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Abstract: This paper conducts a review of the literature on the price–volume relationship and its
relation with the implications of the adaptive market hypothesis. The literature on market efficiency is
classified as efficient market hypothesis (EMH) studies or adaptive market hypothesis (AMH) studies.
Under each class, studies are categorized either as return predictability studies or price–volume
relationship studies. Finally, review in each category is analyzed based on the methodology used.
Our review shows that the literature on return predictability and price–volume relationship in
classical EMH approach is extensive while studies in return predictability in the AMH approach
have gained increased attention in the last decade. However, the studies in price–volume relationship
under adaptive approach are limited, and there is a scope for studies in this area. Authors did not find
any literature review on time-varying price–volume relationship. Authors find that there is a scope
to study the nonlinear cross–correlation between price and volume using detrended fluctuation
analysis (DFA)-detrended cross–correlational analysis (DXA) in the AMH domain. Further, it would
be interesting to investigate whether the same cross–correlation holds across different measures of
stock indices within a country and across different time scales.
Keywords: market efficiency; price–volume; efficient market hypothesis; adaptive market hypothesis;
time-varying or adaptive market efficiency

1. Introduction
One of the core concepts in the neoclassical finance that has been extensively researched and
debated is the market efficiency, and has its roots in the studies conducted by Fama (1965, 1970),
Samuelson (1965) and Roberts (1967), who introduced the concepts of efficient markets and efficient
market hypothesis (EMH) to the world. Markets are defined to be efficient if prices always fully reflect
available information (Fama 1970). This requires that all available information is immediately available
to all the participants and prices reflect this information immediately. However, a distinction is made
between weak-form, semi-strong form and strong-form of efficiency based on the type of information
that is reflected in the price. The weak-form of efficiency tests whether the market prices reflect the
information that already is contained in the past market data such as past prices, trading volume or
short sales (Rizvi and Arshad 2017).
This weak-form of hypothesis has been extensively tested and debated over the years. Results of
some of the studies deduced the existence of the weak form of efficiency while some argued against.
The focus of these studies was limited to test whether the markets are efficient. A fresh perspective on
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the adaptive nature of the market was offered by Lo (2004, 2005) using adaptive market hypothesis
(AMH). According to AMH, market efficiency is related to environmental factors such as the number
of competitors in the market, the magnitude of profit opportunities available, and the adaptability of
market participants.
Although the AMH is not formally defined, its implications have been studied to indicate the
existence of the adaptive nature of the markets. The first implication of AMH indicates that the
relationship between risk and reward is unlikely to be stable over time. The second implication is
that arbitrage opportunities exist from time to time. The third implication suggests that changing
business conditions change investment strategies. The fourth implication is that adaptation to changing
market conditions is key to survival (Lo 2004). Moreover, the AMH is not a substitute for the EMH,
but supports in understanding the empirical variation of the EMH. For example, time-varying efficiency
is better understood in the context of the implications of the AMH.
Although the literature on time-varying efficiency is increasing, authors do not find any review
of literature on the time-varying price–volume relationship and/or time-varying market efficiency.
Trading volume has played second fiddle to returns in understanding the efficiency of the market.
Blume et al. (1994) have shown analytically that volume may act as an indicator of the quality
of information revealed by prices. This justifies the use of volume in forecasting future stock
returns. While authors do agree that return predictability is the focus of the academic literature,
however, Gebka and Wohar (2013) have argued that volume return causality is a robust phenomenon.
Volume can reveal investor’s future risk preferences and hence expected returns. This time-varying
nature of the markets can be studied by testing whether autocorrelation between the returns or
price–volume relationship changes over time. Some recent papers that have studied this effect are
of Neely et al. (2009); Hiremath and Narayan (2016); Noda (2016), Urquhart and McGroarty (2016);
Khuntia and Pattanayak (2018); Rizvi and Arshad (2017); Charles et al. (2017); Ito et al. (2016).
Studies reviewing the conditions of efficiency are of value from the perspective of traders,
investors, and policymakers. Such a review also would be valuable as it produces synthesized
knowledge base for the future research (Tranfield et al. 2003).
The literature on weak-form market efficiency can be divided into classical and adaptive studies;
classical studies focus on the premise that markets move toward efficiency over period whereas
adaptive studies focus on changing or dynamic nature of markets. These studies further can be
divided into two groups based on the type of relation that is tested to determine the efficiency, viz.
return predictability and price–volume relationship. Each study is further compared based on the
methodology used to test the efficiency. The focus of this paper is to review the literature studying
weak-form, time-varying market efficiency with keeping in mind the following objectives:
1.
2.
3.
4.

