the U.S. Securities and Exchange Commission claimed that BUSD should have been reg-
istered as a security, which led to legal problems for Binance and Paxos, the company
issuing the stablecoin. In response, Paxos stated that support for the BUSD would end and
users would be able to exchange it for fiat currency by a certain date, leading to a reduction
of crypto asset holdings (Lang, Wilson, & et al., 2023). In March 2023, funds worth $3.3
billion of Circle were frozen due to the collapse of the Silicon Valley Bank. This announce-
ment led to problems regarding USDC, which broke its peg and traded at 87 cents after
users returned assets worth of $2 billion. The price continued to fall due to declining user
trust in the stability of the project and further redemptions (Ge Huang, Miao, & et al., 2023).
The stablecoin USDT also faced several events where the price decoupled from $1. In May
2022, USDT dropped to 95 cents due to the failure of Terra USD and the distrust in stable-
coins in general but was able to readjust to its peg (Browne, 2022). Additionally, the crypto
exchange FTX filed for bankruptcy in November 2022, which also led to users redeeming
their USDT and a subsequent de-peg (Nicolle & Pan, 2022). Despite the problems of off-
chain collateralized stablecoins losing their peg, users' holdings gradually shifted to USDT.
As of February 18, 2024, USDT has a market dominance of around 70% and its market
capitalization continues to rise, while that of USDC and BUSD is falling. One reason for this
could be that the overall market capitalization of stablecoins has been rising since Novem-
ber 2023, which is driving the holdings of USDT. Secondly, users may have more confi-
dence in Tether's business model than other companies issuing off-chain collateralized sta-
blecoins, although USDT also decoupled several times from its peg. (DefiLlama, 2024)

DAI, the most prominent representative of on-chain collateralized stablecoins, has main-
tained a relatively stable market dominance since April 2021. Similar to USDC, DAI decou-
pled from its intended value when the Silicon Valley Bank collapsed. At the time, it was
trading at less than 90 cents, ultimately returning to $1 and regaining the trust of its holders.
On-chain collateralized stablecoins mostly ranked second in terms of market capitalization.
Today, their market capitalization is around $7 billion, peaking at almost $15 billion in early
2022. Their dominance of the overall stablecoin market is approximately 5%. (DefiLlama,
2024)

At the beginning of 2022, uncollateralized stablecoins and especially their advocate UST
were favored by users and the second most used stablecoin class. However, the failure of
the Terra USD project damaged user trust particularly concerning algorithmic stablecoins.
The project aimed to maintain the peg of UST by pairing it with another crypto asset named
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LUNA. At any time, $1 worth of LUNA could be exchanged for one UST unit and vice versa,
regardless of the current price. Thus, holding one unit of LUNA worth $50 can be exchanged
for 50 UST, whatever the price. Through this coupon model, stability is regulated. If UST
trades at $1.1, arbitrageurs can use the mechanism described above to get 50 UST at $1
by exchanging LUNA for UST and sell them at the current market price, earning them a
profit of $5. Due to the excess supply of UST, the price will fall. If UST trades at $0.9,
arbitrageurs are incentivized to exchange it for LUNA at a UST price of $1. However, the
collapse occurred due to pressure on the price of LUNA, which deterred users from doing
this exchange even though UST was trading below $1. As a result, users preferred to ex-
change UST for fiat, which led to an even greater excess supply, resulting in a further price
decrease. Today, FRAX is the largest project according to its market capitalization that em-
ploys an uncollateralized mechanism. The total market capitalization of this category
peaked at over $23 billion just before the Terra USD crash and has since fallen to around
$2 billion. As FRAX is only partially an algorithmic stablecoin and also uses on-chain collat-
eralization, it is apparent that projects are avoiding the absence of collateralization as users
have lost trust in them (Frax Finance, 2023). Today, algorithmic stablecoins have a market
dominance of approximately 1%, which used to be more than 10%. (DefiLlama, 2024,
Briola, Vidal-Tomas, & et al., 2023)

Primarily, stablecoins are used as low-volatility crypto assets that exist on blockchain net-
works and serve as a bridge between traditional assets (e.g., fiat currency) and other crypto
assets (e.g., Bitcoin). From this position, users have various options to utilize their stable-
coin holdings. Trading on crypto exchanges (e.g., Binance, Kraken) mostly involves stable-
coins. In November 2023, more than 70% of transactions were carried out with USDT (THE
BLOCK, 2023). Furthermore, due to their relatively stable value, they could serve as collat-
eral for crypto asset derivative transactions. As they exist on a distributed blockchain net-
work, important use cases exist in the ecosystem of DeFi applications. By providing liquidity
of a stablecoin on a decentralized exchange, users can earn money and facilitate the func-
tionality of the protocol as more deposited funds guarantee stable exchange rates. Lending
services give users the ability to issue a loan so that others can directly borrow the amount
of money in exchange for interest payments that the creditor receives back. However, when
using such applications, users must always trust the protocol and the developers behind it.
(Adachi, Born, & et al., 2021)

3.3 Existing Fiat Stablecoin Approaches on Bitcoin

Several existing solutions have already approached the combination of stablecoins and
Bitcoin. In this section, we discuss these implementations, which include projects such as
Stacks, Rootstock (RSK), the Liquid Network and Stablesats. However, it is crucial to note
that while these projects target the integration of stablecoins into Bitcoin, their techniques
and fundamental designs differ significantly from the paradigm enabled by the Taproot As-
sets protocol. While the Taproot Assets protocol aims to natively integrate stablecoins into
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the Bitcoin network, these projects have different procedures. The consequent subsections
examine the different strategies and mechanisms and highlight the differences between
their approach and the innovative concept of Taproot Assets.

The project “Stably USD” is neglected in this chapter. It intended to implement a native
stablecoin through the BRC-20 Bitcoin token standard — inspired by the ERC-20 Ethereum
token standard — established through the Ordinals protocol. The project was announced in
May 2023 by several digital publishers. However, there has been no activity since the in-
scription into the blockchain (Ordiscan, 2024). In addition, the former website no longer
exists and can only be accessed via web archives. The plan was to introduce identity veri-
fication for users and maintain a 1:1 peg to the US dollar with full collateralization by a
custodian (Stably, 2023a). The stablecoin can therefore be classified as an off-chain collat-
eralized model. Stably published monthly reports regarding its assets and the collateral.
These reports show that 101,000 units of the stablecoin were booked in May 2023, while in
June 2023 the assets have disappeared (Stably, 2023b; Stably, 2023c). Based on these
facts, it can be assumed that the project has been canceled. Yet the project website still
specifies Bitcoin as a network that will be supported for the integration of Stably USD in the
future, thus keeping the approach relevant.

3.3.1 Stacks

Stacks is a blockchain network that aims to complement Bitcoin with smart contracts and
decentralized applications. The project includes the homonymous native crypto asset
Stacks (STX), whose primary functionalities are in the consensus mechanism of the eco-
system. Since it uses Bitcoin as its base layer, it can be considered a second layer solution
— similar to the Lightning Network — that applies the rules and thus the security aspects of
its underlying main network. Stacks applies a proof-of-transfer consensus mechanism that
selects the miner who creates the next block randomly, but according to their engagement
in the Bitcoin network. Thus, the more Bitcoin a stacks miner transfers on the main network,
the higher the chance of being selected as the next block producer. The introduction of
Stacks' own programming language "Clarity" enables the use of smart contracts and the
creation of additional assets such as stablecoins. (Stacks Open Internet Foundation, n.d.)

The Arkadiko protocol is a decentralized application built on Stacks that offers multiple fi-
nancial services such as exchanges and liquidity providers. It also incorporates the stable-
coin USDA and allows users to mint it when depositing STX as collateral. USDA is pegged
to the US dollar and can be categorized as an on-chain collateralized stablecoin, similar to
its Ethereum-based counterpart DAI. To ensure the safety of the collateral, vaults that are
too risky can be liquidated. Thus, if the collateral-asset ratio approximates a 1:1 balance as
the value of STX decreases, the vault will ultimately be liquidated. This leads to a higher
incentivization of other users to repurchase the collateral (Arkadiko Finance, 2023a).
Arkadiko is open-source and managed by the community of governance token holders, who
form a DAO and conduct election periods to further the project. (Arkadiko Finance, 2023b)
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Since USDA is natively integrated into the Arkadiko protocol, users of this stablecoin must
trust not only this project, but also the smart contracts and the programming language Clar-
ity, as well as Stacks itself. Although the project and its stabilization mechanism appear to
be a duplicate of MakerDAO and DAI built on Stacks, the stablecoin USDA does not main-
tain its 1:1 peg to the US dollar. According to crypto asset data provider CoinGecko, the
price of USDA has never been able to hold on to this peg and has not been updated since
a critical loss of this connection in September 2023 (CoinGecko, 2023a).

3.3.2 Rootstock (RSK)

Rootstock is a smart contract platform that operates as a sidechain of Bitcoin and incorpo-
rates its own blockchain. The main goal of its development was to extend the functionality
of Bitcoin by enabling smart contracts, decentralized applications and higher scalability
while maintaining the security of Bitcoin. This is achieved by creating a bidirectional linked
sidechain. When Bitcoin is deposited on RSK, it is locked and becomes "Smart Bitcoin"
(RBTC), which can be used to execute smart contracts and access decentralized applica-
tions. Thus, RSK does not have its own native token, but uses entitlements on bitcoin as a
transitory local asset. Since RBTC itself is pegged to the value of bitcoin, it is itself a stable-
coin. However, we will focus on fiat-based stablecoins when examining the existing solu-
tions on Bitcoin. Due to high compatibility and a bridge to Ethereum, both networks are
interoperable and can communicate with each other, enabling the conversion of assets
across both blockchains. RSK employs a merge-mining consensus mechanism that is
linked to that of Bitcoin. This allows miners producing Bitcoin blocks on the main layer to
simultaneously produce RSK blocks at almost no marginal cost, as the same hardware can
be used. To incentivize Bitcoin miners to participate in RSK mining, they are rewarded in
RBTC through transaction fees. (Lerner, 2019)

RSK includes several stablecoins that use different stabilization mechanisms. Three of them
are introduced in this subsection. The first is Dollar on Chain (DOC). It aims to maintain its
peg to the US dollar and is similar to DAI as it is also an on-chain collateralized stablecoin
managed by a DAO whose token holders vote on policies and changes of the project. While
DAI's vaults are collateralized with Ether, for example, DOC is kept stable by a collaterali-
zation of RBTC and thus indirectly by bitcoin. Users who send RBTC to the vault are re-
warded with the corresponding amount of newly minted DOC. As Bitcoin is volatile, the price
of RBTC also changes. Therefore, a certain degree of overcollateralization is necessary to
keep the value of the RBTC vault higher than the issued DOC. (Carjuzaa, Bokser, & et al.,
2019)

RSK's second stablecoin is called XUSD and is issued on the platform BabelFish. It is also
an on-chain collateralized stablecoin that aims to maintain its peg to the US dollar. Relevant
characteristics of the protocol are updated through election periods of a DAO. Rather than
being backed by solely one asset, the vault is collateralized by several stablecoins that exist
on the RSK, but also on blockchain networks that provide a bridge to RSK, such as
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Ethereum and the Binance Smart Chain. Currently, the vault consists of twelve different
stablecoins, which are also selected and monitored by the DAO according to their qualifi-
cation (Blockscout, 2024a). By depositing one of the recognized stablecoins into the
BabelFish protocol, the corresponding amount of XUSD is transferred to the user's wallet
address. (BabelFish, 2023)

Lastly, RSK implements an off-chain collateralized stablecoin named Brazilian Digital
(BRZ), which is pegged to the Brazilian Real and backed by assets denominated in that
same fiat currency. The pool of assets is managed by dedicated reserve managers. The
stablecoin is therefore similar to USDT, USDC and BUSD. Although its native blockchain is
RSK, there exist bridges to other networks such as Ethereum, Solana and the Binance
Smart Chain. Its main purpose is to facilitate the access of companies operating in Brazil to
customers and other crypto assets, as well as to hedge their business operations. A poten-
tial buyer can obtain BRZ by sending a purchase order to the administering organization,
which is the sole custodian that distributes and removes the stablecoin. (BRZ, n.d.)

Similar to the approach of Stacks examined previously, the user must trust the RSK network
when using one of the stablecoins described in this subsection. Additionally, most of them
have their own protocol policies that need to be considered when interacting with the plat-
form. According to crypto asset data providers CoinGecko and CoinMarketCap, XUSD,
DOC and BRZ have maintained relative stability compared to their fiat equivalents
(CoinGecko, 2023b; CoinMarketCap, 2023c; CoinGecko, 2023c). They tend to have higher
volatility than established stablecoins such as USDT or DAI but have retained their peg
value so far. However, as RSK is not a widely known network, the stablecoins are hardly
adopted and therefore barely utilized. The smart contract that issues XUSD was created on
June 7, 2021, and counts only 20,462 transactions on RSK (Blockscout, 2024a). The nhum-
ber of transactions that apply to the smart contract of DOC, which was already deployed on
October 5, 2019, is 17,619 (RSK Explorer, 2024). With regards to BRZ, whose smart con-
tract was published on June 24, 2021, only 34 transactions were recorded, while its instance
on Ethereum registered 923 transactions (Blockscout, 2024b; Etherscan, 2024b). Contrary
to Tether and Circle, the organization that manages BRZ also does not regularly publish
transparent reports of the collateral securing the stablecoin. This further increases the risks
for users while holding and interacting with BRZ. All figures mentioned above refer to Feb-
ruary 18, 2024. For comparison to these statistics, USDT had 139,723 transactions within
one day on January 17, 2024, which is the most recent statistic available (Glassnode
Services AG, 2024). This emphasizes that the adoption of Rootstock and its existing sta-
blecoins is low and cannot be associated with other blockchain networks and their projects.

3.3.3 Liquid Network

Similar to RSK, the Liquid Network is an approach that is interoperable with Bitcoin and
implements its own independent network as a sidechain to it. Its transitory local asset is
"Liquid bitcoin" (L-BTC), which is pegged to bitcoin at a 1:1 ratio. During a peg-in, bitcoin is
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locked on the main network and the same amount of L-BTC is issued on the sidechain. In
a peg-out, L-BTC is burned on the sidechain while the previously locked bitcoin is released
on the main network. The Liquid Network was developed by Blockstream and enables the
issuance of individual assets. (Blockstream, 2023a)

The Liquid Network also applies a blockchain for a transparent publication of the transaction
history. Contrary to the Bitcoin network, the blocks are not verified by a proof-of-work con-
sensus mechanism, but rather signed by specific members (functionaries) who secure the
network. This means that no single member has full control, but the structure is more cen-
tralized than Bitcoin itself. As of February 18, 2024, there are a total of 66 members of the
federated system "Liquid Foundation" (Blockstream, 2023b). A subset of 15 of these are
the functionaries who propose, sign, and distribute blocks to the other nodes in a round-
robin fashion. Once eleven of these functionaries have checked and signed the propagated
block, it is added to the blockchain. The functionaries are also indispensable for the execu-
tion of both peg-in and peg-out. (Blockstream, n.d.)

