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Summary: An efficient capital market is one in which security prices adjust rapidly to the arrival of new information and, therefore, the current prices of securities reflect all information about the security. The question of whether capital markets are efficient is one of the most controversial issues in investment research. The overall evidence on capital market efficiency is best described as mixed; some studies support the hypothesis, and others do not.  Study presented in this article tries to answer the question whether Polish Capital Market supports the weak form of efficient market hypothesis. 
The analysis is based on daily observations of WIG indexes values
in the 2003–2008 period.
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The efficient market hypothesis
The Efficient Market Hypothesis (EMH) asserts that financial markets are "informationally efficient" which means that prices on traded assets already reflect all known information. The Efficient Market Hypothesis states that it is impossible to consistently outperform the market by using any information that the market already knows. The information is defined as anything that may affect prices that is unknowable in the present and thus appears randomly in the future.

 “Furthermore an 'efficient' market is defined as a market where there are large numbers of rational, profit-maximizers actively competing, with each trying to predict future market values of individual securities, and where important current information is almost freely available to all participants. In an efficient market, competition among the many intelligent participants leads to a situation where, at any point in time, actual prices of individual securities already reflect the effects of information based both on events that have already occurred and on events which, as of now, the market expects to take place in the future. In other words, in an efficient market at any point in time the actual price of a security will be a good estimate of its intrinsic value."

Most individuals that buy and sell securities do so under the assumption that the securities they are buying are worth more than the price that they are paying, while securities that they are selling are worth less than the selling price. If markets are efficient and current prices fully reflect all information, then buying and selling securities in an attempt to outperform the market shall not be achieved.
There are three forms of the efficient market hypothesis:

· The weak form EMH asserts that all past market prices and data are fully reflected in prices of securities. The information contained in the past sequence of prices of a security is fully reflected in the current market price of that security. It implies that no one should be able to outperform the market using the most publicly and easily accessible pieces of information which is price. 

· The semi strong form EMH states that all publicly available information is similarly already incorporated into asset prices. All publicly available information is fully reflected in a security's current market price. The public information stated not only past prices but also data reported in a company's financial statements, company's announcement, economic factors and others. 

· The strong form EMH stipulates that private information or insider information is quickly incorporated by market prices and therefore cannot be used to reap abnormal trading profits. Thus, all information, whether public or private, is fully reflected in a security's current market price. As a results even the company's insiders are not able to make gains from inside information they hold. 

If a market is efficient, no information or analysis can be expected to result in out performance of an appropriate benchmark. Securities markets are flooded with thousands of intelligent, well-paid, and well-educated investors seeking under and over-valued securities to buy and sell. The more participants and the faster the dissemination of information, the more efficient a market should be. 

The Warsaw Stock Exchange 
The Warsaw Stock Exchange joint-stock company was established by the State Treasury in April 1991. The 17 years’ period, from 1991 to 2008, was classified by 5 phases of market development:

· Organization phase: 1991 – 1994    
· Manipulation phase: 1995 – 1998

· Speculation phase: 1999 – 2000 
· Competition phase: 2001 – 2002

· Maturity phase: 2003 – 2008 

The analysis of the Polish Capital Market presented in the article is based on the data starting from 2003 as the data from maturity phase guaranteed the highest  reliability. Years 2007 and 2008 were specific for financial markets. Year 2007 and half of 2008 was a bull market. In the second half of 2008  the financial crisis hit the capital markets all over the world. This time is characterized by  the decline of securities’ prices. Based on those reasons tested period was split into two time series: 2003-2006 and 2007-2008. 

The analysis is based on the main WSE indexes, representing all companies listed on the WSE, from the biggest to the smallest:
· WIG 20 - Index of the 20 biggest and most liquid companies

· MWIG40 - Index of the 40 mid size companies 

· SWIG80 - Index of the 80 small size companies 

· WIG - Index of WSE companies 

Statistical Tests of Independence
Authors of article have investigated the efficiency of Polish Capital Market based Warsaw Stock Exchange indexes. 

As the WSE is the medium size stock exchange authors focus on testing the weak form Efficient Market Hypothesis. Semi strong and strong form EMH encompasses the weak form hypothesis. As consequence if the market does not support the weak form EMH it also does not support strong and semi strong form EMH. Testing the weak form EMH is crucial for any further researches. 

Two groups of tests of weak form EMH were formulated as:

· Statistical tests of independence between rates of returns 

· A comparison of risk-return results for trading rules that made investment decisions based on past market information relative to the results from a simple buy-and-hold policy.
EMH contends that security returns over time should be independent of one another because new information comes to the market in the random, independent fashion and security prices adjust rapidly to the new information. In this article we focus on the first category of tests: statistical tests of independence: the autocorrelation tests of independence and the runs test.
Autocorrelation tests of independence measure the significance of positive or negative correlation in returns over time. On efficient capital market such autocorrelation should be insignificant. 

