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I. Introduction

This  study  exa m i n e s  the  War s a w  Stoc k  Exch a n g e  (W S E ) ,  an

emer g i n g  stoc k  mar k e t  thirteen  year s  into  its  develo p m e n t .   The

W S E  was  the  secon d  of  the  Easte r n  Euro p e a n  Capi t a l  Mar k e t s  to

open  after  the  fall  of  Co m m u n i s t  econ o m i c  cont r o l  in  Eas te r n

Euro p e .   The  crea t io n  of  an  open  and  free  secur i t i e s  mar k e t  is

impor t a n t  to  these  trans i t i on i n g  econ o m i e s ,  as  a  mec h a n i s m  to

accur a t e l y  repre se n t  the  capita l / in v e s t o r  relat i ons h i p .   A  secur i t i e s

mar k e t  is  an  infor m a t i o n  mec h a n i s m  that  better  allo w s  the  mar k e t

econ o m y  to  efficie n t ly  alloca t e  capi ta l .   Ho w e v e r ,  the  effic ie n t

opera t i o n  of  the  secur i t y  mar k e t  itself  is  crit ica l  to  this

develo p m e n t .   Like w i s e ,  the  secur i t i e s  mar k e t  could  provid e  an

impor t a n t  facil i ty  for  the  privat i z a t i o n  of  old  indus t r i e s ,  as  well  as

a  sourc e  of  capi ta l  for  new  ideas  and  firms .   In  all  these  respe c t s ,  a

free  capi t a l  mark e t  is  impor t a n t  to  econ o m i e s ,  such  as  Polan d ,  in

their  develo p m e n t  and  transi t i o n  from  plann e d  econ o m i e s .

Ther e f o r e ,  deciph e r i n g  its  efficien c y  is  an  impor t a n t  topic  that

serves   inves to r s ,  firms ,  and  society  as  a  whol e .

This  study  was  perfo r m e d  with  the  intent io n  of  ans w e r i n g

four  releva n t  quest i o n s  on  finan c i a l  mar k e t  effici e n c y  in  Polan d .

First  of  all,  does  the  W S E  serve  as  an  effic ie n t  and  accur a t e

infor m a t i o n  collec t i n g  mec h a n i s m  for  the  Polish  capi ta l  mar k e t ?

It  is  impor t a n t  to  both  privat e  and  gove r n m e n t  me m b e r s  to  be  able

to  rely  on  data  fro m  the  financ i a l  mark e t  as  a  reliab l e  meas u r e  of

the  mar ke t  for  capi t a l .   This  ques t i o n  focus e s  on  the  W S E ' s  role  of

repre s e n t i n g  the   alloca t i o n  of  capi ta l  resou r c e s ,  and  whet h e r  this
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proce s s  is  carried  out  effic i e n t l y .   Tho u g h  the  resul t s  sho w

signif i c a n t  impr o v e m e n t  whe n  com p a r e d  to  other  emer g i n g

mar k e t s ,  the  in- depth  stock  analys i s  sho w s  signi f i ca n t

ineff ic i e n c i e s .

Thou g h  the  existen c e  of  mar k e t  ineff ic i e n c i e s  often  requ ir e s

the  abili ty  to  mak e  syste m a t i c  profi t ,  this  is  not  necess a r i l y  true  on

the  WS E ,  whic h  blocks  trades  after  a  secur i t y  has  chan g e d  by  10 %

in  one  day.   There f o r e ,  the  abili ty  to  make  a  syste m a t i c  prof i t  is  a

separ a t e  ques t io n  that  needs  an  extens i o n  of  the  stand a r d  resul ts  to

ans w e r .   Tests ,  which  discou n t e d  for  this  regula t i o n ,  still  foun d

stocks  to  be  weak  for m  ineff i c i e n t  today .   Ther e f o r e ,  infor m e d

inves to r s  can  outpe r f o r m  the  mar k e t  retur n  by  seekin g  out

prof i t a b l e  tradin g  strateg i e s .   Thou g h  the  sugges t e d  tradin g

strateg i e s  are  signi f ic a n t ,  the  disco v e r y  prove s  the  exis te n c e  of

prof i t a b l e  strate g i e s  and  enco u r a g e s  the  search  for  other s .

The  third  ques t io n  inspi r i n g  the  tests  in  this  study  asks  how

the  W S E  com p a r e s  to  other  emer g i n g  mar k e t s  of  simil a r  age.   The

W S E  is  sho w n  to  be  in  the  highe r  tier  of  effic i e n c y  of  the  other

emer g i n g  mar k e t s  for  whic h  data  is  avai la b l e .   The  other  avai la b l e

resea r c h  on  emer g i n g  mar k e t  effic ien c y  only  analyz e s  all- share

mar k e t  indice s ,  repre s e n t i n g  all  the  secur i t i e s  on  an  excha n g e .

This  is  done  mainl y  beca u s e  better  data  does  not  exist  for  these

other  exch a n g e s .   Effec t s ,  whic h  migh t  crea t e  ineff ic i e n c y  in

indiv id u a l  secur i t i e s ,  are  avera g e d  out  on  the  index  as  a  whole .

Ther e f o r e ,  these  resul t s  provi d e  som e  insigh t  into  how  the  mar k e t s

com p a r e ,  but  are  not  at  all  prec is e .

Last ly ,  this  resea r c h  cons ide r s  what  lessons  can  be  learne d

fro m  the  devel o p m e n t  of  the  W S E  for  other  emer g i n g  secur i t y
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mar k e t s .   Thou g h  certain  trends  are  visibl e  in  the  resul ts ,  the  mos t

signi f i c a n t  is  the  rapid  adva n c e  in  mar k e t  efficie n c y  that  was

obser v e d  with  the  introd u c t i o n  of  the  W A R S E T  elec t r o n i c  tradin g

syste m ,  a  mod e r n  syste m  used  in  nu m e r o u s  deve lo p e d  mar k e t s .

The  readi ly  avai la b l e  access  to  the  mar k e t  provi d e d  by  this

syste m ,  and  full  infor m a t i o n  return e d  to  inves to r s  was  sho w n  to  be

very  signi f ic a n t  in  impr o v i n g  the  W S E  in  ter m  of  effic ie n c y  and

adva n c i n g  it  past  other  simi la r  excha n g e s .   The  other w i s e  slow

incor p o r a t i o n  of  impr o v e d  infor m a t i o n  can  assist  other  finan c i a l

mar k e t  part ic ip a n t s  with  their  expe c t a t i o n s .   Thes e  lessons  are  also

like ly  to  perta in  mos t  to  the  W S E  itself ,  whic h  still  has  muc h

develo p m e n t  in  its  future .

7



II.  Literature Review

The  subjec t  of  mar k e t  effic ie n c y  has  been  intens e l y  studi e d

over  the  last  30  years .   (Fa m a  1991 )   The  main  princ ip l e s  of

mar k e t  efficie n c y  were  cons o l id a t e d  in  1970  by  Euge n e  Fa m a  in

his  “Eff ic i e n t  Capit a l  Mar k e t s :  A  Revie w  of  The o r y  and  Em pi r i c a l

W or k , ”  whic h  is  a  revie w  of  the  mos t  impor t a n t  effic ie n t  mar ke t

litera tu r e  avai lab l e  at  the  time .   In  doing  so,  Fa m a  lays  dow n  the

theore t i c a l  fra m e w o r k  upon  whic h  mar ke t  effic ien c y  resea r c h  is

base d .   Fa m a  likens  mar k e t  efficie n c y  with  the  abili ty  of  firms  to

mak e  effec t iv e  “prod u c t i o n - invest m e n t  decis io n s ”  base d  on

financ i a l  mark e t  prices .   This  idea  is  the  core  of  wha t  is  today

kno w n  as  the  Effic ie n t  Mar k e t  Hyp o t h e s i s  (E M H ) .  The  EM H

impl ie s  that  syste m a t i c  profi t  in  capi ta l  mar k e t s  is  impos s i b l e ,  and

is  this  way  tested .   Ho w e v e r ,  Fa m a  goes  beyo n d  defin in g  mark e t

efficie n c y  and  divide s  the  resea r c h  on  the  subjec t  into  three  group s

or  degre e s  of  efficie n t  mar k e t s :  wea k  for m,  semi- stron g  for m,  and

stron g  for m.

 We a k  for m  mark e t  efficie n c y  is  the  lowe s t  for m  of

efficie n c y ,  and  only  require s  that  past  prices  and  retur n s  cann o t  be

used  as  a  predi c t i v e  tool  for  future  securi t y  return s .   We a k  for m

efficie n c y  can  be  tested  by  the  fair  ga m e  and  rando m  walk  mod e l s

descr ib e d  in  the  Fam a  litera tu r e .   He  sho w s  deve l o p e d  finan c i a l

mar k e t  to  be  wea k - for m  efficie n t  even  in  1970 .   The  recen t

litera tu r e  is,  on  the  mos t  part ,  simpl e  extens io n s  of  the  Fa m a

studie s .   Ma g n u s  Ma g n u s s o n  and  Bruc e  W y d i c k  discus s  wea k

for m  effic ien c y  in  the  new  Africa n  mark e t s  and  cite  simil a r  tests
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for  South  Asian  and  Latin  A m e r i c a n  mar k e t s .   This  paper

sum m a r i z e s  the  state  of  emer g i n g  mar ke t s  aroun d  the  world  fro m

a  wea k  for m  effic ie n c y  persp e c t i v e .   Ho w e v e r ,  their  resul t s  are

mixe d ;  only  five  of  the  eight  Afric a n  mark e t s  focuse d  on  are

foun d  to  conf o r m  to  a  stand a r d  rando m  walk  mod e l .   My  study

dra w s  heavi ly  fro m  the  theor e t i c a l  fram e w o r k  laid  dow n  in  Fa m a

and  applic a t i o n  fro m  these  new e r  works ,  such  as  the  Mag n u s s o n

and  Wy d i c k  study .

The  collec t i o n  of  litera tu r e  conce r n i n g  financ i a l  mark e t

efficie n c y  speci f i c a l l y  of  Polan d ' s  W S E  is,  by  all  mea n s ,  limited .

Ho w e v e r ,  basic  tests  of  mar k e t  effici e n c y  have  been  perfo r m e d .

The  paper  by  Fred  Wh e e l e r ,  Bill  Neal e ,  Thad e u s z  Ko w a l s k i ,  and

Steve  Letza  studi es  the  War s a w  Stock  Exc h a n g e  betw e e n  1991

and  1997  in  an  atte m p t  to  disce r n  wea k - for m  efficie n c y .   The

paper  finds  the  earl ie s t  secur i t i e s  trading  on  the  exch a n g e  to

exhib i t  signi f i c a n t  seria l  corre l a t i o n .   An  impor t a n t  barr ie r  to

efficie n c y  was  foun d  to  be  a  tradin g  regula t i o n ,  whic h  does  not

allo w  secur i t ie s  to  trade  outside  of  a  10 %  range  on  any  given  day.

The  metho d s  used  in  this  paper  will  be  exten d e d  to  the  entire  set

of  secur i t i e s  tradin g  up  to  today .

Hara l d  Hen k e  appro a c h e d  mar k e t  efficie n c y  fro m  a  differ e n t

angle  by  focus i n g  on  the  Janua r y  effec t .   The  Janua r y  effec t  is

usual ly  expla in e d  to  be  a  resul t  of  tax  bene f i t s  to  selling  stock  at

the  end  of  the  year .  (Jones ,  Pearc e ,  and  Wils o n  1987,  p453) .

Ho w e v e r ,  Henk e  sugges t s  that  this  is  not  the  case  in  Polan d ,  since

Polan d  does  not  have  a  secur i t y  tax  law.   My  resea rc h  will  exten d

his  across  other  mar k e t  seg m e n t s .   Thou g h  he  mak es  an  interes t i n g

disco v e r y ,  his  expla n a t i o n  migh t  be  lackin g .   Tho u g h  Polan d  does
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not  have  a  capi ta l  tax,  foreign  inves to r s  would  still  be  subjec t  to

the  tax  laws  in  the  count r y  whic h  they  live  in.   Ther e f o r e ,  the

Janua r y  effec t  obser v e d  on  the  WS E  migh t  not  be  as  pecul ia r ,  as

Hen k e  sugge s t s .

W hi l e  testing  wea k  for m  mar k e t  efficie n c y  only  requi re s

histo r i c a l  price  data ,  the  se mi- stron g  and  strong  for m  efficie n c y

tests  introd u c e d  in  Fa m a ' s  1970  work  are  mor e  com pl i c a t e d

beca u s e  they  requir e  som e  for m  of  funda m e n t a l  data .   Thou g h

these  resul ts  would  be  very  releva n t ,  the  analy s i s  is  not  poss ib l e

with  the  limit e d  funda m e n t a l  data  avai l ab l e  fro m  the  W S E .
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III.   Theory  of  Weak  Form  Market  Efficiency  and

Applications

Mar k e t  effic ien c y  theor y  is  rooted  on  the  princi p a l  that

mar k e t s  shou ld  effec t iv e l y  alloca t e  own e r  resou r c e s  amo n g  capita l

stock .  (Fa m a  1970 )   

“ In  gener a l  term s ,  the  ideal  is  a  mar k e t  in  whic h  price s

provid e  accu r a t e  signa l s  for  resour c e  alloca t io n :  that  is,

a  mar k e t  in  whic h  firms  can  ma k e  prod u c t i o n -

inves t m e n t  deci s io n s ,  and  inves t o r s  can  choos e  amo n g

the  secur i t i e s  that  repres e n t  own er s h i p  of  firms '

activi t i e s  unde r  the  assu m p t i o n  that  secur i t y  price s  at

any  time  “fully  reflec t ”  all  avai l ab l e  infor m a t i o n .   A

mar k e t  in  which  price s  alwa y s  “fully  reflec t ”  avai lab l e

infor m a t i o n  is  called  “effic i e n t ”  (Fa m a  1970,  p383 ) .

This  is  an  impor t a n t  aspe c t  of  the  Effic i en t  Mar k e t  Hyp o t h e s i s

(E M H ) ,  whic h  was  introd u c e d  by  Fa m a  short l y  befo r e  his  surve y

on  the  litera tu r e .   The  EM H  requ ir e s  that  outpe r f o r m i n g  the

mar k e t  consi s t e n t l y  is  impos s i b l e .   Price s  shoul d  equa l  the

disco u n t e d  value  of  future  cash  flow s  (Bre al e y  and  Mye r s  2003,

p346- 347) .   In  an  effic ie n t  mar ke t ,  curre n t ly  avai la b l e  infor m a t i o n

is  used  to  mak e  a  best  esti m a t e  of  future  cash  flow s  or  divide n d s .

Thes e  future  cash  flow s  are  then  disco u n t e d  to  repres e n t  the

indiv id u a l ' s  prefe r e n c e  for  retur n s  closes t  to  the  prese n t  period .

Acc o r d i n g  to  this  theor y ,  future  retur n s  are  base d  on  rando m

infor m a t i o n  not  availa b l e  in  the  curren t  envir o n m e n t .  
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The  EM H  is  impor t a n t  to  studi e s  of  mar k e t  effic ien c y

beca u s e  it  impli e s  that  syste m a t i c  prof i t s  in  finan c i a l  mar k e t s  are

impos s i b l e .   To  syste m a t i c a l l y  ma k e  a  prof i t  in  a  capi t a l  mar k e t

the  inves t o r  mus t  posse s s  som e  sort  of  super i o r  kno w l e d g e  or

meth o d .   This  could  mea n  a  tradin g  strate g y  based  on  publi c l y

avai la b l e  infor m a t i o n ,  whic h  can  cons i s t e n t l y  be  imple m e n t e d  to

mak e  a  prof i t ,  or  better  infor m a t i o n  with  whic h  to  mak e  decis io n s

that  all  mar k e t  parti c ip a n t s  do  not  have  avai lab l e .   A  mar k e t

conf o r m i n g  to  the  EM H  rules  out  both  of  these  possib i l i t i e s

beca u s e  they  would  allo w  for  syste m a t i c  prof i t .   If  the  EM H  can

be  prove n  to  hold  for  a  certa in  mar k e t ,  inves to r s  can  not

consi s t e n t l y  “bea t  the  mar k e t . ”   (Ho w e v e r ,  investo r  retur ns  still

exper i e n c e  risk  and  variab i l i t y  that  can  be  mista k e n  for

outpe r f o r m i n g  the  mark e t  in  the  shor t - run.)   In  such  a  mar k e t ,

inves to r s  can  not  expec t  retur n s  higher  than  the  mar k e t  retur n  and

there f o r e  shou l d  not  was te  time  and  mone y  atte m p t i n g  to  do  so.

Ther e f o r e ,  testing  for  the  EM H  is  very  impor t a n t  to  invest o r s  since

it  gives  insigh t  into  the  opt im a l  invest m e n t  strateg y .

Fa m a  set  the  stand a r d  by  divid in g  the  work  and  study  of

mar k e t  efficie n c y  into  the  three  subc a t e g o r i e s  of  wea k ,  semi -

stron g ,  and  stron g  for m  effici e n t  mar k e t  hypo t h e s i s .   Thes e  level s

define  degr e e s  of  effic i e n c y  and  requi r e  varia t i o n s  in  techni q u e  to

study .   The y  are  discus s e d  furthe r  here  with  an  emp h a s i s  on  the

wea k  for m  effic ien c y ,  whic h  is  applied  in  this  study.

1. Fair Game Model

We a k  for m  mar k e t  effic i en c y  is  the  lowe s t  for m  of

efficie n c y .   It  requ ir e s  that  pas t  prices  and  retur n s  cann o t  be  used
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as  a  predi c t i v e  tool  for  future  mov e s  in  asset  prices .   (The

equat io n s  used  here  to  descr ib e  the  mod e l s  com e  fro m  the

Ma n d i l a r a s  class  notes ,  as  their  mean i n g  is  ident i ca l  to  the  Fa m a

litera tu r e . )   We a k  for m  effic ie n c y  can  be  tested  by  the  gener a l

grou p  of  fair  ga m e  mod e l s .   The  fair  ga m e  mod e l  assu m e s  there  is

no  syste m a t i c  diffe re n c e  bet w e e n  actua l  and  expe c t e d  return s

(Ma n d i l a r a s  2003 ).   This  is  tested  by  crea t in g  the  follo w i n g  mod e l :

r i , t1=E r i , t1 |ti , t1 Eq.  1

wher e  at  time  t+1 r i , t1 is  the  actua l  retur n  to  secur i t y  i, E r i , t1 |t is

the  expe c t e d  return  condi t i on e d  on  the  set  of  infor m a t i o n  avai lab l e

at  time  t,  and i , t1 is  the  set  of  residu a l s .  A  fair  ga m e  is  desc r ib e d

by  charac t e r i s t i c s  of  the  residu a l  ter ms .   The  error  ter m  must  have

three  prope r t i e s .   First ,  it  mus t  have  a  cond i t i o n  expe c t e d  value  or

cond i t i o n e d  avera g e  of  zero :   

E i , t1 |t=0 Eq.  2

Ther e f o r e ,  actua l  return  does  not  diffe r  syste m a t i c a l l y  fro m  the

expe c t e d  retur n .   This  implie s  that  expe c t e d  retur n s  are  ration a l .

Further m o r e ,  the  error  ter m  must  be  uncor r e l a t e d  with  the

cond i t i o n a l  expe c t e d  retur n .   

E i , t1 E r i , t1 |t  |t =E ri , t1 |t E i , t1 |t =0 Eq.  3

This  mean s  the  error  ter m  must  be  cond i t i o n a l l y  indep e n d e n t  of

the  mag ni t u d e  of  the  condi t i o n a l  expec t e d  retur n  on  the

inves t m e n t .   Last l y ,  the  error  ter m  must  not  be  seria l l y  corre l a t e d .   

