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Abstract 

The efficient market hypothesis (EMH) has been subject to debate for decades. The field of 

behavioral finance was developed in response to the body of anomalous evidence with regard 

to the EMH. But however important the establishment of the EMH by Fama in 1970, the first 

ideas on a theory of efficient markets can be traced back to the origins of modern economics. 

Reviewing seminal work underlying the efficient markets theory, and focusing on the 

development of appropriate methodology to test for weak form market efficiency, this paper 

provides a historical context for the current debate. Methodologies developed in the early 

aftermath of the first discussions are explored and recent alternative approaches are reviewed. 

Additionally, a promising alternative framework suggested by Lo (2004, 2005), approaching 

efficiency as a time-varying characteristic of stock markets, is discussed together with our 

insights from the methodology as a way out of a debate of many years’ standing. We advance 

the thesis that the current dissensions can by some extent be explained by underlying 

sensitivity in the most wieldy applied methodologies to test for weak form market efficiency.  
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1. Introduction 

Driven by the desire to understand and explain the impact of investors’ decisions on financial 

markets, the debate on the informational efficiency of stock markets is going on now for more 

than 40 years. In a larger historical perspective, one could go back to the 18th century to see 

that even Adam Smith (1759, 1766) was troubled by the efficiency and self-stabilizing nature 

of financial and economic markets, which essentially boils down to the question whether or 

not stock prices are in line with the intrinsic value of the underlying financial asset. 

 

Fama (1970, p. 383) defines an efficient market as “a market in which prices always fully 

reflect available information” and makes a distinction between different types of efficient 

markets based on three concretions of the concept “available information” i.e. weak form 

efficient markets (historical price information); semi-strong form efficient markets (all 

publicly available information); and strong form efficient market (all information, both public 

and private). In weak form efficient markets it is impossible to persistently generate portfolio 

returns higher than the market return by trading on past price information i.e. technical 

analysis of stocks is obsolete.1 A semi-strong efficient market implies that it is impossible to 

persistently beat the market by using a trading strategy based on public information (e.g. 

newspapers) i.e. fundamental analysis is ineffective.2 If markets are strong form efficient, 

even insider trading on private information will not be able to outperform the market 

portfolio, besides by pure luck.  

 

                                                
1Technical analysis consists of investigating time series of past prices and returns of a stock in order to derive a 
certain pattern that can be extrapolated in the future to make profitable predictions of future price movements 
(Brown & Jennings, 1989). 
2 Fundamental analysis consists of analyzing all publicly available information (e.g. financial statements) about a 
certain stock to infer important insights that can be used to make a profit in the stock market (Kothari, 2001). 
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This paper focusses on the weak form of the EMH bearing in mind that rejecting the null 

hypothesis of weak form efficient markets naturally leads to the rejection of the semi-strong 

and strong form of the EMH. 

 

Proponents of the EMH argue that if the price of a stock would appear to be too high given 

past price information, rational investors would bid the price down to make a profit and vice 

versa. What they call “the wisdom of the crowds” would eventually force stock markets to be 

efficient (Fox, 2009). More generally, they believe that investors are rational optimizers that 

are able to make the best possible decisions given certain information (e.g. past price 

information). Proponents of behavioral finance, on the other hand, believe that investors are 

not always fully rational and therefore are not able to force the stock market to be efficient at 

all times (e.g. Shefrin, 2000). They refer to recent bubbles and financial crises to point out 

that there are different psychological effects that cause human beings to stray from rational 

decision making. 

 

There is still no consensus on the validity of the EMH. Nevertheless, valid financial models 

are important for policy makers and investors. One example is the well-known theory of 

diversification deducted from the optimal portfolio theory (Markowitz, 1952). However, one 

needs to stay critical even with respect to well-established theories, as the world is not a static 

environment. When academic theory is flawed it has the potential to set the entire economy 

astray (Fox, 2009; Nocera, 2009). One example is the housing bubble that caused the 2008 

financial crisis. While policy makers, banks and investors were blindly following the bullish 

market, irrational exuberance was building up underneath (Shiller, 2000). Today, we are still 

trying to deal with the consequences and even the future of an entire generation is at stake. 
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The validity of financial theories can be tested by developing appropriate methodology. For 

the EMH, methodologies using different proxies for the concept of weak form market 

efficiency were established.  Earlier research on efficient markets signals that there might be 

some flaws to these test methodologies (Campbell, Lo, & MacKinlay, 1997; Lim & Brooks, 

2011), leading to the preservation of the wedge driven between opponents and proponents of 

the EMH.  

