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This paper examines the random walk hypothesis in the Visegrad Countries
stock market as emerging stock markets. The results both from autocorrelation
analysis and unit root tests imply that monthly stock price indices of the Visegrad
Countries follow the random walk process. This means that the stock markets of
all the Visegrad Countries are efficient in the weak form. By employing
cointegration and causality tests, we investigate the long-run and short-run
relationships among these markets of the Visegrad countries and interpret the
findings in the context of capital market integration.
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Introduction
Prior to the socialist regime, stock exchanges existed in many of the
Central and Eastern European (CEE) economies. For the Central
Eastern European economies, the reconstruction of economies
emerged in the 1990s after the end of communism involved a massive
exercise in privatization, where state-owned enterprises were
reformulated into public companies. Transition economies face the
challenge of creating financial markets and developing relevant
regulation at a rapid pace. Stock markets in the Visegrad countries, i.e.
the Czech Republic, Hungary, Poland, and Slovakia, underwent some
remarkable developments both in terms of market capitalisation and
daily trade volumes from the very beginning of the economic
transformation. One of the major challenges in the transition
economies was therefore to educate investors and to explain the
nature of risk capital.
Given that these markets are small compared to the stock exchanges
of the largest OECD countries, however, they are sensitive to shifts in
regional and world-wide portfolio adjustments of large investments
fund. Τhe correlation between emerging markets which open up their
capital markets to foreign investors and developed markets tends to
increase over time. The low correlation between developed and
emerging equity markets is an indicator of advantages from investing
in different markets. The low correlation between countries’ equity
markets may also be due to factors like lack of free trade and
inadequate information of foreign securities (Gupta and Donleavy
2009).
The research being conducted the latest years about the integration of
Central and Eastern Europe stock markets, as well as other developing
economies present various results. Scheicher (2001) studies the
regional and global integration of stock markets in Hungary, Poland
and the Czech Republic and finds evidence of limited interaction: in
returns, both regional and global shocks are identified, but innovations
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to volatility exhibit a chiefly regional character. The markets exhibit
low correlations with international markets as well.
Chelley-Steeley (2005) assesses the extent to which the equity markets
of Hungary, Czech Republic, Poland and Russia have become less
segmented. She finds evidence that stock markets, especially those of
Hungary and Poland, and the Czech Republic to a less extent, are
becoming more integrated with those of the West (France, Germany,
Japan, UK and US markets).
Samitas and Kenourgios (2007) try to find out whether
macroeconomic variables affect stock market indices both in the longrun as well as the short-run in the case of four new European Union
states namely Hungary, Czech Republic, Poland and Slovakia. They
use cointegration models and causality to conclude that big European
stock markets such as those of Great Britain, France, Italy and
Germany, slightly affect those of the new EU members.
Balázs and Kočenda (2007), analyze interrelations between three stock
market indices in Central and Eastern Europe (BUX, PX-50, WIG20)
and, in addition, their potential affect from the Western European
Indices such as (DAX, CAC, UKX) from the German, French and
Great Britain stock market respectively. The novelty of this paper rests
mainly on the use of the five-minute tick intraday price data from the
mid-2003 to the early 2005 for stock indices and on the wide range of
econometric techniques employed. Authors find no robust
cointegration relationship for any of the stock index pairs or for any of
the extended specifications.
Wang and Moore (2008) investigate the extent to which the three
emerging Central and Eastern European stock markets such as those
of Czech Republic (PX50), Hungary (BUX) and Poland (WIP) have
become integrated with the aggregate euro zone market by using daily
data from April 1994 until December 2006, they find a high level of
the stock market correlation during the period after the Asian and
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Russian crises and also during the post-entry period to the European
Union.
Savva and Aslanidis (2010) measures the degree of stock market
integration between five Eastern European countries (Czech Republic,
Hungary, Poland, Slovakia and Slovenia) and the Dow Jones, Euro
Stoxx 50 Euro zone index, and S&P 500. They use daily data from
January 1997 until November 2008 and GARCH models to show that
Czech Republic, Polish and Slovenian stock market have increased
their correlation with Euro zone.
Finally, Harrison and Moore (2009), investigates the stock market
convergence of ten new members of Central and Eastern European
Union with the strongest indices of European stock markets such as
the DAC and FTSE indices. By applying correlation analysis tests, unit
root and cointegration, they find a weak correlation between stock
markets between the ten Central and Eastern European Countries and
the rest of Europe.
The motivation for considering the four East European markets arises
from the following reasons. First, the liberalisation of these economies
and the subsequent opening of their capital markets. Second, the
economies of Eastern Europe are interesting because they provide an
opportunity for economists to mark the presence of strong economic
linkages between their markets and the markets of the EU. Third, our
interest is justified as the growing tide of foreign investment in
Eastern Europe has helped to tighten their price linkages to global
financial centres within a short period of reform years (Dockery and
Vergari 2001).
It is not yet answered if Eastern European markets have been
incorporated with international economy and European Union and if
their capital markets are connected with each other. The purpose of
this study is to examine the degree of efficiency and linkage among the
stock markets of four Eastern European countries. The weak stock
market efficiency has important implications for investors and
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regulatory authorities for each country. In such a market, the role of
the regulatory authorities is limited as stocks are accurately priced.
With an efficient pricing mechanism, an economy’s savings and
investment are allocated efficiently. Hence, a weak efficient stock
market provides no opportunities to engage in profitable trading
activities on a continuous basis. Οn the other hand, if a market is not
efficient, the regulatory authorities can take necessary steps to ensure
that stocks are correctly priced leading to stock market efficiency
(Cooray 2007).
In weak form efficient market, current security prices reflect all
relevant and available information. This means that current stock
prices reflect the underlying present value of securities and there is no
way to make unusual or excess returns by using the available
information. Stock prices changes only in response to new
information which by definition must be unpredictable. Therefore
security prices that fluctuate in relation to new unpredictable
information must also move unpredictably. The weak form of efficient
market asserts that the prices of securities reflect all the past
information. Therefore, no market participant can use past data on the
prices of shares to predict the future value of it. In other words, the
prices of stock behave randomly (Oskooe at al. 2010).
The Visegrad countries have recently become members of European
Union introducing a series of reforms. An examination of their stock
market efficiency is crucial when analysing its role in financial
development of their economies. This paper investigates the weak
form efficiency by using the various unit root tests. Therefore, this
study tries to examine if the withdrawal of restrictions on foreign
investment improved the efficiency of stock markets on this area.
Besides, from the traditional correlation analysis, studies have moved
towards more sophisticated techniques, such as vector autoregression
(VAR), Granger causality tests and cointegration, which are able to
model dependencies between markets better. When stock market
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indices are found to be co-integrated, they exhibit a stable long-run
relation, despite short-term disequilibrium. Conversely, a lack of
cointegration typically suggests that there is no long-term link between
variables (Horobet and Lupu 2009).
Cointegration among equity markets has interesting implications for
international investors, as this eventually means that fewer assets
would be available for them in their effort to improve the risk-return
profile of their portfolios. The reasons of such long-term ties between
markets are not easily identifiable, but one can think of the presence
of strong economic links and coordination of macroeconomic policies
between countries, deregulation and market liberalization measures,
and increasing activities of multinational corporations and
international investors (Horobet and Lupu 2009).
This paper investigates the weak form efficiency in the Visegrad
countries using the analysis of autocorrelation and unit root tests.
Although the subject of random walk hypothesis has been studied
before, no previous study has conducted unit root tests to examine the
random walk hypothesis in the Visegrad countries stock markets. This
paper also uses cointegration and Granger causality tests to analyse the
relations among the capital markets in the Visegrad countries. Our
major finding is that the Visegrad countries markets are not closely
linked to each other, as indicated by the results of cointegration.
The remainder of the paper is structured as follows. The literature
review of random walk hypothesis is summarized in section 2. Section
3 describes the data and presents the results of preliminary analysis.
Section 4 outlines the methodology. The empirical results are analysed
in Section 5 and Section 6 provides the conclusion of the paper.
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Random walk hypothesis