The Liquid Network includes two stablecoins that can be used when interacting with the
platform. In 2019, Liquid Tether (USDt) was launched, which is an off-chain collateralized
stablecoin akin to the conventional equivalent of Tether. Users can buy it on different ex-
changes or perform Liquid-based atomic swaps, where assets (e.g., L-BTC) are traded
against each other on the Liguid Network. (Mow, 2019)

Another stablecoin that was introduced by the Canadian exchange "Bull Bitcoin" is Liquid
CAD (L-CAD). It is a digital representation of the Canadian dollar and aims to maintain a
1:1 peg to it. L-CAD utilizes off-chain collateralization, where each unit is backed by one
Canadian dollar. However, Bull Bitcoin does not provide redemption of L-BTC for its collat-
eral. Therefore, L-BTC must be traded for Bitcoin or, if offered, used as a payment method.
(Mow, 2020)

Both stablecoins involve counterparty risks for users towards the intermediary that issues
the asset. Overall, the Liquid Network is experiencing a lack of utilization. Currently, most
blocks — which are generated every minute — only contain one to seven transactions
(Blockstream, 2023c). Compared to Bitcoin, where on average a new block is produced
every ten minutes, this would add up to less than 100 transactions in the same duration.
The Bitcoin network processes more than 3,000 transactions per block (Mempool.space,
2023). Furthermore, USDt and L-CAD are not very common, although they have been in-
troduced and implemented in the Liquid Network in the years 2019 and 2020.

3.3.4 Stablesats

The last approach of fiat stablecoins on Bitcoin, which we will examine in this section, is
entirely different from those described previously, as it does not involve a native asset, nor
a transitory local asset issued through a peg-in of bitcoin. Stablesats introduces a synthetic
US dollar on the Lightning Network, to which users can exchange their bitcoin through a
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perpetual inverse swap administered by a dealer. However, the dealer only holds bitcoin on
its books. The objective of this construct is to constantly maintain a 1:1 peg to the US dollar,
despite the current price of bitcoin. This implementation eliminates the need of fiat currency
or fiat-based stablecoin integration. The exchange occurs in a Bitcoin Lightning wallet that
supports the Stablesats software (e.g., Blink wallet). Such a wallet application comprises a
bitcoin account and a US dollar account. The bitcoin account represents a typical Bitcoin
Lightning wallet. Users can convert their bitcoin holdings at any time to the respective
amount of US dollars at the current exchange rate. For example, the bitcoin account con-
tains one million sats (the subunit of bitcoin) and bitcoin is traded at $10,000. As one bitcoin
is divided into 100,000,000 sats, the total balance would be $100. Exchanging 500,000 sats
would result in the user holding $50 as well as the remaining 500,000 sats. Due to the
volatility of bitcoin, the dealer — who guarantees a permanent exchange — must hedge the
bitcoin holdings converted to synthetic US dollars. This is accomplished through a bitcoin
derivative position that is opened immediately after the exchange. The derivative guaran-
tees redemption at the current price when the exchange happens, regardless of the future
price of bitcoin. Such a contract is also known as a short position, where the financial in-
strument replicates the opposite of the actual asset. Thus, if the price of bitcoin falls, the
dealer's holdings decrease by the same percentage, while the derivative increases, so that
they counterbalance each other. The perpetual inverse swap achieves this with without
specifying a settlement date for the position. Consequently, the exchange can take place at
any time in the future. (Galoy, 2023; Burtey, 2023)

Stablesats comprises an approach that, contrary to the other projects, cannot be evaluated
regarding its stability, since it does not incorporate its own token. However, users need to
be aware of counterparty risks, too, when interacting with the platform. Firstly, users must
trust Galoy, the company behind Stablesats, and its business model. The custodial Blink
wallet also must be trusted when depositing bitcoin holdings. According to their website,
most of the user funds are managed securely in multi-signature structures and cold storages
that have no connection to the internet (Blink, 2023a). As both applications are developed
open-source, this risk can be reduced partially due to the involvement of the community.
Secondly, and more importantly, the exchange acts as a counterparty, that can collapse. If
this happens, the derivative may not be recoverable and the user’'s US dollar account in the
wallet therefore worthless. Furthermore, issues may occur with the derivative itself, as the
position could be closed, leading to a situation where the US dollar accounts are under-
hedged. The dealer must therefore establish a new contract in order to secure its holdings.
Overall, it is necessary to mention that Stablesats is still relatively new whereas the risks
described here must be evaluated and further risks need to be identified. So far synthetic
US dollars on the Bitcoin Lightning Network are only implemented via Stablesats in the Blink
wallet. Thus, the interoperability of this solution is limited and users that want to hold it must
download the mobile application. However, transferring from the US dollar account to other
wallet applications is feasible since both can communicate over the Lightning Network.
Within this transaction the amount of synthetic US dollar transferred is exchanged to the
corresponding number of bitcoin and sent to the wallet of the recipient. (Blink, 2023b)
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4 Research Objective

In this study, our primary objective is to determine the impact of Taproot Asset stablecoins
on Bitcoin adoption. Therefore, we employ a combination of substantive studies and stand-
ardized data gathering methods. On the theoretical side, the foundational research on dif-
fusion and adoption by Everett M. Rogers is used to support the practical procedure. Quan-
titative research in the form of a survey was chosen to determine the potential for adoption.
The central research question addressed in this paper is:

What is the current adoption of the Bitcoin network and bitcoin as a
means of payment and how do stablecoins on Bitcoin influence that?

In the preceding chapters, the foundations of the Taproot Assets protocol were discussed.
Certain prerequisites were established in advance and are crucial for its development.
Among these, Bitcoin forms the backbone of these technologies. The soft fork integration
of the Taproot update has extended its capabilities with relevant features. In addition, the
Taproot Assets protocol relies on the Lightning Labs software implementation of the Light-
ning Network. Ultimately, the Taproot Assets protocol and its specifications were investi-
gated with the objective of facilitating stablecoin integration.

Stablecoins were explained in more detail in the subsequent chapter. This crypto asset
class can be divided into three categories, which we have highlighted in a separate section.
In the following, an overview of the current stablecoin landscape was depicted. Lastly, there
were already combinations of stablecoins and Bitcoin before the invention of Taproot As-
sets. However, these are either not natively integrated and therefore require an additional
network or do not use any token at all.

In conclusion, the required theoretical principles were described to address the challenges
described in the research question. Furthermore, these fundamentals and their character-
istics lead to the following hypothesis: the combination of a decentralized network that can
process transactions fast and crypto assets that have low volatility, like stablecoins, could
improve the utilization of Bitcoin.
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5 Identifying Bitcoin Adoption

In this chapter, we will analyze the potential that the proposed implementation of Taproot
Asset stablecoins could have on the adoption of Bitcoin. The first section describes the
methodology selected to determine these metrics. In order to obtain a representative and
statistically evaluable result, quantitative research based on a survey was applied. The con-
ditions of the design and data collection are explained, followed by a review of the quality
of the responses. In a second step, adoption is explored theoretically, and an overview of
the concept and terminology is provided based on the work "Diffusion of Innovations" by
Everett M. Rogers. The innovation-decision process is explained, which serves as an es-
sential reference for the evaluation. The third section is divided into the current state of
adoption, which is also analyzed based on previous statistics, and the potential impact ac-
cording to the results of the questionnaire. All findings relate to the deadline of the survey
on January 6, 2024. The tables included in this chapter are own illustrations created with
the data set Survey Statistics.sav (Appendix E) and the software IBM SPSS Statistics Data
Document.

5.1 Methodology

This section provides fundamental information on the quantitative research model that was
selected to determine the impact of Taproot Asset stablecoins on Bitcoin adoption. It ex-
plains crucial concepts and comprises proper statistical procedures that were applied to
ensure reliable results. This is important to substantiate the research question and thus the
objective of the thesis.

5.1.1 Data Collection and Questionnaire Design

The survey was conducted in a digital format using Microsoft Forms, with a hyperlink shared
with the target group for participation. The survey was published for five weeks, and partic-
ipation was requested repeatedly. The questionnaire was developed according to the ten
rules of question wording defined by Rolf Porst. In the study, Porst explains that the ques-
tions and response options should be phrased neutrally, contain simple terms and should
not be excessively long or complex. In addition, the survey must not include any information
that the participants may not have. (Porst, 2000)

To ensure all participants were on an equal level of knowledge, the questionnaire included
sections that provided general information about Bitcoin, the Lightning Network and Taproot
Assets. This ensured that everyone could participate, regardless of their Bitcoin knowledge.
However, the general acceptance of blockchain technology and crypto assets is still in its
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infancy. According to statistics from the data aggregator Statista, there were merely 428.6
million users of crypto assets globally in 2022 (Statista Market Insights, 2024a). In Germany,
users totaled 10.9 million in the same year (Statista Market Insights, 2024c). This shows
that there are still many people who have not yet had any experience with this technology.
As itis a niche topic, asking people with low awareness of its functionalities and advantages
to participate would not support the validity of the survey results. Therefore, a segmentation
was performed to address the intended target group of participants with a background in
blockchain technology and Bitcoin. Accordingly, the results can only be applied to this ho-
mogeneous group, but within the blockchain ecosystem they can be extrapolated to a larger
sample of users. Hence, a partial generalizability of the results in this particular group can
be attested. The overall generalizability for a community of heterogeneous people cannot
be guaranteed. First of all, the acceptance and knowledge must grow in order to be able to
undertake such a survey on a larger scale. Lastly, the questionnaire features branching,
which leads participants to different paths depending on their decisions. However, all
branches address the same issues. Appendix A illustrates the survey question path and
along with the questions and results of Appendix B, provides a better understanding of the
questionnaire structure.

The questionnaire was distributed to students of different cohorts of the master's degree
program "Blockchain & Distributed Ledger Technologies" at University of Applied Sciences
Mittweida. Moreover, it was published on the social media platform LinkedIn, which also
predominantly includes contacts who are engaged in the blockchain ecosystem. Finally, the
survey was posted in the Slack channels of DeFi Talents, Bitcoin Talents — both of which
are programs of the Frankfurt School Blockchain Center — and the LND Developer Com-
munity of Lightning Labs. A total of 57 participants completed the questionnaire. Table 5 in
the appendix shows the demographics of the respondents and their experience with Bitcoin.
Of the 57 participants, a majority of 46 (80.7%) were male and 10 (17.5%) were female.
Although this difference is conspicuous and uneven, this distribution reflects the gender
composition in the blockchain ecosystem, which is dominated by male users. Most partici-
pants were between the ages of 24 and 34 (24; 42.1%) and had a master's degree as their
highest educational achievement (31; 54.4%). A majority of 28 (49.1%) attendees are em-
ployed full-time. Regarding the participants' experience with Bitcoin, 25 (43.9%) would con-
sider their knowledge to be advanced, while 40 (70.2%) have already used the Bitcoin net-
work.

All extended tables and calculations can be viewed in Appendix C. Alternatively, they can
be recomputed using the syntax code (Appendix D) and the SPSS file Survey Statistics.sav
(Appendix E) digitally attached to this thesis.

5.1.2 Quality Criteria

Considering the results of the survey, it is important to review the quality of the results. Such
an assessment is based on three central quality criteria: objectivity, reliability, and validity.



34 Identifying Bitcoin Adoption

All of them are analyzed in this subsection. Objectivity refers to the independence of the
participants' decisions, which predominantly includes the influence of the interviewer. As
the quantitative research is conducted as a digital survey, the influence of the interviewer
can only be exerted indirectly through the formulation of the survey, comprising questions
and informative sections. As previously described, the design of the questionnaire was
based on Rolf Porst's rules of question wording. Accordingly, the articulation concerning the
guestions and the information provided to the participants was selected and formulated
neutrally. The introductions to the main subjects of the survey contained the same evidence-
based information for each participant. These were primarily added so that a potential
knowledge advantage of certain participants could be excluded. Furthermore, all survey
participants received the same questionnaire. In order to minimize the researcher's bias,
the evaluation of the results is conducted using the statistical data analytics software SPSS
in a standardized manner based on the actual number of options selected by the partici-
pants. (Rammstedt, 2004, p. 2 ff.)

Reliability expresses the accuracy by which an attribute is measured by the questionnaire.
Accordingly, the repetition of the survey under the exact same conditions must lead to the
same results. Of course, this can only be analyzed in a hypothetical scenario, as two differ-
ent measurements cannot produce exactly the same results, in particular due to changes
in information and knowledge. The reliability of the survey results is determined by quanti-
fying their consistency. Cunningham, Preacher et al. describe it as “the homogeneity of
responses to all items within a particular measure” (Cunningham, Preacher, & et al., 2001,
p. 166). More specifically we calculate the internal consistency and whether certain items
(questions) measure the construct defined by the research question. (Rammstedt, 2004, p.
5 ff.)

The research question aims to identify the influence of stablecoins on the utilization of
Bitcoin reflecting on its current adoption. Therefore, only items that relate to this construct
and — due to branching — were answered by all participants can be considered. The split-
half test was applied, which separates the items into two groups that are compared with
each other. Resulting from the research question, these comprise the following six items:
(Rammestedt, 2004, p. 9)

First half:
(A) Based on your knowledge, do you consider bitcoin as money?

(B) The price volatility of bitcoin is high. Do you consider this to be a problem if
an asset is supposed to be a means of payment?

(C) Based on your current usage of the Bitcoin network and bitcoin as a means
of payment, how would the integration of stablecoins influence your behavior?



Identifying Bitcoin Adoption 35

Second half:

(D) Have you used the Bitcoin network before (e.g., create a wallet, do a trans-
action, operation of a full node)?

(E) Do you consider the integration of stablecoins to be an improvement for
Bitcoin?

(F) Based on your current usage of the Bitcoin network, how would the integra-
tion of stablecoins influence your behavior on integrated stablecoins?

Based on the aforementioned items, the split-half test calculates a Spearman-Brown relia-
bility coefficient ry of 0.75 (Table 7). Due to the split, only half of the values are incorporated
in the calculation. Therefore, an adjustment through test duplication can be applied with the
following formula: (Rammstedt, 2004, p. 10)

2%Ty
1+7y

COTT 1y =

This results in a corrected reliability coefficient corr ry of 0.857. According to statistical the-
ory, a calculated reliability value of more than 0.8 is considered satisfactory (Rammstedt,
2004, p. 15).