 

In this paper we therefore reconstruct the history of the development of the EMH with a 

particular focus on test methodologies. Traditional tests for weak form market efficiency are 

reviewed to obtain a more profound understanding of the current debate. More dynamic 

alternatives of both test methodology and theoretical framework are explored to give guidance 

to future research. 

 

2. Historical Overview of the Market Efficiency Debate3 

We can trace back the intellectual debate on the efficiency of financial and economic markets 

to Adam Smith’s (1766) “The Wealth of Nations” in which the theories of the invisible hand 

and the self-stabilizing nature of economic markets are explained. In contrast, Adam Smith 

points in his (1759) “The Theory of Moral Sentiments” to the apparent behavioral biases in 

the human decision making process. In order to prevent further intellectual abuse of Adam 

Smith’s work, Vernon Smith (1998), namesake and Nobel Prize Laureate in Economics, 

clarifies the apparent contradictions between both works of Adam Smith, concluding that his 

beliefs were far more balanced than often thought. 

                                                
3 Our review of the literature has significantly benefited from the earlier work of Sewell (2011), who presents a 
more elaborate view of EMH literature. Contrary to Sewell (2011), this paper focuses on the role of 
methodology to gain a better understanding of the historical development of the debate and insights for future 
research. 
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The progress in the theory on the efficiency of financial markets is closely related to some 

important developments in statistical science. The “Liber de Ludo Aleae” (Book of Games of 

Chance), by the Italian mathematician Girolamo Cardano (1564), was the first mathematical 

work on probability theory and was considered as a guide to gambling. According to Hald 

(1990), the work of Cardano is also of scientific relevance given its theoretical digressions on 

the possible outcomes of games of chance. In fact, Cardano was the first to define the terms 

probability and odds and presented the fundamental principle of gambling i.e. equal 

conditions or fair games.  

 

Some statistical contributions to the development of the theory on efficient markets are 

related to the concept of randomness. The Scottish botanist Robert Brown (1828) observed 

what we now call a Brownian motion when he was looking through the microscope and 

noticed the apparent random movement of particles suspended in water. Jules Regnault 

(1863), a French stockbroker, found that the deviation of the price of a stock is proportional 

with the square root of time, a relation that is still valid. Regnault, together with Bachelier 

(1900) can be considered the founder of the random walk hypothesis. Louis Bachelier’s 

(1900) “Théorie de la spéculation”, rediscovered by Leonard Savage and Paul Samuelson in 

1955, modeled the stochastic process of the motion that Brown (1828) discovered under his 

microscope. His model was the mathematical foundation for Paul Samuelson’s (1965) 

martingale theory that became one of the centerpieces of finance and the research on the 

efficiency of financial markets. Bachelier’s work preceded Albert Einstein’s (1905) equations 

on Brownian motion and Karl Pearson’s (1905) concept of a random walk based on mosquito 

infestation in a forest through time. 
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The economic foundations of market efficiency go back to Irving Fisher. He primarily 

focused on the search for a general equilibrium theory in finance and his work resulted in 

important contributions to utility theory, which provided the foundations for von Neumann 

and Morgenstern’s (1944) famous work on general utility theory. Fisher’s revolutionary 

statistical analysis of stock market prices made it possible to predict future price levels. Sadly, 

this also led him to publicly announce that the boom in stock prices prior to the 1929 stock 

market crash was the prelude of a “permanently high plateau”. Fisher was publicly 

humiliated. 

 

The first statement about the efficiency of financial markets came from George Gibson (1889, 

p. 11): “When shares become publicly known in an open market, the value which they acquire 

may be regarded as the judgment of the best intelligence concerning them.” Alfred Marshall 

(1890) approached the field of economics as a more exact science, drawing from other 

sciences like mathematics, statistics and physics. He popularized the usage of demand and 

supply curves and marginal utility and brought together different elements from welfare 

economics into a broader context. These contributions significantly contributed to the later 

development of a theory on efficient markets. 

