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Abstract—This empirical paper tests out the weak fornshare prices hastily tune themselves to new infiama

efficiency of Pakistani stock market by examinihg tweekly KSE-
100 index over the period 2000-2010. Return sdréssa leptokurtic
and negatively skewed distribution, which is awagnf normal
distribution as reflected by significant Jarquedestatistic.
Estimated results of ADF, PP and KPSS tests, Log-Q-Statistic
of autocorrelations and runs test of randomnessctehe Random
Walk Hypothesis (RWH) for the returns series. Meeothe results
of variance ratio test also reject the RWH and pritve robustness of
other estimated results. The rejection of RWH rkvehat the
Pakistani stock prices are not Weak Form Efficient.

Keywords—Weak Form Efficiency, Variance Raito, Random
Walk

Iinvestigating the efficiency of stock markets and i
significant role in challenging the financial resoces. The

|. INTRODUCTION
N the last few decades a lot of research effortewsade on

term Efficient Market was introduced by an Americarﬁ,I

economist Eugene Fama in early 60’s. He definegltthin as
the market which hastily tunes itself to new infatran. In
generic terms market efficiency hypothesis preésathat
security prices mull over all information backed iy An

obligatory thing for hypothesis is the informati@md the
trading cost i.e. the cost of getting prices téeafinformation
are always zero.

Efficient Market Hypothesis (EMH) opines that when

investors are looking for alternative vogue in sih@ck market,
each of the investors behaves in a very divergeatnar.
Efficient market hypothesis leads the market towaedfect
competition where none of the investors can exptbi
market in the long run. In fact EMH is the applioat of
Random Walk Theory (RWT), the central idea of whickhat
if the stream of available information is not reted and in
succession immediately reflected in stock pricéssiiply
means that rumors roaming around have no relatipnsith
the current change in stock price. Stock pricesttiate in
response to spontaneous information and sincetdrnhe
market randomly, so the price fluctuations also obee
random.

There are three versions of efficient hypothesis i) Weak
form efficiency, ii) Semi strong form efficiency,nd iii)
Strong form efficiency. These versions have thespective
impact on the market. In Weak Form Efficiency (WFH)e
investors can’t forecast the future prices despiéeing deep
understanding of the past prices. Even if theytey can’t
extend it for a longer period. Most of the stocices fluctuate
randomly and thus are hard to predict. In semingfform,
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available publicly but restrain the investors taneaxcess

returns by trading on that news. In semi strongmfor

efficiency, the adjustments must be of reasonalde and
must be without delay. In order to test such edficy in the

market the consecutive upward and downward adjugtme

after the initial stage must be kept into accolmstrong form
efficiency, as the name itself signifies, the imf@ation
obtained through public or private and even histdrimeans
pretends visible which forbids the investor to imakbnormal
rate of return. Strong form efficiency holds trued market
where the investors do not or cannot earn supetalameturns
consecutively in long run.

Different research efforts persuaded on financiatkets by
various economists have enlightened this wholerthéa the
case of developed countries the work done by [22] [27]
support that the changes in the stock prices shmystematic
attern; thus it's hard to predict the future psicen Emerging
arkets due to emaciated trade, the empirical esudonfer
mix outcomes. Economists like [23] used the Randtaik
Model to test the randomness in five different Méddast
countries like Morocco, Jordan, Israel, Turkey, dbglypt.
Another worth seeking work done in much detail byering
twenty European markets is by [29]. The resultaimf root
tests, autocorrelations, runs test and variande (&R) test
revealed that only five markets meet the purely RWH

With the above mentioned lighter tone of introdotiit
seems reasonable to further investigate the quedtRE in
the case of developing and emerging markets and
continued to this struggle by conducting an emalrgtudy in
the case of Pakistan. Our study investigated theEV@F
Pakistan’s stock market by analyzing the weeklyddtK SE-
100 index over the period 2000-2010. The resultdrif Root
Tests, Autocorrelations, Runs Test, and VarianceoR&¥R)
test strongly rejected the EMH in the case of RakisThere
are obvious patterns and market directions whiehadirgreat
help in predicting the future prices and thus bientfe
investors to yield high volumes of abnormal returiifis
phenomenon has made Pakistan’s market inefficiéfith
reference to Pakistan there are informational shartngs in
Pakistani capital market which lead the market ¢ovieak
form inefficient. Our results are updated since ewe used
the very recent data for the empirical analysise Tiext
section of this paper provides a detailed liteatoeview,
covering the research efforts done in the contéxteweloped
and emerging markets.