E i , t1 j , t1 |t=0

Eq.  4

E i , t1i , t |t=0 Eq.  5

E i , t j , t1 |t=0 Eq.  6
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Thes e  prope r t i e s  of  the  residu a l  ter m  define  a  fair  ga m e ,  and  all

mus t  hold  for  a  fair  gam e  to  exist .   These  are  testab l e  mod e l s  of

wea k  for m  mar k e t  effic ie n c y  that  focus  on  the  relat ion s h i p

bet w e e n  condi t i o n a l  expe c t e d  and  actual  retur n .   Like w i s e ,  data

for  both  of  these  variab l e s  is  neces s a r y  to  test  a  fair  ga m e  mod e l .

A  very  simi la r  mod e l  is  the  sub  mar t in g a l e  mod e l ,  whic h

only  mak e s  one  smal l  adjus t m e n t  to  the  abov e .   In  the  sub

mart ing a l e  mod e l ,  the  expe c t e d  retur n  is  consid e r e d  to  be  sligh t ly

posi tive  instea d  of  zero  (Fa m a  1970 ,  p386 ) .   This  adjust s  for

empi r i c a l  resul ts ,  which  sho w  that  the  retur ns  on  invest m e n t s  are

posi tive .   This  is  cause d  by  the  risk  inher e n t  to  capi ta l  inves t m e n t .

The  resul t i n g  chang e  to  equat io n  2  is:

E r i , t1 |t ≥ 0 . Eq.  7

2. Random Walk Model

The o r y

A  separ a t e  exte ns i o n  of  the  fair  ga m e  is  the  rando m  walk

mod e l .   Wh i l e  the  fair  ga m e  mod e l  essen t i a l l y  only  requi re s  the

error  term  to  have  a  condi t i o n a l  mea n  of  0,  the  rando m  walk

mod e l  requ ir e s  the  residu a l s  to  also  be  distr ibu t e d  nor m a l l y .   Since

chan g e s  in  funda m e n t a l  values  and  price s  are  based  on  new s ,  the

follo w i n g  must  hold :

E r i , t1 |t=r i , t . Eq.  8

The  expe c t e d  return  tom or r o w  is  simpl y  the  retur n  today .

One  can  then  transf o r m  Eq.  1  to:

r i , t1=r i , ti , t1 .
                                        Eq.  9
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The  best  esti m a t e  of  tom or r o w ’ s  return  is  toda y ’ s  plus  an

error  ter m.   Tests  of  this  mod e l  requi r e  studyi n g  the  residua l

ter ms ,  as  in  the  fair  ga m e  mod e l .    Since  the  mod e l  is  deriva t i v e  of

the  fair- gam e  mod e l  the  sam e  restr i c t i on s  mus t  be  placed  on  the

error  ter m  for  it  to  hold  (eqs.  2- 6).   A  rando m  walk  exten d s  the

fair- ga m e  mod e l  to  includ e  for m a t i o n  of  expec t a t i o n s .    The  mod e l

requi re s  that  secur i t y  prices  fully  reflec t  all  avai la b l e  infor m a t i o n

conc e r n i n g  the  secur i t y ,  and  return s  to  be  evenl y  distr ibu t e d  and

indep e n d e n t  of  previo u s  retur n s  (Fa m a  1970,  p386 - 387) .   In

pract i c e ,  this  requ ir e s  the  residu a l  ter m  to  have  an  actua l  mea n  of

zero, a n d  not  just  a  cond i t i o n a l  mea n  of  zero .

Appl i c a t i o n

Em pi r i c a l l y ,  weak  for m  mar k e t  efficie n c y  has  been  sho w n  to

exis t  in  US  and  UK  financ i a l  mark e t s  (Fa m a  1970 ) .   The  studi e s

entai l  lookin g  for  signi f i ca n t  seria l  corre l a t i o n  in  mar k e t  retur n s .

Ho w e v e r ,  these  early  studi es  were  not  entir e ly  concl u s i v e .   We a k -

for m  effic ien c y  resear c h  also  involv e d  tests  of  speci f i c  tradin g

strateg i e s  and  their  effec t i v e n e s s .   Thes e  were  sho w n  to  be

gener a l l y  inef fec t iv e .   Bach e l i e r  prop o s e d  testing  secur i ty  retur n s '

likene s s  to  a  nor m a l  distr ibu t i o n ,  as  in  the  rando m  walk  mod e l .

The  empi r i c a l  resul ts  of  the  time  sho w  retur n s  close ly  matc h i n g  a

nor m a l  distr ibu t io n  with  the  exce p t io n  of  “high  tails .”   This

impl ie s  high  stand a r d  devia t i o n  mov e s  are  dispr o p o r t i o n a l l y

like ly .   Ho w e v e r ,  Fa m a  concl u d e s  that  these  distr i bu t i o n s  are

stabl e  and  do  not  cont ra d i c t  the  rando m  walk  mode l  beca u s e

return s  are  still  evenl y  distr ibu t e d  thoug h  a  highe r  amo u n t  of
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vola t i l i ty  is  obser v e d  than  is  expec t e d  by  the  nor m a l  distr ibu t io n

(Fa m a  1970 ) .

Most  of  the  tests  fro m  the  recen t  litera tu r e  are  simpl e

extens i o n s  or  deriva t i v e s  of  earl ie r  ones .  These  resul ts  have  been

mixe d .   Paper s ,  such  as  Ma g n u s s o n  and  Wy d i c k ' s ,  see m  to  prove

wea k  fro m  effic ien c y  exists  in  a  num b e r  of  the  new  Africa n

mar k e t s  and  cite  simi l a r  resul t s  for  South  Asia n  and  Latin

A m er i c a n  mark e t s .   Tho u g h  weak  for m  mark e t  effici e n c y  is

furthe r  broke n  dow n  into  3  degre e s  in  this  study,  five  of  the  eight

mar k e t s  studi e d  are  foun d  to  conf o r m  to  a  basic  rando m  walk

mod e l .   A  simple r  study  is  cond u c t e d  on  the  Gul f  count r i e s  by

Mo h a m e d  El- Erian  and  Man m o h a n  Ku m a r .   The  study  discov e r s

som e  evide n c e  of  wea k - for m  ineff ic i e n t  mar ke t s .   Serial

corre l a t i o n  of  higher  degr e e s  is  found  in  the  study  of  mark e t

indice s ,  whic h  indica t e s  that  price  mov e m e n t s  can  be  predi c t e d  by

previo u s  retur n s .   This  study  is  imple m e n t e d  firstly  by  testing  for

autoc o r r e l a t i o n  in  the  residu a l s  of  a  rando m  walk  mod e l .   The  El-

Erian  and  Ku m a r  study  also  imple m e n t s  a  runs  test,  whic h  has  a

simi la r  objec t iv e  to  the  autoc o r r e l a t i o n  test .   Ho w e v e r ,  the  runs

test  is  non- para m e t r i c  and  does  not  depe n d  on  the  mag ni t u d e  of

price  chan g e s .   Equa l  studie s  will  be  imple m e n t e d  on  W S E  index

and  indiv id u a l  stock  data  in  this  paper .   Thes e  resul ts  can  then  be

easily  com p a r e d  to  these  previo u s  studi e s .
1  

Ho w e v e r ,  the  previo u s

studie s  of  emer g i n g  mar k e t s  are  very  muc h  const r i c t e d  by  the

avai la b l e  data ,  and  only  prov i d e  the  gene r a l  resu l t s  sum m a r i z e d

abov e .   The r e f o r e ,  the  com p a r i s o n  of  mark e t s  will  be  at  a  mos t

1For more details see the Methodology section of this paper, Chapter 6.
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super f i c i a l  level ,  since  only  these  wea k - for m  effici e n c y  test  resul t s

can  be  com p a r e d .
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IV. Historical and Financial Background of Poland

1. The Warsaw Stock Exchange

The  War s a w  Exc h a n g e  has  a  surpr i s in g l y  long  histor y  dating

back  to  1817,  whe n  an  equity  and  debt  exch a n g e  was  open e d  in

Polan d .   This  excha n g e  gre w  over  the  next  hund r e d  twent y  year s

and  actua l ly  had  130  instru m e n t s  tradin g  in  1938,  right  befor e  the

begin n i n g  of  Wor l d  War  II  (War s a w  Stock  Exc h a n g e ,  “A bo u t  the

Exc h a n g e : H i s t o r y ” ) .   Ho w e v e r ,  with  the  accep t a n c e  of  the

Co m m u n i s t  econ o m i c  and  polit ic a l  syste m  cam e  the  aboli sh m e n t

of  free- mark e t s ,  includ i n g  the  W ar s a w  bours e .   Afte r  the  fall  of

com m u n i s m  in  easte r n  Europ e ,  the  War s a w  Stock  Exch a n g e  was

resur r e c t e d  in  1991.   The  War s a w  Stock  Exc h a n g e  joint  stock

com p a n y  was  crea t e d  by  the  State  Treas u r y  as  a  signi f i ca n t  step  in

libera l i z i n g  the  econ o m y  and  capita l  mark e t s .   On  Apr i l  16,  1991

the  exch a n g e  open e d  its  doors ,  thoug h  only  5  secur i t ie s  trade d  at

the  time .   Since  then ,  the  excha n g e  has  mad e  signi f ica n t  progr e s s

and  now  oper a t e s  a  viabl e  tradin g  syste m  with  simi la r

chara c t e r i s t i c s  and  contro l s  as  other  devel o p e d  financ i a l  mar k e t s .

The  exch a n g e  has  attrac t e d  a  signi f i c a n t  amo u n t  of  foreign

inves t m e n t ,  whic h  repres e n t s  35 %  of  share h o l d e r s  in  the  last

surve y .   (See  Table  1.)   Ho w e v e r ,  the  nu m b e r  of  insti tu t i o n a l

inves to r s  is  relat ive l y  smal l  in  com p a r i s o n  to  devel o p e d  mar k e t s

(Hen k e  2004) .   Further m o r e ,  the  W S E  has  exper i e n c e d  signi f ic a n t

gro w t h  in  ter m s  of  mar k e t  capi ta l i z a t i o n  and  mar k e t  turno v e r ,  seen

in  Table  2.   In  theor y ,  efficie n c y  should  impr o v e  as  the  excha n g e

and  tradin g  volu m e  gro w s  (El- Erian  and  Ku m a r  1995 ) . T h o u g h
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this  clai m  maint a i n s  som e  truth  on  the  W S E ,   it  is  far  fro m  a

com pl e t e  pictu re  of  the  chan g e s  occu r r i n g  on  the  exch a n g e .

Table  1.  W S E  Trad in g  by  Inves t o r  Type

Source:   Warsaw  Stock  Exchange  Website
Note:  The table  is from a survey  of market  participants,  showing  what
percentage  would  qualify  themselves  as foreign  investors,  institutional , or
individual  investors.   The survey  was conducted  between  1997  and 2003.

19

Investors  Instrument 1997 1998 1999 2000 2001 2002.1 2002.2 2003.1
Foreign shares 38 39 34 28 34 36 34 35

Futures - - 4 2 2 1 2 2
Domestic shares 38 39 44 50 37 31 27 28
Individual Futures - - 81 85 83 80 79 75
Domestic shares 24 22 22 22 29 33 39 37

Institutional Futures - - 15 13 15 19 19 23



Table  2

(This  wil l  be  visib l e  in  the  attach e d  file.)

The  table  sho w s  the  mos t  impor t a n t  statis t ic s  for  the  W S E ,

and  their  gro wt h .
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2. Polish Capital Structure

The  structu r e  of  the  Polish  Cap i t a l  mark e t s  is  very  simi la r  to

that  of  the  US.   (See  Gra p h  1.)   The  Polish  Sec ur i t i e s  and

Exc h a n g e  Co m m i s s i o n  over lo o k s  and  moni t o r s  all  aspec t s  of  the

syste m  to  maint a i n  fair  and  balan c e d  transa c t i o n s .   This  is  an

impor t a n t  featu r e  to  any  inves to r  that  provid e s  som e  assur a n c e

that  his/he r  capi ta l  won ' t  be  misha n d l e d .   At  the  hear t  of  the  actua l

syste m  is  the  War s a w  Stoc k  Exc h a n g e .   Co m p a n i e s  can  issue  their

share s  as  long  at  the  book  value  of  the  com p a n y  exce e d s  four

mil l ion  PL N ,  the  value  of  the  shares  exce e d s  four  mil l ion  PL N ,

and  the  Exc h a n g e  Supe r v i s o r y  Boar d  appr o v e s  the  listing

(War s a w  Stock  Exc h a n g e  webs i te ,  “Ab o u t  the  Exc h a n g e :

Regu l a t i o n s ” ) .   Issuer s  use  the  servi c e s  of  broke r a g e  hous es  to  list

and  offer  equity  or  debt  instru m e n t s  on  the  excha n g e .   Like w i s e ,

inves to r s  can  access  the  exch a n g e  by  havin g  an  accou n t  with  a

broke r a g e  house .   Thes e  broke r a g e  house s  can  also  access  CeT O

(Cent r a l  Table  of  Offe r s , )  Polan d ' s  over  the  count e r  excha n g e .

Thes e  instru m e n t s  do  not  have  to  meet  the  W S E ' s  requi re m e n t s  for

list ing  or  main t e n a n c e ,  but  are  subje c t  to  the  Polish  Secu r i t y  and

Exc h a n g e  Co m m i s s i o n ' s  rules  and  scrut in y .   This  elec t r o n i c

tradin g  syste m  is  intend e d  for  smal le r  firms  to  raise  capi ta l  and

awar e n e s s .   The  Natio n a l  Dep o s i t o r y  for  Secu r i t i e s  prov i de s

clear in g  and  settle m e n t  servic e s  for  all  publi c ly  trade d  secur i t i e s

(War s a w  Stock  Exc h a n g e  webs i t e ,  “Ab o u t  the  Exc h a n g e ” ) .   These

com p o n e n t s  ma ke - up  the  Polish  capi ta l  mar k e t .   This  mod e l ,  very

simi la r  to  that  in  the  US,  will  allo w  the  capi ta l  mar k e t s  to  opera t e

effec t ive l y  and  gro w  if  the  establ i s h e d  guide l in e s  and  rules  are

effec t ive l y  enfor c e d .
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Grap h  1.  Polish  Cap i t a l  Structu r e

Source:  Warsaw  Stock  Exchange  Website
Note:  This  graph  represent  the structure  of the Polish  Capital
market  and the important  groups  within  it.  The lines  show  links
and contact  between  groups.

The  trading  syste m  in  place  since  Nov e m b e r  17,  2000  is  the

War s a w  Stock  Exc h a n g e  Trad i n g  Syste m ,  kno w  as  the  W A R S E T .

Virtua l l y  ident i ca l  syste m s  are  in  place  in  Par is ,  Bruss e l s ,  and

A m st e r d a m .   The  elec t r o n i c  syste m  auto m a t e s  order  handl i n g  by

direct ly  for w a r d i n g  custo m e r  order s  from  the  broke r a g e  house  to

the  exch a n g e .   The  syste m  then  matc h e s  order s  base d  on  the

follo w i n g  objec t iv e s :   a)  max i m i z i n g  volu m e  ,  b)  mini m i z i n g  the

size  of  sell  and  buy  orde r s  at  the  trade  price ,  c)min i m i z i n g  the

trade  price  and  theor e t i c a l  price  (spec i f i c a l l y  on  openi n g  trades ) .

Thes e  princi p l e s  hold  in  matc h i n g  trades  throu g h o u t  the  day,  but

are  mos t  impor t a n t  in  deter m i n i n g  the  openi n g  price  whe n  the

order  book  can  be  full  of  order s ,  and  an  openi n g  price  mus t  be

22



deter m i n e d  to  main t a i n  the  above  princip l e s  (War s a w  Stock

Exc h a n g e  webs i te :  “Ab o u t  the  Exc h a n g e ” ) .

Tradin g  on  the  WS E  is  eithe r  contin u o u s  or  in  a  singl e - price

auct io n .   Con t in u o u s  tradin g  is  preva l e n t  today  in  the  mos t  liquid

stocks  and  all  bonds ,  inves t m e n t  cert i f ic a t e s ,  future s ,  and  warr a n t s .

Con t in u o u s  tradin g  begin s  betw e e n  9:00  and  10:00  A M,

depe n d i n g  on  the  type  of  secur i t y ,  and  close s  at  4:10  PM.   (See

Grap h  2.)   The  openi n g  and  clos in g  of  the  tradin g  day  is  done  by

auctio n ,  whe r e  all  the  order s  in  the  book  are  matc h e d  to  deter m i n e

one  price  and  all  orde r s  at  or  better  than  this  price  are  cleare d .

The  sam e  proce d u r e  is  used  on  man y  other  excha n g e s  aroun d  the

world .   Durin g  the  day,  orde r s  are  matc h e d  as  they  com e  in.   

Secu r i t i e s  tradin g  on  the  single  price  auctio n  syste m  often

trade  in  muc h  lowe r  volu m e .   The y  trade  in  two  auct io n s  daily  at

11:15  A M  and  3:00  PM,  whic h  are  held  on  the  sam e  princ ip l e s  at

the  open in g  and  closin g  auct io n s  for  contin u o u s  trading .   Invest o r s

can  also  trade  on  the  auct io n  price  for  30  minu t e s  after  the  auct io n .

The  W A R S E T  also  suppl ie s  trader s  and  broke r s  with  full  real- time

infor m a t i o n  on  the  order  book  and  tradin g  in  all  secur i t i e s .

Grap h  2:  Cont in u o u s  Tradin g  Sess io n  Sche d u l e

Source:  Warsaw  Stock  Exchange  Website
Note:  This  represents  the daily  schedule  of the WSE.
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This  syste m  see m s  to  be  an  effic i en t  elec t r o n i c  trading

syste m  used  in  nu m e r o u s  places  aroun d  the  wor ld  that  prov i d e s

vital  infor m a t i o n  to  parti c ip a n t s .   Since  order  matc h i n g  is

perfo r m e d  elec t r o n i c a l l y ,  there  is  little  roo m  for  trade  tam p e r i n g .

An  earl ie r  study  of  WS E  effici e n c y  done  by  Wh e e l e r ,  Nea l e ,  et  al.

impl ie d  that  trade  prices  are  som e w h a t  cont r iv e d ,  espec i a l l y  in  the

first  coup le  years  of  tradin g .   At  this  time ,  trading  was  not

contin u o u s  and  order  matc h i n g  was  the  respo n s i b i l i t y  of  a  broker .

Ho w e v e r ,  toda y ' s  elect r o n i c  tradin g  syste m  and  cont in u o u s  tradin g

for  liquid  secur i t i e s  see m s  to  circu m v e n t  these  earli e r  prob le m s .

Further m o r e ,  infor m a t i o n  see m s  to  be  impr o v e d  since  real- time

and  mor e  detai l e d  orde r  infor m a t i o n  is  avai la b l e  to  broker s ,  and

like w i s e  investo r s .

Ho w e v e r ,  one  of  the  critic is m s  of  the  Wh e e l e r ,  Nea l e ,  et  al.

paper  that  has  not  been  resolv e d  in  the  tight  tradin g  range

regula t i o n .   Stoc ks  can  only  move  ten  perce n t  per  day,  base d  on

the  clos in g  price  of  the  previo u s  day.   Tradi n g  outside  of  this

range  is  bloc k e d .   Thes e  price  variat io n  limits  see m  to  disrup t

efficie n t  mar k e t  trans a c t io n s ,  as  was  foun d  to  be  true  in  Wh e e l e r ,

Nea le ,  et  al.   The  Ne w  Yor k  Stock  Exch a n g e  (N Y S E )  uses  limits

on  inde x  mov e m e n t s  not  on  indiv id u a l  stocks ,  as  it  is  not

extre m e l y  unco m m o n  for  NY S E  issues  to  mov e  outs ide  of  the

10 %  range .   The  price  limits  of  indice s  migh t  be  necess a r y  to

protec t  a  capi ta l  syste m  if  inves to r s  beco m e  irrat ion a l  in  the  short

ter m.   Ho w e v e r ,  protec t in g  indiv id u a l  com p a n y  issues  like  the

W S E ,  will  certa in l y  be  detri m e n t a l  to  mar k e t  effici e n c y .
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3.  Indices

In  my  test ,  I  look  at  sever a l  of  the  mos t  impor t a n t  indice s  on

the  W S E .   The  WI G  index  is  mea n t  to  best  repre s e n t  the  total

return  of  the  W S E .   It  has  98  me m b e r s  and  can  be  best  com p a r e d

to  the  S& P  500  index  in  the  US.   It  is  capi ta l i z a t i o n  weig h t e d ,  and

no  one  stock  can  exce e d  ten  perce n t  of  the  value  with in  the  WI G .

