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Abstract

This study explores the effectiveness of technical and fundamental analysis in

predicting and trading the returns of 12 cryptocurrencies, namely Bitcoin,

Ethereum, Ripple, Dash, Cardano, Avalanche, Binance Coin, Dogecoin, Polka-

dot, Litecoin, Terra and Solana. A universe of 7846 technical rules, five log

moving average-based ratios and 59 fundamental factors are used to test pre-

dictability and profitability through the Lucky Factors methodology and Supe-

rior Predictive Ability test. We observe predictability for a small set of

technical and fundamental rules, while only the short-term log moving

average-based ratio and Hashrate Index demonstrate genuine in-sample and

out-of-sample profitability. Our findings question the value of both technical

and fundamental analysis on cryptocurrencies.
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1 | INTRODUCTION

The Financial Technology (FinTech) revolution is driven
by valuable technological innovation applied in the
financial industry. Chen et al. (2019) position Bitcoin
(BTC) and Blockchain (BCH) within FinTech's seven
most innovatory drivers. This should not come as a sur-
prise, as investment in cryptocurrencies has grown
largely in recent years and has brought BCH technology
to the forefront of the researchers' and practitioners'
attention.

The highest global market value of cryptocurrencies is
currently above 1 trillion US dollars, having reached its
highest peak of almost 3 trillion dollars in late 2021. BTC
has the highest market capitalization, exceeding 1.2 tril-
lion US dollars in 2021, while despite the recent downturn

it is still currently valued at more than 440 million US dol-
lars. It is quite astounding that the highest approximate
return on BTC investment, if purchased at the time of
launch, is above 60,700%. BTC is currently dominating the
cryptocurrency market by more than 40%, but it did suffer
a price crash of around 65% in early 2018 and a significant
downturn from its highest point in November 2021. BTC's
price has fluctuated around 16,000 US dollars in 2017, it
has also skyrocketed around 40,000 US dollars in 2021 and
reach its peak above 63,000 US dollars in its last bullish
run in 2021, before crushing to below 25,000 US dollars
within 2022.1 Similar booms, rapid downfalls and periods
of extreme volatility are commonly observed in alternative
cryptocurrencies (cryptocoins) every year.

This poses a clear dilemma. On the one hand,
researchers, investors and policymakers recognise the
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potential attractiveness of cryptocurrencies, mainly due
to their popularity and commercial expansion. On the
other hand, they are concerned about their risk manage-
ment and lack of a clear underlying economic mecha-
nism, which makes their utility controversial. For this
reason, the cryptocurrency literature, although fast-
growing, generally stands divided on the true value of
cryptocoins.

There are two pathways to establish or contest this
true value. First, attempting to explore ways to accurately
forecast cryptocurrency returns, as is common with every
other asset in financial markets. Second, identifying
underlying risk or technology factors that can explain
their price movements and tie them with specific stylised
facts (Liu et al., 2022) and economically driven theories
(Chen et al., 2022). For that reason, when observing the
conflicting empirical evidence around cryptocoins' profit-
ability and predictability, it is expected that researchers
should turn to technical and fundamental analysis (TFA).
This study's motivation is to resolve this dilemma by
being the first to offer a holistic evaluation of the genuine
merit of technical analysis (TA) and fundamental analy-
sis (FA) for cryptocurrencies.

The literature on cryptocurrencies is gradually
becoming richer and richer when it comes to forecasting
applications of cryptocurrency returns. For example,
Antonakakis et al. (2019) propose a neuro-fuzzy model
for BTC prediction, while Zhang et al. (2021) illustrate
that convolutional neural networks are particularly suc-
cessful in forecasting the returns of six popular crypto-
coins. Gradojevic et al. (2023) revisit BTC predictability
and identify random forest as the best model for forecast-
ing BTC returns. Parvini et al. (2022) propose a novel
model also for BTC daily prediction through LSTM
models and wavelet decomposition. All these studies pro-
mote the idea that advanced machine learning models
can be very successful in predicting cryptocurrency
returns. Recently, Yae and Tian (2022) provide a compar-
ison of cryptocurrency forecasting methods, linear and
non-linear, in order to identify the best predicting model
out-of-sample. Their results suggest that simpler models
can perform better than advanced ones. But this argu-
ment comes with constraints around the selection of fac-
tors that can be used to that end.

That is why the cryptocurrency literature becomes
more intriguing when the predictability and profitabil-
ity of cryptocurrencies is approached through the lens
of the utility of technical indicators and fundamental
factors. Several studies declare that TFA is crucial to
the cryptocurrencies' pricing (Chen et al., 2022; Liu &
Tsyvinski, 2021; Liu et al., 2022). More precisely,
related research focuses on either TA or FA alone, uses
strict and conservative measures that can distort the

results of luck, or completely ignores data snooping. To
better illustrate the above, we summarise in Table 1
the most recent studies in the field, their datasets and
whether they focus on TA or FA, or control for luck.
From this table, it becomes obvious that most of the
studies offer only a snapshot of TA and FA's predict-
ability and profitability, unlike our complete, multi-
dimensional approach.

The table provides some further insights. We can project
that the use of TA around cryptocurrencies is becoming
mainstream; however, the technical indicators used are lim-
ited, either in number, cryptocoins or time periods under
study. Additionally, we observe that common controls
against data-snooping bias, often applied in other financial
markets applications (Bajgrowicz & Scaillet, 2012), are a
rare occurrence in cryptocurrencies. While there are an
increasing number of studies utilising fundamental factors,
they usually suffer from availability of fundamentals that
can be collected across multiple periods or cryptocurrencies.
This provides further motivation to look at the literature for
a robust selection of technical indicators and fundamental
factors.

Markets' inefficiency is a crucial characteristic for the
utility of technical rules. Researchers believe that BTC's
market efficiency is not established (Hudson &
Urquhart, 2021; Urquhart, 2016) as in traditional stock
markets. Unlike conventional financial markets, crypto-
currency markets have skyrocketed in market capitaliza-
tion and attractiveness, but continue to lack regulation
and supervision. Although smart contracts and other
contemporary infrastructures provide financial access to
developing economies, flash loans and other financial
transactions can still result in losses of users' assets, infus-
ing the feeling of insecurity in these markets (Härdle
et al., 2020; Kshetri, 2017; Zou et al., 2019). In addition,
cryptocurrencies do not possess the same accounting fea-
tures as equities and other traditional financial assets.
This can lead to a greater reliance on technical analysis
than evaluation of fundamentals.

In terms of technical indicators, the traditional uni-
verse of trading rules of Sullivan et al. (1999) (STW) pro-
vides a larger pool of rules generally acceptable in the TA
literature. Recent research papers also focus on the utility
of TA and provide direct evidence of high profitability in
the BTC market. Atsalakis et al. (2019), Huang et al.
(2019), Grobys et al. (2020) and Detzel et al. (2021) show
that the moving average strategy and momentum indica-
tors are powerful and can generate high profitability in
the cryptocurrency market. Similar results of weekly
momentum effects are also found to be significant in
cryptocurrency returns (Liu & Tsyvinski, 2021). On the
contrary, Hudson and Urquhart (2021) perform an exten-
sive TA analysis and challenge the genuine value of
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technical indicators. Specifically, after accounting for
data-snooping bias, no genuine profitability is achieved
in cryptocurrency markets through TA.