 

Alfred Cowles (1933, 1944) and Holbrook Working (1934), founding members of the 

Econometric Society, laid out the foundations for an informationally efficient stock market by 

showing that investors are unable to beat the market by means of price forecasts and that 

stock returns exhibit behavior similar to lottery numbers. However, according to John 

Maynard Keynes, investors will base their decisions on a “spontaneous urge to action, rather 

than inaction, and not on the outcome of a weighted average of quantitative benefits 

multiplied by quantitative probabilities” (Keynes, 1936, p. 161-162), i.e. the so-called animal 
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spirits. In the same vein, Cowles and Jones (1937) provide empirical proof of serial 

correlation in time series of stock prices. Both publications formed an important challenge to 

the validity of models on efficient markets. 

 

As a result of their collaboration during the Second World War, von Neumann and 

Morgenstern (1944) published their seminal work on game theory. Their revolutionary theory 

about the maximization of expected utility as a concept for dealing with uncertainty was key 

to the later development of a theory on efficient markets. Harry Markowitz’ (1952) seminal 

paper on portfolio selection presents a model which makes it possible to determine the 

optimal portfolio of securities, providing a maximum level of return, given a certain level of 

risk. Central to this theory is the idea of diversification as a way of getting rid of all 

systematic or correlated risk, leaving only the so-called idiosyncratic risk of individual 

securities. The approach of Markowitz in trading off risk and return was very similar to what 

other economists like Milton Friedman had been occupied with during the Second World War 

considering the trade-off between power and precision of bombs. In contrast to the view that 

pricing anomalies could occur whenever trading strategies are correlated among investors, 

Friedman (1953) argued that arbitrage allows rational investors to take advantage of these 

pricing anomalies, which in turn puts prices back in line with underlying fundamentals. 

 

Building on the earlier work of Markowitz (1952), Sharpe (1964) developed the Capital Asset 

Pricing Model (CAPM) that allows for the calculation of a theoretical rate of return on an 

asset, given the amount of non-diversifiable risk the asset entails. The reason for taking only 

non-diversifiable risk into account is the assumption that the asset is added to a well-

diversified portfolio that neutralizes idiosyncratic risk to all extent. However, in later years, 

scholars came across some interesting asset pricing anomalies and argued that the CAPM was 
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too limited by accounting for only one factor of risk. Stephen Ross (1976) came up with an 

alternative: the Arbitrage Pricing Theory (APT). APT is far more flexible and states that the 

expected return on an asset is a linear function of different factors of risk, each with their 

respective factor sensitivity. Whenever the actual return on the asset deviates from the one 

derived from the theoretical model, the force of arbitrage will bring the actual rate of return 

back in line with the theoretical one. However, the APT is very general and does not give any 

guidelines as to what specific factors of risk to account for. Fama and French (1993) extend 

the CAPM to a three-factor model. Starting from their observation of pricing anomalies with 

respect to market capitalization and growth versus value strategies, Fama and French (1993) 

found the expected rate of return to depend on the exposure of the asset to each of three 

factors: market risk premium (non-diversifiable risk), market capitalization (size) and the 

book-to-market ratio (distress). Following the momentum puzzle pointed out by Jegadeesh 

and Titman (1993), Carhart (1997) extended Fama and French’s three-factor model to a four-

factor model, taking into account a momentum risk factor. Asset pricing theory is very 

important in the debate on efficient markets since it provides researchers with the ability to 

theoretically derive the price of financial assets. That way, it is possible to examine whether 

actual returns on assets are in line with the theoretical rate of return derived from an 

underlying asset pricing model. However, it is never entirely certain what the correct 

theoretical price of an asset is, so a joint-hypothesis problem (Fama, 1970) arises. Later on in 

this paper a further digression on this problem will be presented. 