It  includ e s  divide n d s  and  pree m p t i v e  right s  and  is  rew ei g h e d  on  a

quart e r l y  basis .   In  gener a l ,  it  provid e s  the  best  estim a t i o n  of  total

mar k e t  retur n ,  since  it  is  the  larges t  index .   

In  contra s t ,  the  WI G 2 0   repres e n t s  rough l y  the  20  highes t

turno v e r  stocks  tradin g  on  the  W S E ,  thoug h  each  of  the  majo r

secto r s  mus t  be  repre se n t e d .   Each  indiv id u a l  stock  is  assign e d  a

rank  based  largely  upon  excha n g e  volu m e .   The  stock 's  weig h t

with in  the  index  is  based  on  this  rankin g .   Ho w e v e r ,  divide n d s  and

pree m p t i v e  right s  are  exclud e d  fro m  index  calcu l a t i o n s .   The

WI G 2 0  is  largely  follo w e d  as  a  stron g  indica t o r  of  the  W S E .

Futu r e s  and  option  deriva t i v e s  trade  on  the  W S E ,  as  well .   It  is

very  simi la r  to  the  N Y S E ' s  Do w  Jones  Indus t r i a l  Ave r a g e  in

structu r e .   Like w i s e ,  it  is  a  popu la r  and  close l y  follo w e d  meas u r e

of  mark e t  perfo r m a n c e .

The  MI D W I G  is  com p o s e d  of  40  midd le  size  com p a n i e s  not

includ e d  in  the  WI G 2 0 .   Like  the  WI G 2 0  the  index  exclu d e s

divide n d s  and  pre- empt iv e  right s ,  and  uses  a  simila r  rankin g

syste m  for  weig h t in g s  with in  the  index .   Last ly ,  the  WI R R  is  a

smal l  cap  index  with  67  cons t i tue n t s  curre n t l y .   It  is  a  total  retur n

index  that  requi r e s  cons t i t ue n t s  to  have  a  posi t ive  book  value ,

liquid i ty ,  and  a  value  of  less  than  1%  of  total  mar k e t

capita l i z a t i o n .   
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For  a  full  and  mor e  techn i c a l  descr ip t i o n  of  these  indic es ,  see

App e n d i x  A.

4.  A Brief Political and Economic History of Poland since 

WWI

Afte r  the  defea t  of  Ger m a n s  and  Aust r ia n s ,  Polan d  was

given  its  indep e n d e n c e  in  1918.   The  1919  Trea ty  of  Vers a i l l e s

outline d  the  new  Polan d ' s  boun d a r i e s  and  reaf f i r m e d  its

indep e n d e n c e .   Ho w e v e r ,  in  1920  Russ i a  and  Polan d ' s  dispu te

over  easte r n  Polan d  led  to  a  Russ i a n  incurs io n  into  the  count r y .

The  Russ i a n s  were  even tu a l l y  defea t e d  at  War s a w  and  pushe d

back.   In  1921 ,  the  new ly  inde p e n d e n t  and  secur e  Polan d  crea t e d  a

repub l i c a n  cons t i t u t i o n .   Ho w e v e r ,  repu b l i c a n  Polan d  was  short

lived ,  as  Pilsuds k i ,  a  W W I  milita r y  leader ,  effec t i v e l y  made

hims e l f  dicta to r  and  dis miss e d  Parl i a m e n t .   In  the  1930 ' s ,  Polan d

suffe re d  econ o m i c  depre s s i o n  and  high  une m p l o y m e n t .   The

dicta to r s h i p  continu e d  until  1939 ,  whe n  Naz i  Ger m a n y  attack e d

Polan d  and  eventu a l l y  succe e d e d .   Thou g h  Polan d  spen t  mos t  of

W W I I  under  Ger m a n  contr o l ,  the  US S R  was  awar d e d  contr o l  of

the  coun t r y  after  the  war .

The  US S R  gradu a l l y  increa s e d  its  influe n c e  of  gove r n m e n t

in  the  regio n .   In  1952 ,  the  new  cons t i t u t i o n  mod e l l e d  Polan d  after

the  US S R  and  simul t a n e o u s l y  mad e  Polan d  cont r o l l e d  by  the

US S R .   In  1956 ,  after  the  death  of  Stalin  in  1953,  Wla d y s l a v

Ge m u l k a  was  able  to  rid  Polan d  of  som e  Sovie t  impos e d  polic i es .

In  Dec e m b e r  of  1970 ,  Polan d  saw  rapid  inflat i o n  in  food  prices

and  riot  broke  out .   Ge m u l k a  was  ouste d .   Ed w a r d  Giere k  replac e d
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him  and  atte m p t e d  to  impr o v e  living  cond i t i o n  with  vary in g

succe s s .   Ho w e v e r ,  recess i o n  again  hit  in  the  mid- 1970 ' s  and  the

gove r n m e n t  had  to  again  raise  price s .   

The  susta ine d  shortag e  and  high  price  of  food  and  hous in g

led  to  the  crea t ion  of   the  labor  union  Solida r i t y  in  the  Balti c

shipy a r d s  led  by  Lech  Wale s a ,  a  shipy a r d  work e r .   The  labor

union  was  given  legal  status  for  a  short  time  and  beca m e  very

popu la r .   Sol ida r i t y  atte m p t e d  to  impr o v e  living  cond i t i o ns  and

reduc e  cens o r s h i p .   Desp i t e  this ,  mars h a l  law  was  reins t a t e d  in

1982  and  the  group  was  bann e d .   Ho w e v e r ,  the  union  rema i n e d

popu la r  unti l  the  signi f i ca n t  poli t ic a l  refor m s  allo w e d  free

elec t io n s  in  1989  (All R e f e r . c o m ,  “Pola n d :  The  Co m m u n i s t

Regi m e ” ) .

In  1989 ,  wides p r e a d  libera l i z a t i o n  took  hold .   Signi f i c a n t

steps  tow ar d s  a  free  econ o m y  were  taken .   Lech  Wale s a  was

elec te d  preside n t  in  1990 .   Wa l e s a  and  Solida r i t y  took  radica l

steps  to  turn  Pola n d  into  a  mar k e t  econ o m y .   The  larges t  indus t r i e s

were  refor m e d  and  privat i ze d ,  prices  were  freed  to  mark e t  forces ,

and  the  curre n c y  was  mad e  conv e r t i b l e  (AllR e f e r . c o m ,

“Pola n d : S o l i d a r i t y  and  a  M ul t i p a r t y  State” ) .   The  coun t r y  soon  fell

to  furthe r  econ o m i c  diffi cu l t i e s  in  the  early  1990 ' s .   The  refor m s

resul t e d  in  hype r - inflat i o n ,  good  shortag e s ,  and  high

une m p l o y m e n t .   Pol it i ca l  instabi l i t y  was  espe ci a l l y  severe  in  this

time,  whic h  includ e d  freque n t  shift s  in  pow e r .   Ho w e v e r ,  by  the

mid  1990 ' s ,  the  econ o m y  impr o v e d  and  Polan d  beca m e  the  best

perfo r m e r  in  Easte r n  Euro p e .   Tho u g h  Pola n d  enjoy e d  econ o m i c

succe s s  throu g h  the  1990 ' s ,  the  econ o m y  signi f i c a n t l y  slow e d  in

2001.   
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In  gener a l ,  the  count r y  of  Polan d  has  expe r i e n c e d  poor  living

cond i t i o n s  throu g h o u t  the  last  centu r y .   W hi l e  the  leade rs  hope d

for  a  quick  turnar o u n d  into  a  succ es s f u l  mar k e t  econ o m y ,  the

peop l e  rem ai n e d  war y .   The  coun t r y ' s  econ o m y  has  been  unable  to

pick  up  stea m  as  quick l y  as  the  leader s  had  hope d ,  and  the

transi t io n  to  a  mar k e t  econ o m y  has  prove d  difficu l t .   The  people

of  Polan d  are  still  divide d  on  the  effec t iv e n e s s  of  movi n g  to  a

mar k e t  econ o m y ,  and  a  large  grou p  prefe r s  the  regu la t e d  syste m

(Polish  Minis t r y  of  Fore ig n  Affa i r s  webs i t e ,  “Ge n e r a l  infor m a t i o n

on  the  Polish  econ o m y ” ) .   This  is  an  impor t a n t  aspec t  of

Co m m u n i s t  culture  that  is  still  prese n t  in  Polan d  today ,  and  its

influen c e  is  still  seen  in  aspec t s  of  the  Polish  econ o m y .  
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V.  Data

The  data  set  used  to  cond u c t  my  resear c h  is  mad e  avai la b l e

by  the  War s a w  Stoc k  Exc h a n g e  (W S E ) .   The  Exc h a n g e  has  kept

full  recor d s  of  trans a c t io n s  since  tradin g  was  open e d  in  1991.   The

data  tested  in  this  resea r c h  includ e s  indiv id u a l  stock  data  from

1991,  and  includ e s  all  stocks  as  they  were  adde d  to  the  W S E .

This  could  be  the  auct io n  price s  if  the  equity  is  trade d  on  a  call -

auct io n  syste m  or  the  final  auct io n  price  from  a  contin u o u s  tradin g

syste m .   Thou g h  addit i o n a l  daily  data  was  provi d e d  by  the  W S E ,

my  analys i s  requ ir e d  only  the  clos in g  price s  fro m  this  data  set.

All  the  clos in g  price s  per  year  were  delive r e d  in  year ly  datab a s e s .

To  test  effic ie n c y  facto r s  across  diffe r e n t  years ,  the  data  had  to  be

rearra n g e d  by  stock  and  mar k e t  seg m e n t ,  contin u o u s  or  auct io n ,

across  all  the  year s  in  whic h  it  trade d .   Afte r  doing  so,  I  was  also

better  able  to  chec k  for  com p l e t e n e s s  and  error s .   In  gener a l ,  the

datase t  was  com pl e t e .   On  seve r a l  occas i o n s  the  data  was  not  in

correc t  order  in  the  delive r e d  datab a s e .   Ho w e v e r ,  whe n  the  data

was  sorted ,  it  did  not  leave  any  gaps .   

The  data  did  have  som e  incons i s t e n c i e s  as  to  how  no  trade

on   a  certa in  day  was  speci f i e d .   This  incons i s t e n c y  was  hand le d

by  the  prog r a m  used  to  test  it.   Any  day  that  indica t e d  a  0  for  a

price,  replac e d  the  0  with  the  last  avai lab l e  price ,  as  was  most

com m o n .

Furthe r m o r e ,  inde x  clos in g  data  is  impor t a n t  to  my  resea r c h

and  was  obta ine d  for  the  WI G ,  WI G 2 0 ,  WI R R ,  MI D W I G ,  and

TE C H W I G  indice s .   The  data  delive r e d  includ e s  clos in g  value s

since  the  introd u c t i o n  of  each  index .   Like  the  indiv id u a l  stock
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data  it  was  delive r e d  on  a  per  year  basis ,  and  had  to  be

reorg a n i z e d .   In  gene r a l ,  the  data  set  see m e d  com pl e t e  and  correc t

after  reorga n i z a t i o n .
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VI.  Methodology

In  this  paper ,  I  cond u c t  a  thoro u g h  analy s i s  of  the  W S E  to

test  for  wea k  for m  effici e n c y .   Most  of  my  meth o d s  are  derive d

fro m  simi la r  pape r s  on  emer g i n g  capita l  mar k e t s .   Thou g h  this

allo w s  me  to  com p a r e  resul t s ,  the  for m  of  the  tests  applied  in  other

studie s  is  rathe r  narro w ,  focus in g  only  on  an  all- share  index

repre s e n t i n g  the  excha n g e .   In  mos t  cases ,  I  atte m p t  to  expa n d  the

tests  acros s  indiv id u a l  stocks  and  mult i p l e  mark e t  seg m e n t s  to

obta in  stron g e r  resul t s  and  to  better  ans w e r  the  ques t io n s  I  set  out

to  inves t ig a t e .

1. Autocorrelation of Residuals
The  autoc o r r e l a t i o n  test  is  the  mos t  signi f i ca n t  and  com m o n

test  of  rand o m  walk  beha v i o r .   The  autoc o r r e l a t i o n  test  is  a  simpl e

analys i s  of  wea k - for m  effic ie n c y .   For  a  certa in  secur i t y ,  price  in

period  t  (p t)  is  equa l  to  the  previo u s  day' s  price  plus  an  error  ter m,

pt1=ptet1

The  error  ter m  reflec t s  the  inclusi o n  of  any  new  infor m a t i o n  that

beco m e s  avai la b l e  in  period  t+1.   If  ever y  period ' s  mar k e t  price

fully  includ e s  all  avai lab l e  infor m a t i o n ,  the  chan g e s  bet w e e n

periods  shoul d  be  inde pe n d e n t  of  each  other .   Ther e f o r e ,  et+1

shou l d  be  indep e n d e n t  of  all  previo u s  e's  and  shou ld  not  exhib i t

autoc o r r e l a t i o n .   (W h e e l e r ,  Nea l e ,  et  al.  1997 ,  p47- 48)   The  test

for  autoc o r r e l a t i o n  of  these  residu a l s  tests  the  null  hypo t h e s i s  that

these  residu a l s  are  indep e n d e n t  of  each  other .
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Ho w e v e r ,  the  price  chan g e s  in  a  secur i t y  do  not  follo w  a

nor m a l  distr ibu t io n .   To  get  mean i n g f u l  resul ts  fro m  the  residua l s ,

one  mus t  look  at  the  chan g e s  in  price  retur ns ,  whic h  close l y

rese m b l e  a  nor m a l  distr ibu t io n .   This  is  done  by  taking  the  natur a l

log  of  the  price s .

t=ln  pt
t1=tt1

The  error  ter m s  should  still  be  indep e n d e n t  of  all  previo u s  ones  if

the  secur i t y  i  follo w s  the  EM H .   The  follo w i n g  hypot h e s e s  are  set

up  to  test  the  rando m  walk  theor y ,  which  requir e s  these  residu a l s

to  be  insign i f i c a n t l y  diffe r e n t  fro m  a  stand a r d  nor m a l  distr ibu t i o n

(W h e e l e r ,  Nea l e ,  et  al.  1997 ,  p  48).

H 0 : t ,t−1 ,t−2 , ... ,t−l~ N [0,2 I ] , whereVAR t=2
H 1 : t ,t−1 ,t−2 , ... ,t−l~ N [0,]

Und e r  the  null  hypot h e s i s ,   a  sam p l e  size  of  n  has  the

follo w i n g  autoc o r r e l a t i o n  funct io n :

r k =
 

t=1

n−k

t−k−t−


n

t−2

.

To  test  for  autoc o r r e l a t i o n  in  this  funct io n ,  I  imple m e n t  a

Ljun g  and  Box  statis t ic ,  whe r e  n  is  the  sam p l e  size  and  l  is  the

nu m b e r  of  lags  being  tested  (Wh e e l e r ,  Nea l e ,  et  al.  1997,  p48- 49).

Q=n n2 
k=1

l r k 2
n−k 

.

This  statis t ic  is  mor e  pow e r f u l  in  decip h e r i n g  smal l  sam p l e s  than

the  stand a r d  Box  and  Pierc e  statis t i c  used  for  these  tests ,  and  is

there f o r e  imple m e n t e d  in  my  study  (Guja r a t i  2003,  813) .   The  Q

statis t i c  is  com p a r e d  to  a  chi-  squar e  distr ibu t i o n  with  l  degre e s  of

32



freed o m  to  test  if  it  is  signi f i c a n t ly  diffe re n t  fro m  0.   If  Q  is

signi f i c a n t l y  differ e n t  from  0,  this  mea n s  that  autoco r r e l a t i o n  is

prese n t  in  the  sam pl e .   (W h e e l e r ,  Nea l e ,  et  al.  1997 ,  p  48)   Such  a

resul t  woul d  allo w  us  to  rejec t  the  null  hypo t h e s i s  that  price

return s  are  inde pe n d e n t .   

This  test  was  imple m e n t e d  by  W h e e l e r  to  test  for

autoc o r r e l a t i o n  in  the  early  histor y  of  the  W S E .   Thei r  test  crea t e d

periods  base d  on  the  nu m b e r  of  tradin g  days ,  and  tested  the  sam e

16  stocks  across  the  diffe r e n t  periods .   My  autoc o r r e l a t i o n  test

includ e s  all  stocks  to  trade  on  the  main  mar k e t  seg m e n t  of  the

W S E  and  four  indic es .   This  allo w s  me  to  exten d  the  resul t s  foun d

in  Wh e e l e r  and  com p a r e  my  inde x  resul t s  to  Ma g n u s s o n  and

W y d i c k ' s  study  on  Afr ica n  mar k e t s .   The  test  acros s  all  mar k e t

stocks  expa n d s  the  streng t h  of  the  resul ts ,  since  stocks  can  be

analyz e d  on  an  indiv id u a l  basi s .   I  also  introd u c e  new  period  brea k

dow n s  for  the  time  after  1995.   My  period  break  dow n s  are  based

on  histo r i c a l  event s  in  an  atte m p t  to  disco v e r  gener a l  trends  in

mar k e t  effic ie n c y  over  time .   This  type  of  testing  also  allo w s  me

to  isola te  certa in  facto r s  as  cont r ib u t in g  to  deter r in g  fro m

efficie n c y .   The  main  event s  by  whic h  the  period  are  broke n  dow n

is  sho w n  in  Table  3,  and  the  17  indiv id u a l  periods  are  sho w n  in

Table  4  (Per iod s  1-  17).   
2
Ho w e v e r ,  in  testing  the  WI G 2 0 ,  I  used  a

diffe r e n t  period  break  dow n .   This  break  dow n  focuse s  mor e  on

the  introd u c t i o n  of  the  WI G 2 0  futures  and  any  impa c t  they  migh t

2The number  of test required  to acquire  these  results  would  make  a manual
execution  very time consuming.   For this reason,  all my tests on an
individual  stock basis  were performed  by a program  which  I made for this
specific  data set and for the specific  tests  I needed  to perform.   Copies  of
these programs  can be made  available  on request.

33



have  on  the  efficie n c y  of  the  unde r l y i n g  index .   Thes e  periods  are

18-  24,  as  prese n t e d  in  Table  4.

Table  3.   List  of  signi f i c a n t  even ts  used  to  brea k - up  period s

Note:  This  table  represents  the major  information  events  for the
WSE,  which  this study  uses  to break down  periods.   The events  noted
here are therefore  tested  for their significance.
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Date Significance
04/16/91 1 trading day per week begins
01/01/92 2 trading days per week begin
01/01/93 3 trading days per week begin
04/16/94 WIG20 quote begins
07/01/94 4 trading days per week begin
10/01/94 5 trading days per week begin
07/08/96 First 5 stocks introduced to continuous trading
10/01/96 Real time data distribution introduced
02/03/97 WIG20 becomes continuously quoted
04/01/97 Reuters real time data introduced
01/16/98 WIG20 futures introduced
11/17/00 WARSET system introduced
11/26/01 MiniWIG20 futures introduced
01/01/03 Beginning of last year of full data
12/31/03 end of data



Table  4.   Desc r i p t i o n  of  Per iod  Brea k d o w n s

Note:  This  table  presents  each of the periods  used throughout  the analysis.
Each  of the periods  begins  on the date of the first x, and finish  on the date
after the last x.

