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Abstract

One of the basic assumptions of asset pricing models (CAPM and APT) is the efficiency of markets. This paper seeks to prove this
requirement in its weak form, both for the General Index of the Stock Exchange of Colombia and for the Colombian market’s most
representative assets. To this end, different statistical methods are implemented to show that stock patterns do not follow a normal distribution
pattern. Additionally, when testing the Colombian efficiency market through a series of runs, BDS, LB and Bartlett test, there is no evidence of
randomness in the main financial assets except Ecopetrol. Moreover, in the specific case of IGBC there is an improvement in market efficiency
from 2008 to 2010, period that coincides with the onset of the global economic crisis.

Keywords: efficient-market hypothesis, random walk, auto-regression, run test, BDS test, LB test and Bartlett test

Resumen

Uno de los supuestos bésicos de los modelos de valoracién de activos (CAPM y APT), es la eficiencia de los mercados. El presente trabajo
busca comprobar este requisito en su forma débil, tanto al indice General de la Bolsa de Valores de Colombia como a las acciones més
representativas del mercado colombiano. Para tal fin se comprueba por diferentes métodos estadisticos que las series bursatiles no siguen el
patron de una distribucion normal. Ademas, al indagar sobre la eficiencia del mercado colombiano, mediante los test de Rachas, BDS, LB y
Bartlett, se evidencia no aleatoriedad en los principales activos financieros con excepcion de Ecopetrol, mientras que para el IGBC se observa
una mejora en la eficiencia del mercado del 2008 a 2010, periodo que coincide con el inicio de la crisis econémica mundial.

Palabras clave: hipdtesis de eficiencia de mercado, caminata aleatoria, autorregresion, pruebas de rachas, prueba BDS, prueba LB e interval.

1. Introduction Among the pioneers for the efficient markets theory we

The empirical proof for the Efficient Markets Hypothesis
(EMH) is based on determining if the price of financial
instruments actually follows a Random Walk (RW), or in
other words, if the price formation of these instruments is
unpredictable and that future price is impossible to
systematically forecast in order to obtain some extraordinary
benefit in the marketplace. The EMH supposes that both the
flow of future information and the investor’s reactions are
generated simultaneously and causes an “instantaneous” and
random movement in prices.

According to Campbell et al. [1] the random walk is
structured in three different versions, Random Walk 1, 2 and 3
(RW1, RW2 and RWS3; respectively). RW1 is defined as a
random walk in which the rise in prices and returns are
independent and identically distributed (i.i.d), the RW2 on the
other hand, requires that increments be independent, but not
identically distributed, and finally the RW3, allows dependent
but uncorrelated increases.

have Bachelier [2], who in his doctoral thesis “Théorie de la
Spéculation” developed a mathematical and statistical theory
from the Brownian movement, explaining the efficiency of
markets through the behavior of a martingale. Years later it
was Cowles [3], who for the first time studied empirically the
recommendations of stock analysts, arriving at the conclusion
that their assertive opinions did not systematically prevail in
the market, lending credibility to the theory of efficient
markets.

In modern financial economics, Fama [4], another pioneer
in the field of efficient markets, used extensive empirical
investigations which verify the random walk model in
versatile markets, highlighting the challenge that the chartists
faced in predicting stock prices in the face of randomness. The
definition of EMH has been changed several times by Fama,
and that is how the author incorporates into the efficient
market theory the concepts of transaction and information
costs to show that prices reflect information only up to the
point that the marginal benefits don’t exceed the costs
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(transactional and informational) [5]. Years later he would
modify again the definition of EMH to incorporate market
anomaly concepts into the model: “the expected value of
abnormal returns is zero, but chance generates deviations from
zero (anomalies) in both directions” [6].

Paralleling Fama’s work, Samuelson [7] offered the first
formal theoretical argument for efficient markets, in which
Price changes must fluctuate unpredictably as they
incorporate. Instantaneously, the expectations and information
from market participants, and that is where the author employs
the martingale analogy, instead of the random walk that Fama
put forward.

