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Abstract 

In an attempt to reconcile opposing views of the efficient market hypothesis (EMH) and 

behavioral finance, the adaptive markets hypothesis (AMH) was developed. Starting from an 

ex ante robustness analysis to determine optimal data frequency and window length, we 

empirically test the ideas underlying the AMH using a rolling variance ratio test. We find the 

idea of dynamic and time-variant efficiency to be valid. However, the theoretical pattern of 

efficiency predicted in the AMH is discarded from our results, which is at least partly due to 

the inability of the predictability proxy to capture the accepted intuition on market efficiency. 
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1. Introduction 

For more than 40 years, researchers have been debating about the informational efficiency of 

stock markets. 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 markets (all information, both 

public and private). Following the establishment of the efficient market hypothesis (EMH) by 

Fama (1970), two schools of thought started to form. On the one hand, the proponents of the 

EMH argue that financial markets are perfectly capable of aggregating information of all 

investors, which in turn leads to efficient markets. 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. On the other hand, some researchers started looking into the psychology 

of investors. In close collaboration with psychologists, the field of behavioral finance was 

established. Proponents of behavioral finance 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). The debate between these two schools of thought is still going on today, and 

the U.S. housing bubble, which eventually triggered the current sovereign debt crisis, sparked 

newfound interest in this matter. Behaviorists even argue that the EMH can be considered one 

of the causes of the current financial downturn as policy makers, banks and investors were 

blindly following the bullish market, while irrational exuberance was building up underneath 

(Shiller, 2000). 

 

We believe that the lack of an alternative theoretical framework is one of the main reasons 

why the debate on market efficiency yet remains to be settled. One could argue that being 
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critical of an existing theoretical framework is somewhat straightforward. Indeed, 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. Thus far, advocates of behavioral finance 

have failed in coming up with such a new theory that could replace the EMH, although 

several biases of behavioral nature have been documented in the academic literature. 

Following the construct of a time-varying degree of market efficiency and trying to reconcile 

theories of the EMH and behavioral finance, Lo (2004, 2005) came up with the adaptive 

markets hypothesis (AMH). Starting from the concepts of bounded rationality and 

satisficing1, and the notion of biological evolution, he argues that many of the biases found in 

behavioral finance follow a certain evolutionary path, in which individuals try to learn and 

adapt to new market conditions. This learning and adaptation process is driven by competition 

among investors, and natural selection determines the new market ecology, with some 

investors being driven out of the market and some investors remaining in the market. The 

process of natural selection and competition also shapes the evolutionary dynamics that occur 

in the market, which are mirrored in the degree of efficiency of the market. As long as there is 

no market shock that causes market ecology to change, stock markets are fairly efficient. 

Once a certain event triggers the process of competition and natural selection, markets 

become temporarily less efficient. When the new market ecology is formed, efficiency of 

financial markets returns to pre-shock levels. Several elements of Lo’s theory can also be 

recognized in the development of the 2008-2010 financial crisis. 

 

Although potentially inadequate, we cannot help but notice that, to this day, the EMH is still 

standing. Every introductory course to financial markets still covers the EMH, while 

alternative theories like the AMH remain underexposed. One of the reasons for this might be 

                                                
1 Humans do not have the information, nor the methodology to always optimize in a rational way. Consequently, 
they use some rules of thumb or heuristics to find satisfactory results that are not necessarily rational (Simon, 
1955).  
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the limited extent to which the AMH has been tested empirically. Computing rolling first-

order autocorrelations of monthly returns as a measure of market efficiency, Lo (2004, 2005) 

finds a cyclical pattern through time, which confirms the idea of underlying dynamics to the 

degree of market efficiency. However, Lo’s estimated rolling autocorrelation measures are 

not in line with the idea of markets being relatively efficient for a long time, until a market 

crash causes a short period of relatively lower efficiency. Rather, his empirical evidence 

points towards the reverse. In later years, researchers examined the AMH by means of trading 

strategies. Investigating the profitability of moving average strategies on the Asia-Pacific 

financial markets, Todea, Ulici and Silaghi (2009) confirm the cyclical efficiency pattern of 

the AMH. Neely, Weller and Ulrich (2009) study excess returns earned by various technical 

trading rules on foreign exchange markets. They find these returns to decline over time, but at 

a slower pace than expected under the EMH because of behavioral and institutional factors. 

These findings are consistent with the AMH view of markets being dynamic systems subject 

to underlying evolutionary processes. Finding a higher degree of stock market predictability 

in times of economic and political crises, Kim, Shamsuddin and Lim (2011) confirm Lo’s 

idea of time-varying market efficiency being driven by changing market conditions. During 

market bubbles and crashes, virtually no return predictability is found. This, however, is at 

odds with Lo’s AMH, which states that higher degrees of predictability and thus lower 

degrees of efficiency ought to be found in times of market mania. 