2.  Runs Test

The  Runs  test  serves  a  simil a r  purpo s e  to  the  autoc o r r e l a t i o n

test ,  but  is  non- para m e t r i c  in  natur e .   There f o r e ,  the  mag n i t u d e  of

price  chan g e  is  incons e q u e n t i a l  in  this  test .   Like  the

autoc o r r e l a t i o n  test ,  it  is  com m o n l y  imple m e n t e d  in  wea k - fro m

efficie n c y  litera tu r e  and  prov i d e s  a  good  basi s  for  com p a r i s o n .   A

run  is  define d  as  a  seque n t i a l  set  of  price  chan g e s  of  the  sam e

sign.   To  perfo r m  this  test ,  I  chose  to  use  the  mod e l  descr ib e d  in

Guja r a t i  (200 3 ) .   The  test  com p a r e s  the  nu m b e r  of  obser v e d  runs

to  the  num b e r  of  expe c t e d  runs.   In  my  test ,  obser v e d  run  can

includ e  no  chan g e  in  price  with in  the  run.   The  num b e r  of

expe c t e d  runs  is  based  on  the  total  obser v a t i o n s ,  nu m b e r  of

posi tive  chan g e s ,  and  nu m b e r  of  negat iv e  chan g e s .   For  this  test ,
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PERIODS

Date Description 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

04/16/91 1 td X X X X

01/01/92 2 td X X X X

01/01/93 3 td X X X X

04/16/94 WIG20 intro. X X X X X X

07/01/94 4 td X X X X X X

10/01/94 5 td X X X X X X X X

07/08/96 Cont. trading X X X X X X X

10/01/96 Real time data X X X X X X X

02/03/97 WIG20 cont. quote X X X X X X X

04/01/97 Reuters real data X X X X X X

01/16/98 WIG20 fut. X X X X X X X

11/17/00 WARSET system X X X X X X

11/26/01MiniWIG20 fut. X X X X X X

01/01/03 Last year X X X X X X X

12/31/03 end of data



N  =  total  nu m b e r  of  obser v a t i o n s

N 1 =  nu m b e r  of  posi t ive  price  chan g e s

N 2 =  nu m b e r  of  negat ive  price  chang e s

R  =  nu m b e r  of  obser v e d  runs

The  null  hypot h e s i s  says  that  succe s s i v e  outco m e s  are  indep e n d e n t

of  one  anoth e r ,  simila r  to  the  autoc o r r e l a t i o n  test .   If  N 1 >10  and

N 2 >  10,  the  nu m b e r  of  runs  is  asy m p t o t i c a l l y  nor m a l l y  distr ibu t e d

with  the  follo w i n g  mea n  and  varia nc e :

Mean=E R=
2 N 1 N 2

N 
1

Variance=R
2=

2 N 1 N 22 N 1 N 2−N 

N 2N−1

I  test  for  signi f i c a n c e  at  the  one,  five,  and  ten  perc e n t  levels .   If

the  nu m b e r  of  obser v e d  runs  is  with in  the  range  of  mea n  runs  plus

or  minus  the  Z- statis t ic  times  the  stand a r d  devia t i o n ,  

E R–Z∗R≤ R≤ E RZ∗R

the  nul l  hypot h e s i s  cann o t  be  rejec t .   Other w i s e ,  the  nu m b e r  of

runs ,  is  signi f i c a n t l y  diffe r e n t  than  the  num b e r  expe c t e d .

This  test  was  perfo r m e d  on  all  the  stocks  and  indice s  in  my

data  set  with  the  sam e  period  break  dow n  descr ib e d  above  and

visib l e  in  Table  4.   The  WI G 2 0  inde x  test  was  perfo r m e d  with  the

period  break d o w n  sho w n  in  Table  4,  periods  18- 24.

3.  Weak form Tests on Weekly Returns

W hile  the  abov e  test  looks  at  wea k - for m  efficie n c y  in  daily

prices ,  these  resul ts  migh t  not  repres e n t  a  prac t i c a l  prof i t a b l e

tradin g  strateg y .   Since  the  W S E  limits  price  mov e s  in  individ u a l
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stocks  by  10 % ,  one  woul d  expe c t  to  obser v e  wea k - for m

efficie n c y .   Ho w e v e r ,  this  migh t  not  be  usefu l  in  devel o p i n g  a

prof i t a b l e  tradin g  strateg y  beca us e  no  tradin g  will  occur  if  a

secur i t y  is  value d  outside  of  that  10 %  range .   The r e f o r e ,  to

disco u n t  for  the  effec t  of  this  regu la t i o n ,  I  cond u c t  the  sam e  tests

fro m  abov e  on  wee k l y  prices .   Ove r  a  wee k ' s  time,  prices  shou l d

be  able  to  fully  incor p o r a t e  all  infor m a t i o n  in  mos t  cases  if  the

only  preve n t i n g  efficie n c y  is  the  10 %  regu la t i o n .   The r e f o r e ,  the

tests  above  shou ld  resul t  in  not  rejec t i n g  the  null  hypo t h e s i s  if  only

the  regu la t i o n  preve n t s  effic ien c y .

4.  January Effect on the WSE

The  Janua r y  effec t  was  first  notice d  in  the  US  and  says  that

stock  retur n s  in  Janua r y  outper f o r m  the  mont h l y  avera g e

consi s t e n t l y .   So m e  studi e s  also  find  that  smal l  stocks  in  part i cu l a r

perfo r m  best  in  Januar y ,  as  is  note d  in  Jones ,  Pearc e ,  and  Wilso n

(198 7 ) .   The  tradi t io n a l  expla n a t i o n  for  a  Janua r y  effec t  is  that

inves to r s  sell  losing  stocks  at  the  end  of  the  year  to  offse t  gain  in

other  stocks ,  but  then  buy  the m  back  at  the  beginn i n g  of  Janua r y .

Anot h e r  expla n a t i o n  says  mon e y  man a g e r s  sell  losing  stocks  at  the

end  of  the  year  so  they  are  not  sho w n  in  the  publ is he d  annu a l

repor t  as  hold in g  certa in  losing  stocks ,  whic h  repres e n t  bad

inves t m e n t s .   Ho w e v e r ,  these  mon e y  ma na g e r s  then  buy  the  losing

stocks  back  in  Janua r y .   Thes e  are  the  main  two  expla n a t i o n s  for

the  Janua r y  effec t .

Thou g h  the  Janua r y  effec t  see m s  to  be  absen t  in  curre n t  US

data,   Hara ld  Henk e  finds  the  Janua r y  effec t  to  exist  in  Polan d

(200 3 ) .   Curiou s l y ,  Polan d  has  no  tax  benef i t  fro m  selling  losing
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stocks ,  and  Henk e  conjec t u r e s  that  a  wind o w - dress in g  effec t

expla in s  the  Janua r y  effec t .   Hen k e  tests  the  WI G  inde x  for

Janua r y  effec t  for  data  bet w e e n  1991  and  2002 .   I  exten d  this  test

into  2003  and  includ e  the  WI G 2 0 ,  MI D W I G ,  and  other  indice s  in

my  test  desc r ib e d  belo w .   This  will  give  me  mor e  up  to  date

resul t s  on  the  Janua r y  effec t  in  Polan d  as  well  as  an  idea  of  its

preva l e n c e  in  large r  or  smal l e r  stocks  so  I  can  mak e  better

conclu s i o n s  about  its  exis te n c e  on  the  W S E .

The  first  of  the  two  alterna t i v e ,  but  related  mod e l s  of  the

Janua r y  effec t  in  Polan d  is:

Rt=0i M itt

R t repre s e n t s  stock  return s  in  mont h  t  and  M i t is  a  du m m y  variab l e

with  a  value  of  1  if  the  mon t h  is  Febr u a r y  thoug h  Dec e m b e r  and  0

other w i s e .   If  no  Janua r y  effec t  is  obser v e d  the  null  hypot h e s i s  that

Bi are  all  zero  shou l d  not  be  rejec te d .   The  existe n c e  of  a

Janua r y  effec t  is  supp o r t e d  if  this  null  hypo t h e s i s  can  be  rejec t e d .

The  secon d  mod e l  is  a  resu l t  of  the  first  and  main ta i n s  that

all Bi are  equa l .

Rt=01 JAN tt

JA N t =1  if  the  mont h  is  Janua r y  and  0  other w i s e .   The  null

hypo t h e s i s  of  this  mod e l  is  that Bi is  equa l  to  zero .   If Bi is

signi f i c a n t l y  grea te r  than  zero ,  this  is  furthe r  evide n c e  of  a  Janua r y

effec t  in  the  secur i t y .
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VII. Results

1.  January Effect

The  test  of  the  Janua r y  effec t  in  this  wor k  mi mi c s  the  work

of  Henk e  (200 3 ) .   Ho w e v e r ,  my  data  set  is  mor e  up  to  date  and  my

tests  expa n d  the  resea r c h  to  includ e  the  WI R R ,  WI G 2 0 ,  and

MI D W I G  indic es .   This  cross - sect ion a l  extens i o n  is  impor t a n t  in

dra w i n g  concl u s i o n s  of  the  Janua r y  effec t  across  diffe r e n t  mar k e t

seg m e n t s .

Table  5:  Index  Stat is t i c s :   Aver a g e  Retu r n s  and  Signi f ic a n c e

WIG WIG WIG20 WIG20 WIRR WIRR MIDWIG MIDWIG
Mean Signif? Mean Signif? Mean Signif? Mean Signif?

JAN 0.070248 10% 0.060954 0.025847 0.035927
FEB 0.035298 0.030004 0.063009 10% 0.003172
MAR -0.02231 -0.01524 0.017142 0.021446
APR 0.04117 0.054856 0.057406 0.012621
MAY 0.049682 -0.00381 -0.00327 -0.00942
JUN -0.04359 -0.04097 0.002042 -0.0049
JUL 0.039331 0.009487 -0.01403 -0.00198
AUG 0.025729 0.001792 -0.00013 -0.03537
SEP -0.03883 -0.05824 10% -0.03383 -0.05807
OCT 0.027823 -0.01522 0.003035 0.035197 10%
NOV 0.005131 -0.00045 0.008414 0.018952
DEC 0.062805 5% 0.029754 0.039526 10% 0.061335 5%

Note:  This  table  summarize  the results  for the four indices,  which  I tested
for a January  effect.   The mean  column  for each index  reports  the mean
return  for each month  over the last 13 years.   The significance  column
implements  a Student's  t test to calculate  significance  of the mean's
difference  from 0.

The  WI G  resul ts  close l y  rese m b l e  the  Henk e  obser v a t i o n s .

This  is  to  be  expec t e d  since  this  data  only  includ e s  two  mor e

obser v a t io n  for  a  total  of  13.   Thou g h  none  of  the  other  indice s

exhib i t  a  return  signi f ic a n t l y  diffe re n t  from  0,  all  of  the  indice s
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sho w  posit i ve  Janua r y  retur n s .   Furthe r m o r e ,  the  Dec e m b e r  mea n

return s  are  intere s t i n g  to  note,  since  they  are  all  posi t ive .   The

Dec e m b e r  retur n  is  also  sho w n  to  be  signif ica n t  in  the  WI R R  and

MI D W I G  retur n s  at  the  10 %  and  5%  level s  respe c t iv e l y .   The

posi tive  and  signi f i ca n t  Dec e m b e r  retur n s  see m s  to  be  the  mos t

clear  com m o n  featur e  of  the  indice s ,  and  even  the  WI G 2 0

Dec e m b e r  retur n  has  a  t- statis t ic  of  1.28 ,  whic h  is  reaso n a b l y  high .

Thou g h  the  retur n s  in  other  mon t hs  are  not  com m o n l y  signi f ica n t ,

the  posi t ive  Janua r y  retur n  are  interes t i n g  and  allude  to  the

signif i c a n c e  of  a  Janua r y  effec t  under  more  rigor o u s  evalua t i o n .

The  Janua r y  effec t  test  are  expa n d e d  by  testing  the  2

regre s s i o n  equa t io n s  introd u c e d  in  the  Meth o d o l o g y  sect ion  of  the

paper .   The  resul ts  of  these  tests  are  repor t e d  in  Table  6.   
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Table  6.   Res ul ts  of  Mo n t h l y  Regr e s s i o n s

WIRR WIRR WIG20 WIG20 WIG WIG MIDWIG MIDWIG
1 2 1 2 1 2 1 2

a0 0.0126 0.014 0.061 -0.0012 0.0736 0.0159 0.0362 0.004

[0.679] [0.124] [0.089] [0.908] [0.055] [0.161] [0.236] [0.680]

a1 -0.0013 0.0622 0.0577 0.0323

[0.966] [0.094] [0.142] [0.312]

a2 0.0532 -0.031 -0.0413 -0.0372

[0.207] [0.539] [0.443] [0.388]

a3 0.0215 -0.0762 -0.0933 -0.0125

[0.608] [0.133] [0.084] [0.771]

a4 0.0301 -0.0061 -0.0366 -0.0191

[0.474] [0.906] [0.497] [0.657]

a5 -0.0284 -0.0648 -0.0311 -0.0588

[0.511] [0.200] [0.563] [0.192]

a6 0.0107 -0.1019 -0.104 -0.0121

[0.803] [0.045] [0.055] [0.787]

a7 -0.0434 -0.0515 -0.0402 -0.05

[0.315] [0.308] [0.455] [0.266]

a8 -0.0141 -0.0591 -0.0621 -0.1027

[0.743] [0.242] [0.249] [0.025]

a9 -0.0227 -0.1192 -0.0849 -0.0409

[0.599] [0.020] [0.116] [0.362]

a10 -0.0289 -0.0762 -0.0696 -0.0405

[0.503] [0.133] [0.197] [0.367]

a11 0.0107 -0.0614 -0.0534 0.002

[0.803] [0.225] [0.322] [0.965]

a12 0.015 -0.0312 -0.0178 0.0121
[0.728] [0.536] [0.741] [0.786]

Note:  This  table  reports  the results  for the regression  analysis  of the January
effect.   a1-a12 represent  dummy  variables,  and a0 is an intercept  term for
both  regressions.   Regression  1 tests  the significance  of all dummy
variables  representing  February  though  December.   The coefficients  and
significance  are reported  for each index  in column  1.  Regression  2 tests  the
significance  of the January  dummy  variable  on its own.   These  coefficients
and dummy  variables  are reported  in column  2.

The  null  hypot h e s i s  of  the  first  regres s i o n  requi r e s  that  all  ?i (i>1)

are  all  zero .   This  in  effec t  tests  all  mon th s  exce p t  Janua r y  for  a
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seaso n a l  trend .   If  this  hypot h e s i s  can  be  rejec te d ,  this  would  lend

supp o r t  to  the  theor y  of  seaso n a l  trends  on  the  War s a w  Stoc k

Exc h a n g e ,  since  index  return s  can  be  predi c t e d  with  som e  degre e

of  certa in t y  by  simpl y  kno w i n g  the  mon th .   The  secon d  regres s i o n

equat io n  tests  direc t l y  for  a  Janua r y  effec t ,  by  testing  only  for

possib l e  nonz e r o  return s  in  Janua r y  and  assu m i n g  return s  in  other

mont h s  essen t i a l l y  equa l  to  zero  or  at  least  equa l .

Once  again ,  the  resul t s  for  the  WI G  inde x  close ly  rese m b l e

the  resul t s  in  Hen k e  (200 3 ) .   The  coef f ic i e n t s  of  the  du m m y

variabl e  for  Febr u a r y  to  Dece m b e r  were  all  negat iv e .   Ho w e v e r ,

the  coef f ic i e n t s  were  foun d  to  be  less  signi f i c a n t  for  the  mont h s  of

June  and  Septe m b e r .   This  sugge s t s  that  as  mor e  data  poin t s  are

adde d  to  the  test,  the  negat iv e  coef f i c i e n t s  beco m e  less

signi f i c a n t l y  differ e n t  from  0  for  mont h s  other  than  Janua r y .

Thou g h  this  is  not  certa in  with  only  two  more  years  of  data ,  it  is

sens ib l e  that  seas o n a l  patter n s  woul d  be  dimin i s h e d .   This  woul d

espec i a l l y  be  true  for  mont h s  other  than  Janua r y ,  wher e  seaso n a l

trends  cann o t  be  expla i n e d  by  year ly  even ts .   This  is  suppo r t e d  by

the  findin g   of  an  equal  t- statis t ic  of  1.94  for  the  interce p t  return  of

equat io n  1,  whic h  sum m a r i z e s  the  Janua r y  effec t  in  this  equat io n .

In  equa t io n  2,  the  coef f i c i e n t  for  the  Janua r y  du m m y  variabl e

beco m e s  only  slight ly  less  signi f i ca n t  at  1.48  com p a r e d  to  1.57  in

Hen k e  (200 3 ) .   Ho w e v e r ,  both  of  these  coeff i c i e n t s  did  decre a s e

in  my  resul t s ,  whic h  is  also  expe c t e d .   Since  Hen k e  (200 3 )  was  a

publis he d  paper  avai la b l e  to  inves to r s  on  the  Polish  stock

exch a n g e ,  the  findin g s  in  the  pape r  can  be  expe c t e d  to  affec t

inves to r s ,  and  assist  in  dimi n i s h i n g  the  effec t .   This  appar e n t  effec t

is  studie d  with  som e  mor e  detai l  in  a  later  sect ion  of  my  study ,  but
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it  is  impor t a n t  to  note  that  the  WI G  regres s i o n  resul ts  are  sensib l e

in  the  conte x t  of  Henk e ' s  paper  and  the  impr o v e m e n t  in  effic ien c y

it  migh t  have  cause d .

On  the  other  hand,  the  resul t s  for  the  other  indice s  are

som e w h a t  surpr is in g  in  the  conte x t  of  gene r a l  Janua r y  effec t

litera tu r e .   The  Janua r y  effec t  litera tu r e  often  concl u d e s  that  smal l

stocks  shoul d  outpe r f o r m  large  stocks  in  Janua r y ,  and  that  the

smal l  stock  are  large ly  respo n s i b l e  for  the  Janua r y  effec t .   (Jone s ,

Pearc e ,  and  Wils o n  1987 ,  p453 )   Ho w e v e r ,  my  resul t s  contra d i c t

this  stipul a t i o n  for  the  W S E .   The  WI G 2 0  inde x  exhib i t s  resu l ts

fro m  the  regres s i o n  equa t io n  close ly  rese m b l i n g  the  WI G  index .

The  WI G 2 0  resul t s  could  even  be  interp r e t e d  as  stron g e r  in

finding  a  Janua r y  effec t  since  the  coef f ic i e n t  of  the  Janua r y

du m m y  varia b l e  in  equa t io n  2  is  signi f i ca n t  at  the  10 %  level .   The

other  impor t a n t  statis t i c s  are  also  very  simi la r .   This  can  be  largely

expla in e d  by  the  signi f i c a n t  effec t  WI G 2 0  stocks  have  on  the  WI G

index  beca u s e  they  are  the  larges t  stocks ,  and  are  there f o r e  highly

repre s e n t e d  in  the  weig h t e d  WI G  index .   Ho w e v e r ,  it  is  interes t i n g

to  note  that  the  coef f ic i e n t  of  the  Janua r y  dum m y  variab l e  in

equat io n  2  is  both  higher  and  mor e  signi f i c a n t .

Further m o r e ,  the  resul t s  of  the  Janua r y  effec t  regre s s i o n  on

the  WI R R  and  MI D W I G  indice s  are  very  incon c l u s i v e .   Non e  of

the  releva n t  coef f i c i e n t s  are  signi f i c a n t  for  either  inde x.   The

coef f i c i e n t s  are  notabl y  smal l e r  and  the  Janua r y  du m m y  variab l e

coef f i c i e n t  is  even  negat iv e  for  the  WI R R  index  repres e n t i n g  the

smal le s t  stocks  by  capita l i za t i o n .   This  is  very  intere s t i n g  since  it

sugge s t s  that  the  Janua r y  effec t  is  not  a  signi f i ca n t  phen o m e n o n  in

smal le r  stocks ,  thoug h  it  is  certa in l y  signi f ica n t  for  the  WI G  and
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WI G 2 0  index ,  wher e  large  com p a n i e s  see m  to  play  a  large  role  in

drivin g  the  effec t .