From a diversification perspective, several recent
studies highlight the benefits associated with cryptocur-
rency investment (Liu, 2019; Tzouvanas et al., 2020). This

TABLE 1 Cryptocurrency literature summary.

Research work Dataset
Technical
analysis

Fundamental
analysis

Forecasting
ability
examination Control of luck

This study BTC, XRP, and
ETH

Yes
(7851)

Yes
(59)

Empirical and wild
bootstrap/
regression

k-Familywise
Error Rate,
Lucky Factors

Nakano et al. (2018), Tiwari et al.
(2018), Karalevicius et al. (2018),
Huang et al. (2019), Atsalakis
et al. (2019)

BTC Yes
(124)

No Empirical No

Tzouvanas et al. (2020) BTC, XRP, ETH,
LTC, XLM, DSH,
NEM, DOGE,
BC, DB and BTS

Yes
(6)

No Empirical No

Grobys et al. (2020) BTC, ETH, XRP,
BCC, EOS, LTC,
ADA, XLM and
TRX

Yes
(5)

No Empirical No

Kristoufek (2013), Matta et al. (2015),
Dyhrberg (2016), Li and Wang
(2017), Baur et al. (2018), Ji et al.
(2018), Koutmos (2018), Gandal
et al. (2018), Bouri et al. (2018),
Demir et al. (2018), Urquhart
(2018), Salisu et al. (2019), Foley
et al. (2019), Easley et al. (2019),
and Ciaian et al. (2016)

BTC No Yes
(17)

Regression No

Wang and Vergne (2017) BTC, LTC, PPC,
XRP and XLM

No Yes
(7)

Regression No

Kraaijeveld and De Smedt (2020) BTC, ETH, XRP,
BCC, EOS, LTC,
ADA, XLM and
TRX

No Yes
(3)

Regression No

Detzel et al. (2021) BTC, ETH and XRP Yes
(5)

Yes
(4)

Empirical /
Regression

No

Bhambhwani et al. (2019) BTC, ETH, LTC,
DSH and XMR

Yes
(1)

Yes
(3)

Regression No

Liu and Tsyvinski (2021) All
cryptocurrencies
from
Coinmarketcap.
com

No Yes
(29)

Regression No

Hudson and Urquhart (2021) BTC, LTC, XRP and
ETH

Yes
(14,919)

No Empirical Familywise Error
Rate,

False Discovery
Rate

Note: Bitcoin (BTC), Ripple (XRP), Ethereum (ETH), Litecoin (LTC), Stellar (XLM), Dash (DSH), Dogecoin (DOGE), Bytecoin (BC), Digibyte (DB), Bitshares
(BTS), Peercoin (PPC), NEM (NEM), Nxt (NXT), MaidSafeCoing (MAID), NameCoin (NMC), Bitcoin Cash (BCC), EOS (EOS), Cardano (ADA) and Tron

(TRX). The value in parentheses of the third and fourth columns represents the maximum number of TA and FA rules used within the studies cited in the first
column. This number corresponds to the study highlighted in bold in each raw.
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increased interest in cryptocurrencies has led market
participants, traders, regulators, investment institutions
and government policy-makers to study the predictabil-
ity of these new financial assets (Dyhrberg, 2016). Inves-
tigation into the efficiency of the cryptocurrency market
provides evidence that TA may possess both profitability
and forecasting ability under the current circumstances.
More specifically, several papers show that arbitrage
opportunities and inefficiencies gradually appear after
2016 (Antonakakis et al., 2019; Tiwari et al., 2018;
Urquhart, 2016) and mainly corroborate that weak effi-
ciency conditions apply. Other studies, such as Gandal
et al. (2018), find evidence of market inefficiencies and
random walk deviations (e.g., potential suspicious trad-
ing on Mt Gox or mispricing in the BTC Investment
Trust).

In terms of FA, the picture is vastly more compli-
cated, as there is no theoretical or empirical consensus
on what can be used for this niche market. A logical
argument against FA for cryptocurrencies could be that
there are no underlying assets or firms supporting their
intrinsic value. Many researchers feel this is a superficial
argument, as it is a stylised fact that cryptocurrency
prices are influenced by factors endogenously or exoge-
nously associated with cryptocurrencies. Consequently,
to be on the safe side, one should probe information
value in financial markets, underlying technology, senti-
ment analysis and search engine mechanics.

The expansion of cryptocoin markets across the globe
and the uneven geographical concentration of coin
miners can serve as justification for the utility of macro-
economic and financial indicators from different markets.
Traditional fundamental factors such as commodity
prices, volatility indices, stock market indices, and cur-
rency exchange rates should be evaluated. Studies on
cryptocurrencies, such as Ciaian et al. (2016), Baur et al.
(2018) and Detzel et al. (2021), also support this argu-
ment. Demir et al. (2018) also suggest that a Traditional
Uncertainty Index, such as the Economic Policy Uncer-
tainty (EPU) Index, is negatively related to BTC returns.
Salisu et al. (2019) show that macroeconomic variables,
such as country-specific interest rates, can be used to pre-
dict BTC returns to a certain extent. Global equity, bonds
and commodity prices can affect BTC movements, as
illustrated by Fang et al. (2019).

BCH technology, transactional and mining character-
istics should also provide potential driving forces for
cryptocurrency price movements. For example, Ciaian
et al. (2016) show that BTC prices can be significantly
influenced by the demand and supply of coins. Li and
Wang (2017) suggest that short- and long-term BTC
movements are sensitive to economic fundamentals,
rather than technological factors, but mining is proved to

also be influential. Koutmos (2018) indicates that BTC-
related activities, such as the unique addresses and num-
ber of BTC transactions, are linked to BTC returns. Wang
and Vergne (2017) and Bhambhwani et al. (2019) show
that the technological development of BCH is the real
driver of cryptocurrencies. Nonetheless, it is vital to con-
sider factors in terms of BCH information, since not all
production-based factors are found to be useful (Liu &
Tsyvinski, 2021). Hence, BTC and BCH technology-based
factors, such as block size, transaction time between
blocks, the Hashrate (HSH) and other factors related to
computing power, should be considered.

Other studies (Ciaian et al., 2016; Karalevicius
et al., 2018; Urquhart, 2018) suggest that the volume of
keyword searching on Google and Wikipedia can explain
the BTC and other cryptocoin return series. Matta et al.
(2015) and Kraaijeveld and De Smedt (2020) show that
online sentiment factors, such as number of searches,
online community posts, tweets and news, affect the prices
of BTC and other cryptocurrencies. Researchers have also
explored issues related to usage, technological property,
and political and social influence (Yermack, 2017).
Recently, Easley et al. (2019) have modelled the equilib-
rium between transaction fees and BTC block size, indicat-
ing the importance of transaction fees in the BTC
evolution.