To classify the literature based on the approach to the weak-form of the efficiency
To categorize the studies in each approach based on the relationships studied
To compare each relationship studied based on the methodology adopted
To discover the scope for future research

The important implications of this review are as follows. Firstly, we show that the extant literature
has established that there exists a nonlinear relationship between returns and past returns and also
nonlinear relationship between price and volume. Secondly, the multifractal nature of the price and
volume series implies that the relationship to vary over time, which is the implication of AMH. Thirdly,
we discover important research gaps that help understand the relationship between price–volume and
efficiency in the context of AMH.
The review of studies in this paper is organized as shown in the Tables 1 and 2. These tables
include a few indicative papers for ready reference. Table 1 shows the review matrix for return
predictability studies and Table 2 shows the review matrix for price–volume relationship studies.
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Table 1. Review matrix for return predictability studies.
EMH (Classical)

AMH (Adaptive)

Linear autocorrelation

Box test—Q, VR test, AQ, AVR, Wild
bootstrap AVR and AR-GARCH
(Kim 2009; Rockinger and Urga 2000)

MF-DFA (rolling subsample), Box test,
autocorrelation tests, AQ, VR, AVR,
wild bootstrap AVR, time-varying
AR model, GARCH-M (Sensoy and Tabak 2015;
Tiwari et al. 2019)

Nonlinear autocorrelation

GS, Consistent test, Wild bootstrap GS
(Gozbasi et al. 2014)

MF-DFA, GS test, Consistent test
(Khuntia and Pattanayak 2018; Kim et al. 2011)

Linear long memory

R/S, Spectral Regression
(Barkoulas et al. 2000)

MF-DFA, R/S (Hull and McGroarty 2014)

Nonlinear long memory

modified R/S, ESTAR unit root test
(Gozbasi et al. 2014)

MF-DFA, Modified R/S analysis
(Todea et al. 2009)

Linear unit root

ADF, PP, DF-GLS, NP, KPSS or VR test
(Konak and Şeker 2014), (Gupta and
Yang 2011)

—

Note: VR = variance ratio, AVR = automatic variance ratio, AQ = automatic portmantau, GS = generalized
spectral. R/S = rescaled range, MF-DFA = multifractal detrended fluctuation analysis.

Table 2. Review matrix for price–volume relationship studies.
EMH (Classical)

AMH (Adaptive)

Linear Contemporaneous

Canonical correlations, linear regression
(Chen 2012; He et al. 2014; Lee and
Swaminathan 2000)

MF-DFA DCCA (rolling subsample),
dependence switching copula model,
MF-DFA and MF-DXA (Ferreira 2019;
Hasan and Salim 2017)

Nonlinear Contemporaneous

Canonical correlations, nonlinear
regression, GARCH (Chordia and
Swaminathan 2000; He et al. 2014)

MF-DFA DCCA (rolling subsample),
dependence switching copula model,
MF-DFA and MF-DXA (Khuntia and
Pattanayak 2018)

Linear Causal

MODWT-VAR, causality tests based on
quantiles, Granger causality, regression
with fixed effects (Balcilar et al. 2017;
Chordia and Swaminathan 2000;
Gupta et al. 2018; Lin 2013)

MF-DFA DCCA (rolling subsample),
dependence switching copula model,
MF-DFA and MF-DXA (Stošić et al. 2015)

Nonlinear Causal

Regression with fixed effects, quantile
regression, permutation entropy
(Caginalp and DeSantis 2017;
Hiemstra and Jones 1994;
Matilla-García et al. 2014)

——

Note MF-DFA = Multifractal Detrended Fluctuation Analysis, DCCA = Detrended Cross Correlational
Analysis, also quoted as DXA, MODWT = Maximum Overlap Discrete Wavelet Transform.