The  last  tests  cond u c t e d  by  Hen k e  is  a  simpl e  com pi l a t i o n  of

daily  index  retur n s  on  the  last  5  days  of  the  year  and  the  first  5

days  of  the  year .   The  resul ts  fro m  my  study  for  the  WI G ,  WI G 2 0 ,

WI R R ,  and  MI D W I G  indice s  are  sum m a r i z e d  in  Tables  8a  and

8b.

Table  7a.   Aver a g e  daily  retur ns  at  the  turn  of  the  year

WIG WIG WIG20 WIG20
Mean Stdev t-stat. Signif? Mean Stdev t-stat. Signif?

JAN 1ST 0.020624 0.021511 3.456889 1% 0.018564 0.020521 2.860676 5%
JAN 2ND 0.012472 0.020505 2.193042 5% 0.016203 0.024539 2.087961 10%
JAN 3RD -0.00576 0.023998 -0.86501 -0.00353 0.027765 -0.40184
JAN 4TH 0.012337 0.021334 2.085067 10% 0.016696 0.023594 2.237725 5%
JAN 5TH 0.00437 0.02481 0.635024 -0.00117 0.025784 -0.1434
DEC LAST 0.006748 0.019525 1.246098 0.003979 0.013342 0.943101
DEC 2ND LAST -0.01423 0.032696 -1.56975 -0.00137 0.014741 -0.29294
DEC 3RD LAST 0.017135 0.0284 2.175442 5% 0.010245 0.014969 2.164343 10%
DEC 4TH LAST 0.019094 0.023494 2.930388 5% 0.012704 0.012879 3.119325 5%
DEC 5TH LAST 0.001832 0.020901 0.315992 0.002855 0.013117 0.688195

Table  7b.   Ave r a g e  daily  retur n s  at  the  turn  of  the  year

WIRR WIRR MIDWIG MIDWIG
Mean Stdev t-stat. Signif? Mean Stdev t-stat. Signif?

JAN 1ST 0.00163 0.016428 0.297577 0.011114 0.01432 2.053259 10%
JAN 2ND 0.00965 0.021671 1.408128 0.006166 0.015657 1.041978
JAN 3RD -0.0139 0.021928 -2.00394 10% -0.00959 0.025457 -0.99714
JAN 4TH 0.010344 0.013356 2.449117 5% 0.011798 0.018293 1.706417
JAN 5TH 0.000202 0.027184 0.023454 0.001054 0.018379 0.151665
DEC LAST 0.012275 0.014171 2.598656 5% -0.00031 0.006012 -0.12541
DEC 2ND LAST 0.010251 0.014896 2.06459 10% -0.00195 0.00762 -0.6258
DEC 3RD LAST 0.008299 0.014077 1.76867 0.006328 0.013624 1.13783
DEC 4TH LAST 0.014595 0.018693 2.342322 5% 0.012362 0.009926 3.050893 5%
DEC 5TH LAST 0.004282 0.021466 0.59851 0.007923 0.008467 2.292168 10%

Note:  These  2 tables  summarize  the results  of sample  tests  of the last
5 days of trading  in December  and first 5 days of trading  in January.   For
each index,  the mean  returns  for each of these days is reported,  followed  by
the standard  deviation  of the sample,  the Student's  t statistic  for this mean
and the level  of significance.
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As  expe c t e d ,  the  resul t s  were  once  again  very  simila r  to

Hen k e ' s  (200 3 )  for  the  WI G  index .   Nota b l y ,  the  posi t ive  retur n  on

the  secon d  tradin g  day  in  Janua r y  beca m e  stron g e r  and  signi f i c a n t

at  the  5%  level  thoug h  it  was  insign i f i c a n t  in  the  earlie r  study .

Thou g h  the  avera g e  retur n  for  the  first  Janua r y  tradin g  day  slight ly

dimin is h e d ,  the  signi f i ca n c e  was  slight ly  streng t h e n e d .   In  gene ra l ,

the  retur n s  were  slight ly  dimi n i s h e d  in  this  study  includ i n g  2003

and  2004  data.   Ho w e v e r ,  the  signi f ic a n c e  was  at  leas t  main t a i n e d .

The  large  retur ns  in  the  first  5  days  of  Janua r y  are  still  obser v e d

on  this  data  set  of  13  year s ,  with  a  2.1 %  return  on  the  first  day  and

a  1.2 %  retur n  on  the  secon d  day.   As  in  Hen k e ' s  paper ,  the  end  of

Dec e m b e r  retur n s  are  rather  mixe d  bet w e e n  signi f i c a n t l y  posi t ive

return s  and  the  avera g e  –1.45  retur n  on  the  secon d  to  last  day.

Early  Janua r y  retur n s  are  still  very  posi tive .   In  gener a l ,  these

resul t s  sugge s t  som e  learn in g  on  the  part  of  investo r s ,  but  the

overa l l  effec ts  have  been  main t a i n e d  in  this  data  set.   As  sugges t e d

earl ie r ,  this  learn in g  effec t  will  be  delve d  into  furthe r  along  in  the

paper .

  Like  the  regres s i o n  analy s i s ,  the  WI G 2 0  daily  statis t ic s  are

virtua l ly  ident i ca l  to  the  WI G  resul t s .   All  the  sam e  days  are

signi f i c a n t ,  thoug h  not  necess a r i l y  at  the  sam e  levels .   The  large

and  signi f ica n t l y  posit i ve  return  on  the  first  tradin g  day  in  Janua r y

is  main t a i n e d .   The  mean  daily  retur ns  are  also  gener a l l y  very

simi la r .   Furthe r m o r e ,  the  WI R R  and  MI D W I G  daily  return s  are

again  rather  incon c l u s i v e .   The  WI R R  does  have  a  stron g  retur n

on  the  first  tradin g  day  in  Janua r y ,  thoug h  end  of  Dec e m b e r

return s  are  signi f ic a n t l y  posi tive  and  susta ine d  across  the  last  five

days  of  the  mon t h .   Thou g h  the  MI D W I G  does  have  a  signi f ic a n t
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posi tive  retur n  of  1.1 %  on  the  first  trading  day  in  Janua r y ,  the

mea n  return s  are  gene r a l l y  smal le r  and  less  signi f i c a n t  than  for  the

WI G  or  WI G 2 0 .

The  Janua r y  effec t  is  certa in l y  prese n t  in  the  WI G ,  as  foun d

by  Hen k e ( 2 0 0 3 ) ,  and  reaf f i r m e d  with  two  more  years  of  data  in

this  study .   It  is  also  clear  fro m  com p a r i n g  resul ts  of  diffe r e n t

indice s  that  the  seaso n a l  effec t  in  the  WI G  inde x  are  drive n  mos t ly

by  the  the  larger  stocks  in  the  WI G 2 0 ,  whi le  the  MI D W I G  and

WI R R  are  less  impor t a n t  to  the  effec t s  obser v e d  in  the  WI G .   The

return s  of  the  WI G  are  expe c t e d  to  close ly  follo w  the  WI G 2 0 ,

since  these  large  stocks  are  mos t  influen t i a l  in  the  weigh te d  WI G

index .   Ho w e v e r ,  it  is  surp r i s in g  to  find  that  evide n c e  for  a  Janua r y

effec t  is  mos t  preva l e n t  in  the  WI G 2 0 ,  repres e n t i n g  the  larges t

com p a n i e s ,  whil e  the  MI D W I G  and  even  mor e  so  the  WI R R ,

return  mar gi n a l  and  incon c l u s i v e  resul ts .   

This  com m o n  resul t ,  obser v e d  across  all  of  the  previo u s

three  tests ,  contra d i c t s  Janua r y  effec t  theor y ,  whic h  expe c t s  the

effec t  to  be  mos t  preva l e n t  and  drive n  by  smal l e r  stocks  (Jone s ,

Pearc e ,  Wil so n  1987 ,  p453) .   Ho w e v e r ,  this  unus u a l  resul t  could

help  to  expla i n  the  effec t  in  Polan d .   Hen k e  conjec t u r e s  that  the

seaso n a l  effec t  in  Polan d  cann o t  be  expla in e d  by  tax- loss  selling ,

but  can  be  attribu t e d  to  a  wind o w - dress in g  by  insti tu t i o n a l

inves to r s .   The  wind o w  dress in g  effec t  states  that  mon e y  man a g e r s

sell  losing  stocks  at  the  end  of  the  year  so  their  portfo l i o  only

conta in s  winne r s  whe n  it  is  prese n t e d  to  inves to r s  in  an  annu a l

repor t .   He  conc lu d e s  that  this  is  the  preva l e n t  effec t  becau s e  “in

the  contin u o u s  tradin g  syste m  until  Nov e m b e r  2000,  a  mini m u m

order  size  applie d  that  amo u n t e d  to  sever a l  thous a n d  zlotys  and
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virtua l ly  exclu d e d  smal l  priva te  inves t o r s .   Thus ,  the  majo r i t y  of

trades  in  this  tradin g  syste m  can  be  attr ibu t e d  to  insti tu t i o n a l

inves to r s ”  (Hen k e  2003,  p9).   Ho w e v e r ,  sever a l  thous a n d  zlotys

amo u n t s  to  less  than  500  US D .   This  is  unlike ly  to  deter  man y

inves to r s  even  smal l  and  privat e .   Furthe r m o r e ,  a  broker a g e  house

could  pool  order s  togeth e r  of  the  smal l e s t  inves to r s ,  as  is  done  on

the  N Y S E ,  wher e  stocks  mus t  be  trade d  in  lots  of  100.

Further m o r e ,  Table  1  sho w s  statis t i c s  fro m  a  surve y  perfo r m e d  by

the  W S E .   The  nu m b e r  of  insti tu t i o n a l  inves to r s   is  now  at  37 % ,

but  was  as  low  as  22 %  in  1998 - 2000.  (See  Table  1.)   Ther e f o r e ,  it

see m s  very  unlike l y  that  this  incons e q u e n t i a l  regu la t i o n  woul d  be

signif i c a n t  enou g h  to  concl u d e  that  mos t  inves to r s  were

insti tu t i o n a l ,  espec i a l l y  whe n  one  cons id e r s  the  W S E  surve y .

Non e t h e l e s s ,  the  cons i s t e n t  35 %  of  inst itut i o n a l  investo r s  are

like ly  to  cause  som e  sort  of  wind o w - dress in g  effec t ,  and  this

cann o t  be  com pl e t e l y  ruled  out.

Ho w e v e r  a  muc h  mor e  impor t a n t  effec t  not  addre s s e d  by

Hen k e ,  is  the  effec t  fore ign  inves to r s  have  on  the  W S E .   Fore ig n

inves to r s  const i tu t e  appr o x i m a t e l y  30 %  of  the  total  on  the  W S E .

(See  Table  1.)   This  grou p  is  certa in l y  signi f i c a n t .   Furthe r m o r e ,

inves to r s  fro m  man y  coun tr i e s ,  includ i n g  the  US,  are  subjec t  to

tax- loss  sell ing  laws .   Thou g h  their  invest m e n t s  are  ma d e  in

Polan d ,  the  inves to r  mus t  pay  US  capita l  gains  tax  on  these

return s .   There f o r e ,  this  signi f i c a n t  portion  of  inves to r s  could

certa in l y  effec t  event s  on  the  W S E .   Since ,  a  Janua r y  effec t  is

often  attribu t e d  main ly  to  tax- loss  selling  in  deve lo p e d  mar ke t s ,

one  can  concl u d e  that  this  effec t  would  be  muc h  stron g e r  than  a

wind o w  dress in g  effec t .   (Jones ,  Pear c e ,  and  Wilso n  1987 ,  453)   
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Further m o r e ,  the  incons i s t e n t l y  strong  Januar y  effec t  in  large

stocks  suppo r t s  this  clai m .   Thou g h  speci f i c  statis t ic s  conc e r n i n g

whic h  stocks  foreign e r s  inves t  in  are  not  avai lab l e ,  one  can  guess

that  they  prefe r  large  stocks .   This  is  likely  since  this  grou p  is  mos t

liquid ,  and  there f o r e  attrac t i v e  to  fore ig n  inves t o r s  accus to m e d  to

high  liquid i ty  on  ho m e  excha n g e s ,  and  more  comf o r t a b l e  with  the

impr o v e d  secur i t y  that  the  liquid i ty  provid e s  whe n  the  mark e t

beco m e s  vola t i l e .   Furthe r m o r e ,  these  large  stocks  provi d e  the  best

infor m a t i o n  to  interna t io n a l  inves t o r s  throu g h  web  pages  avai la b l e

in  mult i p l e  langu a g e s  and  staff  kno w l e d g e a b l e  in  other  langu a g e s .

For  these  reaso n s ,  foreig n  inves to r s  are  mos t  likely  to  flock  to  the

larges t ,  most  transp a r e n t  com p a n i e s  trading  on  the  W S E .   The

Janua r y  effec t ’ s  preva l e n c e  in  large  stocks  see m s  to  supp o r t  the

clai m  that  the  effec t  is  actua l ly  drive n  by  fore ig n  inves to r s  and

tax- loss  sell ing .   The  nu m b e r  of  fore ig n  inves to r s  in  Polan d  and

relat i ve  streng t h  of  a  tax- loss  sell ing  effec t  vers u s  a  wind o w -

dress in g  effec t  obser v e d  in  other  studi es ,  sugge s t s  that  tax- loss

selling  migh t  play  a  muc h  mor e  impor t a n t  role  in  the  Januar y

effec t  that  was  cons id e r e d  by  Hen k e .

Lear n i n g  on  the  W S E

The  Hen k e  pape r  beca m e  avai l ab l e  in  Febr u a r y  2003.   Eve n

thoug h  one  can  gener a l l y  expec t  the  Januar y  effec t  to  disap p e a r  as

privat e  part i es  disco v e r  it,  the  avai la b i l i t y  of  a  publ ic l y  avai la b l e

paper  on  the  matte r  shoul d  make  this  certa in .   Ho w e v e r ,  only  one

year  of  data  exists  after  the  Hen k e  pape r  was  publish e d .

Ther e f o r e ,  any  resul ts  from  Janua r y  2004  cann o t  be  concl u s i v e  in

judgin g  inves to r s ’  abil ity  to  learn  on  the  W S E .   Ho w e v e r ,  it  can
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give  an  idea  of  what  to  expe c t  if  trends  were  to  contin u e  from

2004  mov i n g  for w a r d .

Table  8.   2004  Janua r y  M o n t h l y  and  Daily  Retur n s

Index WIG WIG20 MIDWIG WIRR

Monthly Return 0.0527 0.0362 0.1133 0.1331
5th Last 0.001577 0.001793 0.003637 0.013932
4th Last 0.010897 0.010496 0.012955 0.010105
3rd Last -0.00033 -0.00103 0.001968 0.007327
2nd Last 0.000337 -0.00093 0.003979 0.015686

Last -0.00202 -0.00142 -0.00179 0.000332
1st 0.02276 0.026797 0.009916 0.022341
2nd 0.033174 0.039791 0.022987 0.024552
3rd -0.00292 -0.00366 -0.0014 0.003951
4th 0.000864 -0.00141 0.006574 0.011746
5th -0.00065 -0.00391 0.005951 0.005782

Note:  This  table  reports  results  from just 2004  for the 4 indicated
indices.   Row 2 reports  the return  for January  2004.   Rows  3-13
reports  the index  returns  for the last 5 days of December  2003  and
first five days  of January  2004.

In  Janua r y  2004,  the  WI G  index  exper i e n c e d  a  5.4 %

increa s e .  Like w i s e ,  all  the  other  indice s  exper i e n c e d  simi la r

posi tive  retur n s .   Ho w e v e r ,  the  smal l  stock  indice s  see m  to  exhib i t

a  mor e  tradi t i o n a l  Janua r y  effec t  with  signi f i ca n t l y  highe r  mont h l y

return s  for  the  mont h  of  Janua r y  over  the  WI G 2 0  stock  index .

Further m o r e ,  it  is  very  interes t i n g  to  note  how  close ly  the  daily

return s  fro m  2004  rese m b l e  the  avera g e  daily  retur ns  fro m

previo u s  year s .   This  is  espec i a l l y  true  for  the  WI G  index ,  whic h

adva n c e d  2.3 %  on  the  first  tradin g  day  of  Januar y ,  and  3.3 %  on

the  secon d  day  of  trading  in  2004.   Tho u g h  one  certa in l y  cann o t

mak e  any  stron g  clai m s  from  one  year  of  data ,  these  resul t s  do

give  som e  insight  on  the  Janua r y  effec t  in  2004 .   The  data

sugge s t s  that  the  Janua r y  effec t  pers is t e d ,  with  simil a r  ma g n i t u d e s
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and  trends  as  previo u s  years .   Ther e  see m s  to  be  no  evide n c e  that

inves to r s  were  able  to  learn  fro m  the  Janua r y  effec t  paper  by

Hen k e .   Furthe r m o r e ,  the  strong  return s  in  smal l  and  mid  cap

stocks  could  indica t e  the  evolu t io n  of  a  stron g e r  Januar y  effec t  in

this  grou p  of  stocks  in  future  years .   Ho w e v e r ,  none  of  these

clai m s  can  be  subs t a n t i a t e d  as  of  yet.   

In  Janua r y  2004,  the  S& P  500  index  impr o v e d  by  1.8 %  and

the  Ger m a n  D A X  index  increa s e d  appr o x i m a t e l y  2.9 % ( Y a h o o

Finan c e :  “Inde x  Quota t i o n s ” ) .   Thes e  indice s  repres e n t  retur n s  in

develo p e d  mark e t s ,  which  are  unlike l y  to  sho w  signs  of  a  Janua r y

effec t .   The r e f o r e ,  the  gene r a l  impr o v e m e n t s  in  world  mar k e t s

woul d  lead  one  to  expe c t  an  impr o v e m e n t  in  the  WI G  and  other

Polish  indic es .   Tho u g h  the  daily  retur n s  aroun d  the  year  see m

striking l y  simi la r  to  the  avera g e  fro m  previo u s  year s ,  one  should

be  espec i a l l y  hesita n t  to  decl a r e  this  as  certa in  evide n c e  of  a

contin u e d  Janua r y  effec t  in   light  of  the  world  wide  streng t h  in

capita l  mar k e t s .

Janua r y  Effec t  Conc l u s i o n s

The  phen o m e n o n  of  a  Janua r y  effec t  has  certa in ly  been

visib l e  on  the  W S E  over  the  last  13  years .   Ho w e v e r ,  the  effec t

does  not  take  a  tradi t i on a l  for m  on  the  War s a w  marke t .   The  larger

stocks  repres e n t e d  by  the  WI G 2 0  have  the  stron g e s t  Januar y

effec t ,  whi le  tests  of  the  smal l  cap  and  mid- cap  index  are

incon c l u s i v e .   This  resul t  sugge s t s  the  impor t a n c e  of  tax- loss

selling  by  foreig n e r s  as  a  main  caus e  of  the  Janua r y  effec t ,  unlike

Hen k e ’ s  sugge s t io n  of  a  do mi n a n t  wind o w - dress in g  effec t  by
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insti tu t i o n a l  inves to r s .   The  resul t s  from  2004  sugges t  that  a

Janua r y  effec t  pers is ts ,  and  certa in ly  cann o t  be  ruled  out  yet.

The  Janua r y  effec t  in  Polan d  is  impor t a n t  both  from  a

theore t i c a l  and  prac t ica l  persp e c t i v e .   The  existe n c e  of  a  Janua r y

effec t  sugge s t s  that  capi t a l  mark e t s  do  not  accu r a t e l y  transf e r

infor m a t i o n  to  the  econ o m y  about  the  mar k e t  bet w e e n  inves to r s

and  capital  issuer s .   Since  Janua r y  retur n s  can  be  predi c t e d ,  the

mar k e t  price  is  not  incor p o r a t i n g  all  avai la b l e  infor m a t i o n .   If

mar k e t  part i c ip a n t s  were  fully  awar e  of  this  effec t  they  woul d  buy

at  the  end  of  Dec e m b e r  to  take  adva n t a g e  of  this  effec t  crea t e d  by

certa in  inves to r s  taking  adva n t a g e  of  tax  laws  in  fore ig n  coun tr i e s .

