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Abstract

Efficient Market Hypothesis (EMH) has attracted a considerable number of studies in empirical finance, particularly in determining the market efficiency of an emerging financial market. Conflicting and inconclusive outcomes have been generated by various existing studies in EMH. In addition, efficiency tests in the emerging financial markets are rarely definitive in reaching a conclusion about the issue. This paper proposes a theory-free paradigm of non-parametric tests of market efficiency for an emerging stock market, the Thai stock market, consisting of two tests which are run-test and autocorrelation function tests (ACF), to establish a more definitive conclusion about EMH in emerging financial markets. The result of this research demonstrates that an autocorrelation on Thai stock market returns exists particularly during the post-crisis period. The inefficiency of the Thai stock market follows on from the violation of the necessary conditions for an efficient market with a developed financial system and also implies financial and institutional imperfections. 

1.  Introduction

The most controversial issue in finance is possibly whether the financial market is efficient in allocating or using economic resources and information or not. Other financial theory issues such as volatility, predictability, speculation and anomalies are also related to the efficiency issue and are all interdependent (Islam and Oh 2003; Mills 1999; Cuthbertson 1996), and empirical evidence provided by existing numerous tests of these issues (see Bollerslev and Hodrick (1999) in Pesaran and Wickens (1999)) is also used in supporting or rejecting efficiency in the financial market.

The limitation of the existing empirical tests of the efficiency issue in the financial market (Efficient Market Hypothesis (EMH)) has generated conflicting and inconclusive outcomes. Efficiency tests in the emerging financial markets are rarely definitive and helpful in reaching a conclusion about the issue.

The major challenges to EMH are mainly in the following forms: empirical tests for EMH show no evidence in favour of EMH, the existence of the limitations of the statistical and mathematical models for EMH, the evidence of the excess volatility mean reversion predictability, the existence of bubbles, and non-linear complex dynamics and chaos in the stock market. 

EMH has two dual aspects of the rational expectation hypothesis and the risk-neutral behaviour of investing agents. The tests of EMH relate to the issues of predictability, anomaly, seasonality, volatility and the existence of bubbles. Studies of all these issues enable an analyst to draw a conclusion about the efficiency of a financial market of a country.

In the above context, following the Asian economic crisis and the devaluation of the Thai baht, most financial markets in the South East Asian region suffered a dramatic decline due to, among others, the depreciation of exchange rates of major currencies (Titman and Wei 1999). As a result of the crisis, the Thai stock market become very volatile and stock prices dropped by 70 per cent by the end of 1997.
Various methods for testing market efficiency of the Thai stock market have been used in Islam and Watanapalachaikul (2005), such as the run-test, autocorrelation test, rational speculative bubble test, seasonal anomalies test and autoregressive (AR) test.  

The objective of this paper is to build a theory-free paradigm of non-parametric testing of market efficiency by undertaking two types of tests: (a) run-test and (b) autocorrelation function test (ACF); and to try to establish a conclusion about EMH in emerging financial markets. The non-parametric run-test and autocorrelation test being pursued in this study are targeting consistent statistical characteristics of the price and returns profile, using few interlinkages with a specific model of asset pricing. If the stock exchange of Thailand (SET) was efficient, the stock prices would correctly and fully reflect all relevant information and hence, no arbitrage opportunities would exist. Thus in this type of test, the rejection of the null hypothesis would reject market efficiency for the Thai stock market. The implication of efficiency, in its broadest sense, is that stock prices always reflect their intrinsic worth and can be taken at their face value. 

This paper is structured as follows: Section 2 provides a literature review of the market efficiency hypothesis. Section 3 discusses and applies the most common non-parametric methods such as the run-test and the autocorrelation function (ACF) test in testing the EMH. The results are also shown in this section.  The implications of these tests for EMH in the Thai stock market are discussed in Section 4. A conclusion is given in Section 5.

2.  Market Efficiency Hypothesis

2.1 The Issue

“An efficient capital market is a market that is efficient in processing information… In an efficient market, prices ‘fully reflect’ available information” (Fama 1976, p. 133). In the broadest terms of EMH, there are three types of market efficiency. Firstly, in weak form efficiency, the information set is that the market index reflects only the history of prices or returns themselves. Secondly, in semi-strong form efficiency, the information set includes most information known to all market participants. Finally, in strong form efficiency, the information set includes all information known to any market participant. 