The above clearly illustrates the complexity of the
quest for valuable technical rules and fundamental factors
capturing cryptocoin price dynamics. More importantly,
though, it highlights the need for an empirical framework
that allows the practitioner to test the genuine utility of
TFA in this market. We propose an elaborate empirical
design in an attempt to answer this puzzle. In doing so, we
utilise a novel exercise for the cryptocurrency literature.
This combines studying a large universe of technical rules
along with a robust pool of traditional fundamental factors
(e.g., commodities, stock indices, currencies) infused with
BCH technology and BTC trend fundamentals. Addition-
ally, we control for luck with some of the latest develop-
ments in the data-snooping literature and capture the
genuine forecasting and trading value of FA and TA in
cryptocurrencies. To the best of our knowledge, our study
offers an original and fully up-to-date view compared to
current cryptocurrency research.

We focus on 12 cryptocurrencies, namely BTC, Ether-
eum (ETH), Ripple (XRP), DASH, Cardano (ADA), Ava-
lanche (AVAX), Binance Coin (BNB), Dogecoin (Doge),
Polkadot (DOT), Litecoin (LTC), Terra (LUNA) and
Solana (SOL), over the period 2015–2022. First, we apply
the TA universe of Sullivan et al. (1999) (STW) by gener-
ating a set of 7846 traditional technical rules consisting of
the MA, Support and Resistance (SR), Channel Breakout
(CB), On-Balance Volume (OBV) and Filter (FR) rules.2

4 WEI ET AL.
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In addition, we employ a new MA-style indicator, the
log-Price Moving Average (PMA), proposed by Detzel
et al. (2021) and found to be successful in BTC prediction.
Thus, we generate 7851 technical rules for each series
under study, and our computations are performed with
transaction costs. We estimate the trading performance
of these rules in the in-sample, and we select the 15 out-
performers.

Then, we examine the predictability of these TA rules
along with 59 FA indicators that might have value in
cryptocurrencies forecasting, through the regression
framework of Neely et al. (2014). For the TA and FA
rules and factors that have value in predicting our crypto-
currencies in-sample, we apply the Lucky Factors (LFs)
framework of Harvey and Liu (2021) and the Superior
Predictive Ability test (SPA) of Hansen (2005). Our aim is
to identify the rules and factors that also demonstrate
genuine in-sample profitability. Finally, we examine the
predictability of our selected TA and FA and their trading
performance in our out-of-sample periods. Our empirical
framework is implemented for three different forecasting
horizons, each based on 50%, 75% and 90% of our total
sample as in-sample and the remainder as out-of-sample.

We contribute to the literature as follows. First, our
analysis suggests that only a small subset of TA rules
(mostly MAs and FRs) have genuine predictive value in-
sample for the cryptocurrencies under study. The same is
true of a handful of the FA rules. Second, we show that
traditional technical analysis rules have no value in cryp-
tocurrencies, and only the recently introduced short-term
PMA seems valuable. Finally, HSH, which is a measure
of the computing power used in mining BTC, seems to be
the only fundamental factor that demonstrates predict-
ability and profitability. This finding contradicts the liter-
ature suggesting that capturing BTC and BCH news can
provide a solid FA framework for the cryptocurrency
universe.

The rest of the article is organised as follows. Section 2
presents the dataset and related factors used in this study,
while Section 3 summarizes our empirical design. The
empirical results are provided in Section 4. Finally, our
concluding remarks are given in Section 5. Technical
information relevant to our design and further analysis
and results are made available in the online Appendix.

2 | CRYPTOCURRENCIES AND
RELEVANT FACTORS DATASET

In this section, we provide a summary of the dataset used
in this study. The main focus is four main cryptocurren-
cies, namely BTC, ETH, XRP, and DASH over the period
8 August 2015 to 5 March 2022.3 However, for further

robustness, we also examine another eight cryptocurren-
cies that belong in the top 10 list of Coinmarketcap in
terms of market capitalization. These are ADA, AVAX,
BNB, Doge, DOT, LTC, LUNA, and SOL.

We acquire cryptocurrency prices from Bitstamp and
Binance. Our selection of cryptocurrencies is based on
data availability, longevity and relatively large intraday
transactions. Many cryptocurrencies introduced in the
earlier periods have dissolved, while other cryptocoins
with large capitalization are only available after 2017.
Our current selection is consistent across the time periods
under study. The summary statistics of the cryptocur-
rency return series and the relevant fundamental factors
are presented in Tables 2 and 3, respectively.

The Jarque–Bera (JB) statistic reported in Table 2
confirms that the return series under study are non-
normal at the 99% confidence level. The Augmented
Dickey-Fuller (ADF) suggests rejection of the null
hypothesis of a unit root at the 99% confidence level for
all the return series; hence, the returns of BTC, ETH,
XRP and DASH are stationary. As shown in Table 3, we
consider 59 factors that are deemed relevant for crypto-
currency movements, and we split them into five catego-
ries. Each group of factors is used in separate regressions,
with their summary statistics presented in the online
Appendix OA.2. Our factor selection is motivated by the
TA and FA literature along with the growing literature
on cryptocurrency news and BCH technology.

More specifically, the FA approach is initially built
upon a set of 14 fundamental indicators, including com-
modity prices, volatility, and main stock and volatility indi-
ces, along with market measures such as excess returns,
bond yields and risk-free rate proxies. Then, the influence
of currency exchanges and stock indices on cryptocurren-
cies is investigated through 13 exchange rates and 10 stock
indices, respectively. In addition, we consider 10 factors
measuring the demand and supply of BTC, the BCH tech-
nology evolution and the related sentiment. We attempt to
capture this with 12 trend factors based on search engine
results, news and discussion in crypto-forums. The motiva-
tion behind this selection of factors is supported by the lit-
erature, as explained in the introduction.

3 | METHODOLOGY

This section summarizes the empirical design of this
study. Initially, we describe the TA approach along with
the application of the LF method for extracting the genu-
ine value of the top performing rules. Then, the regres-
sion framework based on the selected factors is
examined, along with their utility in predicting crypto-
currency movements.

