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A B S T R A C T

This study examines crypto-asset trading, focusing on regulatory violations that lead to enforcement actions and
the impact of estate planning after a digital asset holder’s death. We review the literature on crypto-asset estate
planning and explore lessons from Islamic finance regarding crypto assets. We then use quantitative analysis to
compare price-volume relationships in Islamicoin and Bitcoin. To strengthen our analysis, we employ the
Kaplan-Meier survival estimate, parametric survival analysis, and the Probit model. Our findings show that
Islamicoin’s trade volume predicts market price changes more often than Bitcoin’s, which seems to be influenced
by factors other than trade volume. Further investigation reveals that securities regulators are increasingly
enforcing rules against crypto-trading violations. These violations typically occur when trading activity de-
creases while prices increase. We also find that widespread price changes tend to motivate people to violate the
regulations over time. Recently, positive price changes, rather than trade volume, have been the main factor
influencing regulatory violations. However, trade effects were observed later in some of our models. Given these
findings, we conclude that regulators need to improve digital assets Act to address estate planning issues, in
addition to protecting investors. The paper ends with policy recommendations and suggestions for future
research.

1. Introduction

The rise in the adoption of cryptocurrency worldwide shows the
popularity of crypto assets. Therefore, we examine the effect of cryp-
tocurrency prices, estate planning, trading volumes, price spreads, and
market price volatility on the enforcement actions taken by the US Se-
curities and Exchange Commission (SEC) and assess the likelihood of
mitigating these risks. Even though crypto assets are associated with
higher volatility risk, this has not dampened the unprecedented interest
of investors in global markets (Adrian et al., 2022; Ayedh et al., 2021;
Das, 2022). The number of crypto-asset owners grew by nearly 580
million worldwide by the end of 2023, which indicates an increase over
the number in 2022 of 34 percent (Crypto.com, 2024). Brazil and
Indonesia have the highest crypto-asset ownership in the world, fol-
lowed by the United Arab Emirates (UAE) and Singapore. Following this
trend, the adoption of crypto assets in Malaysia is also booming, as re-
ported by the Securities Commissions (SC) of Malaysia, where more than

450,000 digital assets exchange (DAX) accounts have been opened to
date across the three DAX platforms: LUNO, Sinergy, and Tokenize Ex-
change (Fintech News Malaysia, 2022; Veerasingam& Teoh, 2022). The
growing acceptance of crypto assets worldwide confirms that they have
become a new norm in ownership of digital assets. In September 2021, El
Salvador was the first country to adopt Bitcoin as legal tender (Lopez &
Livni, 2021; Santaolalla, 2024). Then, in April 2022, the Central African
Republic became the second country to adopt Bitcoin as legal tender
(Browne, 2022; Santaolalla, 2024). However, because of transaction
difficulties, legal and regulatory issues, and financial stability concerns,
the two countries ceased to consider Bitcoin legal tender (Hacibedel &
Perez Saiz, 2023). Although other countries have not recognized crypto
as legal tender, as of November 2021, 103 countries were identified as
applying tax laws and anti–money laundering and counterfinancing of
terrorism laws (AML/CFT laws) to cryptocurrency, including member
states of the European Union, the UAE, and Malaysia (Law Library of
Congress, 2021).
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The volatility of Bitcoin and its nonlinearity in predicting price-
volume relations have become an issue of concern to academics and
practitioners (Aalborg et al., 2019; Conlon & McGee, 2020; El Alaoui
et al., 2019; Gemici & Polat, 2019; Palamalai et al., 2021; Raza et al.,
2022b; Sahoo et al., 2019; Szetela et al., 2021; Shen et al., 2024). Spe-
cifically, Szetela et al. (2021) indicate that Bitcoin prices are not
determined by the volume of transactions in the market, especially in
the long run. A press release by SEC, denying the approval of spot Ex-
change Traded Fund (ETF) of Bitcoin and identifying it as a “speculative,
volatile asset that’s also used for illicit activity including ransomware,
money laundering, sanction evasion, and terrorist financing” (United
States Securities and Exchange Commission, 2024b). The SEC sees
crypto assets as being involved in unfair and untruthful disclosure in the
market, where regulations and enforcement have to be strengthened to
prevent fraud and manipulation. This led to enforcement actions against
those who use other mechanisms to influence market performance and
take undue advantage of investors. Fig. 2 depicts the cumulative in-
crease in enforcement since December 2014, which supports the find-
ings of Mola (2023) indicating a cumulative increase of enforcements in
recent time. However, the effect of the risk of violating digital law has
not been empirically explored in the literature. Thus, it is not clear
whether the activities of bad actors that lead to enforcement actions in
the crypto-asset market are influenced by market mechanisms based on
price-volume relations. Other studies argue that Bitcoin’s return vola-
tility cannot be ascertained by its trade volume (Balcilar et al., 2017),
which contravenes Islamic finance principles that do not permit exces-
sive speculation not determined by market fundamentals in trading
activities. Therefore, in this study, we investigate crypto assets to
advance understanding of them and offer insights into appropriate
policy directions.

In the evolution of the crypto-asset ecosystem, the most neglected
concern is that of inheritance of those assets. Many crypto-asset owners
or investors need to prepare better for their untimely demise and
consider planning for inheritance of those assets (Conway & Grattan,
2017; Mali & Prakash, 2020). Without proper planning, these crypto
assets could be orphaned and thus unable to be inherited by legal ben-
eficiaries (Paulger, 2022). The fundamental issue in this context is the

implication of the loss of crypto assets in the absence of proper planning
by crypto owners, despite appreciation in its value in the financial
market, as Beyer (2019) asserts.

In addition, this study also analyzes Islamic financial provisions on
wealth preservation and management, especially regarding estate
planning, which must be considered in the development of guidelines
and frameworks for Islamic crypto assets. The nature of crypto assets
makes them difficult to pass down to legal beneficiaries (Klasiček &
Šimleša Vučemilović, 2019), which makes this issue especially impor-
tant to study, especially since the introduction of sharia-compliant
crypto assets. We analyze the effect of risk exposure for crypto assets,
which operate with and without market mechanisms. Therefore, we
employ survival estimates by Kaplan and Meier (1958) to evaluate
changes in prices and trade volumes on a time-to-event analysis of
market enforcement actions. Notwithstanding these price-trade volume
estimates, we then analyze the proportional risk of market mechanisms,
such as price, trade volume, and price volatility, on the reported
enforcement activities. Doing so empirically offers new insights into
recent market activities, especially estate planning, that protect in-
vestors’ digital data securities even after death. Based on our findings,
we recommend that estate planning regulations for crypto assets be
enhanced from the perspective of both conventional and Islamic finance.
In addition, we suggest that Islamic finance comply with sharia-based
principles while developing and enhancing guidelines and frameworks
for Islamic crypto assets.

The paper makes four contributions to the literature on crypto assets.
First, we discuss the issues related to crypto assets in estate planning and
enforcement due to violations of SEC regulations. We also cover
contemporary issues related to crypto-asset transactions, especially es-
tate planning, by offering other insights on Islamic crypto assets. Second,
the study contributes to the literature on the effect of trade volume in
predicting prices in the crypto market, a fundamental principle in Is-
lamic finance. Fig. 1 shows that price changes indicate higher volatility
in the Islamicoin than Bitcoin from the time of its establishment through
the period under review. Therefore, we regress and compare Bitcoin
with Islamicoin and obtain consistent findings between April 2022 and
December 2023 based on daily data comprising 640 observations. The

Fig. 1. Performance comparison of Bitcoin versus Islamicoin.
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third contribution is related to recent concerns about the cumulative
violations in cryptocurrency transactions. Fig. 2 depicts the SEC’s in-
cremental enforcement, which has increased exponentially. Thus, we
employ the Kaplan-Meier survival estimate and evaluate the surviv-
ability of crypto assets, although the time to events influences trans-
action activities based on increases (decreases) in the price and trade
volume in the market. The fourth contribution concerns the extent of
hazard from violations that lead to litigation and administrative pro-
ceedings (Mola, 2023), which includes issues related to estate planning
and is analyzed using the Weibull distribution of survival parametriza-
tion model. We predict the effect of estate planning through amendment
of the law on digital assets (Sy, 2016; Walker, 2017), which gives ben-
eficiaries access to the digital assets after the death of their owner, as a
proxy for a reduction in regulatory violations over time in the crypto-
currency market. As identified in Fig. 2, total enforcement actions
increased between the end of 2017 and 2023. Therefore, we construct an
indicator for recent activities in the market, which indicates persistent
hazards in the system that require other policy recommendations to
strengthen the activities of the Securities Commission in a way that
would reduce regulatory violations (Aggarwal &Wu, 2006). Finally, we
identify the effect of recent activities through their interactions with
changes in price and trade volumes.

In Section 2, we discuss the concept of crypto assets and review
related literature. Sections 3 and 4 focus on our methods, data, and re-
sults, respectively. Finally, we conclude the paper in Section 5 with
policy recommendations and suggestions for future research.

2. The conceptual framework of crypto assets

The essential features of crypto assets and how blockchain explains
its structure are reported in several articles by scholars and practi-
tioners. The World Bank sees crypto assets as “digital currencies that rely
on cryptographic techniques to achieve consensus ‘about their value’,
for example Bitcoin and Ether” (Houben & Snyers, 2018, p. 22). It
considers them a subset of digital currency, that is, as a digital repre-
sentation of value denominated in a specific unit of account, unlike

e-money, a digital payment mechanism represented and denominated in
fiat money (Krause et al., 2017). The Committee on Payments and
Market Infrastructures (CPMI) of the Bank for International Settlements
(BIS) considers crypto assets a digital currency with the following main
characteristics.

• Their value is determined by supply and demand, as with com-
modities such as gold, which have no intrinsic value.

• They make use of distributed ledgers to allow remote peer-to-peer
exchanges of the electronic value in the absence of trust between
parties, without the need for intermediaries, and

• They are not operated by any specific individual or institution. (Bank
for International Settlements, 2015)

In other words, crypto assets are developed based on blockchain
technology (Katuk, 2019), which is a distributed database or public
ledger that contains records of all transactions and is shared with all
participating parties (Micheal et al., 2016). For instance, Bitcoin main-
tains a network that holds wallets for all clients, and a distributed
blockchain database is stored on every client’s computer. Blockchain
technology enables a client to view a registry of all the operations in the
system using the wallet or the web interface of special monitoring ser-
vices from anywhere in the world. It also offers complete transparency
on settlements, and this kind of information is never deleted from the
database (Saleh et al., 2020).

Transactions related to crypto assets such as Bitcoin use blockchain
technology. First, when a new transaction is initiated, it is broadcast to
all miners (also called nodes). Miners are computer nodes that share
their computing resources to verify a transaction and generate a block,
and they are awarded Bitcoins for their contribution. When a new block
is created, miners receive proof of work for that transaction, in the form
of an answer or a solution to a mathematical puzzle. Then, the first
miner provides this evidence and broadcasts the block to the network,
and then other miners verify it. Thus newly created blocks are added to
the chain, along with a timestamp and a link to previous blocks. This
process is repeated for all new transactions (Ghimire & Selvaraj, 2018).

Fig. 2. Cumulative SEC crypto-asset enforcement actions, 2014-2023
Sources: Authors’ calculations based on data from Cornerstone Research (Mola, 2023) and press releases on SEC cryptocurrency enforcement actions (United States
Securities and Exchange Commission, 2024a).
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Second, an owner of crypto assets must have a wallet with the in-
dividual or institution that has custody of crypto coins and tokens, which
can be a third-party service. Owners set up accounts in order to effec-
tuate exchanges, submitting information, such as their name and pass-
port or ID number. After this crypto wallet is created, owners can
purchase crypto assets or obtain them through other methods, such as
participation in the network (mining and staking),1 earning them in
payment for work or airdrops, in which coins and tokens are randomly
distributed to wallets, or faucets, which is a way to collect small quan-
tities of crypto for free (Carlson et al., 2021).