In the 1960s and early 1970s, the controversy focused on the extent to which successive changes in prices of the stocks were independent of each other or whether stock prices followed a random walk. The early tests to answer this question were conducted by Fama (1965) and Samuelson (1965), in which they concluded that most of the evidence seems to have been consistent with the efficient market hypothesis (EMH). Stock prices followed a random walk model and the predictable variations in equity returns, if any, were found to be statistically insignificant. Other studies in the US with similar findings included those of Sharpe (1966), Friend et al. (1970), and Williamson (1972). 

Throughout the 1980s, EMH has provided the theoretical basis for much of the research, and most empirical studies during these years focused on predicting prices from historical data, while also attempting to produce forecasts based on variables such as P/E ratios (Campbell and Shiller 1987), dividend yield (Fama and French 1989), term structure variables (Harvey 1991), and announcement of various events, i.e. earnings, stock splits, capital expenditure, divestitures, and takeovers (Jensen and Ruback 1983; McConnell and Muscarella 1985; Kettel 2001).

The issue of EMH in relation to stock prices is fundamental for an investigation of the characteristics of the Thai stock market. The results from testing the EMH can assist in the identification of these factors, which could be seen as the influence of anomalies (Nassir and Mohammad 1987; Ho 1990; Berument and Kayimaz 2001), insider trading and asymmetric information (Jaffe 1974; Jegadeesh and Titman 1993), stock splits (Ikenberry et al. 1996), dividend initiations and omissions (Michaely et al. 1995), etc. 

2.2 Formal Definition of the Concept

Before we examine the efficiency issues of SET, we need to revisit the definition of EMH. The EMH is a statement about: (1) the theory that stock prices reflect the true value of stocks; (2) the absence of arbitrage opportunities in an economy populated by rational, profit-maximizing agents; and (3) the hypothesis that market prices always fully reflect available information (Fama 1970). In Jensen (1978), an efficient market is defined with respect to an information set 
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 if it is impossible to earn economic profits by trading on the basis of 
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. Fama (1970) presented a general notation describing how investors generate price expectations for stocks. This could be explained as (Cuthbertson 1996):
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where 
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 is the expected value operator, 
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 is the set of information available to investors at time t.
The left-hand side of the formula 
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denotes the expected end-of-period price on stock j, given the information available at the beginning of the period
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. On the right-hand side, 
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denotes the expected return over the forthcoming time period of stocks having the same amount of risk as stock j. 

Under the efficient market hypothesis (EMH), investors cannot earn abnormal profits on the available information set 
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other than by chance. The level of over value or under value of a particular stock is defined as:
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where 
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indicates the extent to which the actual price for security j at the end of the period differs from the price expected by investors based on the information available 
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. As a result, in an efficient market it must be true that:
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This implies that the information is always impounded in stock prices. Therefore the rational expectations of the returns for a particular stock according to the EMH may be represented as:
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where 
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 is the stock price; and 
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is the forecast error. 
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 should therefore be zero on average and should be uncorrelated with any information 
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 when the random variable (good or bad news), the expected value of the forecast error, is zero:
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Underlying the efficiency market hypothesis, it is opportune to mention that expected stock returns are entirely consistent with randomness in security returns. This position is supported by the law of iterated expectations (Campbell et al. 1997; Samuelson 1965). The expectational difference equation can be solved forward by repeatedly substituting out future prices and using the law of iterated expectations:

	Et [Et+It (X)] = Et(X).
	(6)


Campbell et al. (1997) state that:

…if one has limited information It, the best forecast one can make a random variable X is the forecast of the forecast one would make of X if one had superior information Jt, rewritten as Et [X-E[X| Jt]| It is equal to zero. One cannot use limited information It to predict the forecast error one would make if one had superior information Jt. (1997, p. 23)

Non-parametric testing of market efficiency is based on the premise of no arbitrage opportunities, i.e., that opportunities for earning unusual returns do not exist (Fama 1970; Jensen 1978). Along with other empirical studies (Ball 1978; Charest 1978; Banz 1981; Schwert 1983; Fama and French 1989; Fama 1991; Fama et al. 1993; Lo 1996), many researchers have also jointly tested the market efficiency with an asset pricing model.  If the null hypothesis is rejected, the failure of either market efficiency or the model does exist. However, the authors have often preferred to conclude that difficulties in asset pricing theory, rather than market efficiency, underlie the rejection of the null hypothesis which have been uncovered in tests of asset pricing. In addition, the rejection of the null hypothesis is likely to have resulted from the misspecification of the asset pricing theory and not market efficiency itself.