Capital market, being a vital institution, facilitates economic
development. Small and medium investors can be motivated to save
and invest in the capital market only if their securities in the market
are appropriately priced. The information content of events and its
dissemination determine the efficiency of the capital market. In the
developed countries, many research studies have been conducted to
test the efficiency of the capital market with respect to information
content of events (Raja and Sudhahar 2010). Testing for the financial
markets efficiency is an important issue for investors and policymakers
dealing with emerging equity markets. An efficient capital market is
necessary and useful for a functioning market economy, inducing an
efficient capital assignation within an economy.
Since the real markets are not perfectly efficient, three levels of
efficiency have been defined, based on the information that is
reflected in prices. Fama (1970) classifies the market efficiency into the
following three categories:
a. Weak Form of efficiency, popularly known as Random Walk Theory, is the
category in which the current stock prices reflect all the information that is contained
in the historical sequence of prices.
b. Semi Strong Form of efficiency is the category in which current market prices not
only reflect all information content of historical prices but also reflect all
information, which are publicly available about the companies being studied.
c. Strong Form of efficiency, is the category in which current market prices reflect all
information whether it is publicly available or private information (insiders
information).
The subject of this paper is weak-form market efficiency. The weak
form is tested by analysing the predictability of future returns. The
tests are based on forecast power of historical time series. The random
walk tests, carried out in this paper, are concluded in the weak form
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tests. Campbell et al. (1997) define three versions of the random walk
hypothesis, the RW1, RW2, and RW3 models:
• random walk hypothesis (RW1) with independent and
identically distributed increments;
• random walk hypothesis (RW2) with independent but not
identically distributed increments;
• the weakest form of the random walk hypothesis include
processes with dependent but uncorrelated increments (RW3).
The models differ in the assumptions about the distribution of the
increments. The RW1 is expressed as:
pt = µ +pt-1 + et

et ~ IID (0, σ2)

(1)

where µ is the possible expected price change or the drift parameter,
pt-1 is the lagged value of pt and et is the random error term and
expresses the increments at time t. In the RW1 random walk
hypothesis the et are independently and identically distributed (IID)
with mean 0 and variance σ2. If the natural logarithm of the price
series is used, the increments can be assumed to be normally
distributed. The RW3 is the most often empirically tested hypothesis
of random walk.
In an efficient stock market in weak form, equity prices should follow
a random walk process where the future price changes should be
random and consequently unpredictable. The immediate adjustment
property of an efficient stock market in weak form implies that
successive price changes in individual securities will be independent,
hence indicating a random walk market.
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Data and preliminary analysis