The rest of the paper is organized as follows. Section 2 describes the random nature of price
fluctuation and the efficient market hypothesis. Section 3 develops the perspective of adaptive
market hypothesis. Section 4 reviews the return predictability studies in both EMH and AMH
perspectives. Section 5 reviews the studies covering the price–volume relationship under EMH
and AMH perspectives. Section 6 lists the findings and illustrates the research gap followed by the
conclusion in Section 7.
2. The Random Nature of Price Fluctuations and Efficient Market Hypothesis
Study on the random nature of price fluctuation can be traced back to Bachelier (1900) who
deduced that the mathematical expectation of a potential profit of a speculator to be zero and showed
that movement of stock prices is a stochastic process. The random nature of the price changes
was further studied and supported by Cowles (1933); Working (1934); Kendall and Hill (1953);
Osborne (1959) and Roberts (1967) and challenged by Cootner (1962); and Steiger (1964). However, the
term efficient was first introduced by Fama (1965) for the first time in his paper concluding the prices
follow a random walk. Fama (1965) further elaborated that in an efficient market the actual price would
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be a good estimate of its intrinsic or fundamental value. In the same year, Samuelson (1965) explained
the efficient market in terms of a martingale rather than a random walk. (Readers are directed to
Delcey (2018) for the precise difference between Fama and Samuelson in the theoretical construction of
EMH1 .)
Roberts (1967) coined the term efficient market hypothesis (EMH) and also made a distinction
between weak and strong form tests. Later, Fama (1970) formally defined efficient markets as
“a market with great number of rational profit maximizers actively competing, with each
trying to predict future market values of individual securities, and where current important
information is almost freely available to all participants.”
Since then the EMH has been debated and evidence against EMH has been offered by
LeRoy (1973, 1976, 1989) pointing out that stock prices follow martingale process and not random
walk. Basu (1977) found the use of the P/E ratio to forecast prices while Ball (1978) documented
excess returns after public announcements. Jensen (1978) pointed out the existence of arbitrage
opportunity while Lucas (1978) indicated that rational investor may behave differently under risk
aversion conditions. Grossman and Stiglitz (1980) argued that markets tend to move toward efficiency
over time eliminating any price anomalies. Shiller (1981) showed that volatility of the stock prices
is higher than calculated based on fundamental information. Banz (1981) documented that small
stocks outperform large stocks and LeRoy and Porter (1981) showed excess volatility in the stocks.
Kiem (1983) found that the relation between size and excess return is always negative. These studies
provide evidence against the tenets of the EMH.
Further evidence against the EMH was shown by Lo and MacKinlay (1988) who used the
variance ratio test and rejected the random walk hypothesis.Fama and French (1988) found large
negative autocorrelations in the stock returns in longer time horizons, Conrad and Kaul (1988) found
time-variation in expected returns, Poterba and Summers (1988) showed positive autocorrelations in
short run and negative autocorrelations over the long run, De Long et al. (1990) showed that irrational
noise traders earn higher than expected returns.
In the midst of challenges to the EMH theory, Fama (1991) reclassified the empirical tests of
market efficiency, renaming the weak form tests of market efficiency as tests for return predictability,
semi-strong martingale tests as event studies and tests for strong-form as tests for private information.
He conducted tests of return predictability using variables such as dividend-price ratio, earnings–price
ratio, the book–to–market ratio among others instead of using the past returns.
The evidence against EMH still continued with De Bondt (1993); Ferson and Harvey
(1993); Fama and French (1995); and Pesaran and Timmermann (1995). Fama (1998) termed
this evidence as anomalies, anomalies being the chance results. The debate still continued as
Shiller (2003) urged to replace EMH with behavioural finance framework and Schwert (2003)
presented further anomalies. While Malkiel (2003) made a strong case for the continuation of
EMH, he also presented evidence against EMH in the long run trend in 2005 (Malkiel 2005).
Timmermann and Granger (2004) found that forecasting patterns are not persistent thereby supporting
EMH, while Milionis and Moschos (2000) argued that due to the heteroscedasticity, although
the random walk hypothesis is rejected, the weak-form of hypothesis may not be rejected.
Brealey et al. (2011) defined a market as efficient when it was not possible to earn a profit higher
than the market return. Recently, Gârleanu and Pedersen (2018) proposed a model in which anomalies
arise due to the friction between an investor’s search cost of finding informed asset manager and
asset manager’s cost of collecting the information about assets. They term the markets with such