 

3. The Beginning of Efficient Market Theory 

Samuelson (1965) proved theoretically that in an informationally efficient stock market, 

where the stock price contains all available information and expectations from market 

participants, prices fluctuate randomly. Fama (1965a) empirically showed that financial 
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markets follow a random walk. Additionally, technical and fundamental analysis cannot 

possibly yield risk-adjusted excess returns (Fama, 1965b). Fama and Blume (1966) pointed 

out that no economic profits could be made using technical trading rules, like the filter rule in 

Alexander (1961, 1964), as trading costs are too high.4 Roberts (1967) was the first to coin the 

term efficient market hypothesis (EMH) and suggested a distinction between several types of 

efficiency.  

 

Fama (1970) defined an efficient market as a market that fully reflects all available 

information. He introduced three types of informational efficiency: weak form, semi-strong 

form and strong form efficiency. Summarizing empirical results from weak form, semi-strong 

form and strong form efficiency tests, Fama concluded that financial markets are efficient in 

at least the weak sense. Although some price dependencies were found, they never sufficed to 

be used in profitable trading mechanisms. Fama (1970) also pointed out a joint-hypothesis 

problem. Essentially, it is argued that it is impossible to ever correctly test the efficient market 

hypothesis, because no academic consensus is found on the true underlying asset-pricing 

model. Whenever a test of market efficiency would reject the efficiency hypothesis, there is 

always the possibility that it is simply due to the underlying asset pricing model finding an 

incorrect theoretical asset value. The only conclusion that can be made from efficiency tests is 

that a market is efficient or not with respect to a certain underlying asset pricing model. 

Alternative definitions of market efficiency were proposed by, for example, Jensen (1978, p. 

96): “A market is efficient with respect to information set θt if it is impossible to make 

economic profits by trading on the basis of information set θt”; or Malkiel (1992) who stated 

                                                
4 An example of an x% filter rule: buy and hold securities of which the daily closing price moves up by at least 
x%, until the price moves down by at least x% from the subsequent high, at what point it is time to 
simultaneously sell the security and go short. The short position is then maintained until the daily closing price 
of the security rises at least x% above the subsequent low, after which the short position needs to be covered and 
the security is bought again. A very small-width filter is a filter in which x lies between 0.5% and 1.5% 
(Alexander, 1961, 1964). 
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that a stock market is efficient whenever the prices of stocks remain unchanged, despite 

information being revealed to each and every market participant. 

 

Kemp and Reid (1971) pointed out that most research on market efficiency considered only 

U.S. stock market data. Using British data, they found that stock price movements deviate 

from what is expected under the random walk hypothesis. Ball (1978) shows consistent 

excess returns after the public announcement of firms’ earnings. Shiller (1979) found that the 

observed volatilities of long-term interest rates are in excess of those predicted by 

expectations models, implying some extent of predictability in long-term interest rates. 

Grossman and Stiglitz (1980), following the earlier work of Grossman (1976), argue that in 

order for investors to be motivated to spend resources for collecting and analyzing 

information to trade on, they must have some form of incentive. If a stock market would 

prove to be perfectly efficient, however, there would be no reward for collecting information, 

since that information would already be reflected in the current stock price. This simple 

paradox shows that financial markets can never become perfectly efficient, since no investor 

would be motivated to collect information in the first place. Consequently, no one would trade 

on new information and it would become impossible for stock market prices to reflect all 

available information. These studies all largely contradict Fama’s (1965, 1970) findings. 

 

4. Establishment of Behavioral Finance 

Given these market efficiency anomalies, scholars gained further interest in how investors 

react to financial events, and how these reactions affect stock markets. De Bondt and Thaler 

(1985) tested the hypothesis that investors tend to overreact to unexpected and dramatic news 

events. They constructed portfolios based on market-adjusted cumulative abnormal returns 

over three years: the top 35 stocks were allocated to a winner portfolio and the bottom 35 
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stocks were allocated to a loser portfolio. Then they looked at the performance of the 

portfolios over the subsequent three years. They found that the loser portfolio had 

outperformed the winner portfolio by, on average, 23%, which is consistent with the 

overreaction hypothesis to new information. Lakonishok, Shleifer and Vishny (1994) 

conducted similar empirical research using proxies for value instead of historical price 

information. Kahneman and Tversky (1979) argued that people tend to be loss averse as they 

hate losing more than they love winning. They incorporate this behavioral bias in their 

prospect theory and suggest that, rather than simply multiplying probabilities and utility as in 

von Neumann & Morgenstern’s expected utility theory (1944), losses and gains should be 

treated differently.  