WEI ET AL. 5
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3.1 | Technical analysis and trading
performance

In terms of our TA framework, we follow STW and Det-
zel et al. (2021) to generate the specifications of the STW
universe and the relevant PMA ratios. As suggested by
Detzel et al. (2021), cryptocurrency returns can be pre-
dicted by applying the difference between the log price of
the cryptocurrency and a simple weighted average of its
corresponding lag price. To this end, we simplify the
equilibrium model proposed by Detzel et al. (2021) in
two ways. First, we apply equal weighting in the moving
averages, which suffices for predicting cryptocurrency
returns. Second, we use fixed time horizons for the MAs.
Then, the log price to MA ratios, denoted as PMAt Lð Þ, is
calculated as follows:

PMAt Lð Þ¼ pt�mat Lð Þ, ð1Þ

where pt is the log-price of each cryptocurrency,
mat Lð Þ¼ 1

nL

PnL�1
l¼0 pt�l and n the number of days per

week in L = 1, 2, 4, 10 and 20weeks.4 For more details
on these rules and their parameters, we refer readers to
the online Appendix OA.3. To evaluate the perfor-
mance of the trading strategies, we provide the ranking

results of each cryptocurrency's returns based on the
Sharpe ratio.5 The performance of the technical strate-
gies is benchmarked to a Buy-and-Hold (BH) strategy.
BH is a widely used passive investment strategy where
investors realise returns at the end of their investment
horizon. Its popularity is well supported by studies
such as Shilling (1992), Shiryaev et al. (2008) and Hui
and Kevin Chan (2014). It is also considered a way of
testing market efficiency; as compared to other strate-
gies, BH can fully reflect the natural performance of
the financial asset during the horizon of interest.

We evaluate the trading performance of each
technical indicator over three different periods in our
sample with transaction costs. Since transaction costs
of cryptocurrencies using exchanges are inconstant,
we use average transaction costs from Binance.6 More
specifically, we consider the three in-sample periods
8 August 2015 to 9 May 2018, 8 August 2015 to
25 August 2020 and 8 August 2015 to 29 August 2021
as well as the out-of-sample periods 9 May 2018 to
5 March 2022, 25 August 2020 to 5 March 2022 and
29 August 2021 to 5 March 2022. These correspond to
50:50, 75:25 and 90:10 splits of the total sample in in-
sample and out-of-sample, respectively. These time-
spans include prominent bull and bear phases of the

TABLE 2 Summary statistics of

cryptocurrency returns.
Statistics BTC ETH XRP DASH ADA AVAX

N 2460 2460 2460 2460 1477 588

Mean 0.003 0.003 0.005 0.004 0.006 0.008

SD 0.039 0.068 0.051 0.077 0.063 0.085

Maximum �0.144 �0.379 �0.277 �0.416 �0.268 �0.375

Minimum 0.195 0.596 0.263 0.568 0.332 0.713

Skewness 0.216 1.149 0.034 1.493 0.824 1.435

Kurtosis 2.096 11.96 3.877 11.88 3.109 10.225

JB (p-value) 0 0 0 0 0 0

ADF (p-value) 0 0 0 0 0 0

Statistics BNB DOGE DOT LTC LUNA SOL

N 1639 1032 618 2460 619 629

Mean 0.007 0.015 0.005 0.003 0.014 0.009

SD 0.065 0.189 0.069 0.059 0.094 0.079

Maximum �0.341 �0.384 �0.383 �0.368 �0.395 �0.375

Minimum 0.703 3.924 0.366 0.301 0.874 0.363

Skewness 2.428 15.608 0.667 �0.236 2.149 0.56

Kurtosis 25.495 316.117 5.22 4.876 16.523 3.075

JB (p-value) 0 0 0 0 0 0

ADF (p-value) 0 0 0 0 0 0

Abbreviations: N, number of observations; SD, the standard deviation.
Note: *, ** and *** indicate 10%, 5% and 1% levels, respectively.
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cryptocurrency market. Observing this performance
over these periods adds robustness to our results. Once
the trading performance of all rules is obtained, we rank
them according to their Sharpe ratios in descending
order and select the top 15 performing strategies. The
mathematical details of our trading algorithm are pre-
sented in the online Appendix OA.4.

3.2 | Predictive regressions and Lucky
Factors: Consolidating technical and
fundamental analysis

In order to design a framework for testing TA and FA
factors, we follow Neely et al. (2014) and set up regres-
sions between cryptocurrency returns, the top performing

TABLE 3 Summary of cryptocurrency FA factors.

Factors Reference Resources

Traditional fundamental factors

Gold price (GLD) Ji et al. (2018) Federal Research Bank
of St. Louis

CBOE Volatility Index price (VIX), CBOE DJIA Volatility Index price
(VXD), CBOE NASDAQ-100 Volatility Index Price (VXN), 3-month
treasury bill rate (3mBill) and 10-year treasury bill rate (10yBill)

Detzel et al. (2021) Wharton Research Data
Services

S&P500 (SP500), Moody's Baa-bond index (MBaa) and Moody's AAA-bond
index (MAAA)

Detzel et al. (2021) Federal Research Bank
of St. Louis

Market Excess Return (MER) Detzel et al. (2021) Website of Kenneth
French

Dow Jones Industrial Average (DJIA) and Nasdaq Composite Market index
(NSQ) and MSCI World Market index (MSCI)

Ciaian et al. (2016) Federal Research Bank
of St. Louis

Oil price (OIL) Ciaian et al. (2016) US Energy Information
Administration

Economic Policy Uncertainty (EPU) Demir et al. (2018),
Jiang et al. (2021)

policyuncertainty.com

Currency factors

AUD/USD, EURO/USD, YEN/USD, CAD/USD, BRL/USD, RMB/USD,
CHF/USD, IDR/USD, KRW/USD, VEF/USD, RUB/USD and TRY/USD

Baur et al. (2018) Bloomberg

Stock indices factors

Nikkei 225 Index (NI225), Caracas Stock Exchange Index (IBVC), Brazilian
Bovespa Index (BRA), Canadian Composite Index (TSX), Korea Stock
Index (KOSPI), S&P/ASX 200 index (ASX), Jakarta Stock Exchange
Composite Index (JCI), Swiss Market Index (SMI), Shanghai Stock
Exchange (SSE) and Russian Trading System Stock Index (RTS)

Baur et al. (2018)) DataStream

Blockchain technology-based factors

Daily bitcoin transactions (DBT), Hashrate (HSH) and mining difficulty
(MD)

Li and Wang (2017) Blockchain.com

Block size (BZ), Time between transaction (TBT) and block size vote (BSV) Besarabov and
Kolev (2018)

Bitcoinity.com

Total Bitcoin Mined (TBM) Kristoufek (2013) Quandl

Days of destroyed (DOD), unique bitcoin address used (UBA) Ciaian et al. (2016) Quandl

Bitcoin and blockchain trend-based factors

Search Number on Wikipedia (BTC-W, ETH-W and XRP-W) Kristoufek (2013) Wikipedia

Search Number on Google Trends (BTC-GT, ETH-GT and XRP-GT) Kristoufek (2013) Google

Number of new topics (NTs), new posts (NPs), new users (NUs) and page
views (PVs)

Ciaian et al. (2016) bitcointalk.org

Note: The table summarizes all the relevant factors used in the regression specifications. There are 59 factors in total under consideration. The selection is
based on studies that utilise similar factors to explain cryptocurrency returns. These studies are matched to each factor and the relevant data resource.
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technical rules and 59 fundamental factors. In other
words, we form the predictive bivariate regression as

rtþ1 ¼ αþβXtþ εtþ1, ð2Þ

where rtþ1 is the return on cryptocurrency on day tþ1ð Þ;
Xt a predictor (a TA or FA factor) at time t; and εtþ1 a
zero-mean disturbance term. This procedure allows us to
explore the predictive power of each individual factor
against one return series.