The data set consists of stock market indices for the Visegrad
Countries (Poland, Czech Republic, Hungary and Slovakia). These are
the WIG for Polish stock market, PX-50 for Czech Republic, BUX
for Hungary and SAX-16 for Slovakia. Data are monthly covering the
period from April 1997 until February 2010. All data are being
obtained from the stock markets of the respective markets. In order to
obtain a better understanding of the behaviour of stock prices, a
preliminary analysis of the data is carried out in this section.
Figure 1 (see Appendix A) shows the plot of the data returns based on
four countries of the Visegrad indices covering the aforementioned
period. It is clear from this plot that the data exhibit strong volatility.
Table 1 presents summary statistics for the logarithms of the first
differences of the stock price indices.
For the period considered, all stock markets experienced positive
returns. The lowest mean return is observed in Slovakia, with a value
of 0.117% and the highest mean returns are for the Hungary index
returns (0.823%). The market risk measured using standard deviation
is significantly higher in Hungary, and the lowest in Slovakia (these
capital markets being characterised by a higher volatility). All indices
are negatively skewed (apart from Slovakia) and have positive kurtosis
(greater than 3) indicating a fatter-tailed distribution than normal. The
coefficient of variation indicates that stock returns for Slovakia is
more variable than those for three countries of the Visegrad (Poland,
Czech Republic and Hungary). Deviation from normality for all
indices is confirmed by the Jarque-Bera (1987) test statistic. The
leptokurtic behaviour of the data is confirmed by the normal quintile
and empirical density graph presented in figure 2 (see Appendix B).
Table 2 presents the pair-wise correlation coefficients for the stock
returns. The correlation coefficients vary from 0.1759 to 0.7499. The
correlation coefficients between the stock returns are positive. The
highest correlation is between 0.7499 between Czech Republic and
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Hungary. The positive correlation indicates that all stock indices move
in the same direction.
Also the results of Table 2 show that the Czech, Hungarian and Polish
markets are strongly linked among themselves (correlation from 0.70
to 0.749). The respective pair wise correlation coefficients are all
significant at the 1% level. In contrast, the Slovak stock market is
weakly correlated with returns in other three countries of the Visegrad
(low correlation of 0.17–0.21, though significant at the 1%–5% level).
Three countries of the Visegrad, (Czech Republic, Hungary, and
Poland) are more or less similar in terms of stock markets (monthly)
fluctuations, while Slovakia behaved independently. Moreover, Slovak
stock market seemed to be very close (at least for influence of
foreign investors).
4.

Methodology

In order to examine the weak-form market efficiency we should test
for the randomness of stock prices. However, the rejection of the
random walk model in a particular stock market does not necessarily
imply the inefficiency of that market, it may suggest that the model is
not good (Lo and MacKinlay, 1988). The objective of empirical
researchs on weak form market efficiency has been to test the
hypothesis that successive price changes are independent and
independence of price movements is the basis of random walk theory.
Weak-form stock market efficiency implies that stock prices follow a
random walk process such as:
ln( Pt ) = µ + ln( Pt −1 ) + et

et ~ IID (0, σ2)

(2)

where P and P are prices of the indices at time t and t -1, µ is the
t
t-1
possible expected price change or the drift parameter and et is the
random error term and expresses the increments at time t.
According to Fama (1970), market efficiency under the random walk
model implies that successive stock price changes are independent and
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identically distributed, so the past movements or trend of a stock price
or market cannot be used to predict its future movements.
In most empirical studies that examine the random walk hypothesis,
two approaches for testing randomness are usually employed, tests for
serial correlation of the time series and tests for stationarity.
4.1 Autocorrelation
Coefficients)

test

(Analysis

of

Autocorrelation

Autocorrelation is used to measure the dependence of a variable on its
past values. Autocorrelation measures the relationship between the
stock return at current period and its value in the previous period. It is
given as follows:
n

∑ (r

t

ρk =

− r )(rt − k − r )

t = n− k

(3)

n

∑ (r

t

− r)

2

t =1

where ρ k is the serial correlation coefficient of stock returns of lag k, k
is the lag of the period, n is the number of observations, rt is the stock
return over period t, rt −k is the stock return over period t-k, and r is
the mean of stock returns.
With this test we aim to determine whether the serial correlation
coefficients are significantly (different from zero). The hypothesis of
weak efficiency should be rejected if stock returns are serially
correlated.
The Ljung-Box (1978) Q-statistics is used, based on autocorrelation
coefficients. Autocorrelation coefficients define the linear correlation
which are between two observations of the returns time series. The Qstatistic at lag k is a test for the null hypothesis that there is no
autocorrelation up to order k. In case of independently and identically
distributed returns, the Q statistic is asymptotically distributed as a X2
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variable with degrees of freedom equal to the number of
autocorrelations. Under this test, the null and alternative hypotheses
are:
Ho: No autocorrelation exist in the data (Weak Efficient)
Ha: Autocorrelation exist in the data [AR(p)) or MA(q)]
If the kth coefficient is non-zero, there is kth order serial correlation.
Serial autocorrelation can be captured by an autoregressive (AR)
model, which represents rt as a linear function of its lagged values.
The regressors of a pth order autoregressive model are rt −1 , rt − 2 ,
…….. rt −k . If the values of the autocorrelation coefficients die out
geometrically as k increases, the series follows a low-order
autoregressive process. If the values drop soon to zero as k increases,
the series follows a low-order moving- average (MA) process, in which
rt is modelled with recent values of white noise error terms. (Stock
and Watson 2003).
4.2