 

The work of De Bondt and Thaler (1985) and Kahneman and Tversky (1979) meant the 

beginning of behavioral finance, which merges the traditional theory of finance with concepts 

from other social sciences like psychology and sociology, and tries to provide an alternative 

to the EMH. In behavioral finance investors are not believed to be fully rational, which could 

explain the anomalies in stock pricing (e.g. overreaction) and the empirical evidence against 

market efficiency (Shefrin, 2000). For example, on Monday October 19th, 1987, stock markets 

crashed around the world starting in Hong Kong spreading to Europe and eventually the 

United States with the Dow Jones Industrial Average (DJIA) dropping by 508 points or 

22.61%. Advocates of behavioral finance consider this “Black Monday” and other stock 

market crashes as illustrations of investors not being rational and overreacting to information 

in times of market mania.  
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5. Development of Tests for Weak Form Market Efficiency 

Together with the valuable data associated with the Black Monday crash, the evolution of 

computing power allowed researchers to come up with new and more formal empirical tests 

of market efficiency (Bodie, Kane, & Marcus, 2010). We will focus here on three particular 

types of statistical tests of weak form market efficiency that were developed in the early 

aftermath of the EMH. 

 

The first group consists of tests that are based on the return autocorrelation proxy of 

efficiency. The general philosophy behind these tests is the following: if significant 

autocorrelation is found among the returns, there is some extent of predictability in return 

time series, which is in contradiction with the efficient market hypothesis. Return 

autocorrelation is also very related to the concept of technical analysis in which investors 

believe that historical price series exhibit regularities that can be profitably exploited to 

extrapolate future price movements. The test of autocorrelation is therefore also a test for the 

applicability of technical analysis. In general, empirical investigations have led to the 

conclusions that autocorrelations in short horizon returns (day, week, month) tend to be 

positive for returns on portfolios and negative for returns on individual stocks; 

autocorrelations in medium horizon returns (1-12 months) tend to be positive; and the long 

horizon (1-5 years) return autocorrelations tend to be negative.  

 

With respect to short horizon returns, Lo and MacKinlay (1990, 1997) show significant 

autocorrelation among S&P500 stock returns, especially for daily returns and smaller stocks. 

For medium horizon returns, Jegadeesh and Titman (1993, 2001) found significant evidence 

of momentum profits i.e. portfolios of stocks that performed well (badly) in the three to 

twelve months before the investment period, also performed well (badly) in the three to 
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twelve subsequent months, even after risk-adjustments (i.e. the momentum puzzle). 

Proponents of behavioral finance used these results to argue that financial markets do not 

promptly incorporate news in past prices. The gradual adjustment of prices causes these 

predictable drifts, and hence autocorrelation in returns. With respect to long horizon returns, 

De Bondt and Thaler (1985) showed that investors tend to overreact to dramatic and 

unexpected news events i.e. it is more profitable to invest in a portfolio of stocks that 

performed poorly over the last three years than in a portfolio with stocks that performed well 

over the same period.  

 

Delong, Shleifer, Summers, and Waldmann (1990) showed that the long-horizon negative 

autocorrelation in returns (or the reversal effect) can be explained by a stylized model with 

two types of agents: fundamentalists, who get signals about intrinsic values, and chartists, 

who learn indirectly about intrinsic values by looking at prices. Whenever a good signal is 

received by fundamentalists, prices will increase. Chartists will observe this rise in prices 

causing some of them to buy, which in turn further increases prices and causes more chartists 

to buy. Eventually, share prices are so far beyond intrinsic values that fundamentalists start 

selling again. Barberis, Shleifer and Vishny (1998) explain the short- and medium-horizon 

underreaction to information (or the momentum effect) using the concept of conservatism i.e. 

investors erroneously believe that the earnings process underlying stock prices is mean-

reverting and so they underreact to news. To explain the longer-horizon overreaction, they 

refer to the representativeness heuristic i.e. investors overextrapolate from a sequence of 

growing earnings, and therefore overreact to a long trend. Daniel, Hirshleifer and 