2.3 EMH and Time Series Behaviour

Broadly speaking, the incident of white noise, random walk, martingale and fair game properties of financial time series is evidence in favour of EMH. To reiterate, the absence of arbitrage opportunities expresses the idea that the only chance for speculators to gain an opportunity to earn abnormal profits occurs if mispriced stocks exist in an economy populated by rational agents. In fact, the mispriced stocks will be automatically adjusted.

Since this scenario will be replayed every time an arbitrage opportunity arises, price levels will be continuously maintained according to the Samuelson’s fair game theory or martingale difference. Samuelson (1965) modelled this property of prices as the random walk:
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and random walk with drift (time trend):
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Random walks also exhibit Markov and martingale properties. A Markov property is the information for determining the probability of a future value of the random variable already contained or expressed in the current status of that variable. The martingale property is the conditional expectation of a future value of the random variable. The positive drift (called sub-martingale) in random walk exists when α is greater than zero. On the other hand, negative drift (called super-martingale) in random walk exists when α is less than zero. However, if α is equal to zero, then it would be a normal random walk. The martingale property is defined as:
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Campbell et al. (1997, p. 29) summarize the classification of random walk and martingale hypotheses as in Table 1.

Table 1. Classification of Random Walk and Martingale Hypotheses
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	Linear Uncorrelated Increments, Random Walk 3:
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	Martingale/Fair Game:


[image: image33.wmf][

]

m

=

+

t

k

t

r

r

E

|


	Independent Increments, Random Walks 1 and 2:
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Source: Campbell et al. 1997, p. 29.

If the stock prices follow a random walk, then price changes are white noise. Therefore, testing whether returns are white noise is observationally equivalent to the test of random walk in stock prices. Given 
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as the percentage change in 
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, the null hypothesis of market efficiency is thus formed as testing for the standard statistical properties of a homoscedastic white noise process as follows:
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Generally, if stock prices and returns are not predictable then these time series have the properties of martingale, fair game, random walk and white noise implying the validity of EMH. Since the existing empirical tests such as Islam and Watanapalachaikul (2005) show the possibility of predictability of stock prices and returns, it can be argued that the stock prices and returns time series in Thailand during the study period did not show those properties of time series – evidence against EMH.

3.  Non-parametric Stock Market Efficiency Tests

There are a large number of other direct tests of EMH. In addition, indirect tests are also used as evidence for or against the EMH.

Keane (1983, p. 31) provides some basic explanations of what makes markets inefficient. One of his ideas is called “Gambler’s Fallacy”. This may be described as the belief that what “goes up must come down”. This phenomenon exhibits itself amongst investors whose stocks’ price has risen for a period of time and so is deemed to be “due for a fall”. Generally speaking, by knowing the relationship of the current price to recent price movements, one can better estimate the likely direction of future price movements, i.e. historical data such as price movement can be used to predict future prices. This provides credibility to the argument that the market is predictable and inefficient. Therefore, the issue is to see whether the stock market is predictable or not by detecting serial dependence of stock returns. In this paper, two popular tests of market efficiency which can test serial dependence of stock returns are applied, which are the run test and autocorrelation function (ACF) test. 

The results of these two tests will be supplemented by the evidence from tests of predictability, anomaly, and volatility reported by the authors in Islam and Watanapalachaikul (2005), to draw a conclusion about EMH in the Thai stock market.