Unit root tests

Stock markets weak form efficiency is also tested, using unit root tests:
For testing the order of integration, we use the Augmented Dickey
Fuller (ADF–1979) Phillips, (1987) and Phillips-Perron (1988) tests as
the basic ones. To increase reliability of inferences and taking account
the low power of ADF test, we also use the newest generation of unit
root tests: GLS-detrended Dickey Fuller (Elliott, Rothenberg and
Stock (ERS) (1996)) and the Kwiatkowski, Phillips, Schmidt and Shin
(1992) unit root tests.
Dickey and Fuller (1979) have proposed the DF test for testing the
order of integration. The Phillips, (1987) and Phillips-Perron (1988)
test is an alternative (non-parametric) method for controlling serial
correlation when testing for a unit root. Dickey-Fuller test with GLS
detrending (ERS 1996) is a modification of the ADF tests with
detrending data prior to running the test regression. The KPSS (1992)
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proposed a test of the null hypothesis that an observable series is trend
stationary (stationary around a deterministic trend).
The ADF unit root test is based on the estimation of the following
equation:
k

∆Xt = δ0 + δ1 t + δ2 Xt-1 +

∑ α ∆Χ
i

t −i

+ ut

(4)

i =1

where Xt is the time series, t is linear time trend and ut is the error
term with zero mean and constant variance. Using equation (4), the
null hypothesis of a unit root is tested against the alternative
hypothesis Ηο : δ2 = 0, Ηε : δ2 < 0. The test statistic for ADF test is
evaluated using the t-ratio for δ2 and MacKinnon’s updated version of
critical values. The Phillips - Perron test is an alternative nonparametric approach to deal with autocorrelation in the error term and
allows for heterogeneity of the variance. Phillips and Perron (1988)
proposed the nonparametric test statistic as follows:
Zt =

su
1
tδ)2 −
s
2

( s 2 − su2 )
T

s(T −2 ∑ X t2−1 )1 / 2

(5)

t =1

)

where δ 2 is the OLS estimate of δ 2 without the augmented
differencing terms, tδ) is the t-ratio of δ 2 , su is the coefficient
2

standard error, and s 2 is a consistent estimate of the error variance.
The Zt statistic of Phillips and Perron (1988) is a modification of the
Dickey-Fuller t statistic which allows for autocorrelation and
conditional heteroscedasticity in the error term of the Dickey-Fuller
regression. We use a kernel sum-of-covariances estimator with Bartlett
weights in combination with the Newey-West bandwidth selection
method to obtain estimators of the residual spectrum at frequency
zero. The asymptotic distribution of the Phillips - Perron t-ratio is the
same as that of the ADF statistics, so we report MacKinnon’s critical
values for this test.
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The DF-GLS unit root test support to solve the problem of low
power and serious size distortions in the ADF and PP tests when the
moving-average component in the series Xt is significant and negative.
Both of the DF-GLS tests are based on simple modifications of the
ADF. By DF-GLS-detrending the data series prior to running the test
regression, the tests yield substantial power gains. Therefore, we
include this test for comparison purposes. (See Elliott et al. (1996) for
details on the DF-GLS test)
The KPSS unit root test proposed a test of the null hypothesis that an
observable series is trend stationary (stationary around a deterministic
trend). The series is expressed as the sum of deterministic trend,
random walk, and stationary error, and the test is the LM test of the
hypothesis that the random walk has zero variance. KPSS type tests
are intended to complement unit root tests, such as the Dickey–Fuller
tests. By testing both the unit root hypothesis and the stationarity
hypothesis, one can distinguish series that appear to be stationary,
series that appear to have a unit root, and series for which the data (or
the tests) are not sufficiently informative to be sure whether they are
stationary or integrated.
4.3

Testing for Cointegration using Johansen technique

Johansen’s technique takes its starting point in the vector
autoregression (VAR) of order p given by
(6)

∆Yt = µ + Γ1 ∆Yt −1 + ... + Γ p −1 ∆Yt − p +1 + ΠYt − p + u t

where
Yt is a p×1 vector containing the variables that are integrated of order

one – commonly denoted I(1).
µ is the p×1 vector of constant terms
Γi = − I + A1 + A2 + ... + Ai (i = 1,2,... p − 1)

is

the

p × p matrix

of

coefficients.
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Π = I − A1 − A2 − ... − A p is the p × p matrix of coefficients.
u t is the p×1 vector of the disturbance terms coefficients.

The Π matrix conveys information about the long-run relationship
between Yt variables and the rank of Π is the number of linearly
independent and stationary linear combinations of the variables
studied. Thus, testing for cointegration involves testing for the rank of
Π matrix r by examining whether the eigenvalues of Π are
significantly different from zero. Johansen (1988) propose two test
statistics for testing the number of cointegrating vectors (or the rank
of Π ) in the VAR model. These are the trace (Tr) test and the
maximum eigenvalue (L-max) test, shown in equations (7) and (8)
respectively (Dritsakis, 2004).
n

J trace = −T

)

∑ ln(1 − λ )
i

(7)

i = r +1

)
J max = −T ln(1 − λi )

(8)

where
T is the sample size and
)

λi is the i:th largest canonical correlation.