Subrahmanyam (1998) related overreaction to overconfidence, as traders tend to overestimate 

the precision of their private signals, leading to prices being pushed above the fundamental 

level in the case of good news. 
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Granger and Morgenstern (1963) and Fama (1965) use more formal linear serial correlation 

tests to examine market efficiency. Lo and MacKinlay’s (1988) variance-ratio (VR) test is of 

the same kind. The VR is the ratio of the k-period return variance over k times the variance of 

the one-period return. If stock prices are following a random walk their k-period return 

variance should be the same as k times their one-period return variance. So, it suffices to test 

whether or not the VR is significantly different from one to test the random walk theory and 

therefore the informational efficiency of stock prices. Lo and MacKinlay (1988) found that 

the random walk hypothesis does not hold for weekly stock market returns. More recent 

research presented improved versions of Lo and MacKinlay’s variance ratio test (e.g. Chow & 

Denning, 1993). 

 

Unit root tests examine the stationarity of stock returns in an alternative way. The basic idea 

is that stock returns that contain a unit root, i.e. are non-stationary, follow a random walk. An 

example is the augmented Dickey-Fuller (ADF) test executed on log returns. In later years, 

innovations were added to the ADF test to examine weak form market efficiency (e.g. 

Narayan & Smith, 2007). However, Rahman and Saadi (2008) have shown that the existence 

of a unit root in stock returns is not a sufficient pre-requisite for the random walk hypothesis 

to hold. In addition to stationarity, return series need to be serially uncorrelated.  

 

Granger & Andersen (1978) pointed out that stock markets could exhibit inefficient behavior 

even if the linear autocorrelation tests are in line with informational efficiency. This 

conclusion triggered the development of a third type of weak form efficiency tests based on 

non-linear serial dependence. Examples are the Hinich bicorrelation test (Hinich, 1996), the 

Engle LM test (Engle, 1982) and the BDS test (Brock, Scheinkman, Dechert, & LeBaron, 
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1996). These tests are also included in the convenient nonlinearity toolkit developed by 

Patterson and Ashley (2000). 

 

Fama (1991) reviews the empirical evidence on the different forms of market efficiency and 

concludes that observed anomalies tend to disappear over time and anomalous traders seem to 

cancel each other out, leaving the EMH still standing. Nevertheless, the academic world was 

divided between the EMH believers and the proponents of behavioral finance. This apparent 

lack of consensus is surprising since lots of research using the same kind of methodologies 

has been conducted. From this observation, we learn that the reviewed methodological tests 

might not have been robust and to some extent explain how the debate was originally created. 

 

6. Alternative Approach to Weak Form Market Efficiency Testing 

Inspired by the seemingly irreconcilable opinions in the efficient markets debate, Campbell et 

al. (1997) suggested a new approach in which the degree of market efficiency is tested over 

time resulting in more nuanced conclusions. This idea triggered the development of 

alternative tests of market efficiency that capture efficiency in a more dynamic way than the 

tests developed shortly after the EMH was established. 

 

A first alternative testing approach looks at separate time windows and the evolution between 

those windows. This non-overlapping sub-period analysis is useful for examining the impact 

of a specific policy reform (e.g. short sell prohibition) on market efficiency. Obviously, these 

tests look at the changes in efficiency rather than trying to proof that stock markets are weak-

form efficient or not over a fixed period of time. Examples of this approach can be found in 

the work of Kim and Singal (2000a, 2000b), Jain (2005) and Lim (2008). 
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A second test transforms a data sample of n observations into n-w+1 overlapping windows of 

width w, which enables to measure gradual changes in market efficiency irrespective of 

specific policy reforms.5 Examples of this rolling estimation windows procedure are: rolling 

variance ratio tests (Tabak, 2003; Kim and Shamsuddin, 2008), rolling augmented Dickey-

Fuller unit root tests (Phengpis, 2006), rolling bicorrelation tests (Lim, 2007), rolling 

parameters of ARCH models (Alagidede & Panagiotidis, 2009) and rolling Hurst exponents 

(Costa & Vasconcelos, 2003). A drawback of these rolling versions of static tests is the issue 

of the robustness of results with respect to the width of the time window. 