During the last decade and a half in Latin-American there
has been much work done on market efficiency. One of the
first to prove the randomness of Latin-American markets was
Urrutia [8], who tested the Argentinean, Chilean and Mexican
markets from 1975 to 1991 through the runs tests and quotient
variation, and arriving at the conclusion that these markets do
not follow a random walk. Years later, in 1997, Bekaert et al.
[9] analyzed the Colombian General stock Exchange Index
through runs and serial correlation test; they rejected the
random walk theory from 1987 to 1994. In the new
millennium, Delfiner [10], proved the relative efficiency of the
Argentinean market as compared to the United States Market
from 1993 to 1998, using a quotient variant test, a modified
R/S test, autocorrelation and runs test, wherein were detected
certain levels of dependency in Argentinean returns and
Alexander filters found that in that country there were extra
gains, which were lost in commissions. In 2004, Maya [11]
found the presence of randomness in the Colombian market. In
2006, Zuluaga and Velasquez [12] found that it is possible to
obtain returns when the investment is made in dollars, obeying
the signals originated from some indicators, but conditioned to
the fact that low costs of transaction can be obtained, rejecting
the efficient market hypothesis in the Colombian Foreign
Exchange Market. Later, Eom et al. [13] computed the Hurst
exponent to test the weak-form efficient market hypothesis in
60 market indexes of various countries. They empirically
discovered that Colombia has a high average Hurst exponent
that evidences a low degree of efficiency.

However, the most of the studies test only the general
index stock market in an only period. This paper seeks to
prove the weak-form efficient market hypothesis, both for the
General Index of the Stock Exchange of Colombia and for the
Colombian market’s most representative assets in different
periods of time.

2. Methodology

The process of proving empirically begins with the
definition of the simple space and the study variable, and
below we perform a preliminary analysis of the series with the
goal of defining if the behavior follows a normal distribution.
Then, we test the data to prove if returns are independent and
identically distributed, through runs and BDS tests. Finally,
we verify the existence of serial autocorrelation through
Barttlet and Ljung-Box (LB) test.

Table 1.
Financial stocks selected

Share N Initial Date End Date Pa rticof[))ation
IGBC 2604 01/02/2002 08/31/2012
ECOPETROL 1664 11/26/2007 08/31/2012 19.9%
PREC 659 12/23/2009 08/31/2012 17.6%
PFBCOLOM 2603 01/03/2002 08/31/2012 10.3%
GRUPOSURA 2604 01/02/2002 08/31/2012 7.4%
CEMARGOS 2604 01/02/2002 08/31/2012 5.0%

Source: Interpretation of data stemming from the Colombian General Stock
Exchange

2.1. Data

On July 3, 2011, the Colombian stock Exchange (BVC)
consolidated the versatile markets of Bogota, Medellin, and
Cali -which all operated independently before- into just one
index. For this reason it is reasonable to begin this study 6
months prior to the opening of the index, or in other words
starting in January 2002. In table 1, some selected companies
have fewer numbers of observations owing to the fact that
their activities were initiated after the opening day of the
IGBC.

Using the Pareto principle, we identify the most
representative Colombian shares, using as criteria the
participation on the Colombian General stock Exchange Index
(IGBC). In Table 1, it is shown the stocks which form 60% of
the index with the corresponding dates and number of
observations.

2.2. Preliminary analysis of financial series

The objective of understanding the behavior of the data
makes necessary the application of a statistical analysis which
allows us to define the best adjustment of the empirical
distribution. To this end we implement two stages: in the first
we calculate the basic statistics, together with the Jarque-Bera
(JB) test in order to determine if the series has a normal
distribution; second we submit the data to ordering in so as to
rank the adjustments of theoretical distributions. We use return
performance compounded continually as the variable for the
study, considering the advantages mentioned by [1].

2.3. Testing the efficiency market hypothesis

As was illustrated in the theoretical listing, different tests
are available to prove the EMH. This study will first proceed
to apply the nonparametric tests (Runs and BDS) with the
purpose of identifying whether rising returns are independent
and identically distributed, or rather fitting version RW1 of the
Random Walk. Similarly, to prove version RW3 we estimate
the LB test, which together with the corresponding correlation
analysis suggested by Bartlett, seek to identify the returns that
are not correlated.