1

Delcey (2018) classifies the definition of EMH as ‘Fama’s EMH’ and ‘Samuelson’s EMH’. Fama’s EMH is based on the
claim that prices reflect economic fundamentals and the prices fluctuate randomly as they converge to fundamental values,
while ‘Samuelson’s EMH’ based on the pure random nature of price changes with no regard to fundamental value.
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anomalies as efficiently inefficient markets where there is an equilibrium level of inefficiency reflecting
this friction between these two costs.
Apart from arguing against or supporting EMH, there are quite a few papers that could
be bifurcated into theoretical exploration papers and survey of literature papers. In the first
group, Rubinstein (1975) gave a theoretical exploration of prices fully reflect the information and
Milionis (2007) provided the statistical definitions and comments on EMH. Beaver (1981) and
Cornelius (1993) explored the definition of informational efficiency. Malkiel (1989) wrote an article
on the meaning of efficiency, while Gilson and Kraakman (1984) covered the mechanisms of market
efficiency. O’Hara (2003) explored the relationship between liquidity and efficiency, Malkiel (2003)
commented on the critics of the EMH, and Jarrow and Larsson (2012) explained the meaning of
market efficiency. In the second group, one can refer to the survey of the empirical literature on EMH
by Andreou et al. (2001) on the review of statistical models. Yen and Lee (2008) provided empirical
evidence on EMH. Degutis and Novickytė (2014) reviewed the literature and methodology on EMH.
Ţiţan (2015) and Fakhry (2016) did a review of specialized literature of EMH.
The literature on testing the market efficiency in its weak-form is vast and increasing. However,
a new perspective based on bounded rationality is developed recently and is covered in the
next section.
3. Adaptive Market Hypothesis
Efficient Market Hypothesis presumes that markets are either efficient or inefficient and that
degree of market efficiency over time is stable over a period. This all-or-nothing notion of market
efficiency set by EMH was criticized by Grossman and Stiglitz (1980). They argued the impossibility
of informationally efficient markets, because if markets are efficient then there would not be any
incentive for traders to acquire costly information. In the light of the impossibility of perfect efficient
markets, Campbell et al. (1997) introduced a notion of relative efficiency, which permits to compare
the efficiency of one market to another market. This gave way to research in the area of changing or
dynamic market efficiency.
During this period, academics focused on time-varying or evolving efficiency. For example,
Emerson et al. (1997) used Kalman filter technique to trace the changing degree of market efficiency over
a period. Zalewska-Mitura and Hall (1999) formalized the time-varying autoregressive model to test
the time evolving market efficiency. Charles and Darné (2009) highlighted the use of rolling subsamples
to capture the effect of structural changes while applying the time-varying auto-regressive models.
Another stream of literature based on behavioural aspects was developed2 during this period
which integrated the behavioural concepts into the modern portfolio theory. This theme was first
studied by De Bondt and Thaler (1985) discovering that stock prices overreact implying that markets
are inefficient and are dependent on the behavioural aspect of the investors. Daniel et al. (2001) showed
that investors are overconfident and have self-attribution bias that goes against the rational behaviour
expected from the investor in the EMH paradigm. Shiller (2003) urged to replace EMH with behavioural
finance paradigm. Subsequently, Lo (2004) proposed an adaptive market hypothesis (AMH) based
on evolutionary principles with the notion of bounded rationality Simon (1955) to coexist with EMH.
Recently, Lo (2012) considered that the investor population, who learn from and adapt to the market
environment, change over time.
Under the AMH, prices reflect as much information as dictated by the combination of business
conditions such as the number of competitors entering and exiting the industry, and the type and
magnitude of profit opportunities available (Lo 2004). The AMH is qualitative and abstract in nature,
and therefore the formal definition of AMH is not available in the literature. However, concrete