Validity is the degree of accuracy by which a method is suitable for measuring the intended
characteristic. This implies that the survey results represent what is to be researched and
thus serve as a measurement for the research question. In concrete terms, we determine
the construct validity. Two constructs that deviate from the research question were identi-
fied, each represented by two items, as follows: (Rammstedt, 2004, p. 16 ff.)

Bitcoin utilization:

(C) Based on your current usage of the Bitcoin network and bitcoin as a means
of payment, how would the integration of stablecoins influence your behavior?

(D) Have you used the Bitcoin network before (e.g., create a wallet, do a trans-
action, operation of a full node)?

Stablecoin utilization:

(E) Do you consider the integration of stablecoins to be an improvement for
Bitcoin?

(F) Based on your current usage of the Bitcoin network, how would the integra-
tion of stablecoins influence your behavior on integrated stablecoins?

Accordingly, an inter-item correlation matrix can be generated based on the calculation of
Kendall’s tau-b coefficient in SPSS (Rammstedt, 2004, p. 18 ff.). This method is used for
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items of an ordinal scale level and compares them with each other (Laerd Statistics, n.d.).
The following abridged version of Table 8 shows the results between the items:

Bitcoin utilization Stablecoin utilization
© (D) (E) (F)
©) -
(D) 0,092 -
(E) 0,345 -0,051 -
(F) 0,679 0,029 0,454 -

Table 1: Inter-item correlation matrix with Kendall’s tau-b coefficient

The coefficient ranges between -1 and +1 and expresses the correlation between two vari-
ables. A result of -1 would therefore indicate a fully negative correlation, while a Kendall's
tau-b coefficient of +1 describes a perfect positive correlation and values close to 0 indicate
indifference between the variables. According to Neyman, the labeled values in Table 1
represent a significant correlation, since their level of significance is less or close to 0.01
(Neyman, 1976). First, a null hypothesis is established, which assumes that there is no
correlation between the two variables. The level of significance determines the probability
of accepted uncertainty that the null hypothesis is still correct and is set at 1% in this calcu-
lation (Tenny & Abdelgawad, 2023). The distinct positive correlation of (C) and (F) shows
that the consent to one item has a positive influence on the other and vice-versa. In this
case, it can be inferred that participants who tend to increase their use of bitcoin through
the integration of stablecoins also increase their use of stablecoins. As a result, the overall
usage of Bitcoin increases. A medium positive correlation can be identified between the
items (E) and (F) within the construct. This implies that attendees who consider the integra-
tion of stablecoins to be an improvement also endorse regarding its utilization. The effectual
positive correlation of (C) and (E) further supports this assumption. With regard to the find-
ings, it is feasible to assume that the selected methods in fact measure characteristics that
deviate from the research question.

5.2 Adoptionin Theory

To gain a broader understanding of the theory of adoption, we refer to one of the most
prominent works, "Diffusion of Innovations" by Everett M. Rogers. According to Rogers,
xdiffusion is the process by which an innovation is communicated through certain channels
over time among the members of a social system” (Rogers, 1962, p. 5). This process there-
fore comprises (1) an innovation, (2) an individual that has knowledge or experience of
using this innovation, (3) another individual that has a lack of this knowledge and has no
experience, and (4) a communication channel through which these individuals interact with
each other (Rogers, 1962, p. 17). In addition to the term "innovations", Rogers also refers
to "technologies"” in his theory, both of which can be applied to Bitcoin in terms of revolu-
tionizing the peer-to-peer exchange of value without the necessity of an intermediary
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(Rogers, 1962, p. 12). Furthermore, Rogers defines adoption as “a decision to use and
implement a new idea” (Rogers, 1962, p. XVIII). It is the affirmative result of the innovation-
decision process, which we will examine in the following subsection. The opposite and ad-
verse option is the rejection of the innovation or technology. According to the process of
diffusion described above, more individuals with knowledge about Bitcoin would inevitably
lead to the establishment of more communication channels and thus more interaction be-
tween aware and unaware individuals. As a result, more novices would be faced with the
decision to accept or reject Bitcoin, which eventually depends on the key attributes of the
innovation explained subsequently.

5.2.1 The Innovation-Decision Process

Individuals that discover an innovation or technology start with a minimal level of knowledge
and a sudden event triggers the personal interest of acquiring information to reduce uncer-
tainty. Such an introduction can occur by chance or through communication channels. This
stage of the innovation-decision process is known as knowledge. The individual becomes
aware of the innovation and receives information about it. It involves familiarization with the
new technology and developing an initial understanding of its features and benefits. While
the knowledge in the first phase is rather cognitive, the persuasion includes affective
knowledge. The individual actively seeks additional information about the innovation until
an attitude is formed. This occurs through the evaluation of advantages and disadvantages
and potential needs that the innovation could satisfy. The decision stage is the conclusion
of the previous information gathering and opinion-forming phase. In this stage, the individual
is faced with the decision-making based on the available knowledge. Therefore, the out-
come of the persuasion process predominantly influences the decision. Although there are
two extremes, acceptance and rejection, the individual can also take a more neutral position
or even gradually change their attitude towards the other option. If the individual decides to
adopt the innovation, this leads to its implementation. This phase concerns overcoming
obstacles, adapting to change, and integrating the innovation into daily routines. Confirma-
tion is the final stage of the innovation-decision process. The individual compares the
adopted innovation with the previous approach that was superseded. As described above,
the individual's choice can either be final or switch to the other extreme. For example, an
individual can form a negative attitude towards an innovation, but then develop further in-
terest in it and finally adopt it (later adoption). The contrary decision process is called dis-
continuance. When an individual's decision is final, they seek reinforcement and reassur-
ance through their own experiences or feedback from others. Throughout all stages, there
are communication channels between individuals for the exchange of knowledge. Figure 6
illustrates the innovation-decision process described above: (Rogers, 1962, p. 164 ff.)
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Figure 6: The innovation-decision process (Rogers, 1962, p. 165)

In his theory of the Diffusion of Innovations, Rogers identified five key attributes that influ-
ence the rate of adoption of an innovation within a population. These attributes play a crucial
role in shaping individuals' perceptions and decisions regarding the adoption of an innova-
tion or technology. This can be applied to Bitcoin and further translated to the results of the
survey. Relative advantage refers to the perceived superiority of an innovation over existing
alternatives that the individual has previously used. An innovation is more likely to be
adopted if it offers clear advantages in terms of efficiency, effectiveness, or other benefits.
The greater the perceived relative advantage, the more rapid the adoption is expected to
be. Compatibility indicates the extent to which an innovation is consistent with the existing
values, practices and needs of potential users. The higher the compatibility between the
existing practice and the innovation, the lower the uncertainty. This results in a higher de-
gree of adoption, as the innovation can be integrated more smoothly into the existing social
and cultural context. Complexity relates to the perceived difficulty of understanding and us-
ing an innovation. Innovations that are perceived as simple and user-friendly are more likely
to be adopted more quickly. Reduced complexity lowers the barriers to adoption and makes
the innovation more appealing to a broader audience. Trialability is the extent to which a
person can experiment with or test the innovation before fully committing to it. Innovations
that allow a trial period or limited use enable potential adopters to assess the benefits of the
innovation and its suitability for their needs, thereby reducing the risk associated with adop-
tion. The observability of an innovation refers to the visibility of the results for other potential
adopters. When the positive results of adopting an innovation are easily observable by the
community, a social influence is created which encourages others to embrace it. Observa-
bility plays a significant role in the diffusion process as it fosters the mechanisms of social
learning and imitation within a population. (Rogers, 1962, p. 211 ff.)
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5.2.2 Adopter Categories

According to Rogers and the Diffusion of Innovations, a population can be divided into sub-
groups that have different characteristics and attitudes towards an innovation. Rogers refers
to them as adopter categories and classifies individuals based on their willingness and read-
iness to accept new innovations. There are five adopter categories, which are also illus-
trated in Figure 7. Innovators are the fastest adopters, who are described as venturesome
and make up around 2.5% of the population. Innovators are adventurous risk takers who
embrace new ideas and technologies prematurely despite uncertainty. They play a crucial
role in the early stages of innovation diffusion. Furthermore, early adopters represent
around 13.5% of the population and are considered respectable. These individuals are opin-
ion leaders in their social circles and are quick to embrace new innovations. Hence, they
serve as role models for other potential users who obtain their information from this group.
The early adopter forms a bridge between the innovators and the following cohort. The early
majority constitutes 34% of the population and has deliberate characteristics. Members of
the early majority adopt innovations before the average person in a social system is aware
of the innovation. Their decision-making process takes longer and relies on the experiences
of others before they embrace an innovation or technology. The late majority is similar in
size (34%) to the early majority and is described as skeptical. This means that they begin
studying an innovation only after the average person in the social system has already com-
pleted the adoption process. These individuals take a more cautious approach to adopting
innovations. They rely on proven success stories and are often influenced by social pres-
sure. For the late majority, almost any kind of uncertainty needs to be removed for them to
adopt an innovation. The laggards make up the last 16% of the population and are referred
to as traditional. They are resistant to change and are the last to adopt new innovations.
Laggards are deeply rooted in existing practices and are hesitant to adopt anything new as
their attitude is predominantly oriented towards the past. By the time this category has
adopted a technology, it may have already been superseded by another innovation.
(Rogers, 1962, p. 245 ff)

Innovators Barly Barly f st

Adopters Majority Majority Laggards
13.5% 34% 34% 16%
X-2sd X—sd X X+ sd

Figure 7: Adopter categories (Rogers, 1962, p. 247)

This categorization provides a valuable framework for evaluating the dynamics of Bitcoin
adoption, determining the current state and gaining insights into the potential development.
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By categorizing individuals into these groups, it is possible to analyze the prevailing atti-
tudes, motivations and behaviors related to Bitcoin. In the subsequent section, a compre-
hensive examination of Bitcoin adoption is conducted by evaluating the results of the quan-
titative research.

5.3 Results

After testing the quality criteria of the survey and gaining a comprehensive understanding
of adoption in theory, we will analyze the survey results in this section. In order to assess
the potential impact, we first need to determine the current state of adoption. Subsequently,
we can compare this situation with the results of the survey and create scenarios of how
these could affect the future utilization of the Bitcoin network, its native asset bitcoin and
integrated stablecoins. Thereby, we focus on statistics describing global and specifically
German data. Roger's Diffusion of Innovations theory assists in determining whether users
would accept or reject the integration of stablecoins into Bitcoin and what the implications
would be. At this point, it is important to emphasize that the survey does not explicitly take
into account how stablecoins will be integrated into Bitcoin, as this has not yet been deter-
mined and to keep the questionnaire more general and uncomplicated. This also applies to
this section. We will further evaluate on that in chapter 6.

5.3.1 Current State of Adoption

Referring to the market capitalization, Bitcoin has ever since been the largest crypto asset
(CoinGecko, 2024). This figure is, however, only of limited relevance as an indicator for the
acceptance of Bitcoin. Therefore, we consider identifying relevant statistics that could testify
the adoption through different information on the conjunction of Bitcoin and the public. The
analysis below is based on figures concerning the global population by the U.S. Census
Bureau (U.S. Census Bureau, 2024). According to the data of Statista, there were 426.8
million users of crypto assets in 2023 on a global scale (Statista Market Insights, 2024a).
This adds up to a global saturation of 5.3%. The almost same figure was published by the
crypto asset payment provider Triple-A which specifically analyzes the holders of crypto
assets (Triple-A, 2023). Furthermore, data of the crypto asset exchange Crypto.com reports
425 million owners of crypto assets in December 2022 (Crypto.com, 2023). Since bitcoin
only makes up for a part of these user balances, it is necessary to identify the proportionate
ownership of the average person in bitcoin compared to their whole crypto asset portfolio.
The same statistic of Crypto.com shows that 219 million respondents claimed to hold
bitcoin, which represents 52% (Crypto.com, 2023). In comparison to the global saturation
this result in 2.8% of bitcoin holders in the year 2023. According to the adopter categories
of Rogers, the innovators are fully engaged in Bitcoin while the early adopters are beginning
to hold bitcoin. However, there are also more pessimistic statistics that state only 106 million
bitcoin owners (Buy Bitcoin Worldwide, 2023). This would only result in 1.3% of bitcoin
holders and thus half of the innovators were adopting it.
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For the population of Germany, analysis by Statista was used (Statista Market Insights,
2024b). According to another research of that data aggregator, in 2023 there were approx-
imately 15 million users of crypto assets in Germany, which is a national saturation of 17.7%
and an increase of 4.4 percentage points compared to 2022 (Statista Market Insights,
2024c). A statistic from Triple-A of the year 2022 only counts 5.8% of crypto asset holders.
Although this number differs much from the analysis of Statista, the holders doubled within
one year compared to 2021 (Triple-A, 2022). Hence, for the year 2023 it could be assumed
that the figure is at least double-digit. The specific type of usage is not defined in detail by
the research of Statista and only calculates the “number of customers or accounts” (Statista
Market Insights, 2024c). As the usage and holding of a crypto asset both imply having an
account, these evaluations can be compared with each other. The only alternative would
be receiving crypto asset through a direct blockchain transaction in order to not have an
account. However, this will be neglected here. As the objective of this subsection is to iden-
tify Bitcoin adoption — not crypto asset adoption — the statistics of Triple-A furthermore states
that in the year 2022 there were roughly 69.4% of crypto asset owners that held bitcoin
(Triple-A, 2022). If we compare this with the recent crypto asset analysis of Statista de-
scribed above, there would have been 12.3% of bitcoin holders in Germany in 2023. Applied
to the more pessimistic results of the Triple-A statistics itself, and the assumption that the
numbers would further double from 2022 to 2023 (11.6% of crypto asset holders), there
would have been 8.1% of bitcoin holders in the year 2023 (Triple-A, 2022). Compared to
the global setting, the German market can be considered more matured. In accordance with
Rogers’ adopter categories, all innovators in Germany already adopted Bitcoin in terms of
simply holding its native asset. Additionally, more than two-thirds — or at least almost the
half in the pessimistic scenario — of the early adopters joined them so far.