The nonparametric runs test or the Wald—Wolfowitz [14]
test, seek to test the hypothesis of market efficiency by
contradicting the RW1, using this as a basis for the number of
series (R) found in the sequence, so that small or large
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guantities of R imply no randomness in price generation. This
variable behaves asymptotically as a normal distribution, that
when standardized generates a discrete statistic for the eq. (1).

Runs Test.
R — 2*ng *n
Zz—u, whereuz[i1 2]+1/\
g n; +n;
o= (2#n1#n2+(2*n1*n2—n;-ny)) (1)

((n1+n2)%*(n;+nz-1))

Where n, is the number of returns above the mean and n,
is the number of returns below the mean, we reject the i.i.d
return if the value of p is less than 5%.

BDS Test.

The BDS test developed by Brock et al, and implemented
in 1996 together with LeBaron [15], is characterized for being
a nonparametric statistical test strongly tending away from
linear and non-linear structures [16], which seeks to prove the
null hypothesis that a temporary series is i.i.d The theoretical
explanation of this test proves, in part, the fact that when using
a series of n returns R of a financial stock, which follows some
function of distribution f (R~ f), that upon determining an
epsilon (g) greater than zero and less than a rangeR, or 0 <
€ < [Max(R)-Min(R)]. The BDS test hypothesis isH, :
P, = P™.

In order to obtain probability B,,, we use correlation
integral C,, ,(€) [17] and [18]. So that with an immersion m
and a distance of ¢ with n observations, the statistic W is
defined by the eq. (2).

W () = V=1 o) = Cunomia (&7 @)

Omn-m+1 (®

Once the BDS test is completed and following the
recommendations of previous tests [19] which suggest estimating
the tests for various epsilons in order to substantiate their
acceptance or rejection, using four different epsilons: 0.5, 1, 1.5
and 2 typical deviations of the data. We use dimensions m= {2-6}
with the intent of observing the statistical behavior as m grows.

On the other hand, to find the self-correlation in stocks
returns, it is used the Bartlett test and the Ljung-Box Q test,
which are shown below.

2.3.3. Ljung-Box Test.

This test is a variation of the Box and Pierce Q test, which

seeks to prove that, the hypothesis that the m coefficients of
Autocorrelation are simultaneously zero [20]. The statistic LB
is defined by eq. (3).

Qs =n(n+2) Tity 2] ~ X2 a . &)

Where n is the size of the sample and m is the lag. The
null hypothesis is rejected if p_value <5%.

2.3.4. Bartlett Test.

This proof analyze the individual hypothesis that “some” of the
Autocorrelations are other than zero, and to this end we turn to what
Bartlett demonstrated [21], meaning that if a time series is purely
random (white noise), the coefficients of correlation behave
asymptotically like a normal distribution with mean of zero and
variance of1/n, in which case the 95% confidence level for any py is

defined as +1.96(Vo?) 6 +1.96 = \/1/n.
3. RESULTS

Following are the results of the statistical tests described in
the methodology, and appearing in the very same order:

3.1. Preliminary series analysis

In Table 2, we see the first four moments for the data, their
maximums and minimum values and the probability for type |
errors in the Jarque-Bera statistic. From the statistical data, we
can see that the skewness and kurtosis of different financial
instruments do not correspond to the characteristics of a
normal distribution, especially in the fourth moment, which
for all cases is higher than the typical 3 for ormal distribution.
Another important observation is the fact that the minimums
and maximums in the series are more than the standard +6
deviations, showing long tails in the distributions, which is
also not typical of a normal distribution. The mean and median
of the different stocks approach zero, but are different one
from another, contradicting the equality which these two
parameters should share in a normal distribution. In summary,
from the basic statistics the following may be observed: strong
leptokurtosis in all stocks; asymmetry, most especially with
Ecopetrol and Cemargos; distributions largely reflecting
maximum and minimum values, which leads to the conclusion
that none of the analyzed series behaves as a normal
distribution, however the Pacific Rubiales share can be
deemed the stock which most closely resembles a normal
distribution.