For the in-sample analysis, we set a one-sided alterna-
tive hypothesis, following Inoue and Kilian (2005), to
increase the predictive power of the test. Our null
hypothesis is that the predictor has no forecasting ability
βi ¼ 0ð Þ. Using a heteroskedasticity-consistent t-statistic,
we test H0 : βi ¼ 0 against H1 : βi ≥ 0 for the Ordinary
Least Squares (OLS) estimates of each βi.

7 When testing a
number of popular predictors (e.g., treasury bills, long-
term government bond yield and other commonly used
economic indicators), the Stambaugh (1999) bias may
inflate the t-statistic for the β in Equation (2) and contort
the test size for highly persistent Xt . For this reason, we
use a heteroskedasticity-robust test for each bivariate
model. Taking the persistence in regressors and the corre-
lations between cryptocurrency returns and innovation
terms into account, we calculate the p-values by means of
a wild bootstrap procedure.8

Through the in-sample analysis, we may find more
than one factor with forecasting ability in cryptocurrency
returns. This motivates us to further check the order of
the importance of the multiple factors. To avoid the data-
snooping bias in multiple hypotheses testing (MHT) and
examine the superiority of statistically significant factors
during in-sample periods, we apply the LFs framework
and the SPA test. The LFs framework of Harvey and Liu
(2021) is ideal for revealing the genuine performance of
multiple factors, compared to other MHT approaches.
The LF design aims to restrain the proliferation of factors
seen in other studies, such as Harvey et al. (2016). This is
crucial because an order of importance of the indicators
selected at each stage of our tests can improve the inter-
pretability for traders, a feature that is not available in
other MHT and data-snooping techniques.

According to Harvey and Liu (2021), LFs is a highly
compatible approach which can be put into either single
or panel regression forms. Based on the task require-
ments, the test statistic for the R-squared and the median
scaled intercept are designed to measure the performance
in univariate or multiple target series, respectively. This
is also important in our setting because the scaled inter-
cept can be thought of as an information ratio proxy and
can also account for return volatilities' heterogeneity. In
addition, we provide SPA results as a robustness check.

The mathematical details of the LF methodology are pre-
sented in the online Appendix OA.5.

For the out-of-sample analysis, we calculate the
recursive estimated statistics for each of the bivariate
models using a one-day-ahead horizon. In this article,
we apply expanding windows in out-of-sample periods;
that is, we predict returns on day tþ1ð Þ using all the
data ahead. We follow the three forecasting exercises
mentioned earlier and apply two statistical measuring
approaches. Our design is based on a well-known bench-
mark, the historical average forecast, which can perform
better than the selected statistical measure (Campbell &
Thompson, 2008). This is estimated as follows:

brHA
tþ1 ¼

1
t

Xt

s¼1
rs: ð3Þ

where brHA
tþ1 is the expectation of the average historical

returns and rs the cryptocurrency returns at time s.
Following Campbell and Thompson (2008) and Clark

and West (2007), we also apply the out-of-sample R2 (R2
os)

and the adjusted Mean Square Forecast Error (MSFE-
adj.). The R2

os is used to gauge the difference of MSFE
between our bivariate predictive model and the historical
average and is given by

R2
os ¼ 1� SSRP

SSTT
, ð4Þ

where SSRP is the difference between cryptocurrency
returns and predictive returns in the predictive set and
SSTT the difference between cryptocurrency returns and
average returns in the training set. Since the historical
average model can be regarded as the reductive version
of the predictive model, the comparison between these
two models can also be treated as the test for the nested
model. The MSFE-adj. further ensures an approximately
standard normal asymptotic distribution for the compari-
son between the nested model and the predictive forecast.
Following the procedure above, predictive regressions are
obtained based on the selected top performing technical
rules and the five sets of fundamental factors presented
in Table 3. This creates a rather more complete portrayal
of the value of the TA and FA analysis in cryptocurren-
cies, taking into consideration the results of the previous
section. Figure 1 summarizes our empirical design.

Here, we should note that the proposed framework
can easily adapt to new identified factors, regardless of
their number. In other words, the motivation of this
approach is not to justify the selection of this large pool
of factors, but rather to examine which indicators pro-
posed by the previous literature actually work and for
which cryptocurrencies. This is because factors that are

8 WEI ET AL.

 10991158, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ijfe.2863 by C

ity U
niversity O

f L
ondon L

ibrary, W
iley O

nline L
ibrary on [27/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



not genuinely good predictors will be discarded and will
not move to the out-of-sample analysis stage. The find-
ings of this empirical framework are presented in the fol-
lowing section.

4 | EMPIRICAL RESULTS

4.1 | In-sample analysis

The first set of empirical findings relates to the profitabil-
ity performance of the technical rules. We summarise the
performance of the top 15 performing rules based on
their Sharpe ratios across all periods and series under
study in Table 4. The table presents a mixed picture of
the utility of different types of technical rules. Looking
across periods and cryptocurrencies, there is no clear
winner among different TA factors. There is a consistent
presence of momentum rules (MAs and PMAs), while
FRs and CBs are common in the rankings in terms of
trading performance (the latter especially in the case of
BTC). When evaluating the other cryptocurrencies across
periods, momentum rules are usually the best or appear
regularly in the top five performance ranking. Particu-
larly, CB (10, 0.03, 10, 20) has the best performance for
the most cryptocurrencies and periods 2 and 3 except in
the case of BTC. FRs have their share of success too, as
they perform better when modelled for shorter period
and with small values of multiplicative ban. This indi-
cates that the multiplicative filter plays an important role
in the best performing rules. In terms of momentum

indicators, the short-term PMA (PMA1) indicator and
other traditional MAs with a time delay filter or a multi-
plication ban tend to perform well in terms of profitabil-
ity. PMAs of different lengths appear in all top
15 rankings, while PMA1 is consistently within the top
three performing rules across the periods and cryptocur-
rencies under study. Focusing on period 1 of BTC, the
best rule is the shortest PMA ratio (PMA1), and the
remaining rank of rules is constructed CB rules with the
shortest length (CB (5, 0.075, 5, 0.001))9 and the shortest
time of channel in CB (5 days).

Similar results are found in DASH, where good per-
formance rules are mainly constituted by short days of
rules, that is, 5-day or 10-day slow MA and 2-day or
5-day fast MA lines with fixed multiplicative band. Not
surprisingly, the high volatility of the daily cryptocur-
rency prices is the most likely reason for the fixed per-
centage band filter performing better than the time delay
filter. In all cases, the top performing rules beat the BH
benchmark in terms of the Sharpe ratio and mean
returns. Period 2 seems to have the best performance
compared to periods 1 and 3 in terms of mean returns.
To be more specific, we find mean returns of 0.004, 0.006,
0.006 and 0.007 for BTC, XRP, ETH and DASH, respec-
tively. Moreover, the highest observed Sharpe ratios are
0.570 (DASH—period 2), 1.350 (BTC—period 2), 0.670
(ETH—period 2) and 0.650 (XRP—period 2).