Third, crypto assets can only be accessed using a very long and
complex password held by the owner called a private key or seed phrase
(sequence of random words use to access crypto wallets and block
chains). Crypto assets can be used only with this key, which is used to
authorize the transfer of crypto assets from one owner to another; that
person’s public key is needed in order to use these assets in payment for
goods and services or as a gift or use them in any way. Some wallets
reside on a commercial exchange. In that case, the crypto asset is
accessible to anyone who knows the username and password of its
owner, answers security questions correctly, or successfully navigates
the steps in the wallet’s verification process (Beyer, 2019). Saleh et al.
(2020) state that crypto assets are depersonalized (not control by single
user), and the proof of ownership cannot be obtained from or defined in
any registry, where token ownership is identified. Thus, the ability to
own, use, and manage crypto assets depends on the availability of the
crypto wallet and the private key or password needed to access it. No
one can access a crypto-asset wallet without the password, even with the
owner’s consent or a court decision (Saleh et al., 2020).

2.1. Existing framework for estate planning with crypto assets

Specific plans must be incorporated into managing crypto assets in
order for them to be passed down to the next generation. The unique
qualities and characteristics of crypto assets require special treatment
regarding estate planning. The main issue that must be considered
regarding crypto-asset estate planning is access (Paulger, 2022). Simi-
larly, Saleh et al. (2020) state that, depending on the characteristics of
crypto assets, they can be inherited through traditional estate planning,
technological means, or a combination of methods.

People are legally allowed to transfer their assets to any beneficiaries
(except in some cases based on sharia rulings) by drafting a will or
bequest. In general, people might or might not give the details about
cryptocurrency wallets and access keys to them in a traditional will
(Saleh et al., 2020). However, if they do not give the details, the bene-
ficiaries will have difficulty in accessing these assets because of the
requirement for credentials, such as passwords (Seres et al., 2020).
However, Beyer (2019) do not recommend mentioning information,
such as the private key for crypto-asset wallets, because it will become
public information when the will is probated.

Therefore, those writing wills should not include information about
private keys but, rather, keep them secure using methods such as a safety
deposit box, accompanied by clear and complete instructions on how to
access the account with the credential access information (Paulger,
2022; Saleh et al., 2020).

Crypto assets, wallets, and private keys can be transferred to legal
beneficiaries by storing this information in encrypted electronic storage
based on blockchain technology. This technology enables this informa-
tion on an owner’s crypto assets to be passed to an assigned third party
upon submission of a death certificate (Singh et al., 2022).

Another standard method of estate planning is forming a trust, in
other words, the owner of crypto assets entrusts digital assets to another
person or institution. A trust can be either revocable or irrevocable,
which the owner might determine depending on the net worth of the
crypto assets—that is, a revocable trust might be preferable if the assets
have low net worth and vice versa. The assertion is consistent with the
two scenarios identified by Noonan, 2015, who argues that revocable
trusts benefit investors by allowing them to buy and sell digital assets
with low net worth. Conversely, irrevocable trusts are preferred when
the assets realize appreciation throughout the trust, which is not
tantamount to more taxes. However, others believe that it might be risky
to put crypto assets in a trust, as a trustee could try to sell them without
the consent of the owner, creating risk exposure in the absence of the
proper steps to curb this risk. Further, the volatility in the price of crypto
assets might require the trustee to sell assets within the trust (Saleh
et al., 2020).

Another way is by combining traditional methods and technology, in
which an owner of crypto assets gives sufficient instructions to the
executor or beneficiaries about how and where to obtain the information
needed for accessing crypto assets, including private keys. This access
information can be stored electronically, such as on a disk or storage
application on a phone or online (cloud storage). Online storage and
tools enable a crypto-asset owner to configure the account settings so
that the access information can be transferred to beneficiaries (Kirillova
et al., 2020). However, doing so is subject to an agreement (Klasiček &
Šimleša Vučemilović, 2019) with the service provider or subscription
fees.

2.2. Issues and challenges in estate planning related to crypto assets

The emergence of crypto assets creates a challenge for their owners
in terms of effective management because the characteristics of crypto
investment differ from those of other assets—such as land, real estate,
and cash deposits at banks—chiefly, the lack of proof of ownership in
any records and the inability to obtain it, unless provided by the owner
(Saleh et al., 2020). The information needed to access crypto assets, such
as passwords and keys, are confidential and known only to the owner.
Without this information, in effect, crypto assets cannot be passed down
to legal heirs or beneficiaries, even with the owner’s consent or a court
order.

The first challenge in estate planning regarding crypto assets is
whether those who own these assets are aware of or knowledgeable
about its importance (Conway & Grattan, 2017; Mali & Prakash, 2020).
Many owners do not consider the implications of crypto assets in estate
planning, so they often disregard it, without considering the value of the
assets that could be passed down to their legal heirs or beneficiaries
(Conway & Grattan, 2017; Genders & Steen, 2017; Mali & Prakash,
2020; Pasztor, 2020). The implication arises when accessing the assets in
the event of death. Consequently, if legal heirs are unaware of the ex-
istence of crypto assets and their owners fail to make provisions in their
will to pass the assets down their legal beneficiaries after their death,
these assets could remain idle indefinitely (Brucker-Kley et al., 2013;
McKinnon, 2011).

The second challenge is financial, that is, the value of the crypto
assets. It fluctuates continually, so beneficiaries, trustees, or executors
need to have some knowledge about crypto assets in order for them to be
liquidated and distributed wisely (Farmer & Tyszka, 2014). Distributing
them to heirs is not easy, and Islamic finance emphasizes the avoidance
of excessive speculation, especially when it does not come from trading
activities.

The third challenge concerns the legal aspects of estate planning as

1 Mining and staking generate cryptocurrency rewards in different ways. The
former uses the computational ability to process transactions and create new
blocks, while the latter uses the number of coins held within the blockchain
network to earn rewards. Proof of work through an active approach is attached
to mining, and proof of staking that is passive in nature is related to the staking
approach. Mining is costly and offers substantive rewards compared to staking,
which depends on the time and number of coins staked. https://contabo.co
m/blog/crypto-staking-vs-crypto-mining/#:~:text=Mining%20is%20hardwar
e%2Dintensive%20and,%2C%20goals%2C%20and%20risk%20tolerance.
(accessed 2-Oct-24).
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they relate to crypto assets. Most papers emphasize that the law gov-
erning the use of crypto assets is incomplete or not comprehensive
(Beyer, 2019, 2020; Beyer and G. Nipp, 2020; Carter, 2016; Chomczyk,
2020; Conway & Grattan, 2017; Howden, 2015; Mali & Prakash, 2020;
Noonan, 2015). Therefore, we study this issue using the Revised Uni-
form Fiduciary Access to Digital Assets Act (RUFADAA), which was
developed under the Uniform Law Commission (ULC) for states’ adop-
tion as a model law (Sheridan, 2020). The Act was initiated as Uniform
Fiduciary Access to Digital Assets Act (UFADAA) in 2014 and adopted by
the state of Delaware; due to some criticism and resistance, it was
revised in 2015 (Sy, 2016). Although Delaware continues to use UFA-
DAA (Walker, 2017), other states have adopted RUFADAA except Lou-
isiana, Oklahoma and Massachusetts. RUFADAA integrated many
considerations, especially in the absence of the deceased’s expression of
commands in the will, other records, power of attorney, trust, or any
clear direction on the digital assets.2 Similarly, digital access is only
authorized by the user’s permission or court order and is drafted based
on federal laws.

Moreover, most of the other countries do not have any laws about the
inheritance of crypto assets (Alston, 2021; Conway & Grattan, 2017;
Farmer & Tyszka, 2014; Gilden, 2019; Moorefield-Lang & Lang, 2020;
Saleh et al., 2020; Seres et al., 2020; Sylvester, 2021; Załucki, 2020).

The fourth challenge, related to the third, concerns the process of
managing estate planning regarding crypto assets in the absence of a
proper procedure or systematic management for distributing crypto
assets after the owner’s death (Farmer& Tyszka, 2014; Holt et al., 2021;
Noonan, 2015).

Likewise, the fifth challenge concerns two security issues related to
estate planning regarding crypto assets. The first issue encompasses
access to a crypto wallet in the event that the private key is lost or the
location of the wallet is unknown after the owner’s death (Farmer &
Tyszka, 2014). The second issue involves data privacy and the potential
for identity theft (Holt et al., 2021; Mali & Prakash, 2020). The SEC
reported that it had levied penalties on perpetrators of fraud regarding
crypto assets and cyber manipulation in the financial market (Mola,
2023), which are the basis of the indicators in our analysis.

In contrast to the conventional view presented in the literature, we
believe that some of these challenges could be overcome by adopting
Islamic finance fundamentals based on sharia principles.

2.3. A sharia perspective on estate planning

The principles of wealth accumulation in Islamic finance differ
significantly from the conventional perspective, which emphasizes pure
wealth maximization without the restrictions in Islamic finance. For
instance, Islamic finance prohibits interest, gambling, excessive specu-
lation, indecency, and consumption of other people’s wealth without
their consent (Hasan et al., 2020; Hassan & Aliyu, 2018; Hassan et al.,
2022). It upholds the principles of justice, trust, benevolence, and giving
out charity (zakat) and does not allow the creation of wealth through
usury and other evil activities. Islamic finance holds that wealth and any
other property on earth and beyond are ultimately owned by the creator,
and thus people are responsible for managing them properly. Therefore,
sharia laws guide people to use their property and wealth to please the
creator.3 However, sharia allows them to work hard, hold wealth, and
obey the creator, which includes extending happiness to others and

assisting those in need or financial distress. Therefore, the scope of Is-
lamic law extends to inheritance to heirs from those who accumulate
wealth, upon their demise.4 Thus Islamic law does not limit the
possession and creation of wealth through investment and trade; rather,
it elaborates on the preservation, distribution, and purification of wealth
of the resources accumulated. Nowadays, wealth comes in several forms,
including digital ones, which is acceptable as long as it does not
contravene sharia (Rosele et al., 2022). However, it must follow sharia
guidelines and principles, whose goals include respective public rights
and interests and go beyond pure wealth maximization (Aliyu et al.,
2017).

With regard to the transfer of wealth upon the demise of an owner of
crypto assets, Sharia mandates the transfer of wealth to heirs without
consuming their property illegally, which is becoming difficult in the
case of crypto assets.5 Sharia scholars unanimously agree that the
preservation of wealth must accord with sharia objectives, which allow
for a variety of financial activities (Dusuki & Bouheraoua, 2011).
Noticeably, Islamic laws forbid handing over wealth to those who
cannot manage it wisely until they are in a position to do so effectively
(Q4: 5–6; see Appendix 1A for detail).6

As highlighted in prior papers, wealth accumulation and economic
growth can be achieved through inheritance with crypto-asset estate
planning (Zuleika & Desinthya, 2013). Islamic laws on inheritance are
based on sharia principles to achieve a proper economic order of society,
in addition to the principles of trust, property rights, and ownership
(Mawdudi, 2011; Ali, 2003). Therefore, Islamic crypto assets, initiated
only recently, must follow sharia rulings that transfer wealth to heirs
after the death of its owner. Some of the existing challenges in the
market might also apply to Islamic crypto assets.

Furthermore, Islamic crypto assets are subject to zakat and other
charitable deductions (Muneeza et al., 2022). This has implications,
especially when there is a delay in transferring wealth to heirs in
fulfillment of the will of its owner. To prevent zakat from taking a large
proportion of the wealth, especially when the heirs cannot manage the
assets, consistent monitoring of the performance of the assets is needed.
Although the traditional method of estate planning is weakened, espe-
cially as the bequest will become a public document (Saleh et al., 2020;
Beyer & Nipp, 2022), there is a high risk of breach of trust when proper
measures are not taken to prevent it (Saleh et al., 2020). Therefore,
because of current technological advancements, a mixture of technical
and traditional estate planning methods can mitigate the risk of breach
of trust.

However, other papers indicate that the use of third-party online
storage may have costs and is subject to agreement with the service
provider (Klasiček & Šimleša Vučemilović, 2019; Saleh et al., 2020).
However, adopting the Islamic finance concept of trust has to be applied
in consideration of other legal documentation. Indeed, regulators and
policy makers must provide sufficient guidelines about crypto assets to
minimize systemic risk, which affects the global financial and economic
system (Chen et al., 2007).