Yet this only represents the owners of bitcoin and does not testify the utilization of Bitcoin
as a payment network and other applications. A report of FIS Global indicates that merely
0.2% of the e-commerce payments in 2022 were executed using crypto assets (FIS, 2023,
p. 24). The statistic, however, does not disaggregate this figure nor particularize payments
using the Bitcoin network. Therefore, we can only expect that a subset of it was performed
using bitcoin. The report further states that 77% of the respondents buy crypto assets for
investment purposes while 18% would use them to purchase goods or services (FIS, 2023,
p. 23). Data from a statistic of PYMNTS and BitPay that was collected in the USA in 2021
reveals that a shift concerning crypto asset payments could happen due to younger, more
technically skilled users. According to this, the younger the generation that a person is as-
signed to, the higher the percentage of already performed purchases with crypto assets for
any kind of product category. For those who did not purchase anything with crypto assets
so far, more than 92% on average across all generations could imagine doing so (PYMNTS
& BitPay, 2021, p. 7 f.). If we strictly equate adoption with the actual use of Bitcoin, we need
to apply the percentage of people considering making payments with it (18%) to the previ-
ously identified holders. Accordingly, global adoption would amount to 0.5% (pessimistic:
0.2%), while adoption in Germany would be 2.2% (pessimistic: 1.5%). In terms of making
payments, both globally and in Germany, only the innovators would have adopted Bitcoin.
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However, since owning Bitcoin also implies certain usage, this broader interpretation is con-
sidered equivalent to adoption in this paper.

Furthermore, the barriers to adoption, hindering people that do not own crypto assets to pay
with them, were analyzed in the statistic. Far ahead, the response that was given the most
was the lack of knowledge (75%), followed by missing acceptance (33.3%) and volatility
(25.2%) (PYMNTS & BitPay, 2021, p. 16). Since a majority of the attendees of the survey
used within this thesis would consider their knowledge above average it is not possible to
reflect on that. As described before, blockchain technology is still in its beginnings and has
low adoption rates, which demonstrates that the figure above is not unfounded. However,
information resources are primarily digitally available and therefore open to anyone with an
internet connection. This can be seen as highly progressive and enhances the learning
process, compared to more traditional circumstances that may require guidance or less
accessible sources. In addition, there are plenty of free programs and courses that inter-
ested users can enroll to. The inhibition that is created due to the volatility of bitcoin and
was mentioned by the respondents could be remedied through the implementation of Tap-
root Asset stablecoins. We will examine this in more detail in the next subsection. Regarding
the acceptance of payments with bitcoin, the coverage indeed is still low. As of February
18, 2024, there are 10,548 merchants globally and 1,118 in Germany that accept payments
in bitcoin (Coinpages, 2024; BTC Map, 2024). Once again this shows that Germany is lead-
ing when it comes to adoption, although the number of outlets is little and can almost be
neglected compared to the overall availability of merchants. The questionnaire of the survey
also comprises a query that intends to identify whether Bitcoin payment adoption in the
future is initiated through customers demanding it or merchants offering it. The results are
nearly balanced as 28 (49.1%) responded that customers must further demand this pay-
ment method and 29 (50.9%) voted that merchants must facilitate this (Table 9).

In order to identify the current adoption of Bitcoin within the survey, the participants were
asked to rate their usage of the Bitcoin main network as well as bitcoin as means of pay-
ment. The responses are illustrated in Table 10 and Table 11. Obviously only participants
were asked, that stated that they have used the Bitcoin network or respectively bitcoin as a
means of payment before. Thereby 19 (47.5%) of a total of 40 participants stated that they
use the Bitcoin network occasionally (several times) while in summary 18 (45%) use it reg-
ularly (daily, weekly, monthly). More explicit results apply for the usage of bitcoin as a means
of payment. For this question 12 (57.1%) of a total of 21 participants responded that they
occasionally pay with bitcoin and 7 (33.3%) do so regularly. This also implies that 17
(29.8%) attendees have not used the Bitcoin network before and 36 (63.2%) have not used
bitcoin as a means of payment. The predominant reason for not considering the future us-
age of Bitcoin at all is its price volatility (87.5%), which was chosen by 7 of 8 participants
(Table 12). Secondly and thirdly were the missing knowledge and a lack of trust (both 50%).
Furthermore, the research group was split into those who used Bitcoin before and those
who claimed to not have. Both of them were confronted with the question why they do not
consider the use of bitcoin as a means of payment (Table 13 and Table 14). In summary
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price volatility was once again the key motive which was mentioned by 10 of 13 (76.9%)
participants. With regards to the attendees who used the Bitcoin network before, a majority
of 6 (66.7%) votes claimed other reasons. However, these are also primarily focused on its
volatility and that they rather see bitcoin as an investment. One participant that used Bitcoin
before stated a lack of trust. This also applies to a person that has not used Bitcoin before
and two others that do not understand it. Across all 21 participants that were asked these
guestions, a minority indicated that they consider Bitcoin or using bitcoin as a means of
payment as “insecure” or “fraudulent”. This further raises the question, whether the partici-
pants consider bitcoin as money (Table 15). As a result, 36 (63.2%) agreed to that, while
21 (36.8%) would refuse this statement. Similar to previously, the participants that negated
this question were asked for the reasons of that choice (Table 16). Once again, a majority
of 16 (76.2%) justified their response with the price volatility of bitcoin, closely followed by
the lack of acceptance which was indicated by 15 (71.4%) attendees. 7 (33.3%) other rea-
sons were specified regarding this question, which predominantly addressed bitcoin’s func-
tion as an investment or a store of value as well as lack of regulation. Ultimately, 4 (19%)
participants cited complexity as an obstacle for a consideration as money.

Another indicator we can use to identify the total Bitcoin adoption is the global coverage of
ATMs to buy and sell crypto assets. According to the data provider Coin ATM Radar, there
currently exist 36,131 crypto asset ATMs worldwide. Although the number had its peak in
August 2022 with over 39,000 machines and had a slight decrease since then, the number
continuously grows again since the mid of 2023 (Coin ATM Radar, 2024a). The decrease
predominantly occurred due to a reduction of ATMs in the USA, which is also the largest
market with currently almost 30,000 installed machines (Coin ATM Radar, 2024b). In order
to express the growth rate, Coin ATM Radar specifies a daily installation rate of more than
46 ATMs globally on average (Coin ATM Radar, 2024c). Almost all of the ATMs support the
purchase and selling of bitcoin, which is by far the most represented crypto asset (Coin
ATM Radar, 2024d).

On January 10, 2024, the Chair of the U.S. Securities and Exchange Commission released
a statement concerning the approval of the listing and trading of 11 spot exchange-traded
products (ETP) representing the price of bitcoin (Gensler, 2024). Although, this turning point
brings institutional investors and more unaware retail investors into the market, it does not
have a direct influence on the adoption of Bitcoin, as buyers do not directly invest into bitcoin
but rather in a financial asset construct. Investors are only interested in the actual price
representation of bitcoin and not in its additional functionalities and therefore primarily con-
sider it as an investment. Since the ETP provider purchases bitcoin and delegates the
shares to the investors, this does not represent a direct holding. Hence, users have no
authorization over their bitcoin and cannot withdraw nor transfer them. This also implies that
the Bitcoin network is not or barely used, as the only on-chain transaction performed is to
the provider’s personal custody solution or a third-party custodian. However, the general
adoption in terms of public awareness and knowledge could be enhanced indirectly due to
the approval.
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The adoption of Bitcoin, crypto assets and blockchain technology in general is still in its
infancy. We have identified that there is a deviation between global and German adoption.
However, both of them are only used by a small subgroup of the population. According to
Rogers, innovators and in parts early adopters have adopted Bitcoin. Nevertheless, specif-
ically early adopters have influence on potential adopters due to their status as opinion
leaders and role models for others, resulting in more potential for Bitcoin. Consecutively,
we will further elaborate on these implications.

5.3.2 Possible Impacts

The adoption of Bitcoin can be affected by several activities such as a growth in public
knowledge, increasing on-chain transactions or more people using it as a payment network.
Since Taproot Asset stablecoins are intended to maintain stability, they can be used as a
store of value and means of payment based on Bitcoin technology. In order to estimate the
overall potential of users switching from traditional electronic payments to Bitcoin payments,
it is required to identify the current saturation of electronic payments. Therefore, the intro-
ductory question of the survey determined the frequencies that the attendees pay with a
debit or credit card or utilize mobile payments (e.g., smartphone or smartwatch) at a physi-
cal point of sale (POS), given that this payment method is offered by the retailer. As pay-
ments at an online store primarily are electronically, this question is redundant, and the
result can therefore be assumed as at least the frequencies of payments at a physical POS.
The majority of 66.7% of the attendees would pay electronically every time, while another
29.8% would consider doing so often. Only 3.5% do sometimes choose electronic pay-
ments. The options “rarely” and “never” were not selected by any attendee (Table 17). In
summary this statistic shows that a preference for electronic payment methods exists, which
describes a fundamental potential for the utilization of Bitcoin payments. This can be sub-
stantiated based on the results of the research by FIS Global. According to that, in the year
2022 only 2% of the e-commerce and 16% of the POS transactions globally were performed
using cash. These figures are expected to further decrease until 2026, while payments with
a digital wallet are reckoned to grow the most (FIS, 2023, p. 8).

An approach of demonstrating the prospective potential of bitcoin as a means of payment
is by comparing the results of participants who used Bitcoin before with those who have not
(Table 18 and Table 19). While 52.5% of the people who utilized Bitcoin before also used
bitcoin as a means of payment, there are a little more potential users of 55.6%, who could
imagine doing so in the future, although these are no definite answers. As a result, the use
of bitcoin as a means of payment could increase in the future. On the other hand, the an-
swers could also be influenced by a lack of experience with Bitcoin technology. Participants
that did not have prior usage of Bitcoin could misconceive its functionalities and might have
a euphemistic imagination.

In the previous subsection we have discussed several reasons of the respondents for not
using bitcoin as a means of payment. The predominant challenge of this is the price
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volatility. However, this does not affect the Bitcoin network itself. The integration of stable-
coins could mitigate this problem. In accordance with the previous comparison, we contrast
attendees that used bitcoin as a means of payment before with those who did not regarding
their appraisal of the cumbrousness of the price volatility. 42.9% of the survey participants
that already paid with bitcoin agreed with this statement, whereas a majority of 57.1% is not
bothered by the price volatility (Table 20). In contrast, participants that have no experience
in using bitcoin as a means of payment voted differently. This group consists of persons
that used the Bitcoin network before and those that did not use Bitcoin at all (Table 22). In
this evaluation, 73.3% of the participants stated that the price volatility of bitcoin is cumber-
some while 26.7% did not have a problem with it. This represents a distinct discrepancy
between these groups and reveals a potential for a less volatile and therefore more stable
crypto asset. Nevertheless, from this statistic we could also interpret that people who used
bitcoin as a means of payment are not worried about the price fluctuations. It is evident that
if as a person uses bitcoin more frequently for purchases, an average price emerges which
levels out. In order to check this assumption, we generate a crosstabulation of these items
(Table 21). It illustrates the relation that survey participants who used bitcoin as a means of
payment more regularly, are likely to not have issues with its price volatility. Hence, the
percentages shown in the crosstabulation of individuals that used Bitcoin before, are as-
cending, while those of nonusers are descending. If a person paid with bitcoin only once or
occasionally, they rather rate the price volatility as cumbersome. Ultimately, 55.6% of the
participants claimed the cumbrousness of the price volatility of bitcoin, compared to 44.4%
who did not criticize this (Table 23). This further substantiates the necessity for a stable
crypto asset that could serve as a means of payment. In comparison, these figures show a
discrepancy to a more general question regarding the problems of a highly volatile asset
that aims to be used as a means of payment. The results are shown in Table 24. In this
analysis, 91.2% claimed that an intense volatility is considered cumbersome for such an
asset. Although the results represent the same tendency but to a different extent, the devi-
ation cannot be deduced.

Despite of that, the volatility in fact is still the central issue that was mentioned by the par-
ticipants. This raises the question whether the integration of stablecoins could be an im-
provement for Bitcoin (Table 25). Overall, 52 (91.2%) respondents would agree with that
statement, of which 15 (26.3%) consider stablecoins on Bitcoin to be definitely advancing.
Only 5 (7%) participants do not find this to be improving for Bitcoin, of which 1 (1.8%) ab-
solutely disagrees. In order to understand the reasons for their rejection of Bitcoin-based
stablecoins, these respondents were further interrogated. According to their answers, they
either prefer using bitcoin itself, stablecoin solutions of other blockchain networks or do not
recognize the difference from fiat currencies and thus the added value. Though, this statistic
shows a clear dominance of individuals that would endorse an integration of stablecoins
into the Bitcoin network, which we will further examine in the following.

To identify the impact of the integration of stablecoins into Bitcoin, the survey participants
were asked how their behavior would change based on their current usage of the Bitcoin
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network. This was specified on both, the expected use of bitcoin and integrated stablecoins
(Table 26 and Table 27). The statistics represent similar results as for most attendees the
utilization would probably stay the same. Though, there are a lot more participants that
expect a higher usage of both, bitcoin and integrated stablecoins, than those who would
use them less. The results could be interpreted as an increase in the use of Bitcoin. How-
ever, the results of this question must be treated with caution, as the usage of something
that does not yet exist cannot decrease after its introduction. This also applies to similar
usage, which would indicate disuse. Specifically for this question, it was assumed that the
survey participants were expressing their opinion on the potential use of Bitcoin-based sta-
blecoins.

The adoption of Bitcoin grows when previous nonusers start demanding it. Therefore, an
interesting evaluation is the combination of prior Bitcoin usage and the appraisal of a future
stablecoin integration regarding its capabilities of enhancing the technology. According to
the results of that statistic, 100% of the nonusers consider the stablecoin integration to be
an improvement. For attendees that already used Bitcoin 87.5% would agree with that, while
12.5% would do not see this inclusion as a benefit. Table 2 illustrates the results:

Do you consider the integration of stablecoins to be an improvement for Bitcoin? *
Have you used the Bitcoin network before (e.g. create a wallet, do a transaction,
operation of a full node)? Crosstabulation

Have you used the Bitcoin
network hefore (e.q. create a
wallet, do atransaction,
operation of a full node)?