Il. LITERATURE REVIEW

This concept of Efficient Market didn’'t earn mudmfe in
the commencement but became conspicuous when idienev
version of efficient market hypothesis was publishd@he

we
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influential work of [11] provided some new insighis the
Efficient Market Hypothesis (EMH) and laid down tbasis
of Random Walk Model (RWM). In addition, the resgears

suggested that in contrast to developed stock mate
returns behavior of emerging stock market is maegligtable
of the future. [1] applied the VR and runs testgtenBahrain,

did not focus on a specific technique or model eath Kuwait, and Saudi Arabian stock markets. Both & thsts

developed numerous techniques. These various tpoisi
though apparently different in assumptions and eti@a but
addressing the same motive of studying the marffieiemcy
have been well
empirically different techniques, ranging from pagdric to
non-parametric tests, have been applied to diagties&VFE

rejected the RWH in the case of Kuwaiti stock markgy
applying the ZA structural break test on the sexemt
emerging markets, [6] observed that for ten of shenpled

appreciated and employed. Althougdtock markets the hypothesis of random walk wascteql.

[23] tested the RWH for the stock markets of Egypteal,
Jordan, Morocco, and Turkey and the hypothesisrejested

of stock market but each of them focuses on the RWIbr all of the countries under study. [18] testkd RWH over

Sometimes deviations in conclusions may appearusecaf
the different time periods or the varying frequenéythe data
utilized in the study or perhaps driven by the roaar global
financial conditions. Nevertheless, the differenicesstimated
results may lead towards the rejection or questibes/alidity
of these technique rather provide us with a widegeaof
options, which enable us to model any of the peatti

the securities markets of Emirates and the res@ilSDF and
PP test supported the RWH. [7] studied the WFEhefSouth
Asian stock markets including Bangladesh, Indiakifan,
and Sri Lank by applying the unit root tests andioEl
Rothenber-Stock (ERS) test. Findings of the stuslealed
that the except Bangladesh rest of the three stoakkets
were WFE. [29] applied the unit root tests, secatfrelation

situations that could have not been modeled undier ttest, runs test of randomness, and variance rdioon twenty

stringent assumptions of one specific techniquethnd may
be studied under different assumptions

The empirical
countries have somewhat mixed results and do rmpstthe
EMH. [8] supported the EMH in the case of Nairobbck
market. [25] found the stock market of Greece tcefficient
but at the weak level. [28] examined the four enmgrg
markets of Latin America including Argentina, BilaZhile,
and Mexico by applying the runs test and VR testtésting
RWH, the results of runs test of randomness supgdoattie
weak form efficiency but the VR test rejected th&/IR On
the other hand, [13] accepted the RWH in the cddeatin
American countries and found these markets to b& W]
applied serial correlations and runs test on tbekstarkets
of Turkey and Jordan. Their findings suggested thatse
markets are inefficient. In the case of Istnabubct
Exchange, [2] found the Turkish stock market tareficient

seven emerging economies. The results of the onit tests
and serial correlations along with the runs teseated that

findings on developing and emergingnajority of the stock markets are inefficient argk tsame

results were reported by the variance ratio test.

With the above mentioned literature background munced
results we assume more than one technique to leetlsatrthe
findings might not be related to a particular teagbe but
rather prove the robustness of the results.