The runs test is the second statistical test of independence given a series of prices changes. A run occurs when two consecutive changes are the same. When the price changes in different direction the run ends and a new run begins. To test for independence the number of runs for given series is compared to the number in a table of expected values for the number of runs that should occur in the random series. 
The values of  autocorrelation coefficients for daily returns with statistical significance are presented in the following tables and graphs. Moreover, the results of the run tests are presented, calculated  for periodic returns for three main periods (s=1, s=7, s=12). The computations are related to the four main indexes on the WSE, with respect to the division into three subsamples: 2003-2008, 2003-2006, 2006-2008.
Table 1. The correlation coefficients cor((yt, (yt-s) for WIG, WIG20, MWIG40 and SWIG80 daily returns in 2003 – 2008 period
	2003-2008

	
	WIG
	WIG20
	MWIG40
	SWIG80

	Lag
	cor
	p-value
	cor
	p-value
	cor
	p-value
	cor
	p-value

	s=1
	-0,04
	[0,169]
	0,05
	[0,057]
	0,22
	[0,000]
	0,18
	[0,000]

	s=2
	-0,01
	[0,373]
	-0,02
	[0,132]
	0,00
	[0,000]
	0,08
	[0,000]

	s=3
	0,04
	[0,195]
	0,02
	[0,179]
	0,09
	[0,000]
	0,19
	[0,000]

	s=4
	0,02
	[0,247]
	0,00
	[0,296]
	0,06
	[0,000]
	0,08
	[0,000]

	s=5
	-0,02
	[0,280]
	-0,03
	[0,293]
	-0,02
	[0,000]
	0,02
	[0,000]

	s=6
	-0,20
	[0,000]
	-0,22
	[0,000]
	0,03
	[0,000]
	0,08
	[0,000]

	s=7
	-0,02
	[0,000]
	-0,02
	[0,000]
	-0,01
	[0,000]
	0,04
	[0,000]

	s=8
	0,04
	[0,000]
	0,03
	[0,000]
	0,05
	[0,000]
	0,04
	[0,000]

	s=9
	-0,01
	[0,000]
	-0,01
	[0,000]
	-0,04
	[0,000]
	0,02
	[0,000]

	s=10
	0,00
	[0,000]
	0,00
	[0,000]
	0,04
	[0,000]
	0,05
	[0,000]

	s=11
	0,02
	[0,000]
	0,01
	[0,000]
	0,04
	[0,000]
	-0,03
	[0,000]

	s=12
	-0,04
	[0,000]
	-0,04
	[0,000]
	-0,05
	[0,000]
	-0,05
	[0,000]


p-value in Q-Ljung Box autocorrelation tests of independence
Source: Authors analysis
Table 2. The correlation coefficients cor((yt, (yt-s) for WIG, WIG20, MWIG40 and SWIG80 daily returns in 2003 – 2006 period
	2003-2006

	
	dWIG
	dWIG20
	dmWIG40
	dsWIG80

	Lag
	cor
	p-value
	cor
	p-value
	cor
	p-value
	cor
	p-value

	s=1
	0,00
	[0,897]
	0,00
	[0,971]
	-0,38
	[0,000]
	0,28
	[0,000]

	s=2
	-0,01
	[0,928]
	-0,02
	[0,839]
	0,01
	[0,000]
	0,14
	[0,000]

	s=3
	0,01
	[0,973]
	0,01
	[0,940]
	0,01
	[0,000]
	0,13
	[0,000]

	s=4
	0,00
	[0,994]
	-0,01
	[0,980]
	-0,01
	[0,000]
	-0,04
	[0,000]

	s=5
	0,00
	[0,998]
	-0,01
	[0,993]
	0,01
	[0,000]
	0,05
	[0,000]

	s=6
	-0,37
	[0,000]
	-0,35
	[0,000]
	0,00
	[0,000]
	0,02
	[0,000]

	s=7
	0,00
	[0,000]
	0,00
	[0,000]
	0,01
	[0,000]
	-0,03
	[0,000]

	s=8
	0,01
	[0,000]
	0,01
	[0,000]
	0,01
	[0,000]
	0,00
	[0,000]

	s=9
	0,00
	[0,000]
	0,00
	[0,000]
	0,00
	[0,000]
	0,07
	[0,000]

	s=10
	0,01
	[0,000]
	0,02
	[0,000]
	0,02
	[0,000]
	0,06
	[0,000]

	s=11
	-0,02
	[0,000]
	-0,02
	[0,000]
	0,00
	[0,000]
	0,00
	[0,000]

	s=12
	-0,01
	[0,000]
	-0,01
	[0,000]
	0,00
	[0,000]
	0,00
	[0,000]


p-value in Q-Ljung Box autocorrelation tests of independence
Source: Authors’ analysis
Table 3. The correlation coefficients cor((yt, (yt-s) for WIG, WIG20, MWIG40 and SWIG80 daily returns in 2006 – 2008 period
	2006-2008

	
	dWIG
	dWIG20
	dmWIG40
	dsWIG80

	Lag
	cor
	p-value
	cor
	p-value
	cor
	p-value
	cor
	p-value

	s=1
	-0,07
	[0,050]
	-0,11
	[0,004]
	-0,06
	[0,124]
	0,18
	[0,000]

	s=2
	-0,01
	[0,144]
	-0,02
	[0,012]
	-0,01
	[0,300]
	0,08
	[0,000]