Yes [o Total

Do you consider the Definitely Count 11 4 15
{Eig':tﬁ;;f;ﬁ:ﬁ:i;ﬂgf % within calumn 27.5% 235%  26.3%
Bitcain? Frobably Count 24 13 a7
% within column 60,0% 76,5% 64 9%

Frobably not  Count 4 1] 4

% within column 10,0% 0,0% 7.0%

Definitely not  Count 1 0 1

% within column 2,5% 0,0% 1,B%

Total Count 40 17 5.
% within column 100,0% 100,0% 100,0%

Table 2: Usage of Bitcoin vs. improvement through stablecoin integration

Despite that the findings above show a clear tendency, there is always a difference between
noticing the benefits of something and considering its usage. To correct this obscurity, we
further contrast the prior Bitcoin experience with the potential use of integrated stablecoins
based on the opinion of the participants. The results show that 7 (41.2%) of the nonusers
would endorse the use of stablecoins. Based on the total set of answers these respondents
would represent 12.3%. Moreover, 42.5% of the individuals that are already conversant with
Bitcoin could imagine increasing this usage behavior. In summary this results in 42.1% of
the participants that agree to a higher use of the Bitcoin network once stablecoins are intro-
duced. Though, it is necessary to mention that there is an unpredictable difference between
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claimed behavior and actual behavior. The answers given in a survey that describe a theo-
retical scenario usually differ from real practice. This is typical for statistical research and
also applies to the chosen methodology, as the use of an application that has not yet been
launched cannot be tested. Hence, the results must be interpreted cautiously. The majority
of 54.4% would not change their behavior regarding Bitcoin when stablecoins are included.
Ultimately a minority of 3.5% would even reduce their usage or reject the innovation. Since
more participants mentioned an increase in using Bitcoin, this can be construed as an ex-
pansion of adoption. Table 3 below shows the total results in a crosstabulation:

Based on your current usage of the Bitcoin network, how would the integration of stablecoins
influence your behavior on integrated stableceins? * Have you used the Bitcoin network before
(e.g. create a wallet, do a transaction, operation of a full node)? Crosstabulation

Have you used the Bitcoin
network hefore (e.qg. create a
wallet, do a transaction,
operation of a full node)?

Yes Mo Total

Based on your current Higher usage ofthe Bitcoin  Count 17 7 24
usage of the Bitcoin network and integrated —— =
network, how would the stablecoins % within colurmn 425% 41.2% 421%
mtegratmn of stablec_mns Probakly the same usage Count 22 g 21
influence your behavior on o446 Bitegin network and
integrated stahlecoins? integrated stablecoins % within column 55,0% 52,8% 54, 4%

Lower usage ofthe Bitcoin ~ Count 1 1 2

netwaork and integrated =

stablecoins % within column 2,5% 5,9% 3.5%
Total Count 40 17 a7

% within column 100,0% 100,0% 100,0%

Table 3: Prior Bitcoin usage vs. potential usage of integrated stablecoins

Next, we apply this evaluation to the future use of bitcoin as a means of payment after a
potential integration of stablecoins and compare it to the prior utilization of Bitcoin. The
resulting crosstabulation shows similar findings to the previous ones. 5 (29.4%) of the cur-
rent nonusers could imagine using bitcoin as a means of payment in the future. Based on
the whole dataset this number adds up to 8.8%. In total there are 20 (35.1%) survey partic-
ipants that would increase their use of bitcoin as a means of payment, of which 15 have
had prior experience. The majority of 61.4% would neither increase nor reduce their behav-
ior on the utilization of bitcoin as a means of payment. Lastly, 3.5% would consider reducing
their use of bitcoin as a means of payment, if stablecoins were introduced. All results are
illustrated consecutively in Table 4:
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Based on your current usage of the Bitcoin network and bitcein as a means of payment, how
would the integration of stablecoins influence your behavior? * Have you used the Bitcoin
network before (e.g. create a wallet, do a transaction, operation of a full node)? Crosstabulation

Have you used the Bitcoin
network before (e.0. create a
wallet, do a transaction,
operation of a full node)?

Yes R[] Total
Based on your current Higher usage of the Bitcoin -~ Count 15 B 20
usage ofthe Bitcoin network and hitcoin Sk ER i 37 5% 29 4% 35 1%
network and hitcoin as a - : :
means of payment, how Frobably the same usage Count 24 11 35
would the integration of  9TT® Bilcom newerkand ol o, 60,0% B47%  614%
stahlecoins influence your  Pitcoin ! ! :
behavior? Lower usage ofthe Bitcoin ~ Count 1 1 2
FEET = R A % within column 2,5% 5,9% 3,5%
Total Count 40 17 a7
% within column 100,0% 100,0% 100,0%

Table 4: Prior Bitcoin usage vs. potential usage of bitcoin as a means of payment

An extended and combined version of Table 3 and Table 4 can be found in Table 29. It
serves as a comprehensive overview to determine the potential growth in adoption following
the integration of stablecoins. Nonusers in particular are a useful group for this evaluation.
Overall, survey respondents included 8 (14%) people who expect to increase their overall
use of Bitcoin network. Previously, 40 respondents indicated that they had used Bitcoin
before, representing a potential increase of 20%. As they have no experience with the tech-
nology, this number can be identified as potential novices to Bitcoin. Of these participants,
3 would use specifically integrated stablecoins, 1 would prefer bitcoin and 4 would use both
solutions. In addition, 19 (33.3%) survey respondents who already have experience with
Bitcoin would expand their use of the network. This includes 4 respondents who favor the
use of integrated stablecoins, 2 who would expand their use of bitcoin and 13 who would
increase their use of both technologies. As seen in the previous subsection, a majority of
survey participants that do not intend to use bitcoin as a means of payment or the Bitcoin
network at all substantiated this with the price volatility. In summary, 14 (24.6%) attendees
stated this as a reason (Table 12, Table 13 and Table 14). Of these, 10 (17.5%) have not
used the Bitcoin network before. Compared to the potential novices described before, that
consider a higher usage after the integration of stablecoins, this figure is slightly bigger and
demonstrates that there might be even more potential.

In the previous subsection we have differentiated the current adoption into a broader and a
stricter interpretation. While the broader determined the holding of bitcoin as a state of
adoption, the stricter interpretation only took into account the respondents that made pay-
ments with it. Since the questionnaire primarily focused on making payments, we compare
the results with the figures representing this aspect. However, the holding of bitcoin also
includes a certain level of Bitcoin utilization. For this reason, we will carefully assess this
evaluation as an ideal scenario. The stricter interpretation of current individuals using bitcoin
as a means of payments added up to 0.5% (pessimistic: 0.2%) globally and 2.2% (pessi-
mistic: 1.5%) for Germany. The evaluation showed that there were 5 (8.8%) novices that
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claimed using bitcoin as a means of payment after the integration of stablecoins. As a result,
the adoption could grow up to 9.3% (pessimistic: 9%) globally and 11% (pessimistic: 10.3%)
for Germany. According to the theory of Rogers, this could lead to progress for the adoption
which would reach the early adopters. Regarding the broader interpretation, worldwide
2.8% (pessimistic: 1.3%) have used Bitcoin while in Germany the figures added up to 12.3%
(pessimistic: 8.1%). The evaluation of the survey showed that 8 (14%) novices stated that
they would begin utilizing Bitcoin. In summary this could lead to an adoption of 16.8% (pes-
simistic: 15.3%) globally and 26.3% (pessimistic: 22.1%) in Germany. For the broader and
ideal scenario, the integration of stablecoins already holds interest for the early majority
according to the theory of Rogers. Overall, this results in a range of 0.2% to 16.8% for the
whole world and 1.5% to 26.3% for Germany. The evaluation of the survey can be applied
to the statistics of the previous subsection describing the current adoption, since both apply
to the same geographical group. The survey included German attendees (University of Ap-
plied Sciences Mittweida) as well as an international audience (Slack channels, LinkedIn).
A detailed disaggregation for this was not conducted. Nevertheless, the figures of potential
and actual adoption differ significantly. For transparency reasons, it is important to point out
the causes that could be responsible for this discrepancy. Firstly, the research methodology
that was used to identify the potential adoption addressed a target group of participants with
a background in blockchain technology and Bitcoin, which did not apply to the studies that
analyzed the current adoption. Secondly, once stablecoins are integrated into Bitcoin and
survey participants are confronted with the challenge of whether they use the technology,
their claimed behavior might differ from their actual behavior. Thirdly, we assumed that
Bitcoin owners not only deposit Bitcoin as an investment, but also use it for some purpose.

In the previous subsection, we also analyzed statistics that are not directly affected by a
possible stablecoin integration. For example, the market capitalization of Bitcoin is a metric
that will not necessarily change because of this development. Furthermore, the introduction
of stablecoins has no direct impact on the number of available ATMs. While it is possible
that the stablecoin can be purchased at such a machine, there must be a clear advantage
for the individual to use such a service despite the possibility of buying it online. Since iden-
tity verification is required (“know your customer”) and exchange fees apply, the stablecoin
integration may not increase the number of ATMs. Similarly, the ability to make POS pay-
ments must have a competitive advantage over current payment methods. For example,
merchants could offer such payments to attract new customers.

Finally, we revisit the five key attributes of Rogers that influence the rate of adoption of an
innovation within a population and apply this to Bitcoin and the findings. As described
above, a relative advantage must be identified that distinguishes the use of bitcoin as a
means of payment. The technical possibility is proven by the existing availability in shops.
One relative advantage could be lower transaction costs. According to 77.4% of merchants
who accept crypto asset payments, fees are lower, while none of them claimed they are
higher (PYMNTS & BitPay, 2022, p. 21). This is substantiated by the fact that the average
processing fee for credit card payments is between 1.5 % and 3.5 % and the costs for online
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transactions start at a minimum of 2.9 % (Leonard & Bottorff, 2023). In comparison, off-
chain transactions via the Bitcoin Lightning Network only cost a few sats, which is the equiv-
alent of a fraction to a few cents. A relative advantage for traditional payment methods is
their usability, which might still be complex with crypto assets. Within the target group of the
survey, 6 (10.5%) participants stated that they do not use Bitcoin because they do not un-
derstand it (Table 12 and Table 14). On a broader scale the complexity, however, is still a
barrier for merchants to offer payments using crypto assets. Difficulties predominantly arise
with the implementation of wallets (67.9%), technical skills of employees (44%) or private
key handling (42.2%) (PYMNTS & BitPay, 2022, p. 23). This also applies to users who
refuse to buy crypto assets due to a lack of knowledge (PYMNTS & BitPay, 2021, p. 16).
On a technical level, blockchain-based transactions are eventually more complex than tra-
ditional payments. This could be mitigated through service providers offering payment pro-
cessing or wallet applications with a simple usability. The current applications already sup-
port user-friendly features that hardly differ from other payment methods and ensure appro-
priate compatibility. This allows payments to be made by scanning a QR code or via NFC-
enabled devices such as smartphones, which also applies to credit and debit cards. The
usage of Bitcoin is permissionless, which enables low barriers to entry for users and a high
degree of trialability. This does not apply to traditional finance, where processes are more
elaborate. As seen in previous statistics, setting up a wallet and performing transactions
might be more complex for beginners. Nevertheless, each user can test the functionalities
themselves or, in rare instances, in various digital and physical stores mentioned above.
Due to the transparency of Bitcoin, its observability can be considered as ideal. Though,
details are limited, and it cannot directly be identified if a transaction is a purchase at a store
or a simple exchange between two individuals and who participated since accounts are
pseudonymous. The results of a transfer are visible to anyone, which does not apply to
traditional finance. As the technology still has low public awareness, this attribute must fur-
ther develop.

According to Rogers' innovation decision process, new technologies always lead to some
level of adoption. Some individuals entering the Bitcoin adoption process may conclude that
they reject Bitcoin. We have analyzed various reasons for this decision in this chapter. In
contrast, some survey participants decide to adopt Bitcoin in the future once stablecoins
are introduced. This was evaluated based on different statistics. Ultimately, the develop-
ment of the recent years and the research results show that Bitcoin is gaining adoption,
which also leads to more communication channels and discussions. Whether the integration
of stablecoins actually improves the adoption of Bitcoin will become clear when this appli-
cation is launched. The next chapter examines how such an implementation could be de-
signed.
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6 Implementation Approaches

At the time of writing, Lightning Labs has already released the alpha version of tapd for the
main network, which supports the on-chain issuance and functionality of Taproot Assets.
However, the implementation into the Lightning Network as well as concrete concepts of
stablecoins are still awaited and remain purely theoretical models. Rapid prototyping tools
such as "Polar" allow users to get an impression of what the combination of these technol-
ogies could look like (Gentry, 2023). In this chapter, we will therefore attempt to illustrate
possible implementation approaches for Taproot Asset stablecoins and their integration into
the Lightning Network.

6.1 Stablecoin Design

In section 3.1 we have discussed different stablecoin classes which we will refer to in this
section. Nevertheless, it is also necessary to consider the historical performance data. Un-
collateralized stablecoins are very difficult in their configuration, as their stability primarily
depends on the algorithm adjusting the supply. If this mechanism is based on a reasonable
framework, stability could be achieved. Due to earlier de-pegs, which also led to several
collapses, they are not a proper representation of stability. As previously shown, this is also
reflected in the number of users holding uncollateralized stablecoins. Therefore, we will not
consider uncollateralized stablecoins in this section when conceptualizing designs. Instead,
a hypothetical scenario is created in which Taproot US dollar (TUSD) is a stablecoin that
aims to achieve a 1:1 peg to that same fiat currency by utilizing collateralized approaches
as a stability mechanism. The proposals presented in this section do not claim to be com-
plete and are merely suggestions for the implementation.

6.1.1 Off-chain collateralized Approach

Beginning with the most prominent stablecoin class applying off-chain collateralization, at
first a custodian such as Tether and Circle that issues TUSD is required. The custodian
therefore must operate a full node that runs tapd to interact with the protocol. Since Taproot
Assets are light-client friendly, users do not need to operate a full node themselves. The
minting of TUSD is initiated through tapd whereas the creation happens through an on-
chain transaction. Thereby it is important that a group_key is assigned to TUSD. This option
establishes an asset group so that the supply can be expanded in the future within that
group (Tsagkarelis, 2023). Consequently, users must buy TUSD directly from the custodian,
that executes a new on-chain Taproot transaction. It includes the asset in its MAST and the
held amount of TUSD per account in its MS-SMT. Compared to Tether, this could be per-
formed without the need of complex smart contracts, as the incoming payment of users
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triggers the on-chain transaction. Furthermore, since multiple asset assignments can hap-
pen within one transaction, this process is efficient, and batches of issuances can be exe-
cuted similar to an emission. Contrary to minting, the object asset_group provides the func-
tionality to burn specific assets, which enables the reduction of the supply (Harvey-Buschel,
2023). In this process users send their crypto assets to the address of the custodian, that
destroys the TUSD. Due to the promised 1:1 exchange rate the user account is rewarded
with the corresponding amount of US dollar. Ultimately, only transactions signed by the
custodian can increase or decrease the supply. Users can transfer TUSD to other ad-
dresses within the scope of their holdings. Such transactions cannot change the amount of
assets in circulation to prevent inflationary traits. The management of the collateral devolves
on the custodian, that has to choose the underlying assets for TUSD with a high liquidity
ratio and that are stable in value. Regular third-party audits and transparent reports ensure
the collateralization of TUSD and thus the trust of users in the stablecoin project. Universes
enable proof of reserves so that users can obtain protocol-based data for TUSD and com-
pare it with the information provided by the custodian (Harvey-Buschel, 2023). The issuer
can create a proof file for a specific Taproot Asset, the provenance of which users can verify
to confirm its authenticity (Gugger, 2023). Moreover, secondary markets could emerge
through the listing of TUSD on peer-to-peer exchanges, where arbitrageurs utilize price
discrepancies to stabilize the rate (Bitcoin.org, 2024).