The trace test tests the null hypothesis of r cointegrating vectors
against the alternative hypothesis of n cointegrating vectors. The
maximum eigenvalue test, on the other hand, tests the null hypothesis
of r cointegrating vectors against the alternative hypothesis of r +1
cointegrating vectors. Neither of these test statistics follows a chi
square distribution in general; asymptotic critical values can be found
in Johansen and Juselius (1990).
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Granger Causality test

If there exists a cointegration vector between the variables under
consideration there is causality among these variables at least in one
direction (see Granger, 1988). Granger (1969) proposed a time-series
data based approach in order to determine causality.
The time series representation of a bivariate VAR for two variables X
and Y has the following form:
 1
Yt  c1  α11
=
+
 X  c  
 t   2  α 1
 21



 k
α11
+
.....
+



 k
1  X t −1 
α 22

α 21

α121  Yt −1 



α12k  Yt − k  e1t 

+
(9)
  X t − k  e2t 
α 
k
22

where
aij are the coefficients of the matrices associated to the VAR, the
superscripts denote the order of that matrices
Σt = (e1t, e2t)' is a vector of uncorrelated disturbances
c1 and c2 are constants.
This paper uses Granger type causality methodology to determine the
causality direction between the two variables we are concerned with in
this study. The simplest Granger causality test (Granger, 1969) is:
k
k

i
Y
=
c
+
a
Y
+
a12i X t −1 + e1t
∑
∑
1
11 t −1
 t
i =1
j =1

(10)

k
k
 X = c + ai X + ai Y + e
∑
∑
2
21 t −1
22 t −1
2t
 t
j =1
i =1

Testing for Granger causality between X and Y consists to check the
significance of a12 and a22 coefficients. The number of lags used in
tests regressions is selected according to Akaike and Schwartz
criterion. The null hypothesis tested is X does not Granger-cause Y
and Y does not Granger-cause X.
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Empirical Results

Table 3 provides the statistics and p-values (in parentheses) for the
tests of serial independence.
From the results of Table 3 we can see that all countries of the
Visegrad have strong positive autocorrelation. The first order
autocorrelation is (0.976 – 0.995). The autocorrelation coefficients
decrease gradually as lags increases. The Ljung- Box Q-statistic and its
p-values indicate that the null hypothesis of no autocorrelation is
rejected at all lags. It is distributed according to a chi-square
distribution with degrees of freedom equal to the number of
autocorrelations. These results are typical for an economic
nonstationary level series.
The Q-statistic indicates the rejection of the hypothesis as long as the
first 32 autocorrelation coefficients are significant. In conclusion, the
test indicates that thin trading has a significant effect on the efficiency
of the studied stock markets. Thus, this is a test for the strongest form
of random walk.
From the results of Table 4 we can see that autocorrelation
coefficients are statistically significant only for Slovakia but not for all
lags. Therefore, time series for Slovakia doesn’t satisfy random walk
theory. However, this theory is satisfied by the other three Visegrad
countries.
Meanwhile, stationarity of the returns series is tested using the unit
root test of Augmented Dickey Fuller (ADF–1979), Phillips-Perron
(1988), the Dickey-Fuller Generalised Least Squares (DF-GLS 1996)
and the Kwiatkowski, Philips, Schmidt and Shin (KPSS) (1992) tests.
The results of the ADF, PP, DF-GLS and KPSS unit root tests
conducted at log levels in the presence of intercept, trend and
intercept are shown in Table 5.
According to reported results in Table 5 all unit root tests with regards
to critical values, fail to reject the null hypothesis of a unit root in the
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monthly data of the stock price index of the Visegrad countries at
their levels. Table 6 present unit root test results for the first
differences of the stock indices.
The results in Table 6 indicate that the t-statistics for all the unit root
tests are greater than their respective critical values for the logarithm
of the Visegrad countries stock price indices at first difference (for the
KPSS test these values are lower). This indicates that all stock indices
series are integrated I(1). It can be concluded that all stock price
indices are non-stationary and become stationary at first differences.
Thus in the Visegrad countries, stock price indices series behave
according to stochastic process and follow a random walk process. In
other words, the Visegrad countries’ stock markets are efficient in the
weak -form.
Given that the stock indices series (variables) are integrated of order 1,
we may proceed to determine whether there exists a long-run
relationship among the Visegrad countries stock markets by using the
Johansen procedure. The first step involves determining the optimal
number of lags k to apply the VAR. Two information criteria were
used to determine the optimal number of lags, that is the Akaike
Information Criterion and the Schwarz Information Criterion.
Cointegration tests are carried out next. The cointegration test results
are presented in Table 7.
From the results of Table 7 we can see that there is no cointegrating
vector in any of the stock market indices. This means that there are no
long run relationships among the stock market indices of the Visegrad
countries.
The next step is represented by the Granger causality tests performed
on the first differences of stock indices. On the implementation of
Granger equation we used the Akaike (AIC) criterion to determine the
lag lengths. Table 8 presents the results of the Granger causality tests
of the first differences of stock market indices in Visegrad countries.
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From the results of Table 8 we can see that there is a bilateral causality
relationship between Czech Republic and Poland in 10% level of
significance while there is a one way causal relationship between
Czech Republic and Slovakia in 5% level of significance with direction
from the stock market of Czech Republic to the stock market of
Slovakia.
6.