After having an extensive literature review of teveloped
and emerging markets and having reviewed the difiter
techniques applied to study the WFE of the stoekket this
study does not focus on one particular technigine. gresent
study will be using the unit root testing, serialrrelations,
runs test, and famous variance ratio (VR) testtésting the
WFE of Pakistani stock market. The use of more tbhaa

METHODOLOGY

but efficiency was greatly improved soon after thgechnique provides the robustness of estimatediseand thus

liberalization. [20] applied the [30] ZA and LP [18tructural

break test on the South Korean stock market, thmilings

reported the Korean stock market to be WFE. [1%n@red
the stock markets of China and found them to bekviean

inefficient and similar findings were reported @2]. While,

[5] found the stock market of Taiwan to be WFE. \\Maes in
the case of Hong Kong the study of [15] reportes tesults
in the favor of weak form efficiency hypothesis] {8sted the
WFE of Palestinian securities by using ADF [9] dpid [26]

tests, serial correlations and runs test. The mav&e reported
to be inefficient on the basis of runs test andificant serial
correlations. [24] studied the stock market of Iréy

employing the ADF, PP and KPSS [14] tests, estithedsults
reported the random walk in stock prices and suppothe
EMH hypothesis in the case of Iran.

In addition to country specific studies some reseens
have focused on the cross country analysis to iemvikhe
understanding in a larger matrix. [4] studied theerty
emerging stock markets covering the Asia, Africardpe,
Latin America, and Middle East. Findings of the dstu

39

adds to the rigor of the study.

A. Unit Root Test

An ultimate criterion to investigate the WFE of #ck
market is a test of random walk hypothesis (RWHjeturns
series. Wide range of empirical literature investiigg the
WFE of stock markets emphasized on the randomregsak
prices. The
movements are independent of each other
stochastically determined. In other words, curpaite (Pt) is
independent of past prices (Pt-1,Pt-2,.....) and reseeven
helpful in predicting the future price (Pt+1) movemts. If the
log price series (Pt) follows a random walk andume$ are
independently and identically distributed, can Rpressed as
follows

R=pu+P,+s =123

Where P and P_; are the current and lagged values of the

log of stock price, parametgr is mean or drift anc, is the
random error term. In econometric perspectivesardom

randomness ensures that successivee pric
and are
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walk series contains a unit root at the levels fand may
become stationary at the differenced form. Finally,
significant unit root test in returns series forthe basis of
random walk and thus ensures the week form effigiar the
stock market. Contrary to it, rejection of unit t@d the levels
forms implies that successive price movements avé
independent of each other and this signals a détistio or
time trend. The study employed the widely used langely
accepted unit root tests, ADF (1979), PP (1988 HRSS
(1992).

1. Augmented Dickey And Fuller [9] Unit Root Test
R=u+pR, +& @
For an AR series of the form (1). Where Pt and &t lhe
current and lagged values of the log prjces the mean or

t
drift parameter and, is supposed to be white noise. A test of

unit root calls for testing the modulus value oéffiwient o
of Pt-1 is greater than or equal to 1. Under nyfidihesis of

n?

statistic so that the asymptotic distribution offﬁ is

unchanged. Modifie(fﬁ is as given below:

[ T(fr)(sB)
‘tﬁ\/?(,‘ 2.5

Wheret, is the test statistic given in eq-ee(,é) and Sare

t

()

the standard error of,é’ and test regression respectively.
Moreover, ), is an estimator of random error term aifigl is
an estimator of the residual spectrum.

3. The Kwiatkowski, Phillips, Schmidt and Shin (KPSS) (1992)

This test differs from both ADF and PP test in geas both
of these tests follow the null hypotheses of uaiitragainst
the alternative of stationarity while KPS tests thell

Ho:‘p‘ >1, the series has a unit root and is non-stationarftypothesis of stationarity against the alternati¥anit root in

Acceptance ofHO;‘p‘>1 implies that the variance of the

series is uncontrollable and various price fluctret are
independent and unpredictable, eventually supploetfRWH.

R=u+pR +g @
k
AR =R, +Y O0R, +¢ (3)
i=1
k
AR =a,+BR +Y JAR. +¢, “)
i=1
k
AR =a,+at+ PP +> SAR._ +z ©)

i=1

Equation(3) is obtained by subtractimg, from both sides

of (2) and adding thek lagged difference parameters H1:05>0.

3, 0,,

of equation-2, including a constant terr} and a time trend

parameteq, .

Dickey and Fuller (1979) used the t-statistic (ageg by
(6)) for testing the null hypothesisH, : 8 =0 of unit root
againstH, : <0, which is exactly the same to test : p=1
in(l)asf=p-1.

t, = B/(s(B) ®)

Where g is an estimate of, and s(3)is the standard
error of 3.