3. Methodology

This study adopts a unique approach in reviewing the literature on
crypto assets, which encompasses estate planning, speculation, and vi-
olations of securities exchange regulations. These issues are subject to
enforcement by the proper authorities. Our comprehensive financial

2 https://bequest.com/blog/ufadaa-revised-what-is-
rufadaa; and https://content.next.westlaw.com/practical-law/document/
I1c2fc9d9d57311eabea4f0dc9fb69570/Pennsylvania-Enacts-Uniform-Act-for-
Digital-Assets-RUFADAA?viewType =

FullText&transitionType = Default&contextData=(sc.Default); (accessed 2-
October 2024).

3 Sharia sees wealth as a mere adornment of worldly life (Q18:46) that
should be used to please the creator.

4 Sharia provides a comprehensive guide to inheritance (Q4:11-12).
5 Sharia, in its protective stance, strictly prohibits the consumption of heirs’

wealth (Q4:2; Sahih Al-Bukhari, vol. 4, Hadith no. 28). This prohibition serves
as a safeguard, ensuring the rightful distribution and preservation of wealth.

6 Sharia guides the guardians in managing heirs’ wealth with the utmost care
and their capability to handle it (Q4:5-6; Sahih Al-Bukhari, vol. 3, Hadith no.
591).
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market survey closely studies investment interactions, performance, and
investor reactions, in the professional and academic context in the past
few decades (Hassan et al., 2019). Our research is based on the Dow
theory, a historically significant pillar founded on a thorough analysis of
market interaction and return-volume relations dating back over a
century (Yamani, 2023). We build on the earlier assumption of a mixture
of distribution hypotheses on the price-volume relation analysis (Clark,
1973; Darolles et al., 2017; Grammatikos & Saunders, 1986; Karpoff,
1987; Tauchen & Pitts, 1983; Ying, 1966).

Our regression analyses cover Islamicoin and Bitcoin, with a more
robust estimation based on quantile regression to account for outliers
and nonlinearity in crypto-asset data (Chu et al., 2023; Koenker &
Bassett, 1978; Rubbaniy et al., 2022). The method estimates the median
and extreme tail quartile effects of the explanatory variables, with in-
clusive interconnectivity between variables (Raza et al., 2022b; Raza,
et al., 2022a). We hypothesize a correlation between price changes and
trade volume estimated on different quantiles apart from the median
(Chu et al., 2023). The assumption of a relationship between price and
volume supports the perspective of Islamic finance that trade should be
allowed to influence transaction performance, rather than excessive
market speculation (El-Ashkar, 1995).

Fig. 1 depicts price changes in Bitcoin and Islamicoin, in which the
latter is more volatile than the former. Therefore, we adopt a mixture of
distribution hypotheses that evaluate price-volume trade relations to
explore whether the price changes and fluctuations are based on trade
volume. We compare conventional Bitcoin and Islamicoin to determine
how changes in trade volume influence price changes. According to Sim
and Zhou (2015), ordinary least squares (OLS) regression analysis does
not provide sufficient information, unlike quantile regression, which can
affect price-volume relations in crypto-asset transactions because of
volatility of market prices. Therefore, we estimate the following model:

logpriceθ
t =ϑθ

0 + ϑθ
1volumet + ϑθ

2volatilityt + ϑθ
3Δpricet− 1 + eθ

t (1)

The three explanatory variables in the model are trade volume
(volume), which expressed in logarithm; volatility (volatility), the daily
divisor of high and low prices traded in the market (Engle& Gallo, 2006;
Opschoor & Lucas, 2021); and price changes (Δprice), calculated as
(

Pt
Pt− 1

− 1
)

. Next, we construct Equation (2), which is expressed based on

the price change (Δprice) for the explanatory variables in Equation (1).

Δpriceθ
t =ϑθ

0 + ϑθ
1volumet + ϑθ

2volatilityt + ϑθ
3Δpricet− 1 + eθ

t (2)

Our research is built on the early literature on quantile regression, in
which logpricetθ and Δpricetθ are estimated based on the conditional
quantile of price and price changes of the dependent variable, crypto
assets. The conditional quantile θ is within the range of 0≤θ ≤ 1,
whereas ϑθ

0, ϑθ
1, ϑθ

2,and ϑθ
3 are estimated coefficients as functions of the

conditional quantile θ, and the error term etθ has zero quantiles (Sim &
Zhou, 2015). Our research also draws on a mixture of distribution hy-
potheses that assume a joint common direction of events in the market
(Clark, 1973; Grammatikos & Saunders, 1986; Karpoff, 1987; Tauchen
& Pitts, 1983; Ying, 1966). This methodology ensures the reliability and
validity of our findings. We compared conventional and Islamic crypto
assets to examine the closest price-volume relation between the two
crypto assets traded on the market. Fig. 2 shows that cumulative
enforcement continually increases because of violations of trade regu-
lations in the crypto-asset markets, leading to excessive speculation
outside market mechanisms. To further investigate the rise of manipu-
lation in the trading of crypto assets, which has led to various enforce-
ment actions, we use data from the SEC to analyze the hazard effect on
the price, trade volume, price spread, recent activities, positive and
negative changes in prices and trade volume, and interaction of the
variables with “recent” activities. We use the crypto assets popularly
traded in the US that have been subject to enforcement actions. SEC data
in public press releases on enforcement activity is used as a dummy

variable, which takes a value of one if litigation or administrative pro-
ceedings are reported within the month; otherwise, zero (Mola, 2023).
Therefore, investors are susceptible to nefarious activities, which
depend on the time of the event. Consequently, we use the time to event
based on the SEC enforcement reports beginning in December 2014 as a
time-dependent variable in months. Therefore, we use Bitcoin data from
December 2014 to December 2023. We use survival analysis to align
with our data structure, with time to the event and categorical
enforcement binary variable of one if the event happened within a
month and zero otherwise to explore the effect of risk exposure on
market mechanisms.

In the finance literature, survival analysis is used to predict propor-
tionate hazards and survival estimates based on the time to a particular
event. The methodology was initially used in the pure sciences and later
in actuarial, finance, and related management sciences. The earliest
finance literature applied the Cox (1972) proportionate hazard model
and other models in the survival analysis family (Alandejani et al., 2017;
Aliyu and Yusof, 2017; Lane et al., 1986; Pappas et al., 2017; Whalen,
1991; Wheelock & Wilson, 2000). In practice, survival analysis in-
fluences covariance at the time of the event and efficiently accommo-
dates censored observations. (Deville & Riva, 2007). In this context, we
consider a cryptocurrency enforcement action as an event at a particular
time based on a violation of SEC regulations, leading to market fraud
and manipulation, in which time asymmetry is sensitive to price changes
in the market (Jarrow, 1992). Therefore, we adopt a categorical iden-
tification of enforcement events reported at a time between 2014 and
2023. Royston and Lambert (2011) discuss the three fundamental re-
lationships in survival analysis, which emanate from the change of
survival S(t) into a hazard function ℎ(t) and a cumulative H(t) of the
hazard function that exists before an event. Therefore, following Kalb-
fleisch and Prentice (2002), we perform a nonparametric survival
analysis of the Kaplan-Meier survival function (Kaplan & Meier, 1958):

S(t)=
∏

i:ti≤t

(

1 −
fi
ni

)

(3)

Our study applies the survival analysis methodology to the crypto-
currency market, to gain insights into the probability that crypto-asset
market activity will survive for a longer time than (ti), and (ti) is the
time in the period when at least one enforcement action (fi) occurred
during a particular month in our sample between December 2014 and
December 2023. Moreover, ni is a period when an enforcement action
was not recorded in the period (ti). We compare positive and negative
changes in price and trade volumes transacted during the sample period
using a categorical dummy variable for Kaplan-Meier survival estimates
(see Figs. 3 and 4). We evaluate the possible event of an increase
(decrease) in trade volume that might influence a decrease (increase) in
price at a given survival rate to account for its persistence in the crypto
market. The same procedure used for price changes is applied to trade
volume. As discussed in a review on hedonic time and imputation
dummies, the price change dummy application methodology traces back
to 1939 in economic studies (Diewert et al., 2009). Correspondingly,
price and volume changes are applied to survival estimates in recent
literature (Alvarez et al., 2021). Like other studies, our case is related to
the modelling survival curve, which has a categorical binary of one and
zero to distinguish two different events on price and volume changes
(Evrensel, 2008; Iwasaki et al., 2021; Lee & Kim, 2014; Royston &
Lambert, 2011). The survival estimates are depicted in Figs. 3 and 4.
Then, the asymmetry in price and volume changes (difference) is
generated and decomposed into positive and negative. We account for
the asymmetric effect of change (Tables 6 and 7) and the first difference
(Appendixes Tables 3 and 4) on the parametric survival analysis and
Probit model, which is consistent with recent studies (Allison, 2019;
Gietzmann et al., 2016; York & Light, 2017). The findings of the two
estimations (based on changes and first difference) are consistently the
same in our models, except for the size of the coefficients.
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Building on Deville and Riva (2007), we employ a parametric sur-
vival analysis, focusing on the Weibull distribution in our financial
market analysis. This distribution allows us to comprehensively account
for the effect of covariates on violations of crypto-asset regulations over
time, particularly those for which the SEC enforces a penalty. The
Weibull distribution is adopted for the parameterization estimate,
considering the cumulative enforcement trend in various trade events
highlighted in Fig. 2, which increases exponentially over time. The
proportionate hazard of the Weibull model is expressed as ℎ(t) = pγtp− 1

where p > 0, which is the shape of the parameter, and γ > 0 is the scale
parameter (StataCorp, 2023). We then add covariates to explain the time
to enforcement as a linear relationship, following the approach by
Deville and Riva (2007). Equation (4) is as follows:

hi(t, x;T ∼ Weibull)= pγ(γt)p− 1 exp(xiβ), (4)

where xi is the vector of covariates, and β is the coefficient; the inter-
active effects reflect the heterogeneity of events observed in the market,
that is, the covariate interactive effect exp(xiβ) does not change the
shape of the distribution in time T; rather, it changes the scale, therefore,
it expresses the proportionate hazard perspective in the model.
Following Royston and Lambert (2011), we next perform a robust
analysis using the Probit model, beginning with Equation (5), and
described the Probit model into the survival probability scale, where
φ( • ) is the function of the standard normal cumulative distribution, and
its inverse, φ− 1( • ), is the Probit link function (Rabe-Hesketh & Skron-
dal, 2012; Liu, 2012). The link function of the Probit model, which
appears to follow a standard normal distribution, enables us to confirm
the results of our parametric estimations (Agresti, 2015; Royston &
Lambert, 2011; Royston & Parmar, 2002). Prior studies use these two
models (survival and Probit) to check the robustness of their findings
(Albornoz et al., 2016; Brown et al., 2001; Chevalier & Ellison, 1999).
Therefore, we build on the Royston and Lambert (2011) estimation of
the probit equation, as follows:

− φ− 1{Pr(y= 1|x)}= β0 + xβ (5)

The constant β0 is substituted by the transformed baseline survival
function − φ− 1{S0(ln t)}. Therefore, we can revise it as follows:

− φ− 1{S(ln t)}= γ0+γ1 ln t + xβ (6)

where γ1 = 1
σ and γ0 =

− β0
σ , and we generalize it in a similar direction:

− φ− 1{S(ln t)}= s(ln t; γ) + xβ (7)

where x is a vector of covariates with a coefficient β that is modelled
using a normal scale based on the degree of freedom.