Conclusion

This paper examines stock market efficiency in the Visegrad Countries
as well as the linkage among these markets. Motivated by theoretical
background and empirical literature, this paper analyses the random
walk hypothesis in four emerging stock markets particularly in the
Visegrad Countries stock markets applying analysis of autocorrelation
and unit root tests. Both methods imply that the Visegrad countries
stock market indices have a unit root and follow a random walk
process. This confirms the weak-form efficiency of Visegrad countries
stock markets which means that in these markets past movements in
stock prices cannot be used to predict their future changes and
investors cannot devise various trading rules or techniques to make
abnormal returns from transactions in the exchange markets.
The results of cointegration tests confirm that in none of the stock
indices there is a cointegrating vector. This means that there are no
long run relationships among stock market in Visegrad countries.
Finally, the causal relations are the ones that indicate unilateral
causality going from an emerging market to another emerging market.
Causality results shown that there is a bilateral relationship between
Czech Republic stock market and Poland in 10% level of significance
while there is a one way causal relationship between the stock market
of Czech Republic and the stock market of Slovakia in 5% level of
significance with direction from the stock market of Czech Republic
to that of Slovakia.
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To sum up, we can say that the behaviour of stock market, not only
for the Visegrad countries but also for other countries, as a major
index of economic conditions is very important for the policy maker
of any country. Thus, it can be confirmed that the efficiency of stock
market is important for the optimum allocation of financial resources
within an economy and hence economic development.

References
Balázs, É. – Evžen, K. (2007). “Interdependence between Eastern and
Western European Stock Market: Evidence from intraday data”.
Economic Systems, 31(2), 184–203.
Campbell, J. Y., Lo, A. W. and MacKinlay, A. C. (1997). “The
econometrics of financial markets”. Princeton, New Jersey: Princeton
University Press.
Chelley-Steeley, P.L. (2005). “Modeling Equity Market Integration
using Smooth Transition Analysis: A study of East European Stock
Markets”. Journal of International Money and Finance, 24(5), 818-831.
Cooray, A. (2007). “The Efficiency of Emerging Stock Markets:
Empirical Evidence from the South Asian Region”. The Journal of
Developing Areas, 41(1), 171– 183.
Dickey D.A. - Fuller W.A, (1979). “Distributions of the Estimators for
Autore-gressive Time Series With a Unit Root”. Journal of American
Statistical Association, 74, 427-431.
Dockery, E., and Vergari, F. (2001). “An investigation of the linkages
between European Union equity markets and emerging capital
markets: the East European connection", Managerial Finance, 27(1/2),
24–39.
Year XIV, no. 40
June 2011

The Romanian Economic Journal

45

Dritsakis, N., (2004). “Defence Spending and Economic Growth: An
Empirical Investigation for Greece and Turkey Using Granger
Analysis”, Journal of Policy Modeling, 26, 249–264.
Elliott, G. - Rothenberg, T. and Stock, J. (1996). “Efficient Tests for
an Autoregressive Unit Root”. Econometrica (64), 813 - 836.
Fama, E.F. (1970). “Efficient Capital Markets: A Review of Theory
and Empirical Work”, Journal of Finance, 25(2), 383-417.
Granger C. (1969). “Investigating Causal Relationships by
Econometrics Models and Cross Spectral Methods”, Econometrica, 37,
425-435.
Granger, C. W, (1988). “Some Recent Developments in a Concept of
Causality”. Journal of Econometrics, 39, 199–211.
Gupta R., and G.D. Donleavy. (2009). “Benefits of Diversifying
Investments into Emerging Markets With Time-Varying Correlations:
An Australian Perspective”. Journal of Multinational Financial Management,
19, 160-177.
Harrison, B. – Moore, W. (2009). “Stock Market Co-movement in the
European Union and Transition Countries”. Financial Studies, 3, 124–
151.
Horobet, A., Lupu, R. (2009). “Are Capital Markets Integrated? A Test
of Information Transmission within the European Union”, Romanian
Journal of Economic Forecasting, 6(2), 64-80.
Jarque, C. M – Bera, A.K. (1987). "A Test for Normality of
Observation and Regression Residuals”. International Statistical Review,
55(2), 163-172.
Johansen, S. (1988). “Statistical Analysis of Cointegration Vectors”.
Journal of Economic Dynamics and Control, 12, 231–254.
Johansen, S. and K. Juselius (1990). “Maximum Likelihood Estimation
and Inference on Cointegration – with Applications to the Demand
for Money”, Oxford Bulletin of Economics and Statistics, 52, 169-210.
Year XIV, no. 40

June 2011

46

The Romanian Economic Journal

Kwiatkowski, Phillips, Schmidt and Shin (1992). “Testing the Null
Hypothesis of Stationarity Against the Alternative of a Unit Root”,
Journal of Econometrics, 54, 159-178.
Ljung, G. M. and Box, G. (1978). “On a Measure of Lack of Fit in
Time Series Models”, Biometrika, 65(2), 297-303.
Lo, A. W. and MacKinlay, A. C. (1988). “Stock Market Prices do not
Follow Random Walks: Evidence from a Simple Specification Test”,
The Review of Financial Studies, 1(1), 41-66.
Newey, W. – West, K. (1994). “Automatic Lag Selection in Covariance
Matrix Estimation”. Review of Economic Studies, 61, 631-653.
Oskooe, S.A.P., Hong Li., and Shamsavari, A., (2010). “The Random
Walk Hypothesis in Emerging Stock Market”, International Research
Journal of Finance and Economics, 50, 51-61.
Osterwald – Lenum, M. (1992). “A Note With Quantiles of the
Asymptotic Distribution of the Maximum Likelihood Cointegration
Rank Test Statistics”. Oxford Bulletin of Economics and Statistics, 54, 461472.
Phillips, P. (1987). “Time Series Regression with a Unit Root”.
Econometrica (55), 277-301.
Phillips, P.C. - Perron, P. (1988). “Testing for a Unit Root in Time
Series Regression”. Biometrika, 75, 335-346.
Raja, M. and Sudhahar, J, C. (2010). “An Empirical Test of Indian
Stock Market Efficiency in Respect of Bonus Announcement”, Asia
Pacific Journal of Finance and Banking Research, 4(4), 1-14.
Samitas, A. – Kenourgios, D. (2007). “Macroeconomic Factors
Influence on New European Countries Returns: The Case of Four
Transition Economies”. International Journal of Financial Services
Management, 2(2), 34–49.