2. The Phillip-Perron (PP) Test
[26] is a nonparametric approach for testing uadtrin a

time series. Unlike the [9], which augment the lagged
differenced terms in the basic first differencecuatpn to
control for the serial correlation in the serie§][thodify the t-
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the series. So in case of KPSS test, rejectioruthfimdicates
the presence of unit root and thus supports thdommnwalk

hypothesis (RWH). For a return serl@gf the form (given in

(8)to
P=r+pt+g t=12,-- N (8)
L=r,+u U ~iidN(O,auz)

be tested for stationarity. The Pt series is deasap
into a random walk component rt, a deterministient

component/3t along with an error teri, . By assuming the
series to be stationary (trend stationary) KPS8stéise null
hypothesis H :Jj =Oagainst the alternative of unit root

Under the HO:JE of statioanarity,

are the residuals obtained from (8) i.e

&y
€ = é‘t. Let S(t) is the partial sum of the residuals stheit

t
S(t)ZZej and o’ is the variance of residuals
i=1

...... €,. A consistent estimatord’(p)of o’is
obtained by applying [21]. Finally the LM statisbf KPSS is
given by eg-9, the critical values of test statistie provided
by KPSS (1992).

KPSS = N*Zisz %(p) ©)

B. Runs Test

Famous “runs” test has been widely used in the eocapi
finance literature for testing the randomness dinancial
series. By assuming the serial independence it tést
whether the successive occurrences of runs arpéndent of
each other or not? A run is a sequence of suceegasitive
or negative returns “+++++"or “-----and the run {gh is a
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count of consecutive signs. Being a non-paramedstit does o0 &(q) = 2(29-1D@-1)
not require a specific form of a probability dibtition and the (@ = 3qT

test statistic uses the run counts of both of tbsitie and
negative runs. Under the assumption of random wadkjal
number of runs(r) and the expected number of ruessame.

Let for a return serigg, n,and N_are the count of positive A
Z(q) = (VR() -1).[& (@] ™*~ N(0,]) (13)

Under H the successive runs are independent and for large

For heteroskedastic error terms, the modified test
statistic Z*(q) is given by

and negative runs amg=N, +N_ is the total count of runs.

sample sizes the test statistic follows the nordistribution (2= D)V

and is given by: wheresé :Z[(QJ)J 51 and
- q

z=""F-n(0]) (10) =

. g n -2
| A nq{ Z (X=X =Ko _Xk-l‘l_[l)z} Z(Xk - Xk—l_:&)z}
Where U= M +1and k=ja k=1
' N

g =

IV. DATA AND DESCRIPTIVESTATISTICS
2(N,)(N)(2(N,)(N.)-N) are the sample mean and .
N?(N-1) The study uses the weekly data of KSE-100 index of

Karachi Stock Exchange (KSE) over the period of(22010.
The weekly observations of index were obtained frihra
C. Variance Ratio Test KSE website (http://www.kse.com.pk/). The continsiou

For testing the randomness of a series Lo and Majan weekly returnst, arer, =In(R/R.) where Pt and Pt-1 are the
[16] introduced a Variance Ratio (VR) test. Foeaum series log index at time t and t-1.. The basic descripstatistics of

Rt, t=0,1,2,...,nq such that the returns series for our sample period 2000-26i€
R=u+R,+& E(g)=0and reported in the Panel-A of Table-1. Over the santpiee
Cov(gt ,gs) =0t#s period, return series has an average of 0.0072stamttard

deviation of 0.039. The returns are negatively seh\as the

S (11) skewness is -0.2634. Moreover, the return serigsbx a

leptokurtic distribution as it has a positive kwito and a

significant Jarque-Bera statistic.

term. If R follows a random walk then the variance of the

A. Estimations of Unit root test

. . In our pursuit of studying weak form efficiency Békistani
R —R_40r in other words the variance ratNR(q) of  stock market we start our empirical investigatidthvthe unit

standard deviation respectively.