Since the business model of off-chain collateralized stablecoins is primarily managed with-
out the necessity of the blockchain network, TUSD could be implemented using this mech-
anism. However, there are still challenges regarding its design. Firstly, the initial purpose of
Bitcoin was to create a payment system that does not rely on centralized entities. However,
off-chain collateralized stablecoins require a custodian to manage the reserve assets. Risks
can be minimized by demanding regular and transparent information that is publicly availa-
ble. Nevertheless, the integrity of the intermediary and the business model is still not guar-
anteed, as the reports could be falsified. Ultimately, this has no impact on Bitcoin itself, but
contradicts its idea. Users that want to utilize TUSD therefore sacrifice the decentralization
that the underlying network provides. Furthermore, especially in difficult situations, off-chain
collateralized stablecoins decouple from their intended peg. Large projects such as USDT
and USDC might regain the trust of users, but smaller and new projects could collapse in
such scenarios. One solution could be the approach of Stablesats, which has already been
described. If TUSD is traded on secondary markets, exchanges could also offer perpetual
inverse swaps. Such derivatives already exist for Tether’s stablecoin USDT (Poloniex, n.d.).
TUSD could be additionally hedged in this manner by the custodian investing in such prod-
ucts. This could further strengthen user trust in TUSD due to a better security mechanism,
as each unit is collateralized not only by the reserve but also by the derivative. Should the
stablecoin decouple from its peg, users would still be eligible to redeem their crypto asset
for the promised 1:1 exchange rate. The drop of TUSD leads to an increase of the derivative.
If the reserves somehow fail and TUSD is under-collateralized, the short position could be
used to make up for losses. If the reserve holds, the custodian could cover own losses by
selling perpetual inverse swaps. This of course leads to more complexity, higher costs and
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the risks associated with the Stablesats approach. In this case, however, the inclusion of
another custodian could reduce the overall counterparty risk, as both of them would have
to default for TUSD to collapse.

6.1.2 On-chain collateralized Approach

The more complex implementation approach of a native stablecoin on Bitcoin is through on-
chain collateralization. This is because there is almost no component that solely operates
without the dependence on the blockchain network. The management of the collateral, the
supply as well as governance processes all occur on-chain. While current implementations
exist on more interoperable networks like Ethereum, this could be a challenge for Bitcoin.
Compared to that, the Bitcoin script language is limited regarding its functionality due to a
missing “Turing completeness”. This means it is not possible to do difficult operations such
as loops and rather supposed to execute simple stack-based processes. Complex struc-
tures like smart contracts are also not supported. In this way Bitcoin maintains a robust
security and still can perform different types of transactions up to more extensive applica-
tions like the Lightning Network. (Antonopoulos, 2021f)

However, we can still design a theoretical approach that could implement an on-chain col-
lateralized stablecoin. Bitcoin transactions fundamentally consist of a locking script that de-
fines specific spending conditions, and an unlocking script that fulfills these conditions to do
the transfer (Antonopoulos, 20219g). This concept is similar to the conventional technique of
on-chain collateralized stablecoins, where the reserve assets are locked in a vault and only
unlocked if the borrower returns the lent amount and if applicable an additional fee. If a user
deposits bitcoin into the vault, this represents the locking script, whereas the return of the
borrowed TUSD is a condition of the unlocking script, which triggers the redemption of the
deposited bitcoin. Once again, the variables group_key and asset_group are required to
manage the fluctuating supply of TUSD. Trading could also take place on secondary peer-
to-peer markets. Furthermore, other assets can also be deposited, which are implemented
through the Taproot Assets protocol. Hence, asset-referenced token or electronic money
token which are digital representations of traditional assets or currencies could also be ap-
plied in the future (European Union, 2023, p. 44). As a result, more stable assets could
cover the collateral of TUSD and eliminate the necessity of over-collateralization.

Since an on-chain stablecoin design does not include a centralized entity, governance pro-
cesses must be administered by the community. As with DAI, a governance token that al-
lows holders to vote could be implemented using the Taproot Assets protocol. The more
difficult task is to delegate voting periods on the blockchain without relying on smart con-
tracts. In the past, soft forks were implemented after a certain hash rate controlled by the
miners indicated support or rejection of a potential update. This is done by signaling,
whereby the miners vote by adding the old or new version number to their produced blocks
(Bit2Me, 2020). Signaling could be a method for token holders to express their stance. To
inform the public of their decision, an on-chain transaction could be carried out. However,
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this would temporarily burden the blockchain and high transaction costs would arise during
election periods. Ultimately, token holders could be prevented from voting. Elections could
also take place off-chain on a separate website or application where token holders verify
their eligibility for the election period. The results could be published in an on-chain trans-
action within a Merkle tree allowing each voter to verify the integrity of their personal vote.
Yet decentralization could be weakened due to centralized structures. Ultimately, it is more
difficult to design a proposal for on-chain collateralized stablecoins.

6.2 Lightning Network Integration

Unlike the stablecoin design, the integration of Taproot Assets into the Lightning Network
was already intended when the project was announced. Due to fast processing and low
fees, this was an obvious decision. Bitcoin remains the backbone for both technologies,
while Taproot Assets utilize the Lightning Network infrastructure. At the time of writing, the
on-chain functionalities of the main network of the Taproot Assets protocol are already in-
tegrated, while the use of the Lightning Network is still outstanding (Gentry, 2023). In the
future, Taproot Assets — and thus also stablecoins — will be used to create payment chan-
nels, as is already possible with bitcoin. As a result, stablecoins can be transferred and
routed via the Lightning Network, while bitcoin serves as a universal platform asset to pay
routing fees, similar to Ether when paying for gas fees. Nevertheless, conventional off-chain
bitcoin transactions are still possible. Transferring Taproot Assets on the Lightning Network
can be done via a homogeneous route. However, this requires all nodes to hold the corre-
sponding asset. To increase interoperability, heterogeneous routes can be established in
which the participating nodes do not need to hold the transferred asset in order to function
as routing nodes. This process requires specific "edge nodes" that are directly connected
to the sender or recipient of the transaction and exchange bitcoin for the asset. Nodes in
between simply route bitcoin. In fact, payments can include different assets, as Figure 8
shows. Eric could create an invoice in which he requests a certain amount of Taproot EUR
(TEUR) from Alice and presents it to her. Despite of that, Alice can still initiate the payment
to Eric with her TUSD balance at a predefined exchange rate. Bob and Dave, who act as
edge nodes in this setup, specify their exchange rate and convert the asset into bitcoin and
vice-versa. Carol acts as an ordinary routing node on the Lightning Network and has no
interaction with Taproot Assets. (Lightning Labs, 2023e)

Figure 8: Routing of multiple Taproot Asset stablecoins (Lightning Labs, 2023e)

The exchange of bitcoin and the Taproot Asset stablecoin is enabled through atomic swaps
(Lightning Labs, 2023c). These are methods that are already used in the Lightning Network
in the form of hash time-locked contracts. The exchanging transactions are blocked until



Implementation Approaches 55

either the preimage of a given hash value is provided or until a certain time has elapsed
(Cointelegraph, 2023). The first option executes the exchange of bitcoin and the asset, while
the second either does nothing or reverts everything. In the example, Bob exchanges the
TUSD received from Alice for bitcoin, which he forwards to Carol. Since Carol functions as
a standard routing node, she sends the bitcoin to the next hop, which is operated by Dave,
who in turn converts bitcoin into TEUR and transfers it to Eric. Each edge node can set its
own exchange rate or use the reference rates of the public exchanges. This also creates
competition between the edge nodes, as the sender can select the least expensive route.
Overall, routing is still dependent on the amount of value held in each payment channel.
However, since the nodes can now hold multiple assets, this restriction is more flexible and
not only the assets held in bitcoin are included in the capacity. (Lightning Labs, 2023e)

Nevertheless, to function properly and establish routes, funds must be held available in
payment channels. This leads to liquidity issues as the respective amount must be depos-
ited in multiple channels and the funds cannot be used for other purposes. Since the Light-
ning Network enables cost-efficient transactions, node operators do not earn much from
routing fees. Edge nodes could therefore become relevant in the future as they create a
business model that makes it profitable to hold funds available. As of February 18, 2024,
Lightning nodes hold an average capacity of 0.325 bitcoin (approx. $16,800). Although the
distribution is relatively concentrated, the 50" percentile of nodes holds 0.05 bitcoin (approx.
$260), while the 75" percentile manages 0.035 bitcoin (approx. $1,800). The average chan-
nel capacity provides further information about the management of off-chain funds. Pay-
ment channels currently maintain a capacity of 0.083 bitcoin (approx. $4,300). The 50"
percentile of payment channels holds 0.02 bitcoin (approx. $1,000) and the 75" percentile
includes 0.055 bitcoin (approx. $2,800). These figures show that even larger payments
could be processed via the Lightning Network. Eventually, the distribution leads to a more
centralized structure, as nodes with higher capacities tend to aggregate larger values and
maintain more payment channels, while smaller nodes become obsolete. This impairs the
decentralized approach of Bitcoin. (1ML, 2024)

The Lightning Network still needs to be further evaluated and developed. An October 2023
research report by River — a Bitcoin financial services provider — states that the volume of
routed transactions via the Lightning Network has increased by 1,212% in two years. Most
of the transfers concern values of less than 1,000 sats (approx. $0.48) which are classified
as micropayments. Larger payments are used less frequently, which especially applies to
daily purchases. However, this could also be due to the use of bitcoin and could change
with the integration of stablecoins. On River's Lightning nodes, a transaction success rate
of over 98% on average was recorded. The predominant reasons for transactions failing
are the absence of a proper route or a timeout when searching for a route. Insufficient funds
and incorrect payment details are rarely represented. A second payment attempt could at
least reduce the possibility of a timeout if a route can be found. Ultimately, it is necessary
to mention that due to the volatility of bitcoin, the exchange values expressed in this section
will vary in the future and should not be taken for granted. (River, October 2023)



56 Conclusion

7 Conclusion

The research of this thesis dealt with the idea of Taproot Assets and their potential influence
on the Bitcoin network adoption. Theoretical concepts of the prerequisites of this technology
were explained comprehensively to establish a profound knowledge base. Although differ-
ent types of assets could be created, the research focused on the crypto asset class of
stablecoins, which were examined in detail. Since the Taproot Assets protocol is still under
development, a survey was conducted to gain insights into the potential utilization of the
attendees. The questionnaire concentrated on the prior and current use of the Bitcoin net-
work as well as bitcoin as a means of payment and reasons for not doing so. As stablecoins
introduce a crypto asset with low volatility, the issues with price fluctuations were ad-
dressed. Ultimately the potential adoption of Bitcoin was analyzed in a hypothetical scenario
where Taproot Asset stablecoins already exist. It the following section we will once again
revisit the most important results identified in this thesis. Subsequently, we draw an outlook
and determine research fields that could benefit from the findings of this paper and must be
analyzed to fully grasp the subject.

7.1 Summary of Research Findings

In the analysis of the current state of the adoption of Bitcoin and other crypto assets, the
results showed an increase over the previous years. This evaluation comprised the holders
of crypto assets but also the usage for example as a means of payment. Furthermore, sta-
tistic indicates that this development will continue in the future since younger generations
rather sympathize with these technologies. However, based on global and country-specific
population data the adoption rate is still low. More detailed investigations regarding the re-
fusal of Bitcoin depicted that the price volatility is the most prominent reason. The imple-
mentation of Taproot Asset stablecoins could rectify such challenges.

Overall, a majority considers the integration of stablecoins as an improvement for Bitcain.
The prospective adoption was determined by evaluating the change of (potential) users’
behavior in a scenario where Taproot Asset stablecoins have been implemented into
Bitcoin. Although, most survey participants would continue with the same usage behavior
regarding integrated stablecoins or bitcoin, there were a lot more attendees that would in-
crease their use than those who would reduce it. For integrated stablecoins this number
was even higher than for bitcoin. In particular the group of nonusers are essential for the
measurement of the adoption rate. Based on the survey results, there were more nonusers
that would start utilizing Bitcoin than those who would reject it. The analysis of the current
state of the adoption of Bitcoin allowed to make a distinction between different aspects. On
the one hand data merely analyzed the bitcoin holders while other considered the real use
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of it. On the other hand, global as well as German results were examined. Since the results
of different statistics differed, a more pessimistic scenario was illustrated next to a more
optimistic one. These aspects were incorporated and served as a basis for the analysis of
the future transformation. In result various figures were determined, that express a growth
of the adoption rates once Taproot Asset stablecoins are integrated into Bitcoin. Since the
research primarily included survey participants that have a background in blockchain tech-
nology and Bitcoin, the results can only be applied to this target group.

The actual consequences will be documented after the launch of native stablecoins on
Bitcoin. Within the thesis, the potential was demonstrated as well as the benefits of such a
technology. Traditional payment systems exist and work perfectly fine but collect fees from
merchants that are hidden for the ultimate consumer due to cost allocation. The combination
of Taproot Asset stablecoins and the Bitcoin Lightning Network could be a solution to that
problem. These technologies combine a stable crypto asset with fast and cost-efficient
transactions. However, these methods are still under development and must first establish
themselves. The Lightning Network must be tested comprehensively and rolled out for
larger payments as previously shown. In order to keep the original intention of Bitcoin, the
solution should keep the third-party dependence to a minimum.

7.2 Outlook and Areas for further Research

On October 18, 2023, the launch of the main network of the Taproot Assets protocol was
announced. With this, the support of on-chain functionalities and the issuance of assets are
possible. According to the latest posting from Lightning Labs, almost 2,000 assets have
been minted on the test network (Gentry, 2023). Statistics about the main network, which
will be published in the future, will show how it has been accessed. The next step is the
implementation of a connection to the Lightning Network, which Lightning Labs is currently
working on. As described in chapter 6, the theoretical design for this integration already
exists. So far, there are no concepts for the development of stablecoins using Taproot As-
sets. This must be further evaluated in feasibility studies and elaborated on what is im-
portant for potential users. In particular, the choice of collateralization and the exact design
of this approach must be determined. Multiple solutions already exist and have been pre-
sented in this thesis. However, these do not represent an effective stabilization mechanism.
Furthermore, problems arise due to centralization or difficulties in the conception. Ulti-
mately, a tradeoff must be reached that guarantees stability while satisfying user require-
ments.