 

The first evidence from empirical studies shows that there is some value to the idea of 

adaptive markets. However, some discrepancies were found as well. From these observations 

and given the limited number of studies empirically testing the AMH, we apply a rolling 

variance ratio (VR) test to gain more insights into the validity of Lo’s theory. In contrast to 

earlier research, we also take underlying sensitivities to the VR test methodology into account 
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by implementing an ex ante robustness analysis to find out what kind of data best to use (i.e. 

data frequency and length of rolling windows).  

 

2. Data and methods 

2.1. Data 

We collected data through Thomson Reuters Datastream on the historical prices of the three 

major U.S. stock markets (Dow Jones Industrial Average (DJIA), Standard & Poor’s-500 

(S&P-500) and NASDAQ) and the largest Belgian stock market (BEL-20), to verify if our 

conclusions also hold true outside the United States of America. 

 

When implementing a rolling VR test, some decisions need to be made on the structure of the 

underlying data. Specifically, different data frequencies and window lengths could be 

considered. To avoid sensitivity of test results to these two data preprocessing decisions, we 

first performed a robustness analysis, from which we learn that daily data and rolling 

windows of length between 6 months and 1 year are most robust2. Consequently, we retrieve 

daily price levels from Datastream, which are summarized in table 1. 

 

Table 1 Summary statistics of data 

 

2.2. Methodology 

                                                
2 Results of these sensitivity analyses are available upon request from the authors. 



 6

To empirically examine the ideas underlying the AMH, we implement a rolling VR test using 

daily data and rolling windows of length 6 months and 1 year. Our choice for the rolling VR 

test to investigate the AMH follows naturally from the fact that both the test and the theory 

find their origin in the concept of time-varying efficiency.  

 

The rolling VR test is one of the rolling estimation window techniques that were developed to 

examine weak form market efficiency in a more time-variant way. It consists of applying the 

Lo and MacKinlay VR test (1988) to rolling windows of a data sample. The traditional VR 

test by Lo and MacKinlay (1988) proved to be very popular to test for an uncorrelated 

increment and can also be used to determine whether or not a stock market is weak form 

efficient over a certain period of time. The main assumption behind the test is that if stock 

returns follow an uncorrelated increment (random walk 3), the variance of the stock returns 

over a certain time interval s is the same as � (order of differentiation) times the variance of 

the stock returns over an interval � �� 3. Statistically, this simple yet elegant relationship can be 

tested by calculating if the ratio of the variance of �� + ���� +⋯+ ���
�� over � times the 

variance of �� significantly differs from unity. This is exactly what Lo and MacKinlay’s VR 

test does. The null hypothesis of this test states that the time-series is following an 

uncorrelated increment model. Whenever the ratio statistically differs from unity, the null 

hypothesis can be rejected and we arrive at the alternative hypothesis stating that the time 

series is not following a random walk (version 3). 

 

Starting from data on price levels we obtain continuously compounded returns by calculating 

the natural logarithm of the price level on day � divided by the price level on day � − 1. 

                                                
3 For example: under the uncorrelated increment model, the variance of stock returns over a time interval of 10 
weeks, will be statistically indifferent from 10 times the variance of stock returns over a time interval of 1 week. 
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Assuming that �� is the return on a certain stock at time �, the Lo and MacKinlay (1988) VR 

test statistic is calculated as follows: 

����� ≡ Var�������
�	Var���� = 1 + 2��1 − �

��

��

 !�
"��� 

With ����� ≡ �� + ���� +⋯+ ���
�� and "��� being the kth order autocorrelation coefficient 

of ��. As is clear from the definition, ����� is a particular linear combination with linearly 

declining weights of the first q-1 autocorrelation coefficients of �� . Most commonly, the 

following orders of differentiation � have been applied: 2, 4, 8 and 16. In applying the test, 

we also report values on these four different orders of differentiation.  

 

There is still one major drawback to this variance ratio test statistic: it only applies under the 

assumption that the data are homoscedastic (Lo & MacKinlay, 1988). To overcome this 

inconvenience, Lo and MacKinlay (1988) also developed an integrated approach for a 

heteroscedasticity-consistent test, which yielded a robust standardized test statistic following 

the standard normal distribution that can test the third version of the random walk, despite the 

possible presence of heteroscedasticity. When applying the VR test to the different rolling 

windows in our data, we report heteroscedasticity-consistent probability values (p-values) of 

the test statistic.  

 

The original Lo and MacKinlay VR test (1988) only yields one conclusion on weak form 

market efficiency for an entire data sample. Applying the VR test to the rolling windows of a 

dataset and plotting the results from each individual window yields a time-varying measure 

for predictability, which could in turn be interpreted as a time-variant degree of weak form 

market efficiency. To take into account possible sensitivity to the underlying decision on the 

length of the rolling windows, we draw from our ex ante robustness check. Specifically, we 
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use rolling windows of length 6 months (130 observations) and 1 year (260 observations). We 

calculate the p-values of the VR test statistics for the different rolling windows in the data 

samples and plot the results from the different considered orders of differentiation for every 

combination of stock market index and rolling window length. The obtained graphs present 

the evolution of VR test p-values through time and can be interpreted as a time-varying 

measure of efficiency, which allows us to comment on the validity of the ideas underlying the 

AMH.  