:0’2'[:

where, (/ is the drift parameter and, is the random error

first difference R —R_, is 1/q times the variance of

root tests. For this purpose the estimated residlisnit root

Var(Rl B Rt—q )/qto Var(R B I:i—l) tests of ADF, PP and KPSS applied to the log(indad
var(R _ R )/q return _ser?gs are reported in Panel-B _of TabIeJ_ll_.Ime three

VR( ) = 4 =1 undeH,of a tests significantly reject the hypothesis of stadiaty for the
var(R - R_l) log price of KSE-100 index. These significant resulearly

random walk. _reje(_:t the RWH in the case of KSE-100 index sgl_rm;wmch
Let qm 1 and implies that the stock prices are not week fornicidiit. The
=n*qk2:1(PK—Pk-1)=n*q(F%q‘Rn) above stated results suggest that the stock prares

, 1 . is the unbiased estimator oth-Rt-lprediCtable and the investors may follow the sysiiém
%a =, _1Z(RK ~Rea— A1) pattern to earn the abnormal profits. The resultstationarity
97 analysis for the return’s series do not turn toskmificant

and 72 = 1 i(Rk -R _q’[j)z which implies that the log price series is diffezed stationary
‘ q(nq_q+1)[1_qj k=q - i.e I(1). Next we analyze the autocorrelation of returngese

n I to further high light the debate of weak form eitfincy.

is the unbiased estimator of Rt-Rt-q. The VR testsithe Z(q)
test statistic for testing the hypothesis of randess. The B autocorreation Tests
Z(q) follows an asymptotic normal distribution arsdgiven

below in (12) After the rejection of RWH on the basis of the uribt

tests we continue our pursuit for randomness byedating the
PR autocorrelations and Ljung Box Q-statistics foruratseries.
Z(q) = (VR(q) ~1).[S*(@)]*~ N(0,]) (2) " Ynder the null hypothesis Q-statistic assumes tthatall the
autocorrelations are equal to zero i.e differerties are not
correlated and thus are not helpful in predictihg future

41
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observations and ultimately the series is randorst@chastic.
The rejection of null hypothesis in the case oh#igant Q-

statistic implies that successive values are cated|to each
and thus are predictive of future values and ultatyathe

series is not random and the stock prices are maiviorm

efficient. For our selected sample period as isdevi from the
Panel-c of Table-1, uptill lag-12 the autocorreat of

return’s series are significant. The significantogorrelations
(Q-statistic) provide another evidence to rejeet RWH and
thus support to reject EMH in the case of Pakiskmther to
check for the randomness of returns the study eyepruns
test and the next section provides the estimatidrtbe runs
test applied to our sample period.

C.Runs Test Of Randomness

The runs test of randomness in not affected by ribie-
normality of the return’s series as the reportedults of
descriptive statistics in the Panel-A of Tableuggest. Under

the null of randomness the test assumes the segueh
positive (increasing) and negative (decreasing)srtm be
independent of each other and don not follow arsgesgatic
pattern of occurrence and thus are not of any inefpedicting
the pattern of occurrences. The estimated reséltsrs test
for both values of K, K=mean and K=0.0000 of th&umes
series for our sample period 2000-2010 are repariethe
Panel-A of Table-ll. According the reported resuttse
computed value of Z-Statistic is negative and $igait at 1%
of significance. The negative Z-Statistic valueidates, the
actual number of runs is far less than the expentedber.
Significant test statistic is indicative of the Ammdomness of
the returns series. In other words there are olsvimatterns
(both positive and negative) in the return serie®akistani
stock market which indicate that the market is WGEE.
Finally, to prove the robustness of earlier estedaesults the
study applies the variance ratio (VR) test of Lodan
MacKinlay in the next section.

TABLE |
DESCRIPTIVE STATISTICSUNIT ROOT TESTSAND AUTOCORRELATIONS FOR THE PERIO2000-2010

K SE-100 INDEX FOPanel-A: Descriptive statistics db, and I for the sample period 2000-2010

Series N Min Mean Median S.D Max Skew Kurto JarGeea
) 571  7.03300 8.5418  0.0037  0.815 9.659 -0.4889 1.7288 61.1931
r, 570 -0.2009  0.0037 0.0072 0.039 0.257 -0.2634 9.0299 871.6824
Panel-B: The results of unit root tests pfand I, for the sample period 2000-2010
ADF (1979) PP (1988) KPSS (1992)
Series  No Trend Trend No Trend Trend No Trend Trend
P, -1.0232 -1.1831 -1.1103 -1.2434 2.6367 0.5607
r, -21.2727 -21.2689 -21.3962 -21.3917 0.1694 0.0976
Panel-C: The autocorrelations df series up to lag-12 for the sample period 2000-2010
101 102 103 104 105 106 1012 QG QlZ
AC 0.115 0.038 0.038 0.106 -0.043 -0.045 0.046 3B0 21.977*
P-val 0.006 0.015 0.026 0.003 0.005 0.006 0.038 0.006 0.038