 

Third, the time-varying parameter approach uses state space models that enable regression 

parameters to change over time.6 In this way, regression methods can be extended to measure 

time-varying efficiency in emerging and developed stock markets. For example, Zalewska-

Mitura & Hall (1999) use a GARCH-M approach to model financial day-to-day data on 

emerging markets and let the parameters evolve through time by applying a Kalman filter.7 

Basically this approach generates a time-varying autoregressive parameter of the return 

variable. Kim, Shamsuddin, and Lim (2011) also apply this test on developed stock markets. 

 

Additional research is needed to further optimize these tests and to take care of robustness 

issues that were also present in the more static tests. Fama (1998) concludes that there is a 

lack of valid empirical evidence to disprove the EMH. Advocates of behavioral finance did 
                                                
5 For example, for a time series of 100 observations and a window width of 20, the time series data is 
transformed into 81 overlapping windows with a width of 20. The first window goes from observation 1 to 20, 
the second from 2 to 21 and so on. 
6 “State space modeling provides a unified methodology for treating a wide range of problems in time series 
analysis. In this approach it is assumed that the development over time of the system under study is determined 
by an unobserved series of vectors α1, …, αn, with which are associated a series of observations y1, …, yn; the 
relation between the αt’s and the yt’s is specified by the state space model. The purpose of state space analysis is 
to infer the relevant properties of the α t’s from a knowledge of the observations y1, …, yn.” (Durbin & 
Koopman, 2008, p. 1) 
7 The GARCH-M approach is a way of dealing with heteroscedastic and autocorrelated errors taking into 
account the financial risk premium property. The Kalman filter is a statistical algorithm that uses data in a step-
by-step way by pushing time windows forward. 
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not rest their case either (e.g. Thaler, 1992; Shleifer, 2000; Shiller, 2000; and Shefrin, 2000). 

Shiller (2003) claims that the philosophy of efficient markets should remain a characterization 

of an ideal world but is not an accurate description of global financial markets. In the same 

journal, literally preceding Shiller’s article, Malkiel (2003, p. 80) argues: “If any $100 bills 

are lying around the stock exchanges of the world, they will not be there for long”. His 

statement became a classical economic joke to explain that efficiency anomalies would not 

persist because someone will immediately benefit from the opportunity through the price 

arbitrage mechanism. 

 

7. Reconciliation of EMH and behavioral finance 

Lo (2004, 2005) tries to reconcile the EMH and behavioral finance by applying evolutionary 

biology. Starting from the concepts of bounded rationality and satisficing8 (Simon, 1955) and 

the notion of biological evolution, Lo’s adaptive markets hypothesis (AMH) states that many 

of the behavioral biases, found in behavioral finance, follow a certain evolutionary path and 

the degree of financial market efficiency depends on the strength of this underlying 

evolutionary force. As investors act in their own self-interest but human rationality is 

bounded, investors will make mistakes. If human beings are reluctant to learn from their 

mistakes, markets will be more likely to exhibit higher levels of inefficiency. However, if 

investors quickly learn from mistakes and adapt to new market conditions, temporary levels 

of inefficiency will only survive for short periods of time. This learning and adaptation 

process will be driven by competition among investors, and natural selection will decide 

which investors are driven out of the market and which investors can stay. This natural 

selection process shapes the new market ecology and its evolutionary dynamics. As long as 

                                                
8 Both concepts explain that humans at times behave in a less rational way, hence their rationality is bounded. 
Furthermore, humans do not have the information, nor the methodology to always optimize in a rational way. 
Consequently, humans will use some rules of thumb or heuristics to find satisfactory results that are not 
necessarily completely rational i.e. satisficing.  
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there is no shock that causes market ecology to change, stock markets are fairly efficient. 

However, once a certain event triggers the process of competition and natural selection, 

markets become temporarily less efficient. Once the new market ecology is formed, efficiency 

of financial markets returns to pre-shock levels. 