3.1. Data and sample

The data in this study mainly come from the Yahoo finance database,
Cornerstone Research Institute (Mola, 2023), and press releases on SEC
cryptocurrency enforcement actions. Table 2 defines the variables used
in the study, for the sample period December 2014 to December 2023.
However, in Tables 4 and 5, the comparative analysis of Bitcoin and
Islamicoin uses the sample period April 2022 to December 2023, when
Islamicoin was introduced in the market, a period that is similar to the
one used in a study on cryptocurrency markets by Nimalendran et al.
(2024). Therefore, we predict the price of crypto assets based on trade
volume, volatility, and lagged price changes over that period, with a
total of 640 observations (based on the availability of data on the
Islamicoin, which began to report activity in 2022). The price and trade
volume data in Table 1 come from the Yahoo finance database. We
enhance the analysis on Bitcoin, which has sufficient data and recorded
other enforcement actions by the SEC. Therefore, the Kaplan-Meier
survival estimates, Weibull parameterization survival analysis, and the
Probit model for robust analysis use data from December 2014 to
December 2023.

The time-to-event categorical data are derived from qualitative in-
formation from Cornerstone Research (Mola, 2023) and SEC press re-
leases on cryptocurrency enforcement actions. As in several prior
studies, we use a dummy variable to identify events during the sample
period, such as financial crises (Aliyu et al., 2023; Beck et al., 2013),
initial coin offerings (Adhami et al., 2018), prices (Diewert et al., 2009),
and the period and calendar time (Aliyu et al., 2024; Butler& Cornaggia,
2011; Kinateder & Papavassiliou, 2021). Therefore, we construct
“recent” variables following previous studies using a dummy to repre-
sent an identified event (Kinateder & Papavassiliou, 2021; Louwers
et al., 1999; Royston & Lambert, 2011). This study considers a recent
period, between December 2017 and December 2023, when cumulative

Fig. 3. Price changes and crypto-asset survival
Sources: Authors’ calculations based on data from Cornerstone Research (Mola,
2023), SEC press releases on cryptocurrency enforcement, and the Yahoo
finance database.

Fig. 4. Trade volume changes and crypto-asset survival
Sources: Authors’ calculations based on data from Cornerstone Research (Mola,
2023), SEC press releases on cryptocurrency enforcement, and the Yahoo
finance database.
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Table 1
Description of data sources.

Variables Description Sources

Time/months The time frame for the enforcement, reported or otherwise, is in months, with at least one event per month. Cornerstone research (Mola, 2023)a

SEC press releases on
cryptocurrency enforcementb

Enforcement/event The categorical variable equals one if the SEC announces enforcement in a particular month, indicating
administrative proceedings or litigation due to cryptocurrency exchange violations, and zero otherwise.

Cornerstone research (Mola, 2023)a

SEC press releases on
cryptocurrency enforcementb

Recent A dummy variable that equals one for the period between December 2017 and December 2023 Cornerstone research (Mola, 2023)c

SEC press releases on
cryptocurrency enforcementb

Price Log of the closing price of cryptocurrency traded in a particular month Yahoo finance database
Price spread Difference between higher and lower prices traded on a particular period Yahoo finance database
Volume Log of the closing trade volume of cryptocurrency trade in a particular month Yahoo finance database
Price volatility The standard deviation of daily prices per month (in percentage) Yahoo finance database
Digital assets Act A dummy variable for the period between 2015 and 2023, revised uniform fiduciary access to digital assets Act

(RUFADAA
Holt et al., 2024; Sy, 2016; Walker,
2017 e

Price difference Difference between the current and previous prices of cryptocurrency traded in a period Yahoo finance database
Positive price difference Positive price asymmetry of the first difference Yahoo finance database
Negative price difference Negative price asymmetry of the first difference Yahoo finance database
Recent × price difference Interaction between recent period dummy and the price difference Interactiond

Recent × positive price
difference

Interaction between recent period dummy and positive price asymmetry of the first difference Interactiond

Recent × negative price
difference

Interaction between recent period dummy and negative price asymmetry of the first difference Interactiond

Volume difference Difference between the current and previous volume of cryptocurrency traded in a period Yahoo finance database
Positive volume difference Positive volume asymmetry of the first difference Yahoo finance database
Negative volume

difference
Negative volume asymmetry of the first difference Yahoo finance database

Recent × volume
difference

Interaction between recent period dummy and volume difference Interactiond

Recent × positive volume
difference

Interaction between recent period dummy and positive volume asymmetry of the first difference Interactiond

Recent × negative volume
difference

Interaction between recent period dummy and negative volume asymmetry of the first difference Interactiond

Price change Change between the current and previous price of cryptocurrency trade in a period Yahoo finance database
Positive price change Positive price change asymmetry of cryptocurrency trade between periods Yahoo finance database
Negative price change Negative price change asymmetry of cryptocurrency trade between periods Yahoo finance database
Recent × price change Interaction between recent period dummy and price change Interactiond

Recent × positive price
change

Interaction between recent period dummy and positive price change asymmetry Interactiond

Recent × negative price
change

Interaction between recent period dummy and negative price change asymmetry Interactiond

Volume change Change between the current and previous volume of cryptocurrency trade in a period Yahoo finance database
Positive volume change Positive volume change asymmetry of cryptocurrency trade between periods Yahoo finance database
Negative volume change Negative volume change asymmetry of cryptocurrency trade between periods Yahoo finance database
Recent × volume change Interaction between recent period dummy and volume change Interactiond

Recent × positive volume
change

Interaction between recent period dummy and positive volume change asymmetry Interactiond

Recent × negative volume
change

Interaction between recent period dummy and negative volume change asymmetry Interactiond

Notes.
a Enforcement data from Cornerstone, December 2014to December 2022.
b Enforcement data extracted qualitatively based on SEC press releases for 2023.
c A dummy variable for “recent” (Royston & Lambert, 2011).
d Interaction of data variable from Yahoo finance database and Cornerstone Research (Mola, 2023), with SEC press releases on cryptocurrency enforcement.
e A dummy variable is used between 2015 and 2023 for the period when the Revised Uniform Fiduciary Access to Digital Assets Act (RUFADAA) was approved.
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enforcement began to rise at an increasing rate (see Fig. 2). Moreover, to
explore the extent of recent activities in the market, we interact the
dummy for recent variables with price and trade volume changes (dif-
ference) and for negative and positive changes (difference) with price
and trade volume. We then use price and trade volume as they influence
each other in the crypto-asset market (Conlon et al., 2024), and they are
expressed in logarithm (Bandi et al., 2024; Sigaux, 2024).

Consequently, changes in the price and trade volume are calculated

based on the time difference Δyn =
(

yt
yt− 1

− 1
)

. Although some studies

use dummy variables to express changes (Ante et al., 2021; Urquhart,

2017), we calculate the changes and decompose them into negative and
positive price and trade volume, based on previous studies (Allison,
2019; York & Light, 2017), to evaluate the hazard exposure to different
conditions when these changes occur. Following Baig et al. (2019), the
price spread variable is the difference in the logarithm of high and low
traded prices for a particular monthly market transaction, used in
studies exploring investors’ trade sentiment behavior (Kim & Kauffman,
2024). Furthermore, the standard deviation of the daily price per month
is used to measure the price volatility risk (in survival and probit
models) in each month of transactions (Liu & Tsyvinski, 2021). Conse-
quently, we proxy for the release of a proposed digital law to protect the

Table 2
Descriptive analysis: Quantile regression.

Statistics Bitcoin Islamicoin

Price Volatility Volume Price change Price change lag Price Volatility Volume Price change Price change lag

Mean 10.1591 1.0355 23.7654 0.0002 0.0002 − 7.3364 1.1507 13.1627 0.0010 0.0011
Standard deviation 0.2615 0.0268 0.5038 0.0276 0.0276 0.5599 0.1954 1.3443 0.0541 0.0541
Maximum 10.7498 1.2102 25.5023 0.1074 0.1074 − 5.0199 3.6631 15.5002 0.9260 0.9260
Minimum 9.6670 1.0036 22.3968 − 0.1597 − 0.1597 − 8.6622 1.0025 4.7274 − 0.3816 − 0.3816
Median 10.1853 1.0281 23.8018 − 0.0005 − 0.0005 − 7.4062 1.1026 13.3416 − 0.0007 − 0.0006
Skewness 0.1873 2.3250 − 0.0825 − 0.3405 − 0.3399 1.2760 6.9653 − 2.6784 7.8931 7.9077
Kurtosis 2.3768 10.9536 2.8561 8.1204 8.1077 5.8021 72.8675 13.7380 146.1957 146.4978
N 640 640 640 639 638 640 640 640 639 638

Note: Price and volume converted into logarithms.
Sources: Authors’ calculation based on the Yahoo finance database.

Table 3
Descriptive analysis: Survival and Probit models.

Variable Obs. Mean Std. Dev. Min. Max.

Time/Months 109 55 31.6096 1 109
Enforcement/event 109 0.486239 0.502119 0 1
Recent 109 0.669725 0.472485 0 1
Price 109 8.656327 1.733344 5.382033 11.02384
Price spread 109 7.341502 1.894417 2.956524 10.26944
Volume 109 25.42816 2.659591 20.13105 28.44955
Price volatility 109 7.733056 4.508364 1.47566 20.24919
Digital assets Act 109 0.917431 0.276501 0 1
Price difference 108 0.045211 0.207569 − 0.47431 0.528443
Positive price difference 108 0.106915 0.135263 0 0.528443
Negative price difference 108 0.061704 0.107104 0 0.474314
Recent × price difference 108 0.013132 0.171708 − 0.47431 0.471561
Recent × positive price difference 108 0.06338 0.112485 0 0.471561
Recent × negative price difference 108 0.050248 0.101988 0 0.474314
Volume difference 108 0.066424 0.350367 − 0.81624 1.256002
Positive volume difference 108 0.16263 0.252674 0 1.256002
Negative volume difference 108 0.096206 0.165312 0 0.816237
Recent × volume difference 108 0.015137 0.241292 − 0.81624 1.070099
Recent × positive volume difference 108 0.079297 0.157373 0 1.070099
Recent × negative volume difference 108 0.064161 0.152266 0 0.816237
Price change 108 0.068642 0.221428 − 0.37769 0.696288
Positive price change 108 0.123528 0.164943 0 0.696288
Negative price change 108 0.054886 0.090209 0 0.377688
Recent × price change 108 0.028076 0.17762 − 0.37769 0.602493
Recent × positive price change 108 0.072572 0.132825 0 0.602493
Recent × negative price change 108 0.044496 0.085953 0 0.377688
Volume change 108 0.141609 0.474536 − 0.55791 2.511354
Positive volume change 108 0.222269 0.415062 0 2.511354
Negative volume change 108 0.080659 0.129293 0 0.557907
Recent × volume change 108 0.045815 0.280282 − 0.55791 1.915668
Recent × positive volume change 108 0.098585 0.23321 0 1.915668
Recent × negative volume change 108 0.05277 0.116917 0 0.557907

Note: Price and volume are converted into logarithm.
Sources: Authors’ calculation are based on data from Cornerstone Research (Mola, 2023), SEC press releases on cryptocurrency enforcement, and the Yahoo finance
database.
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security and privacy of the holder of a digital asset even after death (Holt
et al., 2024; Sy, 2016; Walker, 2017). Therefore, we construct a dummy
variable for “digital assets Act,” which equals one after September 28,
2015, when the final text of the Revised Uniform Fiduciary Access to
Digital Assets Act (RUFADAA) was released, to the end of the sample
period, and zero otherwise. Finally, we generate interactive variables
between changes (difference) and recent events to account for the in-
fluence of a recent increase in enforcement actions on those variables.

4. Results and discussion

The section shows the trends in Bitcoin and Islamicoin and provides a
descriptive analysis. As of August 2022, the total number of crypto assets
in circulation worldwide was as much as 20,676, and the global crypto
capital market totaled $1.03 trillion (CoinMarketCap, 2022). One of
these crypto assets is the Islamic Coin (Islamicoin), the world’s first
sharia-compliant crypto asset. Trading in it in the UAE began at the end
of March 2022. The leading authorities gave a fatwa (legal opinion in
Islamic law) on it based on its use of proof-of-stake mining, dedication to
charity, and its decentralized nature based on the Haqq blockchain (PR,
2022). Therefore, price changes in the Islamic crypto asset are assumed

to reflect the volume of transactions and other markets’ momentum,
which predicts genuine trading activity. Daily trading activity in Bitcoin
and Islamicoin shows that the latter appreciates more than the former
with respect to price changes. Fig. 1 indicates higher performance by
Islamicoin based on daily price changes, especially in 2022 and the first
quarter of 2023, and fluctuation in the last quarter of 2023 through early
2024, respectively.