In order to determine the actual adoption of blockchain technology, crypto assets and
Bitcoin, it is necessary to continue with the research and analyze the usage of the different
applications. Based on the results of the survey, this research should be extended to a
larger target group, including more unaware participants and their perception of such an
approach. Once stablecoins are introduced to Bitcoin, field investigations must be con-
ducted that go beyond quantitative research. These results are more reliable due to their
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practical approach. Based on this analysis, it is possible to identify whether users would
actually be willing to pay with crypto assets, as stated in the survey. Another interesting
analysis is the actual comparison of such an application with existing payment services
regarding their usability and whether people would prefer such a solution. This investigation
must also include people who are not yet familiar with blockchain technology. Although
blockchain technology is still under development, the improvement of applications will con-
tinue. Furthermore, users do not need to completely understand the technology behind it.
Similar to the internet or current payment systems, which can be used without being aware
of underlying processes. The usability could therefore evolve to current financial applica-
tions and eventually reach a level where they hardly differ from each other. At this point,
people take other advantages into consideration, such as the cost benefit, disintermedia-
tion, or an easy onboarding process.
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Appendix A: Survey Question Path

This survey question path was created to simplify the understanding of the questionnaire’s
structure. The figures refer to the numbering in Appendix B.
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A-ll

1. How often do you use electronic payments (debit/credit card, mobile payments) at a physical point of sale
(e.g. supermarket) if offered by the retailer?

Never 0
®
@ Rarely 0
Sometimes 2
®
Often 17
@
. Every time 38

2. How would you rate your knowledge about Bitcoin before starting this survey?

-

No knowledge

~

Little knowledge

®

. |
@ Average knowledge 14

@ Advanced knowledge 25

@ cxcellent knowledge 10

3. Based on your knowledge, do you consider bitcoin as money?

® ves 36
® nNo 21
4. Why not?

. Few merchants offer bitcoin asa... 15

@ cComplexity 4
@ rrice volatility 16
@ Other 7

5. Have you used the Bitcoin network before (e.g. create a wallet, do a transaction, operation of a full node)?

@ ves 40
® nNo 17
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6. If yes, how often?

@ Onlyonetime 3
. Several times 19
@ Monthly 9
@ weeky <
@ oaily 5

7. Have you used bitcoin as a means of payment so far (e.g., paying for goods or services)?

. Yes 21
® no 19

8. If yes, how often?

@ Onlyonetime 2
@ several times 12
@ Monthly 5
@ Weeky 1
@® oaiy 1

9. Did the price bother you when paying?

@ ves 9
® nNo 12

10. If not, do you consider using it in the future?

@ Definitely 3
. Probably 7
@ rrobably not 7
@ Definitely not 2

11. Would the price bother you when paying?

. Yes 7
® No 3
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12. Why not?

6
@ Insecurity 0 5
@ Frice volatility 4 i
@ ! donot trust it 1
@ ! donotunderstand it 0
. Scam/fraud
@ Other 6 1
0 .

13. If not, do you consider using it in the future?

w

(=]
~

@ Definitely 1

@ rrobably 8

@ Probably not 8

@ Definitely not 0
14. Why not?

@ insecurity 2 6
@ Frice volatility 7 5

@ ! donot trust it 4 4

@ 1 do not understand it 4 3
. Scam/fraud 1 2
@ Other 1 1
; B

15. Would you consider using bitcoin as a means of payment (e.g., paying for goods or services)?

@ Definitely 0
@ rrobably 5
@ rrobably not 4
@ Definitely not 0

16. Would the price bother you when paying?

@ ves 4
® nNo 1
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17. Why not?

. Insecurity 0
@ Frice volatility 3

2
. | do not trust it 1
@ ! do not understand it 2
. Scam/fraud 1 1
@ oOther 1

0

18. The price volatility of bitcoin is high. Do you consider this to be a problem if an asset is supposed to be a
means of payment?

@ ves 52
@® no 5

19. Do you consider the integration of stablecoins to be an improvement for Bitcoin?

. Definitely 15
@ rrobably 37
. Probably not 4
‘ Definitely not 1
20. Why not?
Responses Latest Responses

21. Based on your current usage of the Bitcoin network and bitcoin as a means of payment, how would the
integration of stablecoins influence your behavior?

. Higher usage of the Bitcoin net... 20
@ rrobably the same usage of the ... 35

@ Lower usage of the Bitcoin netw... 2

22. Based on your current usage of the Bitcoin network, how would the integration of stablecoins influence
your behavior on integrated stablecoins?

@ Higher usage of the Bitcoin net... 24
@ rrobably the same usage of the ... 31

. Lower usage of the Bitcoin netw... 2
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23. Bitcoin maximalists would say “this is Bitcoin on the front but fiat (stablecoins) on the back”. Would you
consider this to be an issue?

’ Yes 17
® No 40

24. Chicken or the egg: Does adoption start with customers demanding bitcoin as a means of payment or
merchants offering it as a payment option?

. Customers demanding bitcoin p... 28

@ Merchants offering bitcoin pay... 29

25. Do you have any additional comments regarding the integration of stablecoins into Bitcoin?

5

Responses Latest Responses

26. How old are you?

25
@ Underis 0
® 1821 12 20

25-34 24
b 15
@ 354 14
@ 4554 6 10
@ 5564 1 .
. 65 and over 0 .

0 —

27. What gender do you identify with?

@ Male 46
@ rfemale 10
. Non-binary 0
. Prefer not to say 1

28. What is your highest educational qualification?

. Less than high school 0
@ High school 2
’ Bachelor's degree 24
. Postgraduate degree (Master's,... 31
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29. What is your current employment status?

@ Etmployed full-time 28
. Employed part-time 8
@ Sself-employed 5
. Unemployed 0
. Student 15
@ retired 0
@ Other 1

30

25

20

0
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Appendix C: Extended Tables

The tables of this appendix are own illustrations created with the data set Survey
Statistics.sav and the software IBM SPSS Statistics Data Document.

Table 5: Respondent demographics and experience with Bitcoin

Demographic variables Categories Frequency (percentage)
N =57
Gender Male 46 (80.7)
Female 10 (17.5)
Prefer not to say 1(1.8)
Age 18-24 12 (21.1)
24-34 24 (42.1)
34-44 14 (24.6)
45-54 6 (10.5)
55-64 1(1.8)
Education High School 2(3.5)
Bachelor's degree 24 (42.1)
Postgraduate degree (Master's, Ph.D, etc.) 31 (54.4)
Employment Employed full-time 28 (49.1)
Employed part-time 8 (14.0)
Self-employed 5(8.8)
Student 15 (26.3)
Other 1(1.8)
How would you rate your knowledge Excellent knowledge 10 (17.5)
about Bitcoin before starting this survey? Advanced knowledge 25 (43.9)
Average knowledge 14 (24.6)
Little knowledge 7(12.3)
No knowledge 1(1.8)
Have you used the Bitcoin network Yes 40 (70.2)
before? No 17 (29.8)

Table 6: Bitcoin usage statistics

Have you used the Bitcoin network before (e.g. create a
wallet, do a transaction, operation of a full node)?

Cumulative

Frequency  Percent  Walid Percent Percent
Valid  Yes 40 702 70,2 702
Mo 17 298 29 8 100,0
Total 57 100,0 100,0
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Table 7: Reliability statistics

Reliability Statistics

Cronbach's Alpha Part 1 Yalue 247
M of lterms 3*

Part 2 Yalue 083

M of ltems 3®

Total M of ltems ]

Correlation Between Forms 600
Spearman-Brown Equal Length 780
Coeflicient Unequal Length TR0
Guttman SplitHalf Coefficient 7448

a. The items are: Based on your knowledge, do you
consider bitcoin as money?, The price volatility of bitcoin
is high. Do you consider this to be a problem if an asset
is supposedto be a means of payment?, Based on your
current usage of the Bitcoin network and bitcoin as a
means of payment, how would the integration of
stablecoins influence your behavior?.

b. The items are: Have you used the Bitcoin network before
(e.g. create a wallet, do a transaction, operation of a full
node)?, Do you consider the integration of stablecoins to
be an improvement for Biteoin?, Based on your current
usage of the Bitcoin network, how would the integration
of stablecoins influence your hehavior on integrated
stablecoins?.

Table 8: Correlations

Correlations

Based on your

current usage Based on your
of the Biteoin current usage
network and ofthe Bitcain
hitcoin as a Have you used netwaorl, how
means of the Bitcoin Do you would the
payment, how  network before consider the integration of
would the (e.g. create a integration of stablecoins
integration of wallet do a stablecoins to influence your
stablecoins transaction, he an behaviar on
influence your  operation of a improvement integrated
behavior? full node)? far Bitcoin? stablecoins?
Kendall'stau_k  Based onyour current Correlation Coefficient
usage of the Bitcoin
network and biteoin as a Sig. (2-tailed)
means of payment, how g\
waould the integration of
stablecoins influence your M 57
hehavior?
Have you used the Bitcoin Correlation Coefficient 082 -
network befare (e.q. create I
awallet, do atransaction, =L ), 486
operation of a full node)? M 57 a7
Do you consider the Correlation Coefficient 345" - 051 -
integration of stablecoins : :
to be an improverment for ST, 007 fikh
Bitcaoin? M 57 a7 57
Based on your current Correlation Coefficient ,6?9” 029 ,454“ -
usage of the Bitcoin
netwark, how would the Sig. (2-tailed) 2,001 826 =,001
integration of stablecoins
influgnce your behavioron 57 57 57 57

integrated stablecoins?

** Correlation is significant atthe 0.01 level (2-tailed).
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Table 9: Adoption driver: customers vs. merchants

Chicken or the egg: Does adoption start with customers demanding
bitcoin as a means of payment or merchants offering it as a payment

option?
Cumulative
Frequency  Percent  Valid Percent Percent

Walid Custormers demanding 28 491 49,1 491

hitcoin payments

Merchants offering bitcoin 29 50,9 50,9 1000

payments

Total 57 100,0 100,0

Table 10: Bitcoin network usage frequency statistics

If you have used the Bitcoin network before, how often?

Cumulative
Frequency  Percent  Valid Percent Percent

Valid Daily 5 8.8 12,8 12,8
Weekly 4 7.0 10,0 225
Manthly g 15,8 225 450
Several times 19 333 478 9245
Only one time 3 53 5 100,0
Total 40 70,2 100,0

Missing System 17 298

Total 57 100,0

Table 11: bitcoin as means of payment usage frequency statistics

If you have used bitcoin as a means of payment so far, how

often?
Cumulative
Frequency  Percent  Valid Percent Percent
Valid Daily 1 1,8 48 48
Weekly 1 1.8 48 85
Manthly 5 8.8 23,8 333
Several times 12 2111 871 a0 s
Only one time 2 s 95 1000
Total | 36,8 100,0
Missing System 36 63,2

Total 57 100,0
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Table 12: Reasons for not using Bitcoin at all in the future

Why do you not consider using Bitcoin at all in the future?

Responses Percent of
1l Percent Cases
$0_4_2_15UM* Insecurity 2 10,5% 25,0%
Price valatility 7 36,8% 87,5%
| do not trust it 4 211% 50,0%
| do not understand it 4 211% 50,0%
Scam/ffraud 1 5,3% 12,5%
Other 1 5,3% 12,5%
Total 19 100,0% 237.5%

a. Dichotomy group tabulated atvalue 1.

Table 13: Reasons for rejecting bitcoin as a means of payment (used Bitcoin)

Why do you not consider using bitcoin as a means of payment in the

future?
Responses Percent of
M FPercent Cases
$0_4 1_1_2_2SUM?® Insecurity 0 0,0% 0,0%
Price volatility 4 36,4% 44 4%
| do not trust it 1 91% 111%
I do not understand it 0 0,0% 0,0%
Scamifraud 0 0,0% 0,0%
Other B 54 5% 66,7%
Tatal 11 100,0% 122,2%

a. Dichotomy group tabulated atvalue 1.

Table 14: Reasons for rejecting bitcoin as a means of payment (not used Bitcoin)

If you have not used the Bitcoin network so far, but consider
using it in the future, why would you not consider using bitcoin as
a means of payment?

Responses Percent of
M Percent Cases
$0_ 4 2 2 2SUM*  Insecurity 0 0,0% 0,0%
Price volatility 3 37.5% 75 0%
| do nottrust it 1 12.5% 25 0%
| do not understand it 2 25 0% 50,0%
Scamifraud 1 12,5% 250%
Other 1 125% 25,0%
Total ] 100,0% 200,0%

a. Dichotomy group tabulated atvalue 1.
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Table 15: bitcoin is money statistics

Based on your Knowledge, do you consider bitcoin as

money?
Cumulative
Frequency  Percent  Valid Percent Percent
Valid  Yes 36 63,2 63,2 63,2
o 21 36,8 36,8 100,0
Total L 100,0 100,0

Table 16: Reasons for not considering bitcoin as money

Why do you not consider bitcoin as money?

Responses Percent of
I Percent Cases

$0_3_15UM?  Few merchants offer 15 35,7% 71,4%

bitcoin as a payment option

Complexity 4 95% 190%

Prive volatility 16 EERE 76,2%

COther 7 16,7% 33,3%
Total 42 100,0% 200,0%

a. Dichotormy group tabulated at value 1.

Table 17: Electronic payment usage statistics

How often do you use
electronic payments
(debit/credit card, mobile
payments) at a physical point
of sale (e.g. supermarket) if
offered by the retailer?

M %a
Every time KL 66, 7%
Often 17 29 8%
Sometimes 2 38%
Rarely ] 0
Mever 0 0

Table 18: Consideration usage bitcoin as means of payment (used Bitcoin)

Have you used bitcoin as a means of payment so far (e.g.,
paying for goods or services)?

Cumulative
Frequency  Percent  “alid Percent Percent
Yalid Yes 21 368 525 525
Mo 19 333 47 5 100,0
Total 40 70,2 100,0
Missing System 17 298

Total 57 100,0
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Table 19: Consideration usage bitcoin as means of payment (not used Bitcoin)

If you have not used the Bitcoin hetwork so far, but consider
using it in the future, would you also consider using bitcoin as a
means of payment?

Cumulative
Frequency  Percent  “alid Percent Fercent

Valid Definitely ] ] ] ]
Frobably 5 8.8 556 556
Probahly not 4 7.0 44 4 100,0
Definitely not ] ] ] 100,0
Total g 158 1000

Missing System 48 842

Total 57 100,0

Table 20: Price cumbrousness of bitcoin (used as a means of payment before)

If you have used bitcoin as a means of payment so far, did
the price bother you when paying?