Table 2

Returns Series Statics.

Share Mean Median Std. Dev. S K Max. Min. Prov. 38 N
IGBC 0.0010 0.0014 0.0140 -0.342 15.0 0.1469 -0.1105 0.0% 2603
ECOPETROL 0.0011 0.0000 0.0201 5.688 112.2 0.3789 -0.0938 0.0% 1163
PREC 0.0005 0.0009 0.0232 -0.012 4.2 0.0837 -0.0826 0.0% 658
PFBCOLOM 0.0013 0.0000 0.0193 0.103 73 0.1088 -0.1050 0.0% 2602
GRUPOSURA 0.0012 0.0005 0.0206 -0.392 15.2 0.1979 -0.2050 0.0% 2603
CEMARGOS 0.0007 0.0000 0.0227 -7.683 217.2 0.1692 -0.6159 0.0% 2603

Source: Self-explanation. S is Skewness, K is kurtosis.
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The presumptive abnormality of the series, detected
through the analysis of the first four moments, is confirmed by
the Jarque-Bera test, as shown in the data from Table 2,
wherein different financial stocks show P values and JB equal
to zero in all cases, thereby rejecting the normality hypothesis
of the instruments.

Moreover, after performing the adjustment tests through the 2
statistic, we see that the distribution that best describes the majority
of the series is Logistic, which ranks first in 83% of assets, while,
the normal distribution comes out in second place in 4 of the 6
series analyzed, thus supporting the results from the basic statistics
and the Jarque-Bera test previously analyzed. Below we proceed
to perform a statistical inference to determine whether the returns
behave like Random Walks 1 and 3.

3.2. Runs test

From Table 3 we deduce that for most of the stocks the returns
are not i.i.d, except Ecopetrol and PREC. This can be owed to the
fact that from their inception these are the two national stocks with
the highest trading volumes in the country (Table 1).

3.3. BDS test
The Table 4 shows the results from the BDS test, from

which we may conclude that the different financial series not
show i.i.d, as evidenced by the fact that in all calculations the

Table 3
Runs test
Share Mean n, n, 1] c R 7 P

IGBC 0.0010 1249 1354 13004 255 1099 -7.91  0.0%
ECOPETROL 0.0011 590 573 582.38 17.0 567 -0.90 36.7%*
PREC 0.0005 324 334 329.92 128 308 -1.71 8.7%*
PFBCOLOM  0.0013 1479 1123 1277.6 25.0 1205 -2.90 0.4%
GRUPOSURA 0.0012 1366 1237 1299.3 25.4 1192 -4.22 0.0%
CEMARGOS 0.0007 1457 1146 1283.9 25.1 1178 -4.21 0.0%

Source: Self-explanation. The calculations were made using the SPSS 15.0
Software.

standardized BDS is much greater than Z2.5% (1.96)
generating type 1 errors 1 of 0%.

In much the same way we can see that even as we increase
epsilon, the hypothesis must still be rejected, because
generally the value of the statistic is greater than 10, producing
p_values of zero for all stocks, epsilons and dimensions given.
Note that as the dimension is increased, the statistic generally
grows as well, thus ratifying the rejection of Hy : B, = P{"

The results of the BDS test are coherent and consistent
with previous investigations [22], [1] and [15] in the sense that
this test has strong potential to detect linear and non-linear
structures, and it is for this reason that we reject the i.i.d
hypothesis for all stocks, indicating that the Colombian
financial series contain some type of structure.