The change in Islamicoin prices increases from 53 percent on April
11, 2022, to 166 percent two weeks later. Although it recorded a slight
drop to 105 percent on April 29, 2022, it continues to appreciate more
than the price of Bitcoin in May and October. However, the Bitcoin price
changes reveal relatively stable market momentum, with higher per-
formance than Islamicoin in June, July, and September 2022, as well as
January 2024. The price changes for Islamicoin exhibit higher volatility,
which might create other concerns, primarily when they come from
excessive speculation that is not due to trading activity. This motivates
our focus on assessing the price-volume relation to examine its
compliance with sharia fundamentals, as discussed in prior literature
(El-Ashkar, 1995).

Furthermore, the positive growth and development of crypto assets
gave rise to real-world questions about the inheritance of crypto assets

Table 4
Price-volume relations: Quantile regression.

Variables Bitcoin Islamicoin

0.25q 0.5q 0.75q 0.95q 0.25q 0.5q 0.75q 0.95q

log_price-Bit log_price-Bit log_price-Bit log_price-Bit log_price-Isl log_price-Isl log_price-Isl log_price-Isl

Volume − 0.255*** − 0.232*** − 0.0185 0.245*** 0.431*** 0.406*** 0.280*** 0.209***
(0.0170) (0.0128) (0.0435) (0.0460) (0.0409) (0.0513) (0.0456) (0.0312)

Volatility 2.408*** 3.223*** 0.296 − 3.299*** 0.303** 0.565** 1.394*** 2.279***
(0.501) (0.611) (0.912) (0.791) (0.124) (0.264) (0.277) (0.754)

Price changes lag 0.891* 0.692** 0.0351 0.422 0.256 − 0.216 − 0.177 − 0.770
(0.489) (0.315) (0.418) (0.522) (1.039) (1.126) (0.801) (0.872)

Constant 13.57*** 12.31*** 10.44*** 8.195*** − 13.63*** − 13.40*** − 12.47*** − 11.85***
(0.437) (0.594) (0.441) (0.821) (0.581) (0.665) (0.587) (1.060)

Observations 638 638 638 638 638 638 638 638

Notes: Standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.
Sources: Authors’ calculation based on data from the Yahoo finance database.

Table 5
Price changes and volume Relations: Quantile Regression.

Variables Bitcoin Islamicoin

0.25q 0.5q 0.75q 0.95q 0.25q 0.5q 0.75q 0.95q

Price_changes-
Bit

Price_changes-
Bit

Price_changes-
Bit

Price_changes-
Bit

Price_changes-
Isl

Price_changes-
Isl

Price_changes-
Isl

Price_changes-
Isl

Volume 0.00245 − 0.000886 − 0.00279* − 0.000238 0.00715*** 0.00337** − 0.000084 − 0.0141***
(0.00161) (0.00276) (0.00166) (0.00119) (0.00204) (0.00160) (0.00160) (0.00475)

Volatility − 0.704*** 0.00933 0.793*** 0.938*** − 0.00274 0.0205*** 0.0399*** 0.111*
(0.0906) (0.173) (0.0809) (0.0335) (0.0113) (0.00657) (0.00998) (0.0576)

Price changes
lag

0.00693 − 0.0693* − 0.0349 − 0.0451* − 0.0983 − 0.0732 − 0.0685 0.165
(0.0380) (0.0412) (0.0425) (0.0269) (0.0762) (0.0686) (0.103) (0.158)

Constant 0.652*** 0.0106 − 0.735*** − 0.935*** − 0.102*** − 0.0685*** − 0.0358* 0.0958
(0.0664) (0.125) (0.0642) (0.0231) (0.0250) (0.0201) (0.0202) (0.0606)

Observations 638 638 638 638 638 638 638 638

Notes: Standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.
Sources: Authors’ calculation based on data from the Yahoo finance database.
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Table 6
Risk exposure and market mechanisms: Survival analysis.

Variables Model_1 Model_2 Model_3 Model_4 Model_5 Model_6 Model_7 Model_8 Model_9 Model_10 Model_11 Model_12 Model_13 Model_14

Recent 2.394* 2.641* 3.289** 3.056* 3.589** 3.082* 2.789* 3.679** 2.522 2.652 2.690* 2.645* 2.653* 2.627*
(1.313) (1.530) (1.619) (1.602) (1.643) (1.629) (1.613) (1.638) (1.592) (1.627) (1.578) (1.572) (1.574) (1.581)

Price − 3.620*** − 3.718*** − 5.100*** − 4.879*** − 5.439*** − 5.066*** − 4.844*** − 5.444*** − 4.603*** − 4.558*** − 4.741*** − 4.581*** − 4.566*** − 4.737***
(0.798) (0.820) (0.885) (0.873) (0.920) (0.882) (0.868) (0.923) (0.882) (0.878) (0.899) (0.881) (0.879) (0.897)

Price spread 2.332*** 2.373*** 3.374*** 3.175*** 3.660*** 3.343*** 3.141*** 3.667*** 2.925*** 2.896*** 3.064*** 2.910*** 2.917*** 3.060***
(0.761) (0.781) (0.849) (0.832) (0.880) (0.845) (0.828) (0.882) (0.822) (0.825) (0.834) (0.822) (0.829) (0.832)

Volume − 0.763** − 0.692** − 0.924*** − 0.880*** − 0.940*** − 0.913*** − 0.868*** − 0.944*** − 0.771** − 0.783** − 0.796** − 0.776** − 0.802** − 0.794**
(0.304) (0.313) (0.339) (0.336) (0.337) (0.339) (0.336) (0.337) (0.326) (0.327) (0.327) (0.325) (0.327) (0.327)

Price volatility − 0.167** − 0.173** − 0.243*** − 0.249*** − 0.206** − 0.240*** − 0.246*** − 0.207** − 0.215*** − 0.215*** − 0.224*** − 0.215*** − 0.218*** − 0.224***
(0.0772) (0.0789) (0.0803) (0.0817) (0.0802) (0.0801) (0.0813) (0.0803) (0.0816) (0.0820) (0.0820) (0.0816) (0.0820) (0.0819)

Digital assets Act ​ − 5.285*** ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ (1.524) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

Price change ​ ​ 1.677** ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ ​ (0.697) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

Positive price change ​ ​ ​ 1.905* ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ ​ ​ (1.052) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

Negative price change ​ ​ ​ ​ − 5.948*** ​ ​ ​ ​ ​ ​ ​ ​ ​
​ ​ ​ ​ (1.966) ​ ​ ​ ​ ​ ​ ​ ​ ​

Recent × price change ​ ​ ​ ​ ​ 1.665** ​ ​ ​ ​ ​ ​ ​ ​
​ ​ ​ ​ ​ (0.700) ​ ​ ​ ​ ​ ​ ​ ​

Recent × positive price change ​ ​ ​ ​ ​ ​ 1.897* ​ ​ ​ ​ ​ ​ ​
​ ​ ​ ​ ​ ​ (1.063) ​ ​ ​ ​ ​ ​ ​

Recent × negative price
change

​ ​ ​ ​ ​ ​ ​ − 5.914*** ​ ​ ​ ​ ​ ​
​ ​ ​ ​ ​ ​ ​ (1.970) ​ ​ ​ ​ ​ ​

Volume change ​ ​ ​ ​ ​ ​ ​ ​ − 0.301 ​ ​ ​ ​ ​
​ ​ ​ ​ ​ ​ ​ ​ (0.557) ​ ​ ​ ​ ​

Positive volume change ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.00242 ​ ​ ​ ​
​ ​ ​ ​ ​ ​ ​ ​ ​ (0.810) ​ ​ ​ ​

Negative volume change ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1.067 ​ ​ ​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.985) ​ ​ ​

Recent × volume change ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ − 0.178 ​ ​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.582) ​ ​

Recent × positive volume
change

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.374 ​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.868) ​

Recent × negative volume
change

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 1.086
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.985)

ln_p 1.797*** 1.835*** 2.055*** 2.040*** 2.076*** 2.053*** 2.037*** 2.076*** 2.011*** 2.008*** 2.015*** 2.010*** 2.008*** 2.015***
(0.113) (0.112) (0.108) (0.109) (0.107) (0.108) (0.109) (0.107) (0.109) (0.109) (0.109) (0.109) (0.109) (0.109)

Constant 8.793 11.53* 10.67 9.693 11.18 10.59 9.644 11.17 7.553 7.648 8.063 7.539 8.018 8.096
(6.385) (6.418) (7.257) (7.210) (7.150) (7.249) (7.201) (7.163) (6.936) (6.953) (6.975) (6.937) (6.995) (6.970)

Observations 109 109 108 108 108 108 108 108 108 108 108 108 108 108

Notes: Standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.
Sources: Authors’ calculations based on data from Cornerstone Research (Mola, 2023), SEC press releases on cryptocurrency enforcement, and the Yahoo finance database.
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Table 7
Risk exposure and markets mechanism: Probit model.

Variables Model_1 Model_2 Model_3 Model_4 Model_5 Model_6 Model_7 Model_8 Model_9 Model_10 Model_11 Model_12 Model_13 Model_14

Recent 2.356*** 1.963** 3.001*** 2.784*** 2.506** 2.637** 2.338** 3.083*** 2.015** 2.093** 1.938** 2.022** 1.955** 1.877*
(0.868) (0.956) (1.048) (1.038) (0.997) (1.033) (1.015) (1.047) (0.986) (0.989) (0.963) (0.971) (0.974) (0.973)

Price − 1.378** − 1.688*** − 4.280*** − 4.037*** − 3.110*** − 4.215*** − 3.978*** − 4.377*** − 3.367*** − 3.366*** − 3.407*** − 3.368*** − 3.393*** − 3.402***
(0.575) (0.603) (0.761) (0.749) (0.456) (0.754) (0.739) (0.762) (0.690) (0.690) (0.692) (0.690) (0.691) (0.692)

Price spread 1.047* 1.196** 2.986*** 2.797*** 1.810*** 2.927*** 2.742*** 3.033*** 2.227*** 2.230*** 2.232*** 2.240*** 2.257*** 2.226***
(0.550) (0.573) (0.675) (0.668) (0.335) (0.669) (0.660) (0.673) (0.624) (0.624) (0.625) (0.624) (0.624) (0.625)

Volume − 0.767*** − 0.593*** − 0.993*** − 0.958*** − 0.849*** − 0.975*** − 0.939*** − 0.976*** − 0.807*** − 0.820*** − 0.780*** − 0.825*** − 0.835*** − 0.777***
(0.214) (0.226) (0.248) (0.247) (0.237) (0.248) (0.247) (0.246) (0.239) (0.239) (0.238) (0.239) (0.238) (0.238)

Price volatility − 0.0587 − 0.0635 − 0.198*** − 0.204*** ​ − 0.191*** − 0.197*** − 0.141** − 0.126* − 0.128* − 0.121* − 0.131* − 0.134** − 0.120*
(0.0624) (0.0642) (0.0705) (0.0739) ​ (0.0700) (0.0729) (0.0667) (0.0668) (0.0666) (0.0668) (0.0669) (0.0667) (0.0668)

Digital assets Act ​ − 4.217*** ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ (0.784) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

Price change ​ ​ 1.982*** ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ ​ (0.666) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

Positive price change ​ ​ ​ 2.306** ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ ​ ​ (0.977) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

Negative price change ​ ​ ​ ​ − 5.851*** ​ ​ ​ ​ ​ ​ ​ ​ ​
​ ​ ​ ​ (1.719) ​ ​ ​ ​ ​ ​ ​ ​ ​

Recent × price change ​ ​ ​ ​ ​ 1.984*** ​ ​ ​ ​ ​ ​ ​ ​
​ ​ ​ ​ ​ (0.675) ​ ​ ​ ​ ​ ​ ​ ​

Recent × positive price change ​ ​ ​ ​ ​ ​ 2.350** ​ ​ ​ ​ ​ ​ ​
​ ​ ​ ​ ​ ​ (1.004) ​ ​ ​ ​ ​ ​ ​