2

Readers may refer to Emerson et al. (1997); Zalewska-Mitura and Hall (1999); Lo (2004, 2005) to see the development of
literature in time-varying market efficiency.
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practical implications are derived to test the AMH. These implications are as follows. First, the relation
between risk and reward is unlikely to be stable over time, i.e., the relation is time-varying. Second,
there will be arbitrage opportunities available in the market from time to time, indicating markets
efficiency changes over the period. Third, the changing business conditions change the investment
strategies and therefore, there will be a change in the payoffs. Fourth, the participants adapt to
the changing market condition in order to survive. The AMH can be inferred by studying these
implications in the market.
The following section covers the return predictability studies under both the EMH and
AMH perspectives.
4. Return Predictability Studies
The weak form of efficiency tests can be classified as tests of return predictability and tests of
profitability of trading strategies (Lim and Brooks 2011). Tests of return predictability include tests of
linear serial correlations, unit root tests, low-dimensional chaos, nonlinear serial dependence, and long
memory. The tests of profitability of trading strategies include technical trading rules, momentum and
contrarian strategies. This paper focuses only on the return predictability studies and the following
subsection covers the studies under the tests of return predictability.
4.1. Return Predictability and EMH
It is well known that the weak-form of efficiency considers that price movements are random in
nature and therefore cannot be predicted based on the past market information. In other words, the
prices do not have a long memory and should not exhibit any pattern that could enable forecasting
future prices. The weak-form of efficiency of the market is established by testing the randomness
(random walk hypothesis—RWH hereafter) or martingale difference hypothesis (MDH hereafter in
this section) in the price series.
Unit Root Tests The RWH is tested using unit root tests such as ADF (Dickey and Fuller 1979),
PP (Phillips and Perron 1988), DF-GLS (Elliott et al. 1996), NP (Ng and Perron 2001) and KPSS
(Kwiatkowski et al. 1992) to show whether the series is non-stationary (non-stationarity implying
RWH) and variance ratio test (Lo 1989; Lo and MacKinlay 1988).
Standard linear models test RWH using unit roots tests such as ADF, PP, KPSS or variance ratio
test. Konak and Şeker (2014) test developed markets for the presence of random walk using unit root
tests such as ADF and PP and shows that the market is non-stationary and therefore random walk
hypothesis is accepted and concludes the existence of weak-form of market efficiency in FTSE 100.
Gupta and Yang (2011) study Indian capital market using ADF, PP and KPSS tests and find that all
three tests reject weak-form of efficiency for daily and weekly data, but support for quarterly data.
Worthington and Higgs (2004) also test the European markets for the random walk using ADF, PP,
KPSS, multiple variance ratio (MVR) test and find that European markets, in general, are inefficient.
Autocorrelation Tests The MDH is typically tested in the time-domain using the
sample autocorrelations or in the spectral-domain (frequency-domain) using the periodogram.
In the time-domain, the serial correlation for MDH is tested using the portmanteau test of Ljung
and Box (1978) and variance ratio test by Lo (1989); Lo and MacKinlay (1988). Recent development in
techniques has bettered these tests in terms of size and power properties. These tests are automatic
portmanteau (AQ) test by Escanciano and Lobato (2009) and the automatic variance ratio (AVR) test
by Kim (2009). However, the presence of long memory i.e., long term dependence in asset returns
poses challenges for the results obtained through linear models and requires that nonlinear models
be developed. In the nonlinear measures, most popular are the generalized spectral (GS) test and the
Consistent tests of Domínguez and Lobato (2003). Further, a survey of literature supports the use of
Wild Bootstrap AVR in linear dependence and Wild Bootstrap GS in nonlinear dependence.
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Rockinger and Urga (2000) test the transition economies (Czech Republic, Hungary, Poland,
Russia) for the evolution of efficiency using time–varying AR (1) model with GARCH effects and find
that Hungarian markets are efficient and Czech and Polish markets are converging toward efficiency.
The general finding in the literature review of this section is that there is evidence for weak-form
efficiency in the US, find European markets in general inefficient, while transition economies and
developing countries are moving toward efficiency.
Long-memory models As many studies have found out long memory or long-term dependence
in the time series, the application of linear models to such a series is questionable. The presence of long
memory indicating long term dependence in the series contradicts the weak form of EMH. The long
memory or dependence in the series is tested using the rescaled range (R/S) method in the linearity
of series framework, but it fails to address the nonlinear series. Lo (1991) developed a modified R/S
method to address this issue and found no evidence to support long memory in US stock returns.
Gozbasi et al. (2014) employed nonlinear ESTAR unit root test (developed by Kruse (2011)) and found
nonlinear behavior in Borsa Istanbul stock price index series. Using R/S method and the spectral