The  Janua r y  effec t  is  an  exa m p l e  of  wea k - for m  ineffi c i e n c y

since  Januar y  retur n s  are  not  rando m ,  and  can  be  predi c t e d  with

the  use  of  past  price  trends .   Any  such  wea k  for m  inef f ic i e n c y

prese n t s  a  proble m  to  a  mark e t ’ s  ability  to  accur a t e l y  reflec t  the

inves to r / c a p i t a l  relation s h i p .   The  existe n c e  of  ineffi c i e n c i e s

leaves  econ o m i c  part ic ip a n t s  ques t i o n i n g  the  price  infor m a t i o n

supp l i e d  by  the  capi t a l  mark e t  beca u s e  the  mark e t  does  not

incor p o r a t e  the  obser v e d  Janua r y  effec t .   If  it  did,  the  effec t  woul d

disap p e a r .   This  incre a s e s  risk  and  deter s  free  mar k e t  transa c t i o n s

since  parti c ip a n t s  requi re  highe r  retur n s  fro m  proje c t s  to  justi fy

the  excess  risk  fro m  inacc u r a t e  capi ta l  price s .

The  Janua r y  effec t  in  Polan d  also  provi d e s  a  tradin g  strateg y

by  whic h  inves to r s  can  outper f o r m  mar k e t  retur n .   The  avera g e

return  in  Janua r y  for  the  WI G  and  WI G 2 0  is  7.0 %  and  6.1 %

respe c t i v e l y .   Tho u g h  an  inves to r  is  not  guara n t e e d  to  mak e  a

prof i t  by  inves t i n g  in  these  indice s  every  Januar y ,  they  have  a

muc h  higher  likel iho o d  of  prof i t i ng  in  Janua r y  than  any  other
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mont h  of  the  year .   Furthe r m o r e ,  a  tradin g  strateg y ,  whic h  advise s

inves to r s  to  only  inves t  in  Polan d  for  the  mont h  of  Janua r y ,

outpe r f o r m s  a  buy  and  hold  strateg y  beca u s e  one  is  able  to  lock  in

the  expe c t e d  gains  fro m  Januar y  witho u t  taking  on  risk  for  the

other  mont h s  of  the  year .   Ther e f o r e ,  this  wea k - for m  inef f ic i e n c y

can  assis t  inves to r s  in  their  tradin g  strateg y  as  long  as  expe c t e d

return s  in  Januar y  exce e d  the  expe c t e d  return  of  other  mont h s ,

whic h  was  sho w n  to  be  insign i f i c a n t l y  diffe r e n t  fro m  0  by  mos t  of

the  tests .   Ho w e v e r ,  as  the  Janua r y  effec t  beco m e s  better

unde r s t o o d ,  the  phen o m e n o n  will  begin  to  dimi n i s h  and  even tu a l l y

disap p e a r  since  inves to r s  will  try  to  buy  befo re  Janua r y  or  late

Dec e m b e r  to  take  adva n t a g e  of  the  expe c t e d  high  return s .   Thes e

inves to r s  wil l  sell  their  short  ter m  hold in g s  in  Janua r y ,  and

eventu a l ly  this  sell  press u r e  will  equa l  the  buy  pressu r e  curren t l y

obser v e d  on  the  W S E  at  the  beginn i n g  of  the  year .

Thou g h  the  Janua r y  effec t  was  origina l l y  obse r v e d  in  the

US,  it  has  now  disap p e a r e d .   As  inves to r s  atte m p t e d  to  take

adva n t a g e  of  the  highe r  expe c t e d  retur n s ,  the  phen o m e n o n  was

dimin is h e d  and  even t u a l l y  erase d .   (Yan x i a n g  Gu,  Anth o n y  2002 )

Interes t i n g l y  enou g h ,  the  Janua r y  effec t  in  the  US  mar ke t s  had

pract i c a l l y  disap p e a r e d  by  the  time  it  was  publ ic l y  obser v e d .

Thou g h  the  W S E  is  only  13  year s  old,  the  meth o d s  and  tools

avai la b l e  to  inves t o r s  and  mar ke t  resea r c h e r s  is  simi la r  to  those  in

the  US.   The  Januar y  effec t  was  even  obser v e d  in  a  publ ic l y

avai la b l e  paper  in  2003.   Ho w e v e r ,  the  effec t  certa in l y  see m s

signif i c a n t  in  the  tested  data  set,  and  does  not  see m  to  have  given

up  in  2004.   Unfo r t u n a t e l y ,  tests  of  a  Janua r y  effec t  were  not
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avai la b l e  for  other  emer g i n g  capit a l  marke t s ,  and  the  W S E  resul t s

cann o t  be  com p a r e d  to  mar k e t s  of  simila r  age.

The  Janua r y  effec t  is  a  phen o m e n o n  that  disap p e a r s  whe n

mar k e t  part i c ip a n t s  are  reaso n a b l y  awar e  of  its  existen c e .

Inves to r s  on  the  W S E  most  likely  do  not  cons id e r  it  beca u s e

Polan d  does  not  have  any  capita l  gains  taxes .   Ho w e v e r ,  tax- loss

selling  effec t  cause d  by  fore ig n  inves to r s  and  wind o w - dress in g

effec t  from  insti tu t i o n a l  holder s  is  suffic ie n t  to  caus e  a  Januar y

effec t .   The  US  capita l  mar k e t ’ s  eradi c a t i o n  of  the  Janua r y  effec t

provid e s  a  mod e l  for  the  W S E .   Educ a t i o n  is  the  ans w e r ,  not

regula t i o n .   By  educ a t i n g  the  mar k e t  part i c ip a n t s  of  this

ineff ic i e n c y ,  it  wil l  be  erase d .   The  conv e r g e n c e  with  wea k - for m

mar k e t  effic ie n c y  is  impor t a n t  to  a  devel o p i n g  econ o m y ’ s

viabi l i ty ,  and  is  best  achiev e d  by  taking  adva n t a g e  of  mar k e t

force s .
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2.  Weak Form Tests of Market Indices

A  stand a r d  indica t o r  for  a  mark e t ’ s  wea k  for m  effic ien c y  has

beco m e  the  resul t s  of  index  tests .   Since  mos t  emer g i n g  capita l

mar k e t s  do  not  make  deta i l e d  stock  data  avai l ab l e ,  these  gener a l

index  tests  beco m e  the  best  indic a t io n  of  a  capi t a l  mark e t ’ s

efficie n c y .   W hi l e  the  W S E  data  allo w s  this  study  to  perfo r m  mor e

poin te d  and  deta i l ed  resea r c h ,  this  is  often  not  poss ib l e .   The  wea k

for m  tests  of  inde x  return  give  an  impor t a n t  gene r a l  idea  of  mar k e t

efficie n c y ,  as  well  as  a  com p a r i s o n  to  other  printe d  resul ts .   This

com p a r i s o n  of  like  resul ts  will  best  allo w  for  an  accu r a t e

com p a r i s o n  of  the  W S E  to  other  emer g i n g  and  devel o p e d  mar k e t s .

As  desc r ib e d  in  the  meth o d o l o g y  sect ion  of  this  pape r ,  an

autoc o r r e l a t i o n  test  and  runs  test  are  perfo r m e d  on  inde x  resul t s

fro m  the  WI G ,  WI G 2 0 ,  WI R R ,  and  MI D W I G  indice s .
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Table  9a.   Auto c o r r e l a t i o n  and  Runs  Resul t s  for  Indice s

INDEX WIG TECHW MIDW WIRR WIG20

INCEPTION DATE 04/16/91 12/29/99 12/31/97 01/02/95 04/16/94

END DATE 03/31/04 03/31/04 03/31/04 03/31/04 03/31/04

PERIOD 13 k=1 AC 0.001 0.01 0.001

10/01/94 RUNS 0.99 0.95 0.99

02/03/97 N 581 <5 <5 520 581

PERIOD 14 k=1 AC 0.05 N/A N/A 0.05

02/03/97 RUNS 0.99 N/A N/A 0.99

01/16/98 N 237 <5 9 237 237

PERIOD 15 k=1 AC 0.001 N/A 0.001 0.001 0.001

01/16/98 RUNS N/A N/A N/A 0.95 N/A

11/26/01 N 968 478 968 968 967

PERIOD 16 k=1 AC 0.001 0.001 0.001 N/A N/A

11/26/01 RUNS 0.9 N/A N/A 0.99 N/A

04/01/04 N 587 587 587 587 587

PERIOD 17 k=1 AC N/A N/A 0.001 0.001 N/A

01/01/03 RUNS 0.9 N/A 0.95 0.99 N/A

04/01/04 N 315 315 315 315 315

Note:  These  tables  report  the autocorrelation  and runs test results  for
market  indices.   The  first  row for each period  gives  the significance
of the autocorrelation  test for a lag of 1.  The second  row for each
period  gives  the significance  for the runs test,  and the third row gives
the number  of observed  data points.
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Table  9b.   Auto c o r r e l a t i o n  and  Runs  Res ul t s  for  Indice s

INDEX WIG MIDW WIRR WIG20

START DATE 04/16/91 12/31/97 01/02/95 04/16/94

END DATE 03/31/04 03/31/04 03/31/04 03/31/04

PERIOD 1 k=1 AC 0.05

04/16/91 RUNS N/A

01/01/92 N 35 <5 <5 <5

PERIOD 2 k=1 AC 0.001

01/01/92 RUNS N/A

01/01/93 N 100 <5 <5 <5

PERIOD 3 k=1 AC 0.001 N/A

01/01/93 RUNS 0.99 N/A

07/01/94 N 229 <5 <5 32

PERIOD 4 k=1 AC N/A N/A

07/01/94 RUNS N/A N/A

10/01/94 N 51 <5 <5 51

PERIOD 5 k=1 AC 0.001 0.05 0.001

10/01/94 RUNS 0.99 0.95 0.99

07/08/96 N 438 <5 377 438

PERIOD 6 k=1 AC 0.001 0.01 0.001

10/01/94 RUNS 0.99 0.95 0.99

02/03/97 N 620 <5 559 620

PERIOD 7 k=1 AC 0.001 0.05 0.001

04/16/91 RUNS 0.99 0.95 0.99

07/08/96 N 853 <5 377 521

PERIOD 8 k=1 AC 0.001 0.01 0.001

04/16/91 RUNS 0.99 0.95 0.99

04/01/97 N 1035 <5 559 703

PERIOD 9 k=1 AC 0.001 0.001 0.001 0.001

07/08/96 RUNS 0.99 N/A 0.9 0.99

11/17/00 N 1091 720 1091 1091

PERIOD 10 k=1 AC 0.001 0.001 0.001 0.001

04/01/97 RUNS 0.95 N/A N/A 0.95

11/17/00 N 909 720 909 909

PERIOD 11 k=1 AC 0.01 0.001 N/A 0.05

11/17/00 RUNS N/A 0.95 0.99 N/A

04/01/04 N 844 844 844 843

PERIOD 12 k=1 AC 0.001 N/A 0.001 0.001

04/16/91 RUNS 0.99 0.9 0.99 0.99

04/01/04 N 2788 1564 2312 2455

Note:  These  tables  report  the autocorrelation  and runs test results  for
market  indices.   The  first  row for each period  gives  the significance
of the autocorrelation  test for a lag of 1.  The second  row for each
period  gives  the significance  for the runs test,  and the third row gives
the number  of observed  data points.
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The  resul t s  in  Table s  9a  and  9b  repor t  the  the  level  at  whic h

the  one  lag  autoc o r r e l a t i o n  test  was  signi f i ca n t ,  the  signi f i ca n c e  of

obser v e d  runs  versu s  expe c t e d ,  and  the  nu m b e r  of  data  points  for

each  test.   

WI G  Inde x  Resu l t s

Thou g h  repor t i n g  all  of  the  indice s  can  help  pinpo i n t  mar k e t

ineff ic i e n c y  local  to  certa in  stock  seg m e n t s ,  the  resul ts  of  the  WI G

index  are  most  impor t a n t  for  com p a r i s o n s  with  other  excha n g e s

since  this  index  mos t  close ly  rese m b l e s  the  all- share  indice s  tested

for  wea k - for m  effic ien c y  on  other  excha n g e s .   The  WI G  inde x  has

autoc o r r e l a t i o n  in  the  residu a l s  of  at  least  5%  signi f i c a n c e  of  ever y

period ,  exce p t  the  fourth  and  seve n t e e n t h .   The  insign i f i c a n t

autoc o r r e l a t i o n  of  the  fourth  period  can  be  expla i n e d  by  the  few

data  poin ts  avai la b l e  for  testing  the  period  of  four  trading  days  per

wee k .   The  51  data  poin ts  mak e  findin g  signi f i c a n t  resul t s

difficu l t .   The r e f o r e ,  this  obse r v a t i o n  is  mos t  likely  uni m p o r t a n t

since  other  periods  that  includ e  the  four  trading  day  period  exhib i t

signi f i c a n t  autoc o r r e l a t i o n .

Ho w e v e r ,  the  obser v a t i o n  of  insign i f i c a n t  autoc o r r e l a t i o n  in

period  17  is  more  mea n i n g f u l .   Perio d  seve n t e e n  repres e n t s  the

last  15  mont h s  of  data  avai la b l e  (01/0 1 / 0 3  –  04/01 / 0 4 ) .   This

period  has  315  data  poin ts ,  whic h  is  mor e  than  a  nu m b e r  of  other

periods  tested .   Ther e f o r e ,  this  resul t  can  not  be  easi ly  dis miss e d .

Thou g h  1/1/03  does  not  repre s e n t  any  event  in  the  histor y  of  the

W S E ,  this  period  was  tested  for  the  curren t  state  of  mark e t

efficie n c y ,  as  repre se n t e d  by  a  set  of  the  mos t  curren t  retur n s .   
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Of  all  the  periods  tested ,  only  one  other  had  more  than  300

obser v a t io n s  and  a  signi f i c a n c e  of  less  than  0.1 % .   This  is  period

fourte e n  whic h  tests  the  indic es  after  the  introd u c t i o n  of  the

W A R S E T  syste m .   Thou g h  the  WI G  index  was  mos t  certa in l y

ineff ic i e n t  in  this  period ,  the  introd u c t i o n  of  the  W A R S E T  syste m

see m e d  to  impr o v e  effic ie n c y  on  the  exch a n g e  as  a  whole ,  thoug h

only  slight ly .

Ho w e v e r ,  the  effec t  of  the  W A R S E T  syste m  on  effici e n c y  is

very  clear  in  the  WI G 2 0  resul ts .   The  WI G 2 0  was  im m e d i a t e l y

impa c t e d  since  its  cons t i t u e n t  stocks  were  the  first  to  enter

contin u o u s  trading  throu g h  the  W A R S E T  syste m .   W he n  the

W A R S E T  syste m  was  first  introd u c e d ,  a  smal l  perc e n t a g e  of  WI G

stocks  trade d  on  it.   Ho w e v e r ,  this  num b e r  has  steadi ly  incre a s e d

and  today  all  the  98  me m b e r s  of  the  WI G  trade  on  the  W A R S E T

syste m .   (War s a w  Stoc k  Exch a n g e :  “Ind ic e s ” )   This  is  the  mos t

like ly  explan a t i o n  for  the  com pl e t e l y  insign i f i c a n t  resul ts  for

wea k - for m  effici e n c y  test  in  the  last  15  mont h s .   This  is  also

logica l ly  sensib l e  kno w i n g  the  effec t  the  W A R S E T  syste m  had  on

the  WI G 2 0  and  that  WI G  cons t i t ue n t s  were  phas e d  into  the

W A R S E T  syste m  over  the  last  three  and  a  half  year s .

The  weak - for m  efficie n c y  of  the  WI G  inde x  over  its  whole

life  is  tested  by  Perio d  12  abov e .   The  resul t s  sho w  autoc o r r e l a t i o n

of  residua l s  at  the  0.1 %  confide n c e  level ,  and  the  existen c e  of  runs

at  the  99 %  level .   This  certa in l y  sugges t s  the  mar k e t  inde x  has

been  wea k - for m  ineff ic i e n t  over  its  life  span .   Since  these  stron g

resul t s  in  the  autoc o r r e l a t i o n  test  persi s t e d  in  almos t  all  the  sub-

periods ,  the  findin g s  are  subs t a n t i a t e d  and  sho w  little

impr o v e m e n t  in  efficie n c y  with  the  exce p t i o n  of  the  last  15
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mont h s .   The  runs  test  has  mor e  varian c e  in  the  resul t s ,  but  sho w s

that  runs  did  rem ai n  even  in  the  last  15  mon t h s  (at  the  90 %

confide n c e  level ) .

The  period  brea k d o w n  of  the  study  was  done  with  the

purpos e  of  isola t i n g  speci f i c  times  and  factor s ,  whic h  migh t  have

induc e d  or  mini m i z e d  ineff i c i e n c y .   Perio d s  1- 5  test  for  efficie n c y

impr o v e m e n t s  as  tradin g  days  were  adde d  to  the  excha n g e .   Ther e

were  no  signi f i c a n t  differe n c e s  in  the  WI G  index  resul t s .

Char t  1.   WI G  Inde x  Prices

Note:  This  chart  represents  the WIG index  returns  from 1991  to 2003.   It is
compiled  from the index  data used for this study.
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WI G 2 0  Res ul t s

The  WI G  inde x  tests  were  done  under  slight ly  highe r

scrut in y  to  test  for  any  effec t  the  introd u c t i o n  of  futures  might

have  to  effic i e n c y .

Table  10.   WI G 2 0  Auto c o r r e l a t i o n  and  Runs  Test  Res ul t s

PERIOD 18 k=1 AC 0.001
04/16/94 k=2 AC 0.001
02/03/97 RUNS 0.99

N 665
PERIOD 19 k=1 AC 0.05
02/03/97 k=2 AC N/A
01/16/98 RUNS 0.99

N 237
PERIOD 20 k=1 AC 0.001
01/16/98 k=2 AC 0.001
11/17/00 RUNS N/A

N 711
PERIOD 21 k=1 AC 0.001
01/16/98 k=2 AC 0.001
11/26/01 RUNS N/A

N 967
PERIOD 22 k=1 AC N/A
11/17/00 k=2 AC N/A
04/01/04 high lag N/A

RUNS N/A
N 778

PERIOD 23 k=1 AC N/A
11/26/01 k=2 AC N/A
04/01/04 RUNS N/A

N 522
PERIOD 24 k=1 AC 0.001
04/16/94 k=2 AC 0.001
04/01/04 RUNS 0.99

N 2391

WIG20

Note:  These  tables  report  the autocorrelation  and runs test results  for
the WIG20  index.   The first row for each period  gives  the
significance  of the autocorrelation  test for a lag of 1, and the second
row reports  the same for a lag of 2.  The third  row for each period
gives  the significance  for the runs test,  and the fourth  rows gives  the
number  of observed  data points.
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Ho w e v e r ,  over  its  lifespa n ,  the  index  exper i e n c e s  autoc o r r e l a t i o n

at  the  0.1 %  level  and  runs  at  the  99 %  signif ic a n c e  level ,  indica t in g

wea k - for m  ineff ic i e n c y  over  the  life  of  the  inde x.   Ho w e v e r ,  the

WI G 2 0  has  som e  interes t i n g  period  resul ts .   Cont r a r y  to

expe c t a t i o n s ,  the  WI G 2 0  beco m i n g  continu o u s l y  quote d ,  the

introd u c t i o n  of  WI G 2 0  future s ,   and  introd u c t i o n  of  Min i W I G 2 0

future s  was  not  impor t a n t  to  the  signi f i ca n c e  of  wea k - for m

efficie n c y .   Like  the  WI G  inde x,  autoc o r r e l a t i o n  beco m e s  less

signi f i c a n t  in  the  period  whe n  the  WI G 2 0  beco m e s  continu o u s l y

quote d  and  real- time  Reu te r s  data  was  introd u c e d .   Thou g h  both

of  these  events  woul d  logica l ly  be  cons i s t e n t  with  impro v e m e n t s

in  effic ien c y ,  the  signi f i c a n c e  of  these  event s  see m s  unlike l y  since

the  index  rever t s  to  more  signi f ic a n t  wea k - for m  ineff i c i e n c y  in  the

next  period  (the  introd u c t i o n  of  the  WI G 2 0  future ) .   Perio d  19

see m s  to  be  chara c t e r i z e d  by  mor e  rand o m  mov e m e n t  and  no

signif i c a n t  trend  in  one  direc t i o n ,  as  depic t e d  in  Char t  2.
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Char t  2.   WI G 2 0  Inde x  Price  Char t

Note:  This  chart  represents  the WIG index  returns  from 1991  to 2003.   It is
compiled  from the index  data used for this study.