Note: pt is the Log of KSE-100 index anq is the returns (first difference opt ), Qe and le are the Ljung Box statistics for the lag 6 and 12
respectively.* ** *** indicate the significant vaks at 1%, 5% and 10% level of significance.
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TABLE Il
ESTIMATED RESULTS OFRUNS TEST ANDV ARIANCE RATIO TEST APPLIED TO
THE RETURNS SERIES OKSE-100INDEX

Panel-A: Theresults of Runs Test of Randomness

K=mean K=0 K=0.00
Cases<K 251 Cases<K 220
CasesK 320 CasesK 351
Total
Cases 571 Total Cases 571
Noof 5y No of Runs 237
Runs
Z -3.514* Z -3.05*

Panel-B: The results of Variance Ratio (VR) Test

=2 =4 J=8 J=16

VR(j) 05435 0251 0137 0071

Z() -10.898* -9.562* -6.968* -5.042*
Z+(J) 5.639%  -5.452% -4.177% -3.243

Note:.VR(J) is the variance ratio statistic for j=2,4,8,7%j) and Z(j*) are the
z-statics under the assumption of homo/heteroagt&dincrease. ***, ** *
indicate the significant values at 1%, 5% and 18%&l of significance.

D.Test of Robustness: Variance Ratio (VR) test

We apply the VR test of Lo and MacKinaly to provest
robustness of our finding that the Pakistani smikes are not
weak form efficient. The estimated results of V&stt of
randomness for the returns series of KSE-100 index
reported in the Panel-B of Table-2. The estimatadance
ratiovr(j)along with both z(jand ,;are reported for

j=2,4,8 and 16.The estimated results are signifiGtn1%
level of significance which clearly rejects the dam walk
hypothesis (RWH). These results further provide
robustness of our earlier results based on unittests, serial
correlations and runs test that the Pakistani stoaiet is not
WFE.

V.CONCLUSION

This research article adds to ongoing debate ork viazan
efficiency of developing stock markets by analyzitite
returns behavior of Pakistani stock market. Fos fhirrpose
the study uses the latest weekly data of KSE-106r dke
sample period 2000-2010. In order to test the wkmkn
efficient hypothesis the study examines RWH in teeirns
series. Instead of relying on a single test of Rk study
rather applied different econometric tests to tiestrobustness
of the estimated results. Descriptives reveal thettirns
distribution is non-normal, leptokurtic and negativskewed.
To test the RWH the study applied the ADF, PP aR& Kinit
root tests on the log of index. The estimated texflall these
tests significantly rejected the hypothesis ofistetrity and
thus reveal that Pakistani stock market is not wéakn
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thig]

efficient. Secondly the study applied the Lung-B@Statistic
for testing the autocorrelations of the returnseseiEstimated
Q-Satistics are significant up to lag-12 which dgaejected
the joint hypothesis of zero auto correlations. Fhgnificant
autocorrelations imply that the stock prices dofotbw RW
and are predictive of future prices. Thirdly thadst applied
the Runs test of randomness to test for the RWH; th
estimated results significantly rejected the nyipdthesis of
randomness and provide third evidence in the suppbr
rejection of the weak form efficient hypothesistive case of
Pakistan. Finally to test for the WFE hypothesis 8tudy
applied the most reliable VR test to check the oamdess of
return series. In the line of earlier tests thailtssof VR test
also rejected the hypothesis of randomness andpifuvéded
the robustness of our estimated results.

In the light of above mentioned facts based oretanated
results we conclude the weak form efficient hypeithaloes
not hold true in the case of Pakistani stock markaus the
current stock prices are helpful in predicting thiire prices.
This predictive trend of stock prices may bendfé tnvestors
to yield some arbitrage benefits and abnormal {wofi
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