3.1 Run Test

The run test, also called Geary test, is a non-parametric test whereby the number of sequences of consecutive positive and negative returns is tabulated and compared against its sampling distribution under the random walk hypothesis (Campbell et al. 1997; Gujarati 2003). A run is defined as the repeated occurrence of the same value or category of a variable. It is indexed by two parameters, which are the type of the run and the length. Stock price runs can be positive, negative, or have no change. The length is how often a run type occurs in succession. Under the null hypothesis that successive outcomes are independent, the total expected number of runs is distributed as normal with the following mean:
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and the following standard deviation:
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where 
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n

is the number of runs of type i. The test for serial dependence is carried out by comparing the actual number of runs, ar in the price series, to the expected number μ. The null proposition is:

	H0 : E(runs) = μ..
	(13)


In this section, runs in the monthly SET index for the total period, pre-crisis, and post-crisis are studied. The test results are tabulated in Table 2.

Table 2. Run tests for the monthly data SET index

	Period
	Observed no. of runs
	Expected no. of runs
	Negative
	Positive
	Test value

	1975-2001 


	13
	145.99
	209
	111
	454.26

	1992-1996

(Pre-crisis)


	 3
	30.70
	27
	33
	1132.62

	1997-2001 (Post-crisis)
	10
	29.37
	37
	23
	399.33


A remarkable aspect of runs of all periods is that the observed number of runs is significantly less than the expected number of runs, approximately only ten per cent of the expected number of runs, especially in the overall period (1975-2001), and the pre-crisis period (1992-1996). This is evidence that the residuals change sign frequently, thus indicating a strong positive serial correlation. Table 3 shows the test results for the daily SET index. Two periods, pre-crisis and post-crisis, are studied.

Table 3. Run tests for the daily data SET index

	Period
	Observed no. of runs
	Expected no. of runs
	Negative
	Positive
	Test value

	1992-1996

(Pre-crisis)


	551
	613.99
	611
	615
	0.01

	1997-2001 

(Post-crisis)
	570
	611.99
	657
	571
	-0.82


A run test using daily data produces a different result to the monthly results in the degree of autocorrelation. This is caused by the difference in the number of data being used. However, we can notice that the observed and expected number of runs for both the pre-crisis and post-crisis period are very similar. In addition, the test value is not significant and we can conclude that, for both periods, the null hypothesis is rejected and there is an evidence of autocorrelation. 

Many papers on market efficiency have employed run tests in a similar framework for verification of the weak-form efficiency of the U.S. and other countries’ stock markets, such as the studies by Fama (1965), Sharma and Kennedy (1977), Cooper (1982), Chiat and Finn (1983), Wong and Kwong (1984), Yalawar (1988), Ko and Lee (1991), Butler and Malaikah (1992), and Thomas (1995). These studies typically find that in most markets (except Hong Kong, India, Kuwait and Saudi Arabia), the null hypothesis is not rejected. Thailand, as elsewhere in developing countries, experiences relative underdevelopment of the capital market especially the stock market, which can be attributed to inadequate market and legal infrastructure. Therefore, the results of the run tests indicate that Thailand’s stock market is not efficient.

3.2 Autocorrelation Function Test

The autocorrelation function (ACF) test is examined to identify the degree of autocorrelation in a time series. It measures the correlation between the current and lagged observations of the time series of stock returns, which is defined as:
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where k is the number of lags, and Rt represents the real rate of return calculated as: 
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Two important elements for estimating of autocorrelation are the standard error test and the Box Pierce Q (BPQ) test. The standard error test measures the autocorrelation coefficient for individual lags and identifies the significant one, while the Box Pierce Q test, measures the significant autocorrelation coefficients at the group level. 

The standard error (k is defined as:
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where N is the total number of observations and ( k is the autocorrelation at lag (k). 

Box Pierce Q is identified as:
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One hundred lags length have been run, as Gujarati (2003) suggests, computing ACF of around one-quarter to one-third of the length of the time series. 3.2.1 ACF Results of Monthly Returns 

We use monthly data of the stock return to calculate ACF. Figures 1 and 2 show the correlograms of the autocorrelation and partial correlation function on stock returns during 1992-2001.
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Fig. 1. Correlogram of the autocorrelation function on stock returns, 1992-2001
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Fig. 2. Correlogram of the partial autocorrelation function on stock returns, 1992-2001

According to the results, there are movements of autocorrelation at various lags that hover around positive numbers and zero. This explains the non-stationarity time series. The results exhibit a small level of positive autocorrelation of the monthly returns on the stock during 1992-2001. The ACF and run test of monthly return are similar in that both tests produce a positive autocorrelation, however, the run test produces much stronger positive correlation evidence for the returns on the stock exchange of the Thailand index.