Cumulative
Frequency  Percent  Valid Percent Percent
Yalid Yes g 158 4249 429
Mo 12 21,1 571 100,0
Total 21 368 1000
Missing System 36 632
Total 57 100,0

Table 21: Frequency bitcoin as means of payment vs. price volatility cumbrousness

If you have used bitcoin as a means of payment so far, how often? * If you have
used bitcoin as a means of payment so far, did the price bother you when paying?
Crosstabulation
Ifyou have used bitcoin as a
means of payment so far, did the
price hother you when paying?

Yes Mo Total

[fyou have used bitcoin as  Daily Count 0 1 1
ED”MLE’:I;‘ESHDJWV”WN sofar, % within row 0.0% 1000%  100,0%
Weekly Count 0 1 1

% within row 0,0% 100,0% 100,0%

Maonthly Count A 3 5

% within row 40,0% 60,0% 100,0%

Severaltimes Count 5 7 12

% within row 49 7% 58,3% 100,0%

Only one time  Count 2 0 2

% within row 100,0% 0,0% 100,0%

Total Count 9 12 21

% within row 42,9% 57.1% 100,0%
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Table 22: Price cumbrousness of bitcoin (not used as a means of payment before)

Summarized: If you have not used bitcoin as a means of
payment so far, would the price bother you when paying?

Cumulative
Frequency  Percent  Valid Percent Percent
Walid Yes 11 19,3 733 733
] 4 7.0 26,7 1000
Total 15 26,3 100,0
Missing System 42 73,7
Total 57 100,0

Table 23: Total price cumbrousness of bitcoin

Summarized: Does the price bother you when paying with

bitcoin?

Cumulative

Frequency  Percent  Valid Percent Fercent

Valid Yes 20 351 556 556

Mo 16 281 44 4 100,0

Total 36 63,2 100,0

Missing System 21 36,8
Total 57 100,0

Table 24: Appraisal of price volatility of asset as means of payment

The price volatility of bitcoin is high. Do you consider this
to be a problem if an assetis supposed to be a means of

payment?
Cumulative
Freguency  Percent  Valid Percent Percent
Valid  Yes 52 81,2 81,2 81,2
Mo b 8.8 84 100,0
Total 57 100,0 100,0

Table 25: Appraisal of stablecoin integration as an improvement

Do you consider the integration of stablecoins to be an
improvement for Bitcoin?

Cumulative
Frequency  Percent  Valid Percent FPercent
Valid  Definitely 15 263 26,3 26,3
Frobakhly ar 649 649 81,2
Frobahly not 4 7.a 7.0 98,2
Definitely not 1 1,8 1.8 100,0

Total 57 100,0 100,0
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Table 26: Usage of bitcoin as means of payment after stablecoin integration

Based on your current usage of the Bitcoin network and bitcoin as a
means of payment, how would the integration of stableceoins influence
your behavior?

Cumulative
Frequency  Percent  Valid Percent Fercent

Walid  Higher usage ofthe Bitcoin 20 3581 351 351

netwaork and hitcain

FProbably the same usage 35 61,4 61,4 96,5

ofthe Bitcoin netwaork and

hitcoin

Lower usage of the Bitcoin 2 35 35 1000

netwaork and hitcain

Taotal 57 100,0 100,0

Table 27: Usage of integrated stablecoins after stablecoin integration

Based oh your current usage of the Bitcoin network, how would the
integration of stablecoins influence your behavior on integrated
stablecoins?

Cumulative
Frequency  Percent  Valid Percent Percent

Valid  Higherusage of the Bitcoin 24 421 421 421

network and integrated

stablecoins

Frobably the same usage kb 544 544 96,5

ofthe Bitcoin network and

integrated stablecoins

Lower usage of the Bitcoin 2 35 35 100,0

network and integrated

stablecoins

Total 57 100,0 100,0

Table 28: Potential usage of integrated stablecoins vs. price volatility cumbrousness

Based on your current usage of the Bitcoin network, how would the integration of stablecoins
influence your behavior on integrated stablecoins? * Summarized: Does the price bother you
when paying with bitcoin? Crosstabulation

Summarized: Does the price
hother you when paying with

hitcoin?
Yes Mo Total
Based on your current Higher usage ofthe Bitcoin -~ Count 11 7 18
usage of the Bitcoin network and integrated .
netwark, how would the stablecoins % within column 55,0% 43.8% 50,0%
integration of stahlecoins  proypopiythe same usage  Count 8 g 17
influence your beRavior on - rine iteoin network and
integrated stablecoins? integrated stablecains % within column 40,0% 56,3% 47 2%
Lower usage ofthe Bitcoin  Count 1 0 1
network and integrated e
stablecoins % within column 5,0% 0,0% 258%
Total Count 20 16 36
% within column 100,0% 100,0% 100,0%
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Table 29: Usage of stablecoins vs. usage of bitcoin vs. prior Bitcoin usage

Based on your current usage of the Bitcoin network, how would the integration of stablecoins
influence your behavior on integrated stablecoins? * Based on your current usage of the Bitcoin
network and bitcoin as a means of payment, how would the integration of stablecoins influence
your behavior? * Have you used the Bitcoin network before (e.g. create a wallet, do a transaction,
operation of a full node)? Crosstabulation

Count

Based on your current usage ofthe Bitcoin network
and bitcoin as a means of payment, how would the
integration of stablecoins influence your behavior?

Probably the
Higher usage  same usage of Lower usage
of the Bitcoin the Bitcoin of the Bitcoin
Have you used the Biteoin network before (e.0. create a network and network and network and
wallet, do atransaction, operation of a full node)? bitcoin biteoin hiteain Total
Yes Based onyour current  Higher usage of the 13 4 0 17
usage ofthe Bitcoin Bitcoin network and
network, how would integrated stablecoins
1= PERrduRE BF Prabably the same 2 20 0 22
stablecoins influence usage of the Bitcain
your behavior on network and integrated
integrated stablecoins
stablecoins?
Lower usage ofthe 0 0 1 1
Bitcoin netwark and
integrated stablecoins
Total 15 24 1 40
Mo Based onyour current  Higher usage of the 4 3 0 7
usage ofthe Bitcain Bitcoin network and
network, how would integrated stablecoins
the integration of Probakly the same 1 8 0 g
stablecoins influence usage of the Bitcain
your behavior on network and integrated
integrated stablecoins
stablecoins?
Lower usage ofthe 0 0 1 1
Bitcoin netwark and
integrated stablecoins
Total A1 1 17
Total Based onvyour current  Higher usage ofthe 17 7 0 24
usage ofthe Bitcoin Bitcoin network and
network, how would integrated stablecoins
ksl By gl Probably the same 3 28 0 31
stablecoins influence usage of the Bitcoin
your behavior on network and integrated
integrated stablecoins
stablecoins?
Lower usage ofthe 0 0 2 7
Bitcoin netwark and
integrated stablecoins
Total 20 35 2 57
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Appendix D: SPSS Syntax Code

* Table 2 crosstab of Table 6 and Table 25.
CROSSTABS
ITABLES=Q 6BYQ 4
[FORMAT=AVALUE TABLES
/CELLS=COUNT COLUMN
/COUNT ROUND CELL.

* Table 3 crosstab of Table 6 and Table 27.
CROSSTABS
ITABLES=Q 8BYQ 4
[FORMAT=AVALUE TABLES
/CELLS=COUNT COLUMN
/COUNT ROUND CELL.

* Table 4 crosstab Table 6 of and Table 26.
CROSSTABS
ITABLES=Q 7BYQ 4
[FORMAT=AVALUE TABLES
/CELLS=COUNT COLUMN
/COUNT ROUND CELL.

* Table 5 to Table 6 respondent demographics and experience with Bitcoin.
DATASET ACTIVATE DataSet1.
FREQUENCIES VARIABLES=Gender Age Education Employment Q 2R Q_4
/ORDER=ANALYSIS.
OUTPUT MODIFY
/ISELECT TABLES
/IF COMMANDS=["Frequencies(LAST)"] SUBTYPES="Frequencies"
/ITABLECELLS SELECT=[VALIDPERCENT CUMULATIVEPERCENT] APPLYTO=COL-
UMN HIDE=YES
ITABLECELLS SELECT=[TOTAL] SELECTCONDITION=PARENT(VALID MISSING)
APPLYTO=ROW HIDE=YES
ITABLECELLS SELECT=[VALID] APPLYTO=ROWHEADER UNGROUP=YES
ITABLECELLS SELECT=[PERCENT] SELECTDIMENSION=COLUMNS FOR-
MAT="PCT" APPLYTO=COLUMN
/ITABLECELLS SELECT=[COUNT] APPLYTO=COLUMNHEADER REPLACE="N"
ITABLECELLS SELECT=[PERCENT] APPLYTO=COLUMNHEADER REPLACE="%".

* Table 7 reliability (internal consistency) split-half test.
DATASET ACTIVATE DataSet1.
RELIABILITY
IVARIABLES=Q_3Q_5Q 7Q_4Q_6CQ_8
ISCALE('ALL VARIABLES') ALL
/MODEL=SPLIT.
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* Table 8 construct validity (inter-item correlation) Kendall’s tau-b.
NONPAR CORR
/VARIABLES=Q _7Q_4Q_6Q_8
/PRINT=KENDALL TWOTAIL NOSIG LOWER
IMISSING=PAIRWISE.

* Table 9 frequencies of adoption driver: customers vs. merchants.
FREQUENCIES VARIABLES=Q 10

ISTATISTICS=SUM

/ORDER=ANALYSIS.

* Table 10 frequencies of Bitcoin network usage.
FREQUENCIES VARIABLES=Q_4_1R
ISTATISTICS=SUM
/ORDER=ANALYSIS.

* Table 11 frequencies of bitcoin as means of payment.
FREQUENCIES VARIABLES=Q_4 1 1 1R
ISTATISTICS=SUM
/ORDER=ANALYSIS.

* Table 12 frequencies of “why do you not consider using Bitcoin at all in the future?”.
DATASET ACTIVATE DataSet1.
MULT RESPONSE GROUPS=$Q 4 2 1SUM(q_4 2 laq_4 2 1bg 4 2 1cqg_4 2_1d
g4 2 leq 4 2 1f (1))

/FREQUENCIES=$Q_4 2 1SUM.

* Table 13 frequencies of “why do you not consider using bitcoin as a means of payment
in the future?”.

* Table 14 frequencies of “if you have not used the Bitcoin network so far, but consider us-
ing it in the future, why would you not consider using bitcoin as a means of payment?”.
MULT RESPONSE GROUPS=$Q 4 2 2 2SUM(q_4 2 2 2aq 4 2 2 2bq 4 2 2 2c
g4 22 2dq9g.422 2e
g 4. 2 2 2f (1)
/FREQUENCIES=$Q_4_2_2 2SUM.

* Table 15 frequencies of “is bitcoin money?”.
FREQUENCIES VARIABLES=Q_3
ISTATISTICS=SUM
/ORDER=ANALYSIS.
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* Table 16 frequencies of “why do you not consider bitcoin as money?”.
MULT RESPONSE GROUPS=$Q _3_1SUM (q_3 l1laqg_3_1bqg_3 1cq_3 1d (1))
/FREQUENCIES=$Q_3_1SUM.

* Table 17 frequencies of electronic payment usage.
FREQUENCIES VARIABLES=Q_1R
/ORDER=ANALYSIS.
OUTPUT MODIFY
/ISELECT TABLES
/IF COMMANDS=["Frequencies(LAST)"] SUBTYPES="Frequencies"
ITABLECELLS SELECT=[VALIDPERCENT CUMULATIVEPERCENT] APPLYTO=COL-
UMN HIDE=YES
ITABLECELLS SELECT=[TOTAL] SELECTCONDITION=PARENT(VALID MISSING)
APPLYTO=ROW HIDE=YES
ITABLECELLS SELECT=[VALID] APPLYTO=ROWHEADER UNGROUP=YES
ITABLECELLS SELECT=[PERCENT] SELECTDIMENSION=COLUMNS FOR-
MAT="PCT" APPLYTO=COLUMN
ITABLECELLS SELECT=[COUNT] APPLYTO=COLUMNHEADER REPLACE="N"
ITABLECELLS SELECT=[PERCENT] APPLYTO=COLUMNHEADER REPLACE="%".

* Table 18 frequencies of bitcoin as a means of payment usage, prior Bitcoin usage.
FREQUENCIES VARIABLES=Q 4 1 1
/ORDER=ANALYSIS.

* Table 19 frequencies of bitcoin as a means of payment usage, no prior Bitcoin usage.
FREQUENCIES VARIABLES=Q 4 2 2
/ORDER=ANALYSIS.

* Table 20 frequencies of bitcoin price cumbrousness, used as a means of payment be-
fore.

/ORDER=ANALYSIS.

* Table 21 crosstab of Table 11 and Table 20.
CROSSTABS
JFORMAT=AVALUE TABLES
/CELLS=COUNT ROW
/COUNT ROUND CELL.

* Table 22 frequencies of bitcoin price cumbrousness, not used as a means of payment
before.
FREQUENCIES VARIABLES=PriceCumbrousness

/ORDER=ANALYSIS.
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* Table 23 overall frequencies of bitcoin price cumbrousness.
FREQUENCIES VARIABLES=PriceBother
/ORDER=ANALYSIS.

* Table 24 frequencies appraisal of price volatility of asset as means of payment.
FREQUENCIES VARIABLES=Q_5
/ORDER=ANALYSIS.

* Table 25 frequencies appraisal of stablecoin integration as an improvement.
FREQUENCIES VARIABLES=Q_6
/ORDER=ANALYSIS.

* Table 26 frequencies usage of bitcoin as means of payment after stablecoin integration.
FREQUENCIES VARIABLES=Q 7
/ORDER=ANALYSIS.

* Table 27 frequencies usage of integrated stablecoins as means of payment after stable-
coin integration.
FREQUENCIES VARIABLES=Q_8

/ORDER=ANALYSIS.

* Table 28 crosstab of Table 23 and Table 27.
CROSSTABS
/ITABLES=Q_8 BY PriceBother
/[FORMAT=AVALUE TABLES
/CELLS=COUNT COLUMN
/COUNT ROUND CELL.

* Table 29 crosstab of Table 6, Table 26 and Table 27.
CROSSTABS

ITABLES=Q 8BYQ 7BYQ 4

/[FORMAT=AVALUE TABLES

/CELLS=COUNT

/COUNT ROUND CELL.
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Appendix E: Digital Appendixes

IBM SPSS Statistics Data Document: Survey Statistics.sav
Microsoft Excel Survey Results: Survey Results.xlsx
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