Recent × negative price
change

​ ​ ​ ​ ​ ​ ​ − 6.072*** ​ ​ ​ ​ ​ ​
​ ​ ​ ​ ​ ​ ​ (1.755) ​ ​ ​ ​ ​ ​

Volume change ​ ​ ​ ​ ​ ​ ​ ​ 0.0161 ​ ​ ​ ​ ​
​ ​ ​ ​ ​ ​ ​ ​ (0.341) ​ ​ ​ ​ ​

Positive volume change ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.164 ​ ​ ​ ​
​ ​ ​ ​ ​ ​ ​ ​ ​ (0.393) ​ ​ ​ ​

Negative volume change ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.774 ​ ​ ​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.929) ​ ​ ​

Recent × volume change ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.246 ​ ​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.386) ​ ​

Recent × positive volume
change

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.591 ​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.476) ​

Recent × negative volume
change

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.830
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.942)

Restricted cubic splines (df_1) 2.327*** 2.969*** 5.340*** 5.195*** 5.171*** 5.315*** 5.177*** 5.436*** 4.875*** 4.887*** 4.895*** 4.899*** 4.948*** 4.893***
(0.237) (0.297) (0.536) (0.523) (0.513) (0.532) (0.519) (0.541) (0.487) (0.488) (0.489) (0.489) (0.494) (0.488)

Constant 21.89*** 23.21*** 38.49*** 36.96*** 32.59*** 38.19*** 36.72*** 38.44*** 31.73*** 31.95*** 31.31*** 32.13*** 32.48*** 31.29***
(4.647) (4.939) (6.352) (6.285) (5.536) (6.344) (6.279) (6.270) (5.802) (5.796) (5.781) (5.816) (5.824) (5.781)

Observations 109 109 108 108 108 108 108 108 108 108 108 108 108 108

Notes: Standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1. df = degree of freedom.
Sources: Authors’ calculations based on data from Cornerstone Research (Mola, 2023), SEC press releases on cryptocurrency enforcement, and the Yahoo finance database.
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after the death of their owner. Ownership of conventional crypto assets
presents significant challenges in estate planning and inheritance plan-
ning (Szwajdler, 2023). As mentioned earlier, only the owners of con-
ventional crypto assets know the credential information, such as a
password or private key, needed to access them; the crypto-asset wallet
is inaccessible without this information, even with a court order. About
four million bitcoins are reportedly orphaned indefinitely because of the
death of their the owners, who did not reveal the private key to the
beneficiaries of their estate (Qureshi, 2022). In addition, some crypto
assets are lost due to identity theft or fraud perpetrated by scammers. In
2021, losses due to crypto-related crimes totaled $14 billion, an increase
of 79 percent over the level in 2020, driven by a spike in theft and scams
(Sigalos, 2022).

Fig. 2 indicates a constant increase in administrative proceedings
and litigation against those who try to influence market performance
through illegal activities, such as unfair trading and market manipula-
tion (Allen& Gale, 1992), resulting in enforcement actions by the SEC. It
shows a sharp rise in enforcement activity, increasing to double digits
starting at the end of 2017 and increasing exponentially until the end of
the sample period in 2023. Thus, in 127 lawsuits and administrative
proceedings on cryptocurrency cases, the SEC levied $2.61 billion in
penalties (Mola, 2023). The Cornerstone Research report (Mola, 2023)
identifies issues related to SEC’s trading rules violations due to unreg-
istered offerings to non-eligible contracts and participants in the secu-
rities exchange, promoting securities with hidden compensation, and
fraudulent sales of securities. Therefore, to evaluate the likelihood of
reducing these risks, we explore the risk effect of the crypto price, trade
volume, price spread, and market price volatility on the SEC’s crypto-
currency enforcement activity between 2014 and 2023.

Consequently, the digital asset Act is used to investigate how it
prevents cryptocurrency fraud and manipulation of the market, as well
as protecting investors’ digital data even after death. Thus, it is related
to activities concerning crypto assets after the demise of their owner as
well as the absence of regulations or laws that govern passing down
crypto assets to legal heirs or beneficiaries of that owner (Beyer, 2019,
2020; Beyer and G. Nipp, 2020). To date, no comprehensive legal
framework has been developed to support inheritance of crypto assets
(Conway & Grattan, 2017; Saleh et al., 2020; Zalucki, 2020), creating
concerns for estate planners globally about managing crypto assets
(Farmer &Tyszka, 2014). Hence, owners must devise various ways to
ensure that their crypto assets will be given to their heirs (Heilweil,
2022; Noonan, 2015). We explore the data to evaluate the trade-volume
relationship and analyze the effect of market mechanisms on the time to
events and the extent to which market manipulation that leads to
enforcement activity by the SEC exposes investors to risk hazards.

Table 2 gives a descriptive analysis of the data using quantile
regression, in which the price and trade volume are expressed in loga-
rithm. Because most of the prices for Islamicoin traded daily are less
than one, conversion to logarithm causes their values for the mean,
median, and minimum to be negative, which is not the case for Bitcoin.

Table 2 describes the data used in the first comparative analysis (see
Tables 4 and 5). A sample of 640 daily data points was used except for
price change and lagged price change, for which the data were con-
verted to the time difference. Then, the table lists other information
related to skewness and kurtosis, and the latter shows the trend of
excessive volatility on Islamicoin (price changes and lag of price
changes, which is more than 146, respectively) compared to Bitcoin
(price changes and lagged price changes, which is more than 8) as
depicted in Fig. 1. As explained by its wider price dispersion from the
mean, Islamicoin has higher price volatility (0.56) than Bitcoin (0.26),
reflecting the trend seen in Fig. 1. Thus, the kurtosis of the price change

differentials indicates more significant concerns for Islamicoin than
Bitcoin (see Fig. 1), primarily if the trade volume does not determine the
price fluctuations. In Tables 4 and 5, we investigate how trade volume
predicts price changes in the two types of crypto assets.

Table 3 gives a descriptive analysis of different measures based on
monthly data for 109 Bitcoin observations. For instance, the data is
categorically generated based on one and zero, including time to
enforcement events and the proposed digital assets Act. Thus, these data
sets have a minimum value of zero and a maximum of one, with relative
dispersion from the mean of 31.61. However, we obtain negative and
positive price and trade volume changes (difference) based on the
asymmetric change and differences in transaction (Allison, 2019; York&
Light, 2017).

Variables such as price and trade volume are expressed in logarithm,
and the trade volume has a higher volatility rate than prices traded in
the market. Similarly, the price spread is the difference between the bid
and ask prices for a particular transaction. It was recorded at an average
of 7.34 with dispersion from a mean of 1.894, which was not up to its
minimum value of 2.957 in the sample. At the same time, we have 108
observations of price and trade volume changes (difference) in their
interactions because they are based on a one-period change (difference)
between the negative and positive changes. These changes are identified
by the minimum − 0.38 (− 0.56) and maximum 0.696 (2.511) for the
price (trade volume). However, price volatility has a minimum of 1.476
and maximum of 20.249. Lastly, Table 3 shows the interactions of recent
time activities with positive and negative changes (difference) in price
and trade volume and fundamental changes in price and trade volume,
respectively. Therefore, those with a dummy variable for recent time
activities, digital law, and enforcement events have a minimum of zero
and a maximum of one. In contrast, later interaction variables have a
minimum of zero because of interaction between the variables with a
maximum that is different from that of the earlier price and trade vol-
ume change (difference), accounting only for events between December
2017 and December 2023.

4.1. Comparative analysis of crypto assets

As digital assets become part of global finance traded in different
jurisdictions and regions, financial market operations become faster and
more complex. Recently, Islamicoin, the sharia-compliant coin, was
introduced in Islamic finance. It has distinctive characteristics, including
avoidance of excessive speculation, gambling, and interest, and sharia-
compliant estate-planning guidelines, similar to those for other Islamic
financial assets (El-Ashkar, 1995; Kamali, 1996; Wahab et al., 2021).

Appendix Tables 1 and 2 on Islamicoin and Bitcoin, respectively,
present a linear estimation of trade volume based on the asset price.

Tables 4 and 5 present a comparative analysis between Bitcoin and
Islamicoin traded between April 2022 and December 2023 based on 638
daily observations (2 of which are for the difference due to price change
calculations), confirming prior literature. Table 4 shows the relationship
between price and trade volume for the two different crypto assets on
four different quantiles for the same period. Our findings for the
Islamicoin estimations reveal a positive relationship between price and
trade volume for all quantiles in Table 4. In contrast, Bitcoin indicates a
negative relationship in the first two quantiles with no significant re-
lations at the third quantile. The positive findings are consistent with
those in prior literature (Grammatikos & Saunders, 1986; Karpoff,
1987). The results support the mixture of distribution hypotheses, which
claim that persistent economic activity is explained by market activities
derived from the volume of transactions, as argued in prior literature
(Ying, 1966). The finding supports the Islamic finance principle about
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acceptable speculative activities that form trading activities and use
available information to predict price changes in financial securities
(El-Ashkar, 1995).

However, our findings regarding Bitcoin are insignificant, especially
in Table 5. Similarly, Table 5 presents three quantiles with insignificant
results for Bitcoin compared to Islamicoin based on the price changes to
volume relationship. The findings are consistent with those on Bitcoin in
a similar analysis (Szetela et al., 2021) using a vector error correction
model, which yields long- and short-run projections. Their inferences
reveal an insignificant relationship between price changes and trade
volume in the long run, with weak dependence in the short run. How-
ever, the two assets have similar volatility behavior in the two estima-
tions. Thus, sometimes prices in the Bitcoin market do not show a linear
relationship (Aalborg et al., 2019; Conlon & McGee, 2020; El Alaoui
et al., 2019; Gemici & Polat, 2019; Palamalai et al., 2021; Raza et al.,
2022b; Sahoo et al., 2019; Szetela et al., 2021)—meanwhile, other pa-
pers express concern about market manipulation, rather than trading
activities (Mola, 2023; SEC, 2024). Therefore, we extend the analysis
with survival estimates and parameterization models on market mech-
anisms on the time to the enforcement event.

4.2. Parametric and nonparametric survival analysis

In this study, we perform a survival analysis to estimate the level of
survivability of crypto-asset transactions in the market despite manip-
ulation that leads to litigation and administrative proceedings by the
SEC (Mola, 2023). However, the enforcement actions indicate violations
of trade regulations in the financial market, which indicates a high
likelihood of other risk exposure to digital asset holders and the econ-
omy in general. Nevertheless, despite the equal potential for risk expo-
sure in the crypto-asset market, aggressive investors are eager to acquire
more crypto because of the volatile nature of the market, which in-
creases investors’ expectation and confidence about earning higher in-
come in the future. This supports the prospect theory (Kahneman &
Tversky, 1979) argument that investors’ perception of gain influences
their decision to invest despite the riskiness of crypto assets.

Therefore, we estimate the survival of crypto assets during the time-
to-enforcement events and analyze the price and trade volume changes
in two scenarios. Then, we compare decreases and increases in price and
trade volume. Fig. 3 indicates a higher survival rate when price changes
decrease, which means a lower likelihood of market regulatory viola-
tions and reductions in enforcement. This corresponds with the potential
for higher trading activity on the market, as depicted in Fig. 4. Fig. 4
illustrates that the survival rate is higher when trading activity increases
than when trade volume in the market decreases. Therefore, risk expo-
sure from crypto assets might be reduced when the market mechanism is
controlled by instruments that drive the market, rather than by market
manipulation that violates SEC regulations. We extend the analysis using
parametric survival analysis to evaluate the likelihood of risk exposure
from market mechanisms.