For further robustness, we investigate the perfor-
mance under the Sortino ratio metric for our four main
cryptocurrencies. The top 15 performing rules for the
Sortino ratio are presented in the online Appendix
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Technical Analysis
(7851 technical rules)

Fundamental Analysis
(57 fundamental rules)

15 most profitable rules based  on Sharpe Ratio

Bi-variate regressions/Wild Bootstraps: In-sample Predictability 

Lucky Factors and SPA test: In-sample Profitability

Bi-variate regressions/Wild Bootstraps: Out-of-
sample Predictability 

Sharpe Ratio: Out-of-sample Trading 
Performance

FIGURE 1 Methodology flowchart. The figure presents the methodology flowchart of this study.
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OA.7 (Table A.3.3). Similar to our findings using the
Sharpe ratio, we see that the top 15 TA factors have
good performance across three forecasting exercises
during in-sample periods and beat the benchmark. CB,
FR and MA are again in the top rankings, but, more
importantly, PMA1 factors continue to be within the
top 15 performing rules. Regarding the remaining eight
cryptocurrencies, our findings are also consistent across
the Sortino (online Appendix OA.7, Tables A.3.1–A.3.2)
and the Sharpe (online Appendix OA.8, Tables A.7.1–
A.7.2) ratios. In conclusion, across the 12 cryptocurren-
cies and under two performance metrics we observe
that PMA factors, along with momentum and CB strate-
gies, are consistently among the top performing rules.

Technical rules consistently performing better than
the BH strategy indicate that there is utility of TA in
the cryptocurrency market. We therefore move to
explore the predictability of the high-performing rules
and the selected fundamental factors through the
bivariate regression framework and the wild bootstrap
(see Equation (2)). The in-sample examination and the
corresponding results are given in Tables 5–7. The
tables present the in-sample analysis for BTC, ETH,
XRP and DASH for three different lengths of forecast-
ing exercises (F1, F2 and F3). Focusing on BTC, we
find that several TA factors have predictive power in
all our samples. For example, in F1 (Panel A), CB rules
with short periods of channels (CB (5, 0.075, 5, 0.01)
and CB (5, 0.075, 5, 0.005)) and the shortest PMA ratio
(PMA1) have better forecasting ability than other TA
factors. Although different CB rules seem to be signifi-
cant in F2 and F3, the only consistent performance
across all cryptocurrencies and forecasting exercises is
that of PMA1. This is in line with Detzel et al. (2021),
where PMA ratios have both high trading performance
and predictive power in cryptocurrencies.

In the cases of ETH, XRP and DASH, we observe FRs
with short periods and MAs with long periods having
predictive power in cryptocurrency returns, but this per-
formance is not as consistent as it appears to be for
PMA1.10 In terms of fundamental factors, the HSH
(Panel E) is notably robust across all cases within all fore-
casting exercises. OIL (Panel B) and RMB (Panel C) are
also found to be statistically significant in most cases
in-sample. For BTC and ETH, another factor from BCH-
related information, MD (Panel E), is useful in predic-
tion. Conventional financial indicators such as 3mBilll
(Panel B), GLD (Panel B) and NSQ (Panel B) also show
forecasting ability in BTC, ETH and XRP. Popular
online media factors, like Google Trends and Wikipe-
dia search numbers of BTC (Btc-GT and Btc-W from
Panel D), seem to have forecasting ability only in F1.
This can be explained by the fact that access to relevantT
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information in the early stages of BCH is mainly
narrative-based in online resources; therefore, online
media can influence the cryptocurrency market
(Ciaian et al., 2016).

As suggested by Li and Wang (2017), this impact
gradually erodes as practitioners become more knowl-
edgeable about BCH-related information. This is also
supported by our findings, as neither F2 nor F3 provide
significant statistics for online media factors. Eth-GT
and Eth-W from Panel D seem to have predictability
over BTC but not the other cryptocurrencies. Finally,
RMB (Panel C), HSH (Panel E) and MD (Panel E) are
found to be significant in terms of DASH predictability.
Regarding the remaining eight cryptocurrencies, in
terms of the Sharpe ratio we present the in-sample pre-
dictive performance in the online Appendix OA.8
(Tables A.8–A.10 and A.17–A19). We again find several
cases of PMAs and several fundamental factors (VXN,
TBT, OIL, VEF, MD, HSH, 3mBill) to be significant
across different cryptocurrencies and exercises. Over-
all, our in-sample analysis on the predictability of the
factors employed shows that there is value in TA and
FA when it comes to cryptocurrency prediction.

Given the largely utilised dataset and the several
factors employed across the different horizons, seri-
ous questions of data-snooping bias are raised. Addi-
tionally, we want to test the in-sample profitability of
the selected factors in an MHT framework. Hence,
we further apply the LFs method and the SPA test to
confirm our results. These findings are reported in
Tables 8–10.

When interpreting these results, we focus on the
R2, the p-value of the LFs method and the p-value of the
SPA test. These three elements summarise the utility of
each factor individually and in an MHT setting. In each
period, we collect all the factors that show predictability
in the in-sample into a factor pool and then apply the
LFs and the SPA test to examine their statistical signifi-
cance. For a factor to be genuinely significant, we expect
the R2 to be positive and the p-value to be as small as pos-
sible (see online Appendix OA.5 and the LF description).
Nonetheless, the hurdle rate of significance level is rather
a subjective decision (Harvey et al., 2016); we apply 5% as
a cut-off point in this article. In terms of the SPA test, we
report the p-value by benchmarking each individual fac-
tor among all the significant factors in the pool.

For example, in the case of BTC and period 1, the larg-
est R2 (0.385) is matched to the NSQ and the correspond-
ing p-value of the LFs is 0.011. In addition, the p-value
(0.003) of the SPA test further affirms our conclusion that
the profitability of NSQ is genuine and free from data-
snooping bias. The second largest R2 (0.255) is from the
HSH factor, and the corresponding LFs and SPA p-valuesT
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are 0.055 and 0.041. Thus, we can declare both the NSQ
and HSH of BTC (period 1) as genuinely profitable in
period 1. Having found two factors allows us to proceed
with LF once more to explore the value of the remaining
factors with HSH as the baseline. Unsurprisingly, HSH is
the only significant factor in both the SPA and LFs at this
stage. This process continues until no more factors are
found to be significant in the third-round test, which is
the case when PMA1 and HSH are used as baselines in
Panel 3. We, thereby, can declare that only PMA1 and
HSH have genuine profitability for BTC in period 1. Similar
results are identified across different periods in all four
series. Hence, we conclude confidently that PMA1 and
HSH have true value in cryptocurrency trading in an
MHT setting, and their profitability is genuine and not
attributed to data-snooping bias. Combining these findings
with those extracted earlier, we conclude that only one
technical indicator (PMA1) and six fundamental factors
(3mBill, HSH, MD, RMB, NSQ and OIL) seem to consis-
tently predict cryptocurrency returns while having genu-
ine profitability across all cryptocurrencies and forecasting
exercises in-sample.