regression method, Cheung and Lai (1995) find no evidence of persistence in several international
stock returns series. Barkoulas et al. (2000) test the long memory or fractional dynamics with spectral
analysis using ARFIMA and find evidence for long memory in the Greek market. For a summary of
methods and review of important studies in both linear and long memory models, readers are directed
to Sewell (2012).
Contrary to recent findings using the multifractal analysis, these studies didn’t find long memory
in the US, Greece, Turkey and many other countries.
4.2. Return Predictability and AMH
One of the stylized facts (refer (Cont 2001)) of financial time series, intermittence, implies the
oscillatory and heterogenic fluctuation in the time series. This means that returns display a high
degree of variability or fluctuation at any time scale. This fluctuation is found to be multifractal
nature, first introduced by Mandelbrot et al. (1997). They claim that the multifractal model of asset
returns also explains most of the other stylized facts of financial time series. Standard models like serial
correlation tests, runs tests, unit root tests, variance ratio tests cannot capture the multifractal nature
of financial time series (Bacry et al. 2001). Therefore, techniques measuring the multifractal nature of
time series have emerged in the literature. Two of the most well-known numerical methods to find
the multifractal spectrum of time series are the Wavelet Transform Modulus Maxima (WTMM) and
Multifractal Detrended Fluctuation Analysis (MF-DFA). MF-DFA is the preferred method showing
less bias and giving less false positive results.
Since the AMH implies the fluctuation in the price due to the adaptive nature of its environment
and participants, studies employing MF-DFA have mushroomed in this domain. Other commonly
used standard techniques are modified R/S analysis, autocorrelation tests, generalized spectral (GS)
test, which is a non-parametric test used to determine the existence of linear and nonlinear dependence
in a stationary time series. The following discussion reviews the literature in both the modified versions
of standard tests and MF-DFA tests to measure the dynamic nature of the market efficiency.
4.2.1. Testing Efficiency with Hurst Exponent
Tiwari et al. (2019) employ MF-DFA based on Hurst exponent to compare the relative efficiency
using the long span of data and show that markets are multifractal and mostly long-term persistent.
However, they also find even though the efficiency is varying over time, the markets are not
weak-form efficient. Hiremath and Narayan (2016) used the Generalised Hurst exponent derived
using fixed and rolling windows technique and found that long-range dependence is time-varying,
implying that the efficiency of Indian stock markets has evolved over time and is moving toward
efficiency. Anagnostidis et al. (2016) tested Eurozone markets for random walk hypothesis (RWH)
via the generalized Hurst exponent analysis, in which Hurst exponent was estimated through
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a rolling window technique. They found significant mean reverting patterns in stock price movements.
Sensoy and Tabak (2015) used generalized Hurst exponent and found that stock markets have different
time-varying long-term memory. Horta et al. (2014) calculated Hurst exponent with MFDMA i.e.,
multifractal detrended moving average and found that Hurst exponent exhibit long memory in the
crisis period. Wang et al. (2009) investigated the changing Hurst exponent using MF-DFA and found
that the Shenzhen stock market was becoming more and more efficient. Cajueiro and Tabak (2004)
used Hurst exponent for testing whether markets are becoming more efficient over the period.
A general finding of the literature is that markets are multifractal in nature and efficiency
is time-varying and that most popular method is analysing Hurst exponent estimated by
MF-DFA method.
4.2.2. Testing Adaptive Efficiency with Modified Standard Tests
Ghazani and Ebrahimi (2019) using automatic portmanteau (AQ) and generalized spectral (GS)
test found that the crude oil market conforms with the AMH principle. Khuntia and Pattanayak (2018)
used the consistent test of Domínguez and Lobato (2003) and GS of Escanciano and Velasco (2006) to
test Martingale Difference Hypothesis and AMH and found that market efficiency evolves with
time and validated the AMH in the bitcoin market. They also found that linear and nonlinear
dependence evolves with time. Kim et al. (2011) employed automatic variance ratio test, automatic
portmanteau test, generalized spectral test and found return predictability to be smaller during
economic bubbles than in normal times. They also found evidence that return predictability is
associated with stock market volatility and economic fundamentals. Studying the foreign exchange
market, Hull and McGroarty (2014) measure the long-term memory using rescaled range methodology
and show greater efficiency in returns and volatility for ‘advanced’ emerging markets. They find
evidence against weak-form EMH with persistent market memory, which is consistent with AMH.
Charles et al. (2017) test Martingale difference hypothesis using automatic portmanteau and
variance ratio tests and find that returns have been predictable in a number of periods, consistent with
the implications of AMH. Lim et al. (2013) used automatic portmanteau Box-Pierce and wild bootstrap
automatic variance ratio test and found that periods with significant return autocorrelations can largely
be associated with major exogenous events. Theoretically, the documented time–varying nature of