Table 4.
BDS Test for 4 values of epsilon and 6 dimensions.
Dim BDS Std. z Dim BDS Std. z
Share (m) Statistic. Error Std. P Share (m) Statistic. Error Std. P

IGBC

£=0.5¢ 2 0.01 0.001 14.2 0% |e&=1.50 2 0.03 0.002 181 0%

£=0.007 3 0.02 0.001 18.0 0% |&=0.021 3 0.06 0.003 206 0%
4 0.01 0.001 21.2 0% 4 0.08 0.004 216 0%
5 0.01 0.000 246 0% 5 0.10 0.004 219 0%
6 0.00 0.000 29.0 0% 6 0.11 0.005 225 0%

e=1lo 2 0.03 0.002 155 0% |&e=2c 2 0.02 0.001 212 0%

£=0.014 3 0.05 0.003 18.6 0% |&=0.028 3 0.05 0.002 232 0%
4 0.06 0.003 205 0% 4 0.07 0.003 234 0%
5 0.06 0.003 218 0% 5 0.1 0.004 233 0%
6 0.05 0.002 234 0% 6 0.12 0.005 234 0%

ECOPETROL

£=0.5¢0 2 0.01 0.002 8.0 0% |e=1.50 2 0.02 0.002 89 0%

£=0.0100 3 0.02 0.002 9.6 0% | £=0.0301 3 0.04 0.004 114 0%
4 0.01 0.001 10.7 0% 4 0.06 0.005 121 0%
5 0.01 0.001 114 0% 5 0.08 0.006 123 0%
6 0.00 0.000 12.8 0% 6 0.09 0.007 124 0%

e=loc 2 0.02 0.003 8.9 0% |&e=20c 2 0.01 0.001 94 0%

£=0.0201 3 0.04 0.004 10.6 0% | £=0.0401 3 0.03 0.002 126 0%
4 0.05 0.005 116 0% 4 0.05 0.004 13.0 0%
5 0.06 0.005 121 0% 5 0.06 0.005 131 0%
6 0.05 0.004 12.6 0% 6 0.08 0.006 131 0%

PREC

e=0.5¢0 2 0.00 0.001 33 0% |e=1.50 2 0.01 0.003 41 0%

£=0.012 3 0.01 0.001 5.1 0% |€=0.035 3 0.03 0.005 53 0%
4 0.00 0.001 7.3 0% 4 0.04 0.007 61 0%
5 0.00 0.000 10.2 0% 5 0.05 0.007 6.6 0%
6 0.00 0.000 134 0% 6 0.05 0.007 7.3 0%

e=loc 2 0.01 0.003 37 0% |&e=2c 2 0.01 0.002 43 0%

£=0.023 3 0.02 0.004 5.0 0% |&=0.046 3 0.02 0.004 53 0%
4 0.02 0.004 6.0 0% 4 0.04 0.006 61 0%
5 0.02 0.003 6.9 0% 5 0.05 0.008 64 0%
6 0.02 0.002 8.0 0% 6 0.06 0.009 6.9 0%
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Table 4. Continuation
BDS Test for 4 values of epsilon and 6 dimensions.