Year XIV, no. 40

June 2011

47

The Romanian Economic Journal

Savva, Ch. – Aslanidis, N. (2010). “Stock Market Integration between
new EU Member States and the Euro-Zone”. Empirical Economics,
39(2), 337-351.
Scheicher, M. (2001). “The comovements of stock markets in
Hungary, Poland and the Czech Republic”, International Journal of
Finance & Economics, 6(1), 27-39.
Stock. J.H. and Watson. M.W. (2003). “Introduction to econometrics”.
Addison Wesley, Boston.
Wang, P.- Moore,T. (2008). “Stock Market Integration for the
Transition Economies: Time-Varying Conditional Correlation
Approach”. The Manchester School 76(1), 116 – 133.

Table 1
Descriptive statistics of logarithms on first differences for the
stock market indices
Countries
Poland

Czech
Republic

Hungary

Slovakia

Maximum

0.188380

0.204956

0.184285

0.290786

Minimum

-0.351342

-0.316453

-0.447295

-0.204676

Mean

0.005519

0.004975

0.008233

0.001174

Std
Deviation

0.079657

0.077914

0.087331

0.065327

Skewness

-0.848975

-0.896574

-1.346930

0.484918

Kurtosis-3

5.644150

5.542185

7.879728

6.021854
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Coef.
of 14.433231
Variation

15.66110

10.607433

55.64480

JarqueBera

63.36177

62.10105

199.3570

64.62985

Probability

0.000000

0.000000

0.000000

0.00000

Table 2
Correlation Matrix of Stock Returns between Countries
Poland
WIG

Czech
PX

Republic Hungary
BUX

Poland

1.0000

Czech
Republic

0.7014***

1.0000

Hungary

0.7199***

0.7499***

1.0000

Slovakia

0.1759**

0.1789***

0.2142**

Slovaki
a SAX

1.0000

Note: ***, **, denote significance at the 1%, and 5% level.

Table 3
Autocorrelation Coefficients and Ljung-Box Q Statistics for
Stock Returns
Countries

lags

Autocorrelation
Coefficients

Ljung - Box Q
statistics

Poland (WIG)

1

0.982

152.28 [0.000]

2

0.961

299.28 [0.000]

4

0.916

576.03 [0.000]

8

0.822

1059.0 [0.000]
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Czech
(PX)

16

0.670

1801.2 [0.000]

32

0.307

2509.6 [0.000]

Republic 1

0.986

153.58 [0.000]

2

0.969

302.80 [0.000]

4

0.936

589.42 [0.000]

8

0.857

1104.5 [0.000]

16

0.715

1932.8 [0.000]

32

0.335

2761.7 [0.000]

1

0.976

150.50 [0.000]

2

0.948

293.43 [0.000]

4

0.903

561.93 [0.000]

8

0.806

1027.5 [0.000]

16

0.701

1776.0 [0.000]

32

0.333

2615.6 [0.000]

1

0.995

156.30 [0.000]

2

0.988

311.51 [0.000]

4

0.970

616.60 [0.000]

8

0.915

1191.7 [0.000]

16

0.770

2147.9 [0.000]

32

0.384

3152.5 [0.000]

Hungary (BUX)

Slovakia (SAX)
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Table 4

Autocorrelation Coefficients and Ljung-Box Q Statistics for the
First Differences of Stock Returns
Countries

lags

Autocorrelation
Coefficients

Ljung - Box
statistics

Poland (WIG)

1

0.039

0.2386 [0.625]

2

0.010

0.2544 [0.881]

4

0.026

1.6690 [0.796]

8

-0.121

4.3706 [0.822]

16

0.012

8.2253 [0.942]

32

-0.020

16.792[0.988]

0.096

1.4358 [0.231]

2

-0.063

2.0703 [0.355]

4

0.123

5.7090 [0.222]

8

0.009

6.8558 [0.552]

16

-0.004

10.225 [0.855]

32

-0.032

23.198 [0.872]

1

0.119

2.2093 [0.137]

2

-0.110

4.1288 [0.127]

4

0.039

4.9686 [0.291]

8

-0.112

8.2811 [0.407]

16

-0.012

16.123 [0.444]

32

-0.029

29.024 [0.618]

1

0.109

1.8574 [0.173]

2

0.142

5.0454 [0.080]

4

0.194

12.923 [0.012]

Czech Republic 1
(PX)

Hungary (BUX)

Slovakia (SAX)
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8

0.076

19.639 [0.012]

16

0.093

26.581 [0.046]

32

0.040

39.499 [0.170]

Table 5
Unit Root Tests for Log Levels of Stock Price Indices
Countries

ADF

PP

DF-GLS

KPSS

Poland

-0.869(0)

-0.968[4]

-0.414(0)

1.147[10]

Czech
Republic

-0.847(0)

-0.985[6]

-0.455(0)

1.141[10]

Hungary

-1.093(0)

-1.152[3]

-0.050(0)