predictable patterns is consistent with the adaptive markets hypothesis. Using three bootstrapped
versions of the variance ratio test on fixed length moving window, Urquhart and McGroarty (2016)
found that return predictability in stock markets does vary over time in a manner consistent with AMH.
Hiremath and Kumari (2014) used both linear and nonlinear tests. Linear tests showed a cyclical
pattern in linear dependence suggesting that the Indian stock market switched between periods of
efficiency and inefficiency. In contrast, the results from nonlinear tests revealed strong evidence of
nonlinearity in returns throughout the sample period with a sign of tapering magnitude of nonlinear
dependence in the recent period. Ahmed (2014) employed rolling joint variance ratio test tests, in rolling
window procedure and found support for the time-varying market efficiency. Todea et al. (2009)
verified that implications of AMH and found that the degree of market efficiency varies through
time in a cyclical fashion.
Urquhart and Hudson (2013) conclude that the AMH describes the behaviour of stock
returns better than the EMH. Al-Khazali and Mirzaei (2017) using stochastic dominance and
mean-variance analysis showed that AMH explanation of calendar anomalies is better than EMH
explanation. Tuyon and Ahmad (2016) observed that dynamic stock price behaviour is in line with
the bounded-adaptive market efficiency. Noda (2016) used time-varying AR model and found that the
degree of market efficiency changed over time.
Using a non-Bayesian time-varying AR model approach, Ito et al. (2016) discovered that the
US stock market evolved over time in a cyclical fashion and showed considerable long periodicity.
Charfeddine and Khediri (2016) tested the weak-form of market efficiency employing GARCH-M with
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state space time–varying parameter and rolling technique sample test on the long memory parameter.
They found that GCC markets have different degrees of time-varying market efficiency.
Neely et al. (2009) discovered that excess returns declined over time, but at a much lower speed
that would be consistent with efficient markets. Zalewska-Mitura and Hall (1999) extended the classical
test for autocorrelation of returns by combining a multi-factor model with time-varying coefficients
and the GARCH-M approach to investigate evolving market efficiency. Using Monte Carlo simulation,
their findings indicate changing levels of inefficiency in developing markets.
Most of the studies using modified standard tests have supported the adaptive nature of the
stock market.
4.2.3. Testing Efficiency Using Both Modified-Standard and MF-DFA Methods
Khediri and Charfeddine (2015) tested time–varying market efficiency using wild bootstrap
variance ratio tests and DFA technique finding strong evidence of time varying markets efficiency with
rapid mean reversion toward market efficiency. Rizvi and Arshad (2017) using MFDFA and MGARCH
technique found that Japan improved efficiency over the period. Rodriguez et al. (2014) employed the
DFA technique and found the US market efficiency varies over time and time scales.
The majority of these studies in this domain found the multifractal nature of time series and
showed that market efficiency evolves over a period and is dynamic in nature and thus are in line with
implications of AMH.
5. Price–Volume Relationship Studies
According to Karpoff (1986) and Karpoff (1987), price–volume relationship3 is important as it
helps in understanding the theories of dissemination of information flow into the market. A positive
correlation between stock returns and daily trading volume implies that volume does not provide
additional information that is not reflected in stock price (Clark 1973; Crouch 1970; Wood et al. 1985).
Blume et al. (1994) and Suominen (2001) investigate the information content of volume on financial
markets and find that volume carries information that price alone cannot convey to the market.
Lamoureux and Lastrapes (1990) argued that ARCH in the price series represents time dependence in
the information flow to the market, and the trading volume reflects this information flow. He showed
that trading volume has significant explanatory power in predicting the variance of daily returns,
but this effect disappears when the volume is included in the variance equation of the ARCH model.
Lee and Swaminathan (2000) show that past volume has information in predicting the price and
Chordia and Swaminathan (2000) document that trading volume is a significant determinant of the
lead-lag patterns observed in stock returns.
Modeling price–volume relationship Several models are built considering the relation between
price and volume, for example, asymmetric volume model of Epps (1975), sequential arrival of
information (SIA) model of Copeland (1976), mixture of distribution model (MDM) of Clark (1973);
Epps and Epps (1976); Tauchen and Pitts (1983); and Harris (1987). MDM and SIA could be tested with
agent-based (simulation) methods, but not with the real data from financial markets. Since trading
activity is driven by different types of investors receiving, interpreting and forwarding different types
of messages, scholars have come up with two different information related hypotheses that try to
explain the relation between price and volume. The first hypothesis relates return volatility and trading
volume contemporaneously, based on the mixture of distribution hypothesis (MDH in this section)
predicted by Clark (1973) and Harris (1987). The second hypothesis does not relate volume and
returns volatility contemporaneously, implying there is a causal lead-lag relationship, predicted by the