Thus ,  the  see m i n g  impr o v e m e n t  in  period  19  efficie n c y  is  mos t

like ly  insigni f i c a n t  to  dra w  concl u s i o n s  about  the  effec t  of  Reute r s

data  and  introd u c t i o n  of  real- time  quota t i o n s  of  the  WI G 2 0  inde x.

11/17 / 0 0  does  how e v e r  see m  to  be  a  very  signi f ic a n t  date  for

the  WI G 2 0  index .   After  this  date ,  no  autoc o r r e l a t i o n  of  residu a l s

was  obser v e d  and  runs  were  foun d  to  be  insigni f i c a n t l y  differ e n t

than  the  expe c t e d ,  as  sho w n  in  the  resul t s  fro m  period s  22  and  23.

On  this  date ,  the  W A R S E T  syste m  was  introd u c e d ,  and  it  clear ly

had  a  very  signi f i c a n t  impa c t  on  the  WI G 2 0  cons t i tue n t  stocks .

The  WI G 2 0  index  repre se n t s  the  large  cap  com p a n i e s  with  the
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highe s t  mark e t  turno v e r .   Like w i s e ,  these  woul d  be  the  first

com p a n i e s  introd u c e d  to  the  W A R S E T  syste m ,  a  cont inu o u s l y

trade d  mark e t  seg m e n t  featur in g  rapid  mark e t  access  and

impr o v e d  infor m a t i o n .   Ther e f o r e ,  it  is  qui te  clear  from  these

resul t s  that  the  W A R S E T  syste m  was  very  signi f i c a n t  in

impr o v i n g  the  wea k - for m  effici e n c y  of  this  seg m e n t  of  stocks .

This  is  certa in l y  the  mos t  clea r  cut  resul t  fro m  the  WI G 2 0  index

test  and  it  has  sever a l  impor t a n t  impl i ca t i o n s  to  this  resea r c h .

WI R R  index

The  resul t s  for  the  MI D W I G  and  WI R R  indice s  are

som e w h a t  mor e  spora d ic ,  and  do  not  paint  as  clear  a  pictu r e  of

chan g e s  in  mark e t  efficie n c y .   Over  its  entire  life,  the  WI R R  is

sho w n  to  be  inef f ic i e n t  at  the  0.1 %  signi f i c a n c e  level .   Ho w e v e r ,

the  periods  in  whic h  the  index  is  not  signi f i c a n t l y  wea k  for m

efficie n t  see m  som e w h a t  rando m .   These  includ e  period  11,  14,

and  16.   Less  signi f i c a n t  effici e n c y  in  period  14  is  com m o n  across

all  the  indices .   Ho w e v e r ,  it  cann o t  be  eas ily  expla i n e d  beca u s e  it

is  follo w e d  by  continu e d  ineffic i e n c y ,  and  no  policy  or  regula t io n

chan g e s  could  have  conce i v a b l y  cause d  this.   
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Char t  3.  WI R R  Price  Char t

Note:  This  chart  represents  the WIG index  returns  from 1991  to 2003.   It is
compiled  from the index  data used for this study.

Ho w e v e r ,  Cha r t  3  sho w s  it  as  a  relat i ve l y  stead y  period ,  in

whic h  price s  did  not  mov e  signi f i c a n t l y  in  one  direc t i o n  or

anoth e r ,  and  the  price  mov e m e n t s  were  see m i n g l y  rando m .

Like w i s e ,  the  insign i f i c a n t  ineff ic i e n c y  in  periods  11  and  16  is  not

easily  expla i n e d  becau s e  the  inde x  rever t s  to  a  period  of

signi f i c a n t  autoc o r r e l a t i o n  of  residu a l s  and  runs  in  the  follo w i n g

period ,  whic h  repres e n t s  the  last  15  mont h s  of  data .   It  is

intere s t i n g  to  note  that  this  index  is  not  wea k  for m  effic ie n t  in  the

last  tested  period  like  the  WI G  and  WI G 2 0  indice s .   This  can  also

be  expla i n e d  by  the  impor t a n c e  of  the  W A R S E T  syste m .   Since ,
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most  of  the  WI R R  stocks  contin u e  to  trade  on  the  W S E ’ s  auct io n

syste m ,  they  cann o t  take  adva n t a g e  of  the  rapid  order  proces s i n g ,

unta m p e r e d  pricin g ,  and  full  mar k e t  infor m a t i o n  avai lab l e  throu g h

the  W A R S E T  syste m .   Ther e f o r e ,  these  grou p s  of  stocks  contin u e

to  exhib i t  wea k - for m  ineff ic i e n c y  even  today .

MI D W I G  index

The  MI D W I G  index  resul ts  prese n t  a  strang e  curios i t y ,  in

that  the  autoc o r r e l a t i o n  for  the  life  of  the  inde x  is  foun d  to  be

insign i f i c a n t .   Ho w e v e r ,  the  indiv id u a l  sub- periods  are  all

signi f i c a n t  with  the  exce p t i o n  of  Per iod  14.   The  MI D W I G  has

only  9  data  poin ts  in  this  period  and  this  shoul d  not  signi f i c a n t l y

effec t  the  resul ts  for  the  whol e  data  set .   Thou g h  this  cann o t  be

expla in e d  with in  the  conte x t  of  this  analy s i s ,  the  indiv id u a l

periods  are  all  indiv id u a l l y  signi f i c a n t ly  ineff ic i e n t .   Like  the

WI R R ,  the  MI D W I G  rem ai n s  wea k - for m  inef f ic i e n t  at  the  0.1 %

level  in  the  most  recen t  period  (17) .   

Index  Test  Conc l u s i o n s

The  weak - for m  efficie n c y  tests  of  W S E  indice s  repres e n t

som e  very  intere s t i n g  resul t s  releva n t  to  the  objec t iv e  of  this

paper .   First  of  all,  the  WI G 2 0  index  resul t  indica t e s  the

impor t a n c e  that  the  introd u c t i o n  the  W A R S E T  syste m  had  on  the

W S E .   The  impor t a n c e  of  this  syste m  to  wea k - for m  effic ien c y  is

furthe r  justif i ed  by  its  effec t  on  the  WI G  inde x,  as  this  index ’ s

const i t u e n t s  were  integr a t e d  into  the  W A R S E T  syste m .

Further m o r e ,  the  spora d i c  resul ts  from  the  WI R R  and  MI D W I G

indices  both  confi r m  the  main t a i n e d  ineff ic i e n c y  in  the  smal le r
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stocks  of  the  W S E  even  today .   This  can  be  expla i n e d  by  the

contin u a t i o n  of  a  call  auctio n  syste m  for  these  mor e  illiquid

stocks .   None t h e l e s s ,  this  resul t  does  have  impor t a n c e  to  the  state

of  wea k - for m  effic ien c y  on  the  W S E .

The  most  conc lu s i v e  resul t  fro m  these  tests  is  the  effec t  of

the  W A R S E T  syste m  on  wea k  for m  effic i e n c y .   This  resul t  shou l d

serve  as  a  presc r ip t i v e  meas u r e  for  both  the  W S E  and  other

emer g i n g  capit a l  mar ke t s .   Effic i e n c y  is  an  often  lofty  goal  for

these  mar k e t s  that  is  not  easi ly  attaine d .   Thei r  inef f ic i e n t  mar k e t s

deter  inves to r s  and  also  prove  an  expe ns e  to  their  capi ta l  syste m

with  the  addit i on a l  unce r t a i n t y  and  risk  it  crea t es .   Thes e  mar k e t s

strive  to  mi mi c  the  highly  effic ie n t  deve lo p e d  mar k e t s ,  like  those

in  the  US,  as  is  clear  in  the  setup  of  Pola n d ' s  capi ta l  syste m  with

its  regula t o r y  bodie s  and  enco u r a g e m e n t  of  free  mar ke t  prac t i ce s .

Ho w e v e r ,  these  goals  are  often  not  easi ly  met .   With  the

introd u c t i o n  of  the  W A R S E T  syste m ,  the  W S E  was  able  to

quic kl y  transf o r m  itself  into  a  wea k l y  efficie n t  mar k e t p l a c e .   This

integr a t i o n  to  an  elect r o n i c  tradin g  syste m  should  contin u e  to

includ e  the  ne w e r ,  smal l e r  stocks .   Then ,  the  W S E  could  boas t

efficie n c y  throu g h o u t  its   listed  secur i t i e s .   Like w i s e ,  other

emer g i n g  mark e t s  can  learn  fro m  Polan d ’ s  expe r i m e n t .   The

imple m e n t a t i o n  of  an  estab l i s h e d  tradin g  syste m ,  like  that  of

Polan d ,  can  quic kl y  impr o v e  effici e n c y .   With  impr o v e d

efficie n c y ,  the  mar k e t s  can  contin u e  to  gro w  into  viable

insti tu t i o n s .

The  inde x  resul t s  prese n t e d  here  all  sugge s t  the  existen c e  of

mar k e t  ineff i c i e n c y  in  muc h  of  the  histor y  of  the  W S E .   Ho w e v e r ,

muc h  of  this  has  been  am m e n d e d  for  the  larges t ,  mos t  trade d
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stocks .   The r e f o r e ,  the  mar k e t  as  a  whole  does  a  muc h  better  job

of  repres e n t i n g  the  capi ta l  mar k e t  effec t iv e l y  and  accu r a t e l y  for

the  whol e  econ o m y .   Ho w e v e r ,  the  ineff ic i e n t  capi t a l  mark e t  for

smal le r  and  new e r  com p a n i e s  has  yet  to  be  impr o v e d .   This  would

allo w  inves t m e n t  into  this  seg m e n t  with  less  risk  for  inves to r s .   

Ho w e v e r ,  the  autoc o r r e l a t i o n  and  runs  obser v e d  for  this

mar k e t  seg m e n t  does  have  anoth e r  impor t a n t  implic a t i o n  for

inves to r s .   Abn o r m a l  return s  can  be  attaine d  with in  this  mar k e t

seg m e n t  by  expec t i n g  price  return s  to  trend  in  one  direc t i o n .

Thes e  signi f i c a n t  trends  can  be  imple m e n t e d  to  outper f o r m  the

mar k e t  retur n  on  a  risk  adjus t e d  basis .   Ho w e v e r ,  the  abili ty  to

prof i t  fro m  such  trends  will  be  better  expla i n e d  by  the  resul ts  fro m

indiv id u a l  stocks  over  daily  and  wee k l y  periods .

Em er g i n g  Mar k e t  Co m p a r i s o n s

Last ly ,  the  inde x  resul t s  serve  as  a  meas u r e  of  com p a r i s o n  to

other  emer g i n g  and  deve l o p e d  excha n g e s .   The  two  sourc es  by

whic h  these  index  resul ts  can  be  best  com p a r e d  com e  fro m  El-

Erian  and  Ku m a r  (199 5 )  focus i n g  on  Mid d l e  Easte r n  mar k e t s ,  and

Ma g n u s s o n  and  W y d i c k ' s  (200 2 )  wor k  on  Africa n  mar k e t s .   Thes e

paper s  both  cond u c t  simil a r  wea k  for m  effic ien c y  tests .   Ho w e v e r ,

the  data  sets  are  muc h  mor e  const r i c t iv e ,  and  each  study  uses  only

two  to  five  years  of  data .

The  resul t s  in  El- Erian  and  Ku m a r  (199 5 )  are  som e w h a t  out-

dated .   Ho w e v e r ,  it  serves  as  an  interes t i n g  com p a r i s o n  beca us e

each  of  the  mar k e t s  were  at  least  as  old  as  the  WS E  is  today  at  the

time  of  the  study,  includ i n g  an  Egyp t i a n  mar k e t  more  than  100

years  old.    The  study  perfo r m s  both  autoc o r r e l a t i o n  and  runs  tests
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of  the  avai la b l e  indice s .   Of  the  Mid d l e  Easte r n  mar k e t s ,  Jorda n

and  Turk e y  repres e n t  the  mos t  highly  deve lo p e d  and  liquid

exch a n g e s .   Ho w e v e r ,  both  of  these  mark e t s  are  foun d  to  have

signif i c a n t  serial  corre la t i o n  of  retur n s  in  an  autoc o r r e l a t i o n  of

residu a l s  test  imple m e n t e d  for  the  W S E  as  well .   Furthe r m o r e ,  the

runs  test  sho w e d  the  mar k e t s  in  Jorda n  and  Turke y  to  be

ineff ic i e n t  at  the  5%  and  1%  signif i c a n c e  levels ,  respe c t i v e l y .   As

a  mod e  of  com p a r i s o n ,  the  sam e  tests  were  carr ie d  out  for  the

Gree k ,  India n ,  and  Philipp i n e  excha n g e ,  whic h  are  other

develo p i n g  capita l  mar k e t s  in  other  sect ions  of  the  wor ld .   Of

these ,  only  the  Phil ipp i n e  mar k e t  expe r i e n c e d  corre l a t i o n  of

residu a l s ,  and  both  the  Philipp i n e  and  Gree k  excha n g e s  were

foun d  to  be  inef f ic i e n t  unde r  the  scrut in y  of  a  runs  test.

The  weak - for m  efficie n c y  of  Jorda n i a n  and  Turki s h  capita l

mar k e t s  is  com p a r a b l e  to  Polan d  at  the  time .   Ho w e v e r ,  Polan d ’ s

best  repres e n t a t i v e  inde x,  the  WI G ,  has  since  exper i e n c e d  a

signi f i c a n t  impr o v e m e n t  in  wea k - for m  effic i e n c y .   The  signi f i c a n t

impr o v e m e n t  has  been  drive n  by  the  W A R S E T  syste m  and  the

large ,  liquid  stocks  whic h  trade  on  it.   Ther e f o r e ,  it  is  rela tive l y

safe  to  say  that  the  W S E  has  signi f i ca n t l y  outpe r f o r m e d  the

Mid d l e  Easte r n  mar k e t s  in  ter m s  of  wea k  for m  effic i e n c y

impr o v e m e n t  in  a  shor te r  period  of  time .   This  is  espec i a l l y  true

consid e r i n g  that  Jorda n  and  Turke y  are  the  mos t  devel o p e d

mar k e t s  of  the  region .   Ho w e v e r ,  the  Gree k  and  Indian  exch a n g e s

see m  to  be  of  a  simi la r  degr e e  of  effici e n c y  Polan d  at  the  time.

Ho w e v e r ,  a  com p a r i s o n  of  these  mark e t s  in  1995  and  the  W S E

today  is  like ly  not  very  mea n i n g f u l  since  the  resul t s  do  not  exhib i t

glarin g  differe n c e s .   The  smal l  data  set  avai la b l e  in  the  1995
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study ,  and  the  differe n c e s  bet w e e n  the  indice s  in  repres e n t i n g  their

corres p o n d i n g  mar k e t s  mak e s  such  a  com p a r i s o n  relyin g  on

intrica t e  deta i l s  rather  irrelev a n t .

Ma g n u s s o n  and  W y d i c k ' s  (200 2 )  resea r c h  provi d e s  furthe r

resul t s  for  emer g i n g  and  devel o p e d  capita l  mark e t s .   Thou g h  their

resul t s  are  up  to  date ,  they  do  not  cond u c t  runs  tests  on  their

sam p l e s .   Like  the  Jorda n  and  Turke y  resear c h ,  this  study  focus es

on  indice s  reflec t i v e  of  the  entir e  finan c i a l  mar k e t s .   This  study

looks  predo m i n a n t l y  at  8  Afr ica n  mar k e t s  and  finds  5  to  be  wea k -

for m  effic ie n t  at  the  95 %  confid e n c e  level .   The  resul ts  fro m  the

WI G  and  WI G 2 0  find  the  excha n g e  to  be  ineff i c i e n t  at  this  level

across  its  lifespa n .   Ho w e v e r ,  the  WS E  has  sho w n  great

impr o v e m e n t  and  both  woul d  be  foun d  effic i e n t  if  only  the  last  15

mont h s  of  data  were  includ e d .   Of  the  other  emer g i n g  mar k e t s

includ e d  in  their  study ,  Chile ,  Me x i c o ,  and  Indo n e s i a  were  found

to  be  ineffi c i e n t  at  the  95 %  conf id e n c e  level .   Ho w e v e r ,  for  the

more  establ i s h e d  mark e t s ,  like  those  in  Kor e a ,  Arge n t i n a ,  and  the

US,  the  rand o m  walk  hypo t h e s i s  could  not  be  rejec t ed .   Thes e

resul t s  are  very  gene r a l ,  but  they  do  offer  som e  statis t ic s  on

emer g i n g  and  deve lo p e d  mar k e t s .   Deve l o p e d  mar k e t s  see m  to  be

wea k - for m  effici e n t  across  the  boar d ,  whi le  new e r  capi tal  mar k e t s

have  mixe d  resul ts .   The  W S E  see m s  to  be  amo n g  the  highe r  tier

of  new  mark e t s  mak i n g  impr o v e m e n t s  in  mar ke t  efficie n c y .

Ho w e v e r  simp l e  index  tests  are  not  suffic i e n t  to  decla r e  a  mar k e t

wea k  for m  effic ien t ,  and  the  indiv id u a l  stock  tests  introd u c e d  in

this  paper  provi d e  mor e  deta i l ed  infor m a t i o n  on  the  W S E  that  is

not  avai lab l e  for  man y  emer g i n g  marke t s .   There f o r e ,  it  is
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curren t l y  not  possib l e  to  dra w  more  mea n i n g f u l  com p a r i s o n s  with

these  mar k e t s .
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3.  Weak-form Efficiency in Continuous Stocks

While  the  inde x  resul t s  for  weak - for m  efficie n c y  give  som e

insigh t  into  the  status  of  the  WS E ,  these  resul t s  avera g e  out  a

signi f i c a n t  amo u n t  of  ineff i c i e n c y  crea te d  by  indiv id u a l  stocks .