The Lucky Factors analysis for the remaining eight
cryptocurrencies is presented in the online Appendix
OA.9. The results showcase that only PMA ratios and
three fundamental factors (3mBill, HSH and OIL) pre-
serve genuine predictive power and are free from data-
snooping bias across our forecasting exercises. Finally,
we construct equal-weighted portfolios with the top
5 and top 10 technical rules based on Sharpe and Sortino
ratios. The relevant performances are presented in the
online Appendix OA.10 (Figures A.1–A.4). These results
show that the overall performance of the equal-weighted
portfolios across periods, cryptocurrencies, selected rules
and metrics varies, but there are cases where consistently
high Sharpe and Sortino ratios can be achieved (BTC,
LTC, LUNA). It will be interesting to see if this is borne
out in our out-of-sample analysis that follows.

4.2 | Out-of-sample analysis

Our in-sample analysis revealed only one TA rule and six
FA factors that possess both predictability and statistical
significance in trading cryptocurrencies. In this section,
we extend our analysis in the out-of-sample, and we pre-
sent our results for all the TA and FA elements that pos-
sess in-sample predictability (see Tables 8–10). We
investigate their predictive power using the R2

os and
MSFE-adj. statistics to test the null hypothesis that the
historical average forecast MSFE is less than or equal to
the computed MSFE. The R2

OS measures the proportional
reduction in MSFE from the bivariate predictive model to

the historical average. Positive (negative) R2
OS implies that

the bivariate predictive model performs better (worse)
than the historical average.

We summarize our results in Tables 11–13. From the
tables, we observe that in the selected out-of-sample
periods, only HSH and PMA1 yield positive R2

OS with sta-
tistical significance across different horizons, and hence
possess predictability in the out-of-sample. Our in-sample
and out-of-sample analysis confirms that only one out of
59 FA factors and one out of the 15 top performing TA
rules possess genuine forecasting ability in the cryptocur-
rency market that can be exploited in the out-of-sample.
An interesting finding is that several fundamental factors
(3mBil, HSH, MD, RMB, NSQ, OIL and SSE) show per-
sistent forecasting ability for BTC and ETH in F3 (period
3). However, this is not consistent across F1-F3. Regard-
ing the remaining eight cryptocurrencies (Sharpe ratio),
we present the out-of-sample predictive performance in
the online Appendix OA.8 (Tables A.11–A.13 and A.20–
A22). Once again, the results show that only PMA1 and
HSH are found to have persistent forecasting ability in
the out-of-sample.

Overall, our in-sample analysis on the predictability
of the factors employed shows that there is a value in
TA and FA when it comes to cryptocurrency predic-
tion. Our out-of-sample results highlight that tradi-
tional momentum rules are not robust in capturing
cryptocurrency movements, as documented in the
cryptocurrency literature, but the novel PMA1 can con-
sistently do that. In addition, previous studies have
shown that BCH information (e.g., mining difficulty)
causes price changes in the cryptocurrency market,
especially in the BTC market, but its impact decreases
gradually over time. We show that HSH, standing for
the magnitude of the computational power towards
mining BTC, has a positive relationship with crypto-
currency returns. The major concerns in cryptocur-
rency investment are the security and regulation risks
associated with hacking and shadow banking. BTC
“attackers” must control more than 51% of all the HSH
capacity; hence, HSH reflects the overall health of the
cryptocurrency market. In other words, higher HSH
implies a healthier BTC market, which in turn posi-
tively influences cryptocurrency investment.

Finally, we report the profitability performance of the
TA and FA factors in the out-of-sample periods. As in the
previous sections, we report in Tables 14–16 both the
Sharpe ratio and mean returns. With the BH strategy as
the benchmark, the Sharpe ratio11 of the TA factors
ranges from 0.108 to 0.266, while the mean returns range
from 0.004 to 0.005 in the case of the BTC (period 1).
Compared with the in-sample results, we have a dramatic
upturn in each cryptocurrency. By contrast, the
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performance of the two other forecasting exercises
(periods 2 and 3) exhibits a great downturn. This is in
line with our findings in the previous section, highlight-
ing that good performance TA factors do not necessarily
have high forecasting ability; hence, their value in period
1 is not genuine. The FA factors show competitive perfor-
mance against the TA factors. In period 1, the span of the
Sharpe ratio using the BCH information factors is rela-
tively large, ranging from 0.159 (BZ in Panel E) to 1.358
(TBT in Panel E). Other sets of FA factors perform simi-
larly to the TA factors; for example, factors from conven-
tional finance and economics yield Sharpe ratios in the
range of 0.161–1.531. Nonetheless, the FA factors fail to
maintain good performance in F2 and F3. Compared
to F1, the FA factors' performance sharply declines, as
with the TA factors. Here, we should note that the results
of the remaining eight cryptocurrencies are consistent
with those presented here. These results are presented in
the online Appendix OA.8 (Tables A.14–A.16 and
A.23–A.25).

Although the previous studies state that the crypto-
currency market has a certain relationship with financial
markets (Li & Wang, 2017; Salisu et al., 2019), our results
show that this relationship is weak or nearly non-
existent. Even other classes of fundamentals, such as
BCH and BTC trend-based factors, are not found to be
as important as other studies suggest (Ciaian et al., 2016;
Kraaijeveld & De Smedt, 2020; Matta et al., 2015). Apart
from PMA1 and HSH, we are unable to identify other fac-
tors that exhibit both explanatory power and profitability
on cryptocurrency returns across all forecasting exercises.
Investors in cryptocurrencies mainly enjoy the process of
chasing extreme high returns after a sudden drop from
the peak. In addition, the lack of regulation from authori-
ties and the collapse of exchanges due to continuous
attack from cyber hackers might be able to explain the
failure of the traditional FA factors. This implies that
the cryptocurrency market is still young and isolated
from other markets. On the other hand, we show that the
PMA1 ratio does have predictive power in cryptocurrency
returns and significant profitability both in-sample and
out-of-sample. Institutional investors interested in the
cryptocurrency market can use BTC or cryptocoins to
diversify the total risk of their portfolio. Nonetheless, our
results show that the TA benefits for cryptocurrency pre-
diction erode quickly and are driven by momentum
shifts. Hence, high cryptocurrency exposure in investors'
portfolios can lead to tail losses.