To see if ACF is significant, we calculate the Q statistics for 100 lags. The critical value for the chi-square distribution with 100 DF at the 5 per cent level of significance is 124.3. The ACF result at lag 100 yields 122.86. With the ACF test on the monthly stock price, the test statistic is significant at a 10 per cent level, when Q = 122.86 > 118.5. Therefore, we can accept the null hypothesis of the presence of autocorrelation at the 10 per cent level of significance.

3.2.2 ACF Results of Daily Returns 

a) Pre-Crisis, 1992-1996

It is clear that the ACF test produces evidence supporting the existence of autocorrelation when the Q statistic at lag 100 is 136.23 which is greater than 100 DF at the 5 per cent level. We conclude that the autocorrelation is stronger by using the daily data. Therefore, we accept the null hypothesis.

b) Post-Crisis, 1997-2001

The result pertaining to the post-crisis period is very similar to the pre-crisis period. In fact, during this period, there is a strong autocorrelation existing in the data. The Q statistic at lag 100 yields 161.33, which is considered very significant.

4.  The Market Efficiency of the Thai Emerging Financial System 

The implication of the tests for the efficient market hypothesis of the Thai stock market is that the market was not efficient during the study period since there was a strong chance that investors or stock analysts could use historical data to earn extraordinary gains by purchasing and selling stocks. Studies such as Islam and Oh (2003), Fama (1991), and Seyhun (1986) agree that the weak and semi-strong form of EMH have formed the basis for most empirical research. The result of the tests confirms the presence of autocorrelation on the Thai stock market returns, which implies that the market fell into a form of EMH. However, the theory of stock market behaviour and anomalies provides evidence against the EMH.

Strong-form efficiency suggests that securities prices always reflect all available information, including private information. The semi-strong form of EMH asserts that stock prices reflect all publicly available information, thus there are no undervalued or overvalued securities, and trading schemes are incapable of producing superior returns. The weak form of the hypothesis suggests that past prices or returns reflect future prices or returns and technical analysts could use various univariate forecasting models and technical analysis to predict the stock movement and make extraordinary gains. However, Fama (1991) expanded the concept of the weak form to include predicting future returns with the use of accounting or macroeconomic variables. 

Empirical findings of this research are caused by specific characteristics of SET, such as: (1) the stock market specific characteristics (Binswanger 1999); (2) general market related characteristics (Stiglitz 1993); and (3) underdeveloped financial system (Fry 1995). Efficiency issues of stock markets in emerging economies which potentially cause empirical findings such as those in the present paper have also been discussed by some studies (Takagi 2002; Stiglitz 1993; Allen and Gale 1990), among others discussing market imperfections and failures in developing economies where asymmetric information, moral hazard and adverse selection are likely to be found, especially in the stock market. 

5.  Conclusions

The theoretical and empirical studies of the efficient market hypothesis have made an important contribution to the understanding of the stock market, although the present state of understanding of the issue, especially in the emerging financial markets, is far from being conclusive. The results of the present study show that there is an autocorrelation on Thai stock market returns especially during the post-crisis period. The result from the run test on daily return data, rejects the null hypothesis. From this we may conclude that this emerging stock market is inefficient.

The inefficiency of Thai stock market follows from the violation of the necessary conditions for an efficient market with a developed financial system and also implies financial and institutional imperfections. This leads to the conclusion that Thai financial policies and regulations such as those concerning liberalisation, deregulation and privatisation have generated a perceived inconsistency, and a tendency to produce instability. The implication is that the benefits of a well functioning stock market are not being realized in the economy. Indeed, the weak-form inefficiency of the stock market demonstrated in this study is most likely caused by a combination of the lack of its development and the implication of policy choices. It is necessary to gain more insights into the operation and characteristics of the stock market of Thailand in terms of its efficiency and the valuation processes to make an informed assessment of the empirical characteristics of the Thai financial market. 
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