 

Lo’s AMH theory reconciles the EMH and behavioral finance by stating that markets are not 

perfectly efficient all the time, nor are they inefficient. There is a certain evolutionary aspect 

to the process of market efficiency. For a long time, stock markets can process information in 

a reasonably efficient manner, and the EMH seems to apply. However, a certain shock, crash 

or other event might disrupt this state of efficiency. Some market participants are driven out 

of the market and some new participants enter the market. During this process in which a new 

market ecology is formed and participants learn from and adapt to new market conditions, 

relative levels of inefficiency are found. Once the transformation period ends, levels of 

market efficiency are restored, until a new crash, shock or other event disrupts the ecological 

equilibrium. 

 

Looking at the 2008 financial crisis we indeed recognize elements from Lo’s theory. Financial 

markets had been fairly stable for some years and a reasonable degree of market efficiency 

was reached. Nevertheless, investors also exhibited some degree of irrational behavior, which 

eventually led to the housing bubble and markets exhibiting higher degrees of inefficiency. 

Since mortgages had been transformed into investment vehicles sold across the globe, the 

housing crisis quickly evolved into a global financial crisis. Investors had to learn from their 

mistakes and needed to adapt to the new market conditions. Those investors that did not learn 

quickly enough and/or did not adapt to the new market situation lost so much money that they 

were driven out of the market. The new market ecology is now comprised of “old” investors 
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that learned and adapted rapidly and the “new” investors that entered the market after the 

housing crash. Given these new market participants and conditions, a new evolution towards 

efficient markets has started.  

 

Lo’s framework is in line with the philosophy behind the alternative test methodologies 

because efficiency is approached as a time-variant characteristic of stock markets. This 

combination of both an alternative theoretical framework and matching test methodologies 

can pave the way for academic consensus on the efficiency of financial markets.  Although 

promising, Lo’s AMH theory is still incomplete and suffers from conceptual inconsistencies. 

For example, the parallel between efficiency and evolutionary biology is not perfect as the 

original theory of evolution does not imply that humans with minor behavioral biases are 

unable to survive. Consequently, evolution and natural selection cannot perfectly explain why 

markets become efficient again after a shock as some investors with minor behavioral biases, 

such as a flawed learning process, might be able to survive. 

 

8. Conclusion 

The debate on efficient markets has come a long way. In fact, many of the most renowned 

19th and 20th century economists have contributed to it to some extent. From our review of the 

literature and methodologies to test the EMH, we find two reasons that help explain the 

current dispute. First, test methodologies applied in the early aftermath of the establishment of 

the EMH proved to be prone to sensitivity, as conflicting results were found when adopting 

the exact same tests for efficiency. Additionally, one could argue that formulating a critique 

on an existing theoretical framework, like the EMH, is somewhat straightforward. A theory is 

supposed to be imperfect since it is only a framework to describe reality. However, coming up 

with a new and improved theory is far less evident. Several behavioral biases have been 
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documented, but advocates of behavioral finance struggled to formulate an overarching 

framework that describes the efficiency of financial markets in a behavioral way. 

 

Next to a better understanding of the past, our review also provides some perspective for the 

future. Most importantly, we believe that the concept of efficiency should be reframed along 

the lines of Campbell et al. (1997). Considering efficiency to be an absolute and binary state 

of financial markets has spurred controversy. The idea of efficiency being a time-variant and 

relative characteristic can pave the way for reconciliation between adherents of the EMH and 

proponents of behavioral finance. In this regard, the presented alternative methodologies 

enabling a more dynamic approach to efficiency and the alternative theoretical framework by 

Lo drawing from evolutionary biology can be important tools for future research.  

 

Research opportunities remain in testing the robustness of both traditional and alternative tests 

of weak form market efficiency to further comment on the role of methodology in the debate. 

Alternative tests can also benefit from further improvements as they have the potential to 

become the standard tests of efficiency in the future. Finally, the AMH theory needs more 

empirical validation, which could be managed using the alternative tests of efficiency as they 

capture the same idea of time-variant and relative efficiency of financial markets. Together, 

the alternative test methodologies and the AMH have the potential of settling the debate by 

means of reconciling between ideas of both the EMH and behavioral finance using the 

concept of time-varying and relative efficiency. 
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