5 | CONCLUSION

In this article, we present a thorough empirical frame-
work to uncover the true value of TA and FA when it

comes to cryptocurrency predictability and profitabil-
ity. In order to achieve this, we utilise a novel exercise
in the cryptocurrency literature. The exercise combines
studying the large STW universe of technical rules and
the PMA factors, along with the largest pool of factors
related to cryptocurrencies found in the literature. Ini-
tially, we select the top 15 performing TA rules based
on the Sharpe ratio and all the 59 FA factors and exam-
ine their in-sample predictability with bivariate regres-
sions and Wild bootstraps. Then, we test their genuine
in-sample profitability by applying the LF method and
the SPA test. The in-sample findings are further con-
firmed by out-of-sample bivariate regressions and trad-
ing performances.

In terms of our results, only short-term PMAs and a
BCH factor (HSH) are found to have significant predic-
tive ability across different horizons. This is confirmed
consistently in both in-sample and out-of-sample tests
across 12 cryptocurrencies (BTC, ETH, XRP, DASH,
ADA, AVAX, BNB, DOGE, DOT, LTC, LUNA and
SOL) and three forecasting exercises over the period
2015–2022. This verifies that traditional momentum
strategies cannot truly capture cryptocurrency move-
ments, but novel ones, like the one presented by Detzel
et al. (2021), can. From the FA perspective, we investi-
gate factors based on BTC information, economic and
financial indices, and online sentiment indices.
Although our results identify some FA factors with sig-
nificant predictability in-sample, only HSH appears to
have robust performance out-of-sample across all
periods. Traditional economic factors 3mBill, NSQ and
OIL are found to be significant for BTC and ETH in F3.
This finding is particularly interesting, as HSH is a
proxy for the magnitude of the computational power
towards mining and is a proxy of the healthiness of the
BTC market.

At the same time, HSH, being the only genuinely
important factor, contradicts the common belief that
crypto-news and crypto-sentiment are crucial factors
of cryptocurrencies' volatility. The significance of
economic and financial factors implies that the rela-
tionship between the cryptocurrency market and
conventional financial markets is gradually becoming
stronger. Our findings further contribute to the liter-
ature that focuses on the utility of technical indica-
tors for cryptocurrency trading, while we find that
fundamentals related to financial and economic
activity do not carry genuine value. This is in line
with many economists who believe that as long as
cryptocurrencies remain relatively unregulated, tradi-
tional FA will not serve any purpose in explaining
them. Our empirical results also show the need for
rigorous testing of technical rules for luck and data-
snooping bias.
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In conclusion, this study attempts to provide a holis-
tic consolidation between TA and FA in the fast-
growing cryptocurrency universe. We posit that invest-
ment and institutional attention needs to be steered
towards PMA factors and factors capturing or proxying
the computing power used for BTC mining, rather than
cryptocurrency news and sentiment measures. It makes
sense to contemplate the cryptocurrency market as still
young and isolated from other conventional financial
markets. This may be attributed to the decentralization
of the BCH technology and the relatively small capitali-
zation compared to other financial (e.g., equity and
exchange) markets. Although the recent boom of BTC
has attracted institutional investors, like Goldman
Sachs, the whole cryptocurrency market is still imma-
ture and lacks regulation.

This provides a welcome environment for specula-
tors for possible market manipulation (Griffin &
Shams, 2020; Grobys & Junttila, 2021) and dark-web
illegal activity (Foley et al., 2019). Meanwhile, online
exchanges remain the main pathway for cryptocur-
rency investment, but they are not able to provide full
defence against hack attacks (Grobys, 2021) and spill-
over effects from cyber-attacks (Caporale et al., 2021).
The MT Gox and Quadriga examples make clear the
need to reach an optimal balance between the safe-
guard of the store and convenience of the transaction
for investors. Large fluctuations in the transaction
costs of different cryptocurrency platforms also impede
extensive formal trading activity. These issues require
further investigation if cryptocoins are to gain credibil-
ity as complete financial investment instruments.
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ENDNOTES
1 The reported figures are as of 23 January 2023 and are available
from https://coinmarketcap.com/.

2 Please refer to STW for specification of the TA universe.
3 BTC is the first cryptocurrency ever launched, taking up nearly
half of the whole cryptocurrency market. BTC is considered the
benchmark of coin-to-coin transactions against other crypto-
currencies in almost all online platforms. ETH is the so-called
2.0 version of cryptocurrency. Smart contracts and distributed
applications can be built and used all the time through ETH,
but this can also be traded as a digital currency. XRP is man-
aged by several independent servers controlled by the Ripple
network. XRP is the most efficient cryptocoin for financial
institutions as it has the fastest transaction confirmation. As a
hard fork of BTC, the average mining speed of DASH is four
times faster than that of BTC. The multiple transaction modes
of DASH make it flexible and feasible for daily users. Introduc-
tions for the rest of the cryptocurrencies are provided in the
online Appendix OA.1.

4 As the cryptocurrency market always runs, we use n¼ 7 for
PMAs and n¼ 5 for other factors. For detailed mathematical
proofs and the empirical design, we refer interested readers to
Detzel et al. (2021). Descriptive statistics for the five PMA ratios
are available in the online Appendix OA.2.

5 For the calculation of the Sharpe ratio, we employ the one-
month fund management constant expiration rate in the CRSP
file (file name is TFZ_MTH_RF) based on monthly frequency,
and then convert the monthly interest rate into a daily series as
rd ¼ ln 1þ rmonð Þ=30, where rd is the daily risk-free rate, rmon the
monthly interest rate and 30 the average number of trading days
in a month. Following Bajgrowicz and Scaillet (2012), we use SR
returns as our primary trading metric. We also examine the trad-
ing performance based on the Sortino ratio and mean returns. SR
measure excess returns over the risk-free rate so that trading
rules can earn the risk-free rate in non-trading days. Similar to
SR, the Sortino ratio is also used to measure the excess returns
but with better control for downside risk.

6 The transaction costs are not unified across different exchanges.
Due to the absence of regulation in the cryptocurrency market,
there is no standardised trading cost across all cryptocurrency
exchanges. Specifically, exchanges establish different trading fee
guidelines based on payment region, method, and amount. Until
2017, for instance, the majority of cryptocurrency exchanges,
such as Huobi and OKCoin, did not impose trading fees. For
practical purposes, we use the average transaction costs of
0.044% as set by Binance.

7 We also tried the same regressions based on a two-sided test. The
results obtained are similar and are not presented in the text for
the sake of space

8 The mathematical details of the procedure are presented in the
online Appendix OA.6.

9 For the exact parametrization of our TA rules, we refer the
readers to Appendix OA.2 and Appendix A of Sullivan
et al. (1999).

10 For further robustness, as we did for the top performing rules in-
sample, we investigate the in-sample predictive performance
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under the Sortino ratio metric for all cryptocurrencies. This is
presented in Appendix OA.7 (Tables A.4.1–A.4.3). The message
remains the same as in the case of the Sharpe ratio.

11 Similar results are obtained by using the Sortino ratio metric and
can be found in Appendix OA.7 (Tables A.5.1–A.5.3).
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