 

 

 

 

3. Results and discussion 

3.1. Results 

Figure 1 presents the rolling VR test p-values obtained using daily data organized in rolling 

windows of length 6 months and 1 year for the four different considered stock market indices. 
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Figure 1 Rolling VR test p-values for the DJIA, S&P-500, NASDAQ and BEL-20 for windows of length (l) 130 and 260 observations. 

Every graph presents the p-values of the VR test for the different rolling windows in the data sample. Per index, two graphs are included: 
one for windows with length (l) 130 observations (6 months) and one for windows with length 260 observations (1 year). For every 
combination of index and rolling window length, p-values are plotted for four different orders of differentiation (q). 

 

 

 

 

When looking at the plots in figure 1, we observe cyclical patterns like the one noticed by Lo 

(2004, 2005) when using rolling first-order autocorrelations. The patterns also exhibit some 

similarities across the different stock indices and are not specific to U.S. stock markets only. 

The peaks in p-values can be found at the end of the 1980s and around 2010, which are both 
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periods of stock market crises. Together, these observations provide additional validation for 

the idea of adaptive markets. Even though p-values for the second order of differentiation 

ought to be smaller than those for higher orders of differentiation, we detect a few 

observations in which this is not the case. Further examination did not yield a precise 

explanation, other than that these irregularities seem to coincide with periods of increased 

market turbulence. This, however, does not interfere with the overall interpretation of results 

or the obtained conclusions. 

 

There is also a peculiarity to figure 1 that is at odds with the AMH: the peaks in p-values 

represent periods with a relatively high degree of weak form market efficiency and the time 

between the different peaks can be characterized by a relatively low degree of efficiency. 

Rather than periods with a high degree of efficiency being disrupted by a crash causing some 

extent of inefficiency, our analysis points to the reverse. Stock market indices appear to be 

relatively inefficient for some time, until a short period with a high degree of efficiency starts. 

Although in contrast with the theory suggested by Lo (2004, 2005), this observation is not 

that different from what he observed empirically by means of his rolling autocorrelation test. 

Our observation is also in line with what was found by Kim et al. (2011). They provide a 

possible explanation stating that in times of turbulence markets are harder to predict, causing 

tests of efficiency based on return predictability to point towards a higher degree of 

efficiency. 

 

3.2. Discussion 

Our empirical investigation of the AMH confirms the dynamic character of weak form market 

efficiency. However, the theoretical pattern of longer periods of relatively high degrees of 



 11 

efficiency interrupted by shorter periods of relative inefficiency associated with crises can be 

empirically discarded. In fact, the opposite pattern was found with long periods of relatively 

low degrees of efficiency being disturbed by short periods of relatively higher degrees of 

efficiency in times of market mania.  

 

We believe the reason for these conflicting patterns lies in the unobservable nature of market 

efficiency, which calls for the use of proxies. Different kinds of proxies have been used in the 

past, all of which are related to the principle of predictability because of its interesting inverse 

theoretical relationship with efficiency. Lo’s AMH starts from our intuition of markets being 

capable of efficiently incorporating information most of the time. In times of turbulence, 

however, this ability of markets might temporarily weaken. Inversely, predictability of stock 

returns is always assumed to be limited, except in times of market mania. 

 

Looking at the empirical evidence from testing the AMH, the inverse relationship between the 

predictability proxy and efficiency seems imperfect, which we believe to be the exact cause of 

the conflicting patterns. In fact, for our intuition to be correct, the relationship between 

predictability and efficiency should be proportional rather than inverse. This puzzle helps to 

understand why Lo’s theory has not been able to settle the debate over the last decade. In 

order to find a way out of this conundrum, we see two possibilities. On the one hand, we 

could redefine our intuition, as our understanding of the concept of efficiency might be 

incorrect. This, however, tends to be very difficult and is likely to face strong resistance. A 

better solution would be to look for another observable trait of financial markets that could be 

used as an appropriate proxy for efficiency, which presents an interesting challenge for future 

research. 
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4. Conclusion 

The lack of a widely supported theoretical alternative for the EMH is one of the reasons the 

debate on efficient markets yet remains to be settled. Lo’s AMH (2004, 2005) attempts to 

address this lack by reconciling between theories of the EMH and behavioral finance, drawing 

from concepts of evolutionary biology. The first attempts to empirically test the AMH have 

confirmed the idea of dynamics underlying the efficiency process, though some 

inconsistencies were observed as well. Implementing a rolling VR test, using data based on an 

ex ante robustness analysis, we examine the AMH for the three major U.S. stock market 

indices and the main Belgian stock index. Observing a dynamic and time-variant character of 

weak form market efficiency, we can also confirm the idea of adaptive markets. However, we 

find the pattern of efficiency to be inconsistent with what was suggested by Lo (2004, 2005), 

which is at least partly due to the use of proxies to test for weak form market efficiency and 

the imperfect relationship between the concepts of predictability and efficiency. As an alley 

for future research, we suggest the development of new tests for efficiency that draw from 

proxies other than predictability, which are better capable of capturing the accepted intuition 

on the efficiency of financial markets. 
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