Share Dim BDS Std. z P Share Dim BDS Std. z p
(m) Statistic. Error Std. (m) Statistic. Error Std.
PFBCOLOM
£=0.50 2 0.01 0.001 10.4 0% |e=l.5¢0 2 0.02 0.002 11.0 0(/2
£=0.010 3 0.01 0.001 14.0 0% |e=0.029 3 0.04 0.003 11.8 0(/2
4 0.01 0.001 18.2 0% 4 0.05 0.004 12.6 0(/)0
5 0.01 0.000 24.4 0% 5 0.06 0.004 13.2 0(/2
6 0.01 0.000 34.4 0% 6 0.06 0.005 13.6 0(/2
e=1lo 2 0.02 0.002 9.8 0% |e=20 2 0.01 0.001 121 0(/)0
£=0.019 3 0.03 0.003 115 0% | &=0.039 3 0.03 0.002 12.6 0(/2
4 0.04 0.003 12.6 0% 4 0.04 0.003 13.0 0(/)0
5 0.03 0.003 13.8 0% 5 0.06 0.004 13.2 020
6 0.03 0.002 14.8 0% 6 0.07 0.005 133 02]
Table 4.
BDS Test for 4 values of epsilon and 6 dimensions (Continuation).
Share Dim BDS Std. Z p Share Dim BDS Std. z p
(m) Statistic. Error Std. (m) Statistic. Error Std.
GRUPOSURA
e=0.50 2 0.01 0.001 9.5 0% |e=1.5¢ 2 0.02 0.002 135 0%
€=0.010 3 0.01 0.001 117 0% |&e=0.031 3 0.05 0.003 16.0 0%
4 0.01 0.001 14.0 0% 4 0.07 0.004 17.3 0%
5 0.01 0.000 15.6 0% 5 0.08 0.005 17.9 0%
6 0.00 0.000 17.1 0% 6 0.09 0.005 18.5 0%
e=1lo 2 0.02 0.002 115 0% |e=20 2 0.02 0.001 15.6 0%
£=0.021 3 0.04 0.003 14.4 0% | &=0.041 3 0.04 0.002 175 0%
4 0.05 0.003 16.3 0% 4 0.06 0.003 18.2 0%
5 0.05 0.003 17.6 0% 5 0.08 0.004 184 0%
6 0.05 0.003 18.7 0% 6 0.1 0.005 18.6 0%
CEMARGOS
e=0.50 2 0.03 0.002 145 0% |e=1.5¢ 2 0.03 0.001 175 0%
€=0.011 3 0.03 0.002 17.7 0% |e=0.034 3 0.05 0.003 18.0 0%
4 0.03 0.001 20.5 0% 4 0.07 0.004 184 0%
5 0.02 0.001 22.8 0% 5 0.09 0.005 18.4 0%
6 0.01 0.001 26.0 0% 6 0.10 0.006 18.6 0%
e=1lo 2 0.03 0.002 15.1 0% |e=20¢ 2 0.02 0.001 20.5 0%
€=0.023 3 0.06 0.003 17.0 0% |&e=0.045 3 0.04 0.002 20.6 0%
4 0.07 0.004 18.1 0% 4 0.06 0.003 20.1 0%
5 0.08 0.004 18.7 0% 5 0.07 0.004 19.5 0%
6 0.08 0.004 19.6 0% 6 0.09 0.005 19.2 0%

Source: Self-explanation.
3.4. Serial correlation analysis

To contrast the LB and Bartlett tests we will proceed in
the following way: first, with the intent of evaluating the
IGBC over time, we estimate the tests, dividing the study
period into smaller groups of 520 observations each, spanning
over the period from January 2, 2002 to August 31, 2002
(Table 5); secondly, we evaluate the data for the entire
analysis period (2002-2012).

To decide the number of moments there is reference to
Tsay [23], who basing in simulation studies, suggests taking
m = In(n), Therefore, for this study, we consider it appropriate
to use up to 5 lags.

104

Upon observing the IGBC data in Table 5, we find that the
p_value of the LB test is zero both for the entire period and
for the two first sub-periods, thus rejecting the hypothesis of
randomness until 2006, so that for the three remaining periods
from 2006 to 2012 we do not reject a randomness theory for
the prices in the Index, in other words, we find an
improvement in the market efficiency following 2006. Note
also that the highest values for type 1 errors for the combined
LB test appear in the sub-period 2008 - 2010.

Moreover, taking into account the Bartlett test, Table 5
highlights different periods, the significant Autocorrelations
from the first moment (and fourth in sub-periods 1 and 5),
which can be interpreted to mean that the Index could at least
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Table 5.
LB and Bartlett Tests of the IGBC.
Share m p LB Py m p LB P
January 2" 2002 - August 3192012 | March 31% 2006 to May 23" 2008
1 0146 556 0% 1 0129 87 03%
Bartlett 2 0,021 56,8 0% | Bartlett 2 0,012 88 13%
0,038 3 -0,017 575 0% | 0086 3 -0019 89 3,0%
4 -0,013 579 0% 4 0026 93 54%
5 -0016 586 0% 5 -0,026 9,7 85%
January 2" 2002 to February 18" 2004 | May 27" 2008 to July 15" 2010
1 0337 59,2 0% 1 0024 03 58%
Bartlett 2 0,070 61,9 0% | Bartlett 2 0,010 04 84%
0,086 3 -0,061 638 0% | 008 3 -0,025 0,7 88%
4 -0132 729 0% 4 -0,017 08 93%
5 -0066 752 0% 5 -0,048 20 84%
February 19% 2004 to March 30" 2006 | July 16" 2010 to August 31 2012
1 0220 253 0% 1 0092 44 4%
Bartlett 2 -0,004 253 0% | Bartlett 2 0,020 4,6 10%
0,086 3 -0,022 255 0% | 0086 3 -0017 48 19%
4 -0,015 257 0% 4 -0088 89 6%
5 0050 27,0 0% 5 -0,047 10,1 7%