4.2.1. The parameterization of weibull distribution
In this section, we perform further analysis by considering the earlier

cumulative distribution structure of the enforcement actions illustrated
in Fig. 2. Fig. 2 shows that the cumulative structure resembles that of the
sharps (p> 0) in the Weibull distribution, which we adopt and model
based on the survival parametric analysis families. Consistent with our
prior expectations, the results in Table 4 demonstrate a significant log-
arithm sharp parameter (ln_p) for each estimated model that is greater
than zero, as explained in Equation (4). Table 6 estimated recent time
activities, crypto-asset prices, price spread, trade volume, and price
volatility using the baseline model. Each subsequent model adds another
variable to the baseline and evaluates its behavior, which includes
proposed digital assets Act, changes in price and trade volume (differ-
ences), and moderating interactions. Consistent with the trend in Fig. 2,
recent market activities indicate a persistent increase in risk exposure, in

which the enforcement rate substantially increases. We identify a higher
increase in risk exposure when our model accounts for price changes and
their interactions. This indicates that those who violate exchange reg-
ulations are motivated to manipulate market activities through influ-
encing price changes in the market. This is clear in fraudulent offerings,
which cause excessive price volatility (Goforth, 2020), and a recent hack
of SEC social media accounts, which resulted in higher Bitcoin prices.7

Therefore, it is challenging for securities exchange regulators ensure
cybersecurity and enforce regulations so as to protect the interests of
investors. However, the findings reveal that complying with regulations
through fair dealing in trading activities based on derived prices reduces
risk exposure in the market. Therefore, the price, trade volume, and
volatility based on fair trading activities will likely reduce the risk
exposure to regulatory violations that can lead to securities exchange
enforcement actions over time.

However, price spreads drive regulatory violations, which result in
enforcement actions through either litigation or administrative pro-
ceedings. This effect has influenced the market through price changes, as
shown by Aggarwal and Wu (2006). In this way, risk exposure might
increase due to price manipulation affected by the market’s wide price
spreads. It is particularly evident when the model accounts for price
change and its interaction. However, the proposed digital assets Act will
likely reduce the threat of regulatory violations that lead to enforcement
actions in the crypto-asset market. We find an inverse relation between
the proposed digital assets Act, which preserves the digital information
of investors even after their death, and risk exposure to regulatory vi-
olations. In this way, the proxy variable for crypto-asset estate planning
highlights the need to strengthen regulations that allow the transfer of
assets to beneficiaries if all necessary conditions are met. This enables
beneficiaries to claim digital assets in court because the law protects the
assets in question. In addition, protecting the accounts of the deceased
holders of digital assets against hacking intended to fraudulently claim
ownership also preserves the wealth of potential beneficiaries. Market
mechanisms influence trading activities, which, in turn, affect financial
securities and economic performance. Our findings show the significant
influence of price changes (differences) in increasing risk exposure that
leads to enforcement actions due to regulatory violations. Nevertheless,
changes in trade volume (differences) are insignificant (see models 9–14
in Tables 6 and 7, and Appendixes Tables 3 and 4). However, the sign
supports the initial survival estimate in Fig. 4, where an increase in
trading volume has a higher survival rate than influencing market per-
formance without direct trading in the market.

The results in Table 6 analyze the interactions between recent ac-
tivities and price changes (difference), asymmetrical indicators for
positive and negative prices, and change in trade volume (difference).
Hence, our findings show that price changes (differences) have
increased enforcement events, especially those that are positive. In
contrast, negative price changes (differences) have reduced the moti-
vation and likelihood of regulatory violations. Although the estimation
of recent time activities in Models 9 and 10 and its interactions in Models
9 to 14 are insignificant, they provide consistent policy implications.
Thus, a change in trade volume reduces the risk hazard that can lead to
enforcement actions, especially when the change is positive. However,
negative changes in trade volume when market activities are manipu-
lated through other regulatory violations influence the likelihood of SEC
enforcement actions over time. Therefore, regulators must continue to
monitor trade volume movements and their effect on price changes to
identify early warning signals about criminal activities in the crypto-

7 “Fake SEC social media post puts security practices of Wall Street watchdog
in spotlight,” https://www.investopedia.com/fake-sec-social-media-post-puts-s
ecurity-practices-of-wall-street-watchdog-in-spotlight-8424778/; “SEC probing
fake post on its X account, bitcoin ETFs not yet approved,” https://www.reuters
.com/technology/us-sec-has-not-approved-bitcoin-etfs-social-media-account-c
ompromised-2024-01-09/.
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asset market.

4.3. Probit model: a robustness analysis

The study introduces another procedure using the Probit model in
estimating Equation (7). The model assumes an inverse normal distri-
bution derived from the initial survival function. It considers recent time
activities, crypto-asset prices, trade volume, price spread, and price
volatility as foundational model requirements in all estimations.
Consistent with earlier findings and other similar studies, the robustness
analysis in Table 7 presents the same results as Table 6, with some ex-
ceptions in a few places where the volatility result is insignificant in
Model (1) and recent activities in Models (9) and (10) are significant.

Price changes remain a significant influencer on the likelihood of
enforcement action over time, especially with positive price changes.
Table 7 also presents consistent findings on the price, trade volume,
price volatility, and the proposed digital assets Act throughout the table.
These factors are likely to reduce the tendency of risk exposure to reg-
ulatory violations that can lead to enforcement actions by the SEC.
However, the price volatility variable has insignificant findings when
the models include the recent time interaction of trade volume with
signs that are consistent with the estimation in Table 6.

Table 7 has significant findings for recent time interactions on price
changes and positive asymmetric interactions in price changes. Never-
theless, despite the insignificant results on the interactions of other
recent time activities with trade volume, they report the same signs as
those in Table 6, except for positive and negative asymmetry in trade
volume. Further studies should also investigate this phenomenon and
explore the influence of recent time activities on trade volume.

5. Conclusion

Digital assets have become normalized in modern financial market
transactions, and investors are eager to try them. We investigate crypto-
asset trade with respect to regulatory violations that lead to enforcement
action and the effect of estate planning after the demise of an owner of
digital assets. If such owners of crypto assets die without giving their
password to beneficiaries, a considerable amount of investment could be
indefinitely idle, rather than passed down. Currently, more laws about
crypto assets are needed in many places, so that the assets will be able to
be used effectively, especially when it comes to estate planning and
distribution.

Our findings illustrate that the trade volume of Islamicoin predicts a

price change in the market more than Bitcoin, which indicates that the
price of the latter asset is explained with mechanisms other than trade
volume. Further analysis demonstrates persistent enforcement actions
by the SEC and other regulators against crypto-trade violations, espe-
cially recently. These violations result in enforcement action when a
change in trading activity declines with corresponding increases in price
changes in the market.

Our parametric survival analysis shows that recent crypto-asset
market activity has increased the risk of regulatory violations and
enforcement actions against them over time. Widespread price changes
motivate regulatory violations over time and are noticeably more likely
to occur when the price change is positive rather than negative.
Enhancing digital assets Act is likely to reduce the risk of exposure to
regulatory violations.

Policy makers should create regulations to enhance investor pro-
tection and protect the entire system from future financial crises. Reg-
ulators must improve digital assets laws to encompass estate planning
beyond the protection of investors’ securities. Future researchers could
consider variables beyond the fundamental market mechanisms in the
models and explore other methodologies in order to obtain more
insights.
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Appendix 1A

Sharia prohibits the illegal acquisition of wealth and encourages trade with mutual consent. Therefore, we developed a regression analysis based
on mutual consent, positing that price changes in transactions are influenced by the volume of transactions in the market to avoid excessive spec-
ulation and market manipulation. We obtained daily data from April 2022 to December 2023 using Yahoo Finance’s database. Our regression analyses
cover the relationship between Islamicoin and Bitcoin price-trade volume. We follow earlier work on the mixture of distribution hypotheses that
suggest a correlation between price changes and trade volume, causing a joint direction of market events (Clark, 1973; Grammatikos & Saunders,
1986; Karpoff, 1987; Tauchen & Pitts, 1983; Ying, 1966). This supports the Islamic finance view that allows trade to determine the returns of
transactions, rather than excessive speculative activities in the market (El-Ashkar, 1995). Appendix Tables 1 and 2 (Islamicoin and Bitcoin) present the
linear results of bivariate regression similar to the work of Aggarwal and Wu (2006) and George et al. (1991), which support the earlier findings in
Tables 4 and 5, indicating that the former is more inclined to the price-volume relation than the latter.
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Appendix Table 1
Islamicoin

Month Coefficient Constant se_coefficient _se_constant R2 Adj_R2 Obs t_value P_value

April 2022 1.0165 − 20.5640 0.0284 0.3603 0.9786 0.9779 30 35.8192 ***
May 2022 0.2731 − 9.8638 0.2498 3.7408 0.0396 0.0065 31 1.0932 ​
June 2022 0.4504 − 13.1589 0.0478 0.6940 0.7605 0.7520 30 9.4302 ***
July 2022 0.7841 − 17.9962 0.0890 1.2709 0.7281 0.7188 31 8.8134 ***
August 2022 0.1733 − 9.3795 0.0553 0.7718 0.2528 0.2270 31 3.1321 ***
September 2022 0.4602 − 13.4806 0.0686 0.9309 0.6167 0.6030 30 6.7121 ***
October 2022 0.3767 − 12.5274 0.0680 0.9152 0.5145 0.4977 31 5.5435 ***
November 2022 0.3259 − 11.8725 0.0451 0.6189 0.6510 0.6385 30 7.2265 ***
December 2022 0.1186 − 9.0351 0.0343 0.4668 0.2917 0.2673 31 3.4560 ***
January 2023 0.3354 − 12.0358 0.0920 1.2405 0.3145 0.2908 31 3.6474 ***
February 2023 0.3097 − 11.7942 0.0664 0.8797 0.4553 0.4344 28 4.6621 ***
March 2023 0.1472 − 9.7233 0.0319 0.4164 0.4229 0.4030 31 4.6098 ***
April 2023 − 0.1187 − 6.1985 0.0375 0.4710 0.2636 0.2373 30 − 3.1659 ***
May 2023 − 0.0032 − 7.2851 0.0137 0.1773 0.0019 − 0.0325 31 − 0.2348 ​
June 2023 0.0171 − 7.5597 0.0540 0.7143 0.0036 − 0.0320 30 0.3161 ​
July 2023 0.6980 − 16.6219 0.0700 0.9069 0.7742 0.7665 31 9.9726 ***
August 2023 0.7503 − 17.2634 0.0543 0.7180 0.8682 0.8636 31 13.8192 ***
September 2023 0.3302 − 11.6054 0.0746 0.9979 0.4119 0.3909 30 4.4285 ***
October 2023 0.0643 − 8.2105 0.0111 0.1377 0.5362 0.5202 31 5.7900 ***
November 2023 − 0.0139 − 7.6856 0.0069 0.0699 0.1263 0.0951 30 − 2.0117 *
December 2023 0.0841 − 9.0083 0.0201 0.2332 0.3763 0.3548 31 4.1827 ***

Notes: Standard errors in parentheses. ***p < 0.01, **p < 0.05, *p< 0.1.

Appendix Table 2
Bitcoin

Month Coefficient Constant se_coefficient _se_constant R2 Adj_R2 Obs t_value P_value

April 2022 0.0349 9.7926 0.0424 1.0180 0.0236 − 0.0113 30 0.8228 ​
May 2022 − 0.0198 10.8387 0.0567 1.3743 0.0042 − 0.0302 31 − 0.3491 ​
June 2022 − 0.0220 10.6160 0.1020 2.4569 0.0017 − 0.0340 30 − 0.2160 ​
July 2022 0.1468 6.4393 0.0407 0.9801 0.3098 0.2860 31 3.6081 ***
August 2022 − 0.1087 12.6280 0.0550 1.3231 0.1187 0.0883 31 − 1.9765 *
September 2022 0.0165 9.4916 0.0336 0.8161 0.0086 − 0.0269 30 0.4914 ​
October 2022 0.0548 8.5654 0.0110 0.2644 0.4622 0.4437 31 4.9923 ***
November 2022 0.0775 7.8883 0.0345 0.8384 0.1527 0.1224 30 2.2459 **
December 2022 0.0357 8.8966 0.0112 0.2647 0.2583 0.2328 31 3.1783 ***
January 2023 0.2376 4.2638 0.0416 0.9874 0.5298 0.5136 31 5.7166 ***
February 2023 0.0504 8.8484 0.0286 0.6841 0.1070 0.0726 28 1.7647 *
March 2023 0.0027 10.0610 0.0504 1.2084 0.0001 − 0.0344 31 0.0530 ​
April 2023 0.0238 9.7097 0.0218 0.5135 0.0407 0.0065 30 1.0904 ​
May 2023 0.0470 9.1234 0.0188 0.4381 0.1781 0.1498 31 2.5068 **
June 2023 0.0723 8.5352 0.0375 0.8783 0.1173 0.0857 30 1.9287 *
July 2023 0.0196 9.8557 0.0112 0.2601 0.0954 0.0643 31 1.7493 *
August 2023 − 0.0096 10.4560 0.0240 0.5598 0.0054 − 0.0289 31 − 0.3981 ​
September 2023 − 0.0048 10.2880 0.0113 0.2621 0.0063 − 0.0292 30 − 0.4221 ​
October 2023 0.1044 7.8606 0.0325 0.7576 0.2628 0.2374 31 3.2153 ***
November 2023 0.0084 10.3094 0.0163 0.3845 0.0094 − 0.0260 30 0.5148 ​
December 2023 0.0124 10.3628 0.0199 0.4751 0.0131 − 0.0209 31 0.6211 ​

Notes: Standard errors in parentheses. ***p < 0.01, **p < 0.05, *p< 0.1.