3

The price–volume relationship is important for four reasons: (a) to get insights into the structure of financial markets
(b) combination of price and volume data is useful in understanding the consequences of event studies (c) to understand
speculative prices and (d) it has high impact on future contracts
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sequential information arrival hypothesis (SIAH) of Copeland (1976) and Smirlock and Starks (1988).
(Refer Wang et al. (2018) for more details)
5.1. Price–Volume Relationship and EMH
Informational efficiency or EMH emphasizes that information should immediately be
incorporated into the prices. Therefore, prices should reflect all the information available.
The information available for weak-form efficiency is past prices or volume (Rizvi and Arshad 2017).
The price and volume series is generated by the market simultaneously. Therefore, any distant
relationship (long memory) between the past prices series and volume series indicate that information
is not reflected in the price immediately and thus violates the assumption of EMH.
Contemporaneous and Causal Relationship The literature in the contemporaneous and causal
relationship can be divided according to the findings of the studies: studies finding contemporaneous,
unidirectional causal, and bidirectional causal relationships and no relationship.
Positive correlation was found by Copeland (1976); Harris and Raviv (1993); Chen et al. (2001);
Gagnon and Karolyi (2009); He and Wen (2015); Nasiri et al. (2018) whereas Campbell et al. (1993)
found negative relationship and Godfrey et al. (1964) find a weak correlation and Azad et al.
(2014) find no relationship. Contemporaneous relationship was found by Jennings and Barry (1983);
Mahajan and Singh (2008); Chen (2012) and He et al. (2014). Unidirectional causal relationships
were found by Moosa and Silvapulle (2000); Mahajan and Singh (2008); Chuang et al. (2009);
Chen (2012); He et al. (2014) and Balcilar et al. (2017). Bidirectional causal relationships were found
by Chen et al. (2001); Tripathy (2011) and Lin (2013). On the other hand, Saatcioglu and Starks (1998);
Lee and Rui (2002) and Gupta et al. (2018) fail to find strong evidence on the causal relationship
between price and volume.
Nonlinear causality was found by Llorente et al. (2002); Gündüz and Hatemi-J (2005);
Gebka and Wohar (2013); Ciner (2015) and Caginalp and DeSantis (2017) and bidirectional nonlinear
causal relationship was found by Hiemstra and Jones (1994); Silvapulle and Choi (1999);
Matilla-García et al. (2014).
The review of this section clearly implies the mixed finding on the type of relationship in price
volume relationship, although these studies confirm the nonlinear relationship between the price
and volume.
The above studies test the relationship between price and volume as a measure of market efficiency.
They try to determine whether past volume carries information for the prediction of future prices in
line with the assumption of the EMH. This means that these studies do not test the time-varying nature
of the price–volume relationship, which is the important implication of the AMH.
The following section focuses on the return predictability and price–volume relationship studies
in the context of the AMH.
5.2. Price–Volume Relationship and AMH
Implications of AMH using price–volume relationship has also been tested in the academics
in the recent period. Primarily a combination of detrended fluctuation analysis and the detrended
cross–correlation analysis (DCCA) is employed to test the relationship between the price and volume
in its multifractal nature.
MFDFA-DCCA Approach Ferreira (2019) study Portuguese market and find negative correlations
for listed firms. Hasan and Salim (2017) investigate the Indian market for the price–volume
cross–correlations and find that cross-correlated price–volume change display low complexity.
El Alaoui (2017) find the existence of multifractal price–volume cross-correlations in Moroccan
stock market. Ruan et al. (2016) study the time-varying efficiency in the Chinese gold market
and find the cross-correlations to be anti-persistent in general. Sukpitak and Hengpunya (2016)
find a weak correlation between market efficiency and trading volume in the Thai market.
Wang et al. (2013) study Chinese Index Futures market and find that returns and trading volumes
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are long-range cross-correlated. He and Chen (2011) investigate Chinese market for nonlinear
bivariate dependency and show the nonlinear dependency in cross-correlations between price and
volume. Podobnik et al. (2009) investigate power-law cross-correlation using DCCA and find no
cross-correlation between price and volume.
Other Approaches Wang et al. (2018) used dependence switching copula model and showed
asymmetric return-volume dependence. Khuntia and Pattanayak (2018) studied the bitcoin market
using Consistent test and GS test. They found that trade volume has explanatory power in the
volatility of returns during bearish or bullish markets, but find no effect during the normal period.
They documented the long memory in the volatility of return is adaptive.
Stošić et al. (2015) study 13 stock market indices by employing MF-DFA and MF-DXA approach
and find that small fluctuations dominate the multifractal behaviour of the volume changes, while large
fluctuations dominate price changes. They also found anti-persistent long-term cross-correlations
between price and volume changes.
6. Research Gap
Earlier studies confirm the multifractal nature of price–volume relationship but are inconclusive
about the exact cross–correlations between price and volume. Some papers show negative, some show
weak correlation and some show no cross–correlation between price and volume. A few papers have
studied the long-term cross-correlations between price and volume, finding asymmetric relationship.
While studies in the classical EMH have confirmed the nonlinear relationship between the price
and volume, authors find only one paper studying the nonlinear cross-correlation relationship
between price and volume in the AMH domain. From the practitioner’s perspective, it will be
important to know the behaviour of these cross-correlations under different market conditions.
Previous studies have not investigated such a nonlinear cross-correlation between price and volume
during bullish/bearish versus normal period. Therefore, it will be interesting to study the nonlinear
price–volume cross–correlations under different market conditions. Also, no previous study has
established the asymmetric nature of nonlinear price–volume cross–correlation. Further, it would be
interesting to investigate whether the nonlinear cross–correlation holds across different measures of
sectoral stock indices within a country and/or across different time scales such as day, week, month,
quarter, etc.
7. Conclusions
This paper reviews papers in the weak-form of market efficiency in the period between 1900
and 2019. Authors find that the results of the papers either support classical or adaptive nature of
markets, indicating the EMH or AMH respectively. Extensive studies in return predictability have been
conducted for testing the weak-form of market efficiency under both EMH and AMH. The weak-form
of efficiency is also studied by testing the price–volume relationship under EMH, but in its adaptive
form, very limited studies have been conducted by testing price–volume relationship. The literature
lacks the studies in the price–volume relationship in the AMH domain. The adaptive market efficiency
studies have been able to confirm that market efficiency is a dynamic concept and varies over time.
This review leads to further scope in investigating the nonlinear cross–correlation between price
and volume.
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