1.221[10]

Slovakia

-0.599(0)

-0.853[7]

-0.602(0)

1.151[10]

Constant

Constant and linear trend
Poland

-1.878(0)

-2.077[5]

-1.591(0)

0.151[10]*

Czech
Republic

-1.631(0)

-1.871[6]

-1.371(0)

0.157[10]*

Hungary

-2.170(1)

-2.092[4]

-2.170(1)

0.139[10]**

Slovakia

-1.561(0)

-1.846[7]

-0.731(0)

0.179[10]*

Notes:
1. ***, **, * imply significance at the 1%, 5%, 10% level, respectively.
2. The numbers within parentheses for the ADF, and DF-GLS statistics represents
the lag length of the dependent variable used to obtain white noise residuals.
3. The lag length for the ADF and DF-GLS equation was selected using Akaike
Information Criterion (AIC).
4. The numbers within brackets for the PP and KPSS statistics represent the
bandwidth selected based on Newey-West(1994) method using Bartlett Kernel.
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Table 6
Unit root tests for the first differences of stock price indices

Countries

ADF

PP

DF-GLS

KPSS

Poland

-11.819(0)***

-11.851(4)***

-4.962(2)***

0.097[4]***

Czech
Republic

-11.198(0)***

-11.247(5)***

-2.701(3)***

0.119[6]***

Hungary

-10.900(0)***

-10.911(1)***

-10.924(0)***

0.065[3]***

Slovakia

-11.000(0)***

-11.562(7)***

-10.964(0)***

0.291[7]***

Constant

Constant and Trend
Poland

-11.781(0)***

-11.815(4)***

-11.441(0)***

0.090[4]***

Czech
Republic

-11.159(0)***

-11.210(5)***

-9.793(0)***

0.117[6]***

Hungary

-10.864(0)***

-10.875(1)***

-10.920(0)***

0.065[3]***

Slovakia

-10.971(0)***

-11.537(7)***

-10.999(0)***

0.285[7]***

Notes:
1. ***, **, * imply significance at the 1%, 5%, 10% level, respectively.
2. The numbers within parentheses for the ADF, and DF-GLS statistics represents
the lag length of the dependent variable used to obtain white noise residuals.
3. The lag length for the ADF and DF-GLS equation was selected using Akaike
Information Criterion (AIC).
4. The numbers within brackets for the PP and KPSS statistics represent the
bandwidth selected based on Newey-West (1994) method using Bartlett Kernel.
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Table 7
Johansen cointegration test
Null
Hypothesis

5% critical value
Trace test

Max-Eigen

Trace test

Max-Eigen

Poland (LWIG) – Czech Republic (LPX) (Order VAR = 1)
r=0

7.521

5.690

15.49

14.26

r≤1

1.830

1.830

3.84

3.84

Poland (LWIG) - Hungary (LBUX) (Order VAR = 1)
r=0

7.695

6.476

15.49

14.26

r≤1

1.218

1.218

3.84

3.84

Poland (LWIG) - Slovakia (LSAX) (Order VAR = 5)
r=0

9.142

8.288

15.49

14.26

r≤1

0.853

0.853

3.84

3.84

Czech Republic (LPX) – Hungary (LBUX) (Order VAR = 1)
r=0

10.094

8.886

15.49

14.26

r≤1

1.207

1.207

3.84

3.84

Czech Republic (LPX) – Slovakia (LSAX)

(Order VAR = 2)

r=0

9.609

8.496

15.49

14.26

r≤1

1.113

1.113

3.84

3.84

Hungary (LBUX) – Slovakia (LSAX) (Order VAR = 5)
r=0

10.182

9.053

15.49

14.26

r≤1

1.129

1.129

3.84

3.84

All countries (Order VAR = 1)
r=0

30.47

13.86

47.85

27.58

r≤1

16.60

8.107

29.79

21.13
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r≤2

8.493

7.233

15.49

14.26

r≤3

1.259

1.259

3.84

3.84

Notes:
Critical values derive from Osterwald – Lenum (1992).
r denotes the number of cointegrated vectors.
Akaike and Schwarz criterion are used for the order of VAR model.

Table 8
Granger causality tests (lags = 2)
Null Hypothesis

F-Statistic

Probability

∆LPX does not Granger Cause ∆LWIG

2.61334

0.07669

∆LWIG does not Granger Cause ∆LPX

2.98693

0.05351

∆LBUX does not Granger Cause ∆LWIG

0.05305

0.94835

∆LWIG does not Granger Cause ∆LBUX

1.77632

0.17287

∆LSAX does not Granger Cause ∆LWIG

2.03424

0.13445

∆LWIG does not Granger Cause ∆LSAX

0.68776

0.50431

∆LBUX does not Granger Cause ∆LPX

0.17574

0.83901

∆LPX does not Granger Cause ∆LBUX

0.98559

0.37567

∆LSAX does not Granger Cause ∆LPX

1.12781

0.32653

∆LPX does not Granger Cause ∆LSAX

3.57872

0.03037

∆LSAX does not Granger Cause ∆LBUX

2.23122

0.10146

∆LBUX does not Granger Cause ∆LSAX

2.18383

0.11625

Notes:
∆=The first difference operator
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Appendix A

Figure 1
Monthly return indices
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Appendix Β
Figure 2
Normal density graphs for stock market returns
Kernel Density (Epanechnikov, h = 0.0538)

Kernel Density (Epanechnikov, h = 0.0423)
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