Source: Self-explanation.

present an auto-regressive model of the first order. Again in
the period 2008-2010 we reject the individual hypothesis that
the moments are significant, reaffirming Random Walk 3 for
this period.

In Table 6 we evaluate the shares over the period from
January 2, 2002 to August 31, 2002 (Table 6).

Upon analyzing the data in Table 6, we find that for the
Ecopetrol and Cemargos stocks, we do not reject the
combined hypothesis which asserts that the autocorrelations
are zero and this because of the evidence of randomness in the
stocks. The opposite occurs in the case of the PREC,
PFBCOLOM and Gruposura series; these reveal significant
Autocorrelations in some of their moments, a reflection of
non-randomness. As respects the significant individual
Bartlett test, we again see what we have already evidenced
since it identifies serial correlation in the first moment for
PREC, PFBCOLOM and Gruposura.

Note that in the analysis of the series test, the two stocks

Table 6.
LB and Bartlett Tests of Enterprises
Share  m p LB P Share m p LB P
ECOPETROL GRUPOSURA
1 -0,006 00 84% 1 0134 466 0,0%
Bartlett 2 -0,027 09 63% | Bartlett 2 0,006 46,7 0,0%
0,057 3 -0,037 25 47% | 0038 3 -0015 47,3 0,0%
4 -0056 62 19% 4 -0010 47,6 0,0%
5 0030 72 21% 5 -0,023 489 0,0%
PREC CEMARGOS
1 0124 101 0,1% 1 0032 27 98%
Bartlett 2 0,061 125 0,2% | Bartlett 2 -0,009 29 23,0%
0,076 3 -0018 128 05% | 0038 3 -0,002 29 40,0%
4 -0,025 132 1,0% 4 -0026 47 31,8%
5 -0,013 133 21% 5 -0,038 84 135%
PFBCOLOM
1 0049 62 13%
Bartlett 2 0,024 7,7 21%
0,038 3 0020 88 32%
4 -0017 95 50%
5 -0,000 95 91%

Source: Self-explanation.
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with the most random profiles are Ecopetrol and PREC, while
in the Autocorrelation analysis, the other stocks illustrate the
same phenomenon are Ecopetrol and Cemargos, meaning that
Ecopetrol meets the conditions of Random Walk 1 and
Random Walk 3.

4. CONCLUSIONS

Through the analysis of the first four moments and the
Jarque-Bera test, we find that the main financial stocks in
Colombia do not follow a normal distribution, which is
ratified by the analysis of statistic 2, further illustrating that
the stock which best fits the financial series is Logistic, and
notwithstanding the importance of the ranking of the
adjustments, the normal distribution occupies second and
third place for the four stocks (IGBC, PREC, Gruposura and
Cemargos), which stocks represent 30% of the Colombian
market.

Upon proving EMH through series tests, the BDS test, LB
and Bartlett tests, we deduce that for the entire evaluated
period (2002-2012), the Colombian market lacks weak market
efficiency. For the IGBC we also find that breaking down the
period into sub-periods we see an improvement in the
efficient markets hypothesis for the 2008 to 2010 period.

We see evidence of serial correlation between 5% and
20% in the IGBC, PREC, PFBCOLOM and Gruposura
stocks, concentrated principally in the first moment, which
leads to the conclusion that the price of these stocks may be
partly explained by Random Walk 1.
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