S. Aliyu et al. Borsa Istanbul Review 25 (2025) 206–226 

221 



Appendix 1B

Appendix 1 B presents alternative measurements of the changes, using different measurements of prices and trade volumes for survival analysis and the Probit model.

Appendix Table 3
Risk exposure and markets mechanism: Survival analysis

Variables Model_1 Model_2 Model_3 Model_4 Model_5 Model_6 Model_7 Model_8 Model_9 Model_10 Model_11 Model_12 Model_13 Model_14

Recent 2.394* 2.641* 3.323** 3.037* 3.591** 3.139* 2.773* 3.673** 2.532 2.492 2.699* 2.647* 2.650* 2.651*
(1.313) (1.530) (1.622) (1.604) (1.639) (1.630) (1.612) (1.634) (1.582) (1.606) (1.578) (1.575) (1.571) (1.579)

Price − 3.620*** − 3.718*** − 5.135*** − 4.877*** − 5.409*** − 5.102*** − 4.841*** − 5.414*** − 4.666*** − 4.555*** − 4.734*** − 4.641*** − 4.556*** − 4.731***
(0.798) (0.820) (0.889) (0.873) (0.919) (0.886) (0.869) (0.922) (0.888) (0.877) (0.900) (0.886) (0.878) (0.899)

Price spread 2.332*** 2.373*** 3.401*** 3.169*** 3.631*** 3.370*** 3.135*** 3.638*** 2.984*** 2.876*** 3.067*** 2.962*** 2.888*** 3.065***
(0.761) (0.781) (0.852) (0.833) (0.878) (0.849) (0.828) (0.880) (0.824) (0.822) (0.838) (0.823) (0.825) (0.836)

Volume − 0.763** − 0.692** − 0.927*** − 0.875*** − 0.943*** − 0.918*** − 0.863** − 0.946*** − 0.776** − 0.764** − 0.801** − 0.777** − 0.778** − 0.800**
(0.304) (0.313) (0.338) (0.336) (0.336) (0.338) (0.335) (0.336) (0.326) (0.327) (0.327) (0.326) (0.327) (0.327)

Price volatility − 0.167** − 0.173** − 0.237*** − 0.248*** − 0.199** − 0.234*** − 0.244*** − 0.199** − 0.218*** − 0.212*** − 0.224*** − 0.217*** − 0.214*** − 0.224***
(0.0772) (0.0789) (0.0800) (0.0817) (0.0800) (0.0799) (0.0813) (0.0801) (0.0817) (0.0820) (0.0821) (0.0816) (0.0820) (0.0820)

Digital assets Act ​ − 5.285*** ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ (1.524) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

Price difference ​ ​ 1.829** ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ ​ (0.725) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

Positive price difference ​ ​ ​ 2.234* ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ ​ ​ (1.227) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

Negative price difference ​ ​ ​ ​ − 5.136*** ​ ​ ​ ​ ​ ​ ​ ​ ​
​ ​ ​ ​ (1.712) ​ ​ ​ ​ ​ ​ ​ ​ ​

Recent× price difference ​ ​ ​ ​ ​ 1.808** ​ ​ ​ ​ ​ ​ ​ ​
​ ​ ​ ​ ​ (0.727) ​ ​ ​ ​ ​ ​ ​ ​

Recent× positive price difference ​ ​ ​ ​ ​ ​ 2.204* ​ ​ ​ ​ ​ ​ ​
​ ​ ​ ​ ​ ​ (1.238) ​ ​ ​ ​ ​ ​ ​

Recent× negative price difference ​ ​ ​ ​ ​ ​ ​ − 5.108*** ​ ​ ​ ​ ​ ​
​ ​ ​ ​ ​ ​ ​ (1.714) ​ ​ ​ ​ ​ ​

Volume difference ​ ​ ​ ​ ​ ​ ​ ​ − 0.473 ​ ​ ​ ​ ​
​ ​ ​ ​ ​ ​ ​ ​ (0.517) ​ ​ ​ ​ ​

Positive volume difference ​ ​ ​ ​ ​ ​ ​ ​ ​ − 0.494 ​ ​ ​ ​
​ ​ ​ ​ ​ ​ ​ ​ ​ (1.075) ​ ​ ​ ​

Negative volume difference ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.741 ​ ​ ​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.723) ​ ​ ​

Recent× volume difference ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ − 0.405 ​ ​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.528) ​ ​

Recent× positive volume difference ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ − 0.144 ​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (1.110) ​

Recent× negative volume difference ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.753
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.722)

ln_P 1.797*** 1.835*** 2.058*** 2.040*** 2.075*** 2.056*** 2.037*** 2.076*** 2.014*** 2.010*** 2.014*** 2.012*** 2.009*** 2.013***
(0.113) (0.112) (0.108) (0.109) (0.107) (0.108) (0.109) (0.107) (0.109) (0.109) (0.109) (0.109) (0.109) (0.109)

Constant 8.793 11.53* 10.74 9.592 11.16 10.67 9.552 11.15 7.725 7.380 8.169 7.607 7.529 8.198
(6.385) (6.418) (7.244) (7.200) (7.132) (7.237) (7.191) (7.144) (6.947) (6.951) (6.979) (6.935) (6.986) (6.976)

Observations 109 109 108 108 108 108 108 108 108 108 108 108 108 108

Notes: Standard errors in parentheses. ***p < 0.01, **p < 0.05, *p< 0.1.
Sources: Authors’ calculation based on data from Cornerstone Research (Mola, 2023), SEC press releases on cryptocurrency enforcement, and the Yahoo finance database.
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Appendix Table 4
Risk exposure and markets mechanism: A Probit model

Variables Model_1 Model_2 Model_3 Model_4 Model_5 Model_6 Model_7 Model_8 Model_9 Model_10 Model_11 Model_12 Model_13 Model_14

Recent 2.356*** 1.963** 3.016*** 2.772*** 2.988*** 2.685*** 2.321** 3.074*** 1.554 1.994** 1.941** 1.998** 1.991** 1.891*
(0.868) (0.956) (1.049) (1.037) (1.044) (1.034) (1.013) (1.045) (0.951) (0.988) (0.963) (0.968) (0.971) (0.972)

Price − 1.378** − 1.688*** − 4.305*** − 4.047*** − 4.347*** − 4.231*** − 3.971*** − 4.329*** − 2.347*** − 3.369*** − 3.409*** − 3.370*** − 3.381*** − 3.405***
(0.575) (0.603) (0.760) (0.748) (0.755) (0.753) (0.738) (0.756) (0.389) (0.690) (0.693) (0.690) (0.690) (0.692)

Price spread 1.047* 1.196** 2.995*** 2.801*** 2.994*** 2.931*** 2.732*** 2.984*** 1.208*** 2.227*** 2.239*** 2.225*** 2.254*** 2.234***
(0.550) (0.573) (0.673) (0.667) (0.666) (0.667) (0.658) (0.668) (0.278) (0.624) (0.625) (0.625) (0.625) (0.625)

Volume − 0.767*** − 0.593*** − 0.993*** − 0.953*** − 0.975*** − 0.978*** − 0.934*** − 0.979*** − 0.685*** − 0.803*** − 0.784*** − 0.801*** − 0.830*** − 0.781***
(0.214) (0.226) (0.247) (0.246) (0.246) (0.248) (0.246) (0.246) (0.233) (0.240) (0.237) (0.239) (0.239) (0.237)

Price volatility − 0.0587 − 0.0635 − 0.189*** − 0.203*** − 0.132** − 0.182*** − 0.195*** − 0.132** ​ − 0.125* − 0.122* − 0.125* − 0.131** − 0.121*
(0.0624) (0.0642) (0.0693) (0.0735) (0.0665) (0.0690) (0.0725) (0.0666) ​ (0.0668) (0.0667) (0.0669) (0.0668) (0.0667)

Digital assets Act ​ − 4.217*** ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ (0.784) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

Price difference ​ ​ 2.163*** ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ ​ (0.695) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

Positive price difference ​ ​ ​ 2.775** ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ ​ ​ (1.155) ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

Negative price difference ​ ​ ​ ​ − 5.290*** ​ ​ ​ ​ ​ ​ ​ ​ ​
​ ​ ​ ​ (1.498) ​ ​ ​ ​ ​ ​ ​ ​ ​

Recent× price difference ​ ​ ​ ​ ​ 2.136*** ​ ​ ​ ​ ​ ​ ​ ​
​ ​ ​ ​ ​ (0.701) ​ ​ ​ ​ ​ ​ ​ ​

Recent× positive price
difference

​ ​ ​ ​ ​ ​ 2.759** ​ ​ ​ ​ ​ ​ ​
​ ​ ​ ​ ​ ​ (1.179) ​ ​ ​ ​ ​ ​ ​

Recent× negative price
difference

​ ​ ​ ​ ​ ​ ​ − 5.219*** ​ ​ ​ ​ ​ ​
​ ​ ​ ​ ​ ​ ​ (1.505) ​ ​ ​ ​ ​ ​

Volume difference ​ ​ ​ ​ ​ ​ ​ ​ − 0.311 ​ ​ ​ ​ ​
​ ​ ​ ​ ​ ​ ​ ​ (0.419) ​ ​ ​ ​ ​

Positive volume difference ​ ​ ​ ​ ​ ​ ​ ​ ​ − 0.0377 ​ ​ ​ ​
​ ​ ​ ​ ​ ​ ​ ​ ​ (0.650) ​ ​ ​ ​

Negative volume difference ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.579 ​ ​ ​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.705) ​ ​ ​

Recent× volume difference ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ − 0.0509 ​ ​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.447) ​ ​

Recent× positive volume
difference

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.528 ​
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.737) ​

Recent× negative volume
difference

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0.618
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ (0.711)

Restricted cubic splines (df_1) 2.327*** 2.969*** 5.371*** 5.202*** 5.453*** 5.340*** 5.173*** 5.440*** 4.682*** 4.874*** 4.893*** 4.873*** 4.901*** 4.892***
(0.237) (0.297) (0.538) (0.523) (0.543) (0.534) (0.519) (0.542) (0.465) (0.487) (0.488) (0.487) (0.489) (0.488)

Constant 21.89*** 23.21*** 38.59*** 36.88*** 38.45*** 38.29*** 36.62*** 38.38*** 26.66*** 31.66*** 31.38*** 31.61*** 32.24*** 31.36***
(4.647) (4.939) (6.339) (6.260) (6.261) (6.335) (6.261) (6.266) (5.156) (5.798) (5.775) (5.804) (5.825) (5.776)

Observations 109 109 108 108 108 108 108 108 108 108 108 108 108 108

Notes: Standard errors in parentheses. ***p < 0.01, **p < 0.05, *p< 0.1. Df= degree of freedom.
Sources: Authors’ calculation based on data from Cornerstone Research (Mola, 2023), SEC press releases on cryptocurrency enforcement, and the Yahoo finance database.
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