	s=3
	0,08
	[0,031]
	0,05
	[0,016]
	0,14
	[0,001]
	0,20
	[0,000]

	s=4
	0,05
	[0,033]
	0,01
	[0,035]
	0,09
	[0,000]
	0,08
	[0,000]

	s=5
	-0,05
	[0,029]
	-0,06
	[0,020]
	-0,03
	[0,000]
	0,02
	[0,000]

	s=6
	0,06
	[0,022]
	0,04
	[0,022]
	0,05
	[0,000]
	0,08
	[0,000]

	s=7
	-0,05
	[0,018]
	-0,04
	[0,023]
	-0,02
	[0,000]
	0,05
	[0,000]

	s=8
	0,08
	[0,006]
	0,06
	[0,014]
	0,09
	[0,000]
	0,04
	[0,000]

	s=9
	-0,03
	[0,008]
	-0,03
	[0,020]
	-0,08
	[0,000]
	0,02
	[0,000]

	s=10
	0,00
	[0,013]
	-0,01
	[0,032]
	0,06
	[0,000]
	0,05
	[0,000]

	s=11
	0,04
	[0,014]
	0,03
	[0,038]
	0,06
	[0,000]
	-0,03
	[0,000]

	s=12
	-0,09
	[0,003]
	-0,09
	[0,007]
	-0,08
	[0,000]
	-0,05
	[0,000]


p-value in Q-Ljung Box autocorrelation tests of independence
Source: Authors’ analysis
Table 4. The results of runs tests for 1, 7 and 12 period returns 
	
	s=1

	
	dWIG_open
	dWIG20_open
	dmWIG40_open
	dsWIG80_open

	2003-2008
	p-value= 0,15
	p-value= 0,84
	p-value= 0,00
	p-value= 0,00

	2003-2006
	p-value= 0,23
	p-value= 0,95
	p-value= 0,01
	p-value= 0,00

	2006-2008
	p-value=  0,09
	p-value= 0,68
	p-value= 0,02
	p-value= 0,00

	
	s=7

	
	dWIG_open
	dWIG20_open
	dmWIG40_open
	dsWIG80_open

	2003-2008
	p-value= 0,00
	p-value= 0,00
	p-value=  0,00
	p-value= 0,00

	2003-2006
	p-value= 0,00
	p-value= 0,00
	p-value=  0,00
	p-value= 0,00

	2006-2008
	p-value= 0,00
	p-value= 0,00
	p-value= 0,00
	p-value= 0,00

	
	s=12

	
	dWIG_open
	dWIG20_open
	dmWIG40_open
	dsWIG80_open

	2003-2008
	p-value= 0,00
	p-value= 0,00
	p-value= 0,00
	p-value= 0,00

	2003-2006
	p-value= 0,00
	p-value= 0,00
	p-value= 0,00
	p-value= 0,00

	2006-2008
	p-value= 0,00
	p-value= 0,00
	p-value= 0,00
	p-value= 0,00


Source: Authors’ analysis
Graph 1. The Correlation coefficients cor((yt, (yt-s) for  WIG, WIG20, MWIG40 and SWIG80 daily returns (2003-2008 period)
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Source: Authors’ analysis
Graph 2. The Correlation coefficients cor((yt, (yt-s) for WIG, WIG20, MWIG40 and SWIG80 daily returns (2003-2006 period)
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Source: Authors’ analysis
Graph 3. The Correlation coefficients cor((yt, (yt-s) for WIG, WIG20, MWIG40 and SWIG80 daily returns (2006-2008 period)
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Source: Authors’ analysis
Over the years of 2003-2008 for all listed companies (WIG) and for 20 biggest and most liquid companies (WIG20) statistical tests have examined the significant serial correlation among stock returns for time horizons including 6 to 12 periods. The results indicate insignificant correlation in stock returns for time horizons of 1 to 5 periods. 

After splitting the five year period into two subsamples: four and two years periods, the changes in the significance of the results were observed. In years 2003-2006 the insignificant autocorrelation for 1 to 5 periods and significance for 6 to 12 periods returns were observed. The result is different for 2006-2008 subsample, where the autocorrelation for all analyzed periods  1 to 12 was significant. 

The results of autocorrelation significance tests for last six years indicate that Polish Capital Market does not support the weak form EMH on short time horizon, including 1 to 5 periods’ returns, however, supports the weak form EMH on longer time horizon (6 to 12 periods returns). The results are different for 2006-2008 subsample where the autocorrelation significance tests indicate that the Polish Capital Market does not support the weak form EMH on all analyzed time horizon including 1 to 12 periods returns.
Furthermore, the values of correlations coefficients have indicated that autocorrelation is stronger for portfolios of small market size stocks (MWIG40 & SWIG80) than for portfolios based on the stocks of big and liquid companies.
The results of the runs tests calculated  for periodic returns for three main periods (s=1, s=7, s=12) support the conclusions made on the analysis of the autocorrelations significance tests. For all three periods considered in the analysis: 2003-2008, 2003-2006, 2007-2008, the weak form EMH on Polish Capital Market was not supported.
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