Ther e f o r e ,  this  study  expa n d s  the  tests  for  each  stock  that  has

trade d  on  the  WS E .   The  resul t s  of  the  inde x  tests  sugge s t  the

impor t a n c e  of  the  W A R S E T  syste m  to  mar k e t  efficie n c y .   For  this

reaso n ,  the  study  of  indiv id u a l  stocks  brea ks  the  test  dow n  into

stocks  trade d  on  an  auct io n  tradin g  syste m  and  stocks  trade d  in  a

contin u o u s  tradin g  syste m .   The  statis t i c s  fro m  these  two  group s  of

stocks  will  give  mor e  infor m a t i o n  on  the  impor t a n c e  of  such  a

syste m  in  indiv id u a l  stock  tradin g .   Furthe r m o r e ,  the  data  grou p e d

togeth e r  is  usefu l  in  giving  a  better  pictur e  of  the  W S E  as  a  whole .
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Table  11.  Tests  for  Cont in u o u s l y  Trade d  Stoc ks  (Daily  Retur n s )

Actual 0 1 2 19 18 17 22
% 0.00% 4.55% 9.09% 86.36% 81.82% 77.27%

Actual 5 13 30 108 105 97 113
% 4.42% 11.50% 26.55% 95.58% 92.92% 85.84%

Actual 40 61 85 194 183 171 224
% 17.86% 27.23% 37.95% 86.61% 81.70% 76.34%

Actual 37 58 91 214 208 201 239
% 15.48% 24.27% 38.08% 89.54% 87.03% 84.10%

Actual 0 1 1 19 18 17 21
% 0.00% 4.76% 4.76% 90.48% 85.71% 80.95%

Actual 4 12 17 41 37 34 46
% 8.70% 26.09% 36.96% 89.13% 80.43% 73.91%

Actual 18 26 54 156 152 143 181
% 9.94% 14.36% 29.83% 86.19% 83.98% 79.01%

Actual 32 47 78 178 170 160 208
% 15.38% 22.60% 37.50% 85.58% 81.73% 76.92%

Actual 28 42 76 146 132 121 197
% 14.21% 21.32% 38.58% 74.11% 67.01% 61.42%

INDIVIDUAL 
PERIOD STATS

Significant 
AC (0.1%):

Significant 
AC (1%):

Significant 
AC (5%):

Runs 
(90%):

Runs 
(95%):

Runs 
(99%): Total:

PERIOD 
6 STATS
PERIOD 

10 STATS
PERIOD 

11 STATS
PERIOD 

12 STATS

PERIOD 
17 STATS

PERIOD 
13 STATS
PERIOD 

14 STATS
PERIOD 

15 STATS
PERIOD 

16 STATS

Note:  This  table  summarizes  the results  of tests  on individual  continuously

traded  stocks'  daily returns.   The results  are broken  down  into period,  and

all periods  which  data was collected  are included  in the table.   The first

three result  columns  represent  significant  autocorrelation  at the 5%,  1%,

and 0.1% significance  levels.  The next  three represent  the existence  of

significant  runs at the 90%,  95%,  and 99% significance  levels.   The last

column  gives  the total number  of stocks  with  valid results  from the specific

period.   The first  row for each period  give the actual  number  of stocks  with

observed  autocorrelation  or runs at the specific  significance  level,  while  the

second  row give the percentage  that these stocks  are of all stocks  with  valid

results  for a given  data set.

Daily  Retur n  Res ul t s

The  statis t i c s  in  Table  11  repre se n t  the  mos t  releva n t  resul ts

fro m  the  contin u o u s l y  trade d  stock  class i f i e d  by  period .   Period  12

repre s e n t s  the  resul ts  for  the  entire  data  set  of  each  indiv id u a l
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stock  whe n  tested  for  autoc o r r e l a t i o n  and  runs  like  the  WI G  inde x

in  the  earlie r  test .   The  first  three  colu m n s  of  resul ts  repres e n t  the

perc e n t a g e  of  these  stocks  to  exper i e n c e  autoc o r r e l a t i o n  at  the

indica t e d  signi f i ca n c e  level .   Only  15.48 %  of  contin u o u s l y  trade d

stocks  were  foun d  to  have  autoc o r r e l a t i o n  of  residua l s  at  the  0.1 %

level .   Ho w e v e r ,  the  runs  test  see m s  to  sugge s t  weak - for m

ineff ic i e n c y  is  certa in l y  prese n t  in  these  stocks .   84.1 %  of

contin u o u s l y  traded  stocks  were  foun d  to  have  an  obse r v e d

nu m b e r  of  runs  signi f ic a n t l y  diffe re n t  than  the  expec t e d  at  the

99 %  confide n c e  level .   This  is  a  strong  resul t  sho w i n g  exten d e d

runs  to  be  com m o n  in  these  stocks  throu g h o u t  their  existen c e  on

the  W S E .   The  stron g  runs  resul ts  see m s  to  sugge s t  that  stock

prices  are  rando m  most  of  the  time ,  but  beco m e  seria l l y  corre l a t e d

in  burs t s  (El- Erian  and  Ku m a r  1995 ) .   Furthe r m o r e ,  the  runs  test  is

not  conc e r n e d  with  the  size  of  a  price  chan g e ,  and  only  tests  for

seque n t i a l  mov e s  in  one  direc t i o n .   The  stron g  runs  resul ts  sugges t

that  stocks  are  like ly  to  mov e  in  one  direc t i o n  mor e  often  than

woul d  be  expe c t e d  by  a  rando m  walk .   Ho w e v e r ,  the  wea k e r

resul t s  fro m  the  autoc o r r e l a t i o n  test  sugge s t  that  the  size  of  these

mov e s  is  mor e  rando m ,  thoug h  they  tend  to  contin u e  in  one

direct io n .   

The  resul ts  for  the  last  full  year  of  data  close ly  rese m b l e

those  for  the  whole  data  set.   Auto c o r r e l a t i o n  occur s  in  14.2 %  of

the  stocks  at  the  0.1 %  signif i c a n c e  level  and  runs  are  signi f i c a n t l y

diffe r e n t  in  61.42 %  of  the  stocks  at  the  99 %  confide n c e  level .

The  sam e  expla n a t i o n  can  be  offere d  for  this  period  as  abov e ,

thoug h  it  certa in l y  see m s  that  effic ie n c y  impr o v e d  by  the  last  year

of  avai l a b l e  data .
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The  periods  were  broke n  dow n  with  the  intent io n  of  isolat i n g

the  impor t a n c e  of  events  and  chan g e s  for  wea k - for m  efficie n c y  on

the  W S E .   Period s  6,  10,  and  11  test  for  the  effec t  of  better

infor m a t i o n  on  stock  efficie n c y .   The  resul t s  includ e  not  only

indiv id u a l  statis t ic s  for  each  period ,  but  also  sho w  how  efficie n c y

impr o v e d  or  deter io r a t e d  for  an  equiv a l e n t  grou p  of  stocks .   This

com p a r i s o n  of  like  grou p s  is  mor e  releva n t  to  dra w i n g

com p a r i s o n s  about  chan g e s  over  period s .

In  period  6,  the  excha n g e  does  not  prov id e  signi f ic a n t  and

detai l e d  real  time  data  on  these  contin u o u s l y  trade d  stocks .   One

can  see  that  in  this  period ,  only  4.6 %  of  stocks  exper i e n c e

autoc o r r e l a t i o n  signi f i c a n t  at  the  1%  level .   Ho w e v e r ,  81.82 %  are

obser v e d  to  have  signi f i c a n t  runs .   Durin g  this  time  period  tradin g

was  gene r a l l y  light  in  the  continu o u s  trading  syste m .   Ther e f o r e ,

volu m e ,  liquid i ty ,  and  price  chan g e s  were  all  low.   Ther e f o r e ,  the

infreq u e n t  chang e s  in  stock  prices  yield  a  resul t  that  offer s  little

supp o r t  for  serial  correl a t i o n  in  price  chan g e s .   Ho w e v e r ,  the  runs

test  is  not  conc e r n e d  with  price  chan g e s ,  and  only  tests  for

seque n t i a l  mov e s  in  one  direc t i o n .   This  test  woul d  detec t  serial

corre l a t i o n  in  price  chan g e s  even  if  they  were  infreq u e n t  and

see m i n g l y  insubs t a n t i a l .   The  runs  test  sugge s t s  that  the  direc t i o n

of  price  chan g e s  is  highly  predi c t a b l e ,  thoug h  their  size  and

frequ e n c y  are  mor e  rando m .   Ther e f o r e ,  these  stocks  can  be  said

to  be  highly  ineff ic i e n t  by  this  meas u r e .

In  period  10,  real- time  data  beco m e s  availa b l e  throu g h  the

Reute r s  servic e .   This  is  a  com m o n l y  used  data  service  by  trader s

interna t io n a l l y .   This  event  shoul d  make  data  muc h  mor e  avai la b l e

to  inves to r s .   In  theor y ,  this  should  incre a s e  interes t  and  effic i e n c y
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since  timely  better  infor m a t i o n  is  avai l ab l e  to  inves to r s  and  less

risk  is  involv e d .   The  statis t ic s  for  period  10  fro m  Table  11

actual ly  sugge s t  stocks  beca m e  mor e  ineff ic i e n t  in  this  period .

The  group  of  stocks  avai la b l e  in  period  6  supp o r t s  this  to  a  highe r

degre e .   22.7 %  of  these  stocks  have  autoco r r e l a t i o n  at  the  1%

signif i c a n c e  level  and  100 %  expe r i e n c e d  runs  at  the  99 %

confide n c e  level .   (See  Table  12.)   These  odd  resul ts  sugge s t  that

the  introd u c t i o n  of  Reute r s  data  was  not  a  signi f i c a n t  even t  in

impr o v i n g  mar k e t  efficie n c y .

Table  12.  Daily  Statis t i c s  for  Perio d  6  Stocks  Goin g  For w a r d

Actual 0 1 2 19 18 17 22
% 0.00% 4.55% 9.09% 86.36% 81.82% 77.27%

Actual 4 5 8 22 22 22 22
% 18.18% 22.73% 36.36% 100.00% 100.00% 100.00%

Actual 6 9 10 17 16 11 19
% 31.58% 47.37% 52.63% 89.47% 84.21% 57.89%

PERIOD 
6 STATS
PERIOD 

10 STATS
PERIOD 

11 STATS

Runs 
(90%):

Runs 
(95%):

Runs 
(99%): Total:

PERIOD 6 STOCK 
CHANGE

Significant 
AC (0.1%):

Significant 
AC (1%):

Significant 
AC (5%):

Note:  This  table  summarizes  the results  of tests  on individual  continuously
traded  stocks'  daily returns.   The stocks  tested  are those with valid  data in
period  6.  Therefore,  this table  summarizes  how this group  of stocks
changed  between  the periods.   The format  is equal  to Table  11.

Period  11  repres e n t s  the  introd u c t i o n  of  the  W A R S E T

syste m  to  trading ,  whic h  was  alread y  sho w n  to  be  a  very

signif i c a n t  event  for  the  effici e n c y  of  W S E  indice s .   The

W A R S E T  syste m  provid e d  inves to r s  with  even  better  and  mor e

detai l e d  infor m a t i o n  direc t l y  fro m  the  mar k e t .   Ho w e v e r ,  it  is

proba b l y  mor e  impor t a n t  that  the  elec t r o n i c  syste m  impr o v e d

mar k e t  acces s  by  inves to r s .   The  resul ts  for  indiv id u a l  stocks  are

how e v e r  not  near ly  as  clear  as  those  fro m  the  indice s .   For  all  the
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stocks  tradin g  in  this  period ,  Table  12  sho w s  the  runs  resul ts  to  be

com p a r a b l e  to  period  6  and  the  autoc o r r e l a t i o n  to  be  mor e

pro m i n e n t .   Ho w e v e r ,  the  grou p  of  stocks  trading  since  period  6

exper i e n c e d  a  signif ic a n t  drop  dow n  to  57.9 %  (at  the  99 %

confide n c e  level )  in  the  perc e n t a g e  exper i e n c i n g  runs .

Further m o r e ,  both  the  grou p  of  stocks  tradin g  in  period  6  and  10

were  obser v e d  to  have  mor e  signi f i ca n t  autoc o r r e l a t i o n  of

residu a l s .   (See  Table  14  for  period  10  stock  resul ts . )   Thes e

resul t s  sugge s t  that  indiv id u a l  stock  retur n s  do  not  sugge s t  a

signi f i c a n t  impa c t  fro m  the  introd u c t i o n  of  the  W A R S E T  syste m

on  wea k - for m  efficie n c y .   It  is  impor t a n t  to  note  that  these  stock

return s  are  limite d  by  the  10 %  limit  on  price  mov e s .   The  exact

impor t a n c e  of  this  regu la t i o n  will  be  discuss e d  furthe r  in  the  next

sect ion .

Table  13.  Daily  Statistics  for Period  10 Stocks  Going  Forward

Actual 5 13 30 108 105 97 113
% 4.42% 11.50% 26.55% 95.58% 92.92% 85.84%

Actual 24 37 48 88 83 75 98
% 24.49% 37.76% 48.98% 89.80% 84.69% 76.53%

PERIOD 
10 STATS
PERIOD 

11 STATS

Runs 
(90%):

Runs 
(95%):

Runs 
(99%): Total:

PERIOD 10 STOCK 
CHANGE

Significant 
AC (0.1%):

Significant 
AC (1%):

Significant 
AC (5%):

Note:  This  table  summarizes  the results  of tests  on individual  continuously
traded  stocks'  daily returns.   The stocks  tested  are those with valid  data in
period  10.  Therefore,  this table summarizes  how this group  of stocks
changed  between  the periods.   The format  is equal  to Table  11.

The  secon d  grou p  of  tests  looks  for  impr o v e m e n t s  in

efficie n c y  as  chan g e s  are  mad e  to  mar k e t  indice s  and  future s .

The or e t i c a l l y ,  impr o v e m e n t  in  rela ting  infor m a t i o n  on  the  mar k e t

shou l d  reduc e  risk  to  inves to r s  beca u s e  they  are  mor e  conf id e n t  in
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the  gene r a l  mar ke t  return s .   There f o r e ,  effici e n c y  shoul d  impr o v e

as  mark e t  infor m a t i o n  impr o v e s  fro m  indice s  and  future s .

Period  13  tests  the  period  befor e  the  WI G 2 0  beca m e

contin u o u s l y  quote d .   It  prov i d e s  the  contro l  grou p  for  these  tests .

The  resul t s  are  very  simil a r  to  those  for  period  6  since  the  periods

have  signif ic a n t  over l a p .   The  perce n t a g e  of  signi f i ca n t

autoc o r r e l a t i o n  is  very  low,  whil e  runs  are  com m o n  and

pro m i n e n t ,  as  seen  in  Table  11.   In  period  14,  the  WI G 2 0  beco m e s

contin u o u s l y  quote d .   This  index  serves  as  an  impor t a n t

benc h m a r k  for  the  W S E  even  thoug h  it  only  includ e s  20  large ,

high  turno v e r  com p a n i e s .   In  this  way ,  it  is  rathe r  simil a r  to  the

Do w  Jones  Indus t r i a l  Aver a g e  for  the  N Y S E .   Period  14  sho w s  the

whol e  grou p  of  stocks  have  gener a l l y  increa s e d  autoc o r r e l a t i o n

and  reduc e d  runs.   The  grou p  of  stocks  from  the  first  contr o l

period  sho w s  a  simi la r ,  unre m a r k a b l e  trend .   The  introd u c t i o n  of  a

contin u o u s l y  priced  WI G 2 0  index  does  not  see m  to  have

im m e d i a t e  effec t  on  contin u o u s l y  trade d  stocks .

Table  14.  Daily  Statis t i c s  for  Perio d  13  Stocks  Goin g  For w a r d

Actual 0 1 1 19 18 17 21
% 0.00% 4.76% 4.76% 90.48% 85.71% 80.95%

Actual 3 5 7 20 18 16 21
% 14.29% 23.81% 33.33% 95.24% 85.71% 76.19%

Actual 3 4 7 20 19 18 21
% 14.29% 19.05% 33.33% 95.24% 90.48% 85.71%

Actual 3 5 7 14 13 11 16
% 18.75% 31.25% 43.75% 87.50% 81.25% 68.75%

PERIOD 
13

PERIOD 
14

PERIOD 
15

PERIOD 
16

Runs 
(90%):

Runs 
(95%):

Runs 
(99%): Total:

PERIOD 13 STOCK 
CHANGE

Significant 
AC (0.1%):

Significant 
AC (1%):

Significant 
AC (5%):

Note:  This  table  summarizes  the results  of tests  on individual  continuously
traded  stocks'  daily returns.   The stocks  tested  are those with valid  data in
period  13.  Therefore,  this table summarizes  how this group  of stocks
changed  between  the periods.   The format  is equal  to Table  11.
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Table  16.  Daily  Statis t i c s  for  Perio d  14  Stocks  Goin g  For w a r d

Actual 4 12 17 41 37 34 46
% 8.70% 26.09% 36.96% 89.13% 80.43% 73.91%

Actual 4 6 13 41 40 38 46
% 8.70% 13.04% 28.26% 89.13% 86.96% 82.61%

Actual 8 13 19 36 35 33 40
% 20.00% 32.50% 47.50% 90.00% 87.50% 82.50%

PERIOD 
14

PERIOD 
15

PERIOD 
16

Runs 
(90%):

Runs 
(95%):

Runs 
(99%): Total:

PERIOD 14 
STOCKS CHANGE

Significant 
AC (0.1%):

Significant 
AC (1%):

Significant 
AC (5%):

Note:  This  table  summarizes  the results  of tests  on individual  continuously
traded  stocks'  daily returns.   The stocks  tested  are those with valid  data in
period  14.  Therefore,  this table summarizes  how this group  of stocks
changed  between  the periods.   The format  is equal  to Table  11.

Period  15  repres e n t s  the  introd u c t i o n  of  a  WI G 2 0  future .   In

the  US,  stock  index  future s  trading  is  very  signi f i ca n t  and  often

drives  the  mov e s  in  the  stock  mar k e t .   Like w i s e ,  the  avai lab i l i t y  of

this  future  to  stock  tradin g  on  the  W S E  shou l d  impr o v e  inves t o r s '

infor m a t i o n  and  trust  of  gene r a l  mar k e t  prices .   Like w i s e ,  the

introd u c t i o n  of  a  Mini W I G 2 0  inde x,  in  period  16,  shoul d  impr o v e

infor m a t i o n  since  future  tradin g  beco m e s  more  acces s i b l e  to  all

inves to r s  with  the  smal le r  contrac t  size  Min i W I G 2 0 .   This  should

again  impr o v e  the  trus t  in  gener a l  mar k e t  pricing  since  the  mar ke t

values  it  as  such  in  a  futures  mar k e t .   Ho w e v e r ,  Tables  12,  15  and

16,  all  sho w  insigni f i c a n t  chang e s  in  autoc o r r e l a t i o n  and  runs

resul t s  in  these  periods .

The  W S E ,  as  repres e n t e d  by  resul t s  fro m  continu o u s l y

trade d  stocks ,  sho w s  convi n c i n g  signs  of  wea k - for m  inef f ic i e n c y .

This  is  espec i a l l y  true  of  resul t s  fro m  the  runs  test ,  and  som e w h a t

less  so  fro m  the  autoc o r r e l a t i o n  of  residu a l s  test .   In  gener a l ,  the

impr o v e m e n t s  in  infor m a t i o n  do  not  see m  to  have  im m e d i a t e

impa c t  on  efficie n c y  in  the  tradin g  of  these  equit i e s .   Even  the

introd u c t i o n  of  the  W A R S E T  syste m  does  not  sho w  very
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signi f i c a n t  resul t s .   Ho w e v e r ,  the  meas u r e s  of  effic i e n c y  are

certa in l y  impr o v e d  for  the  last  year  of  data  over  the  majo r i t y  of

other  sub- periods .   It  see m s  that  all  of  these  impr o v e m e n t s  in

infor m a t i o n  have  take n  som e  effec t  on  the  mar k e t  by  now ,  thoug h

not  im m e d i a t e l y .  Since  mark e t  part ic ipa n t s  cann o t  im m e d i a t e l y

take  adva n t a g e  of  impr o v e m e n t s  in  infor m a t i o n ,  the  effec t s  are  not

im m e d i a t e l y  felt.  Furthe r m o r e ,  only  a  liquid  and  active  future s

mar k e t  accur a t e l y  repres e n t s  the  capi t a l  marke t .   Thus ,  the  WI G 2 0

future s  migh t  not  be  usefu l  if  the  future s  mar k e t  itself  is  not

efficie n t .   The  resul t s  sugge s t  that  these  impr o v e m e n t s  see m  to

take  hold  over  time  on  the  WS E ,  as  their  effec ts  are  begin n i n g  to

be  obser v e d  in  the  impr o v e d  wea k - for m  effic ien c y  of  cont in u o u s l y

trade d  stocks  only  in  very  rece nt  times .

In  gener a l ,  the  resul ts  prese n t e d  here  also  shed  light  on  the

W S E ' s  abili ty  to  accu ra t e l y  repre s e n t  the  Polish  capi t a l  mark e t .

W hi l e  the  infor m a t i o n  that  one  can  gather  from  mark e t  prices  has

impr o v e d ,  price  chan g e s  still  expe r ie n c e  signi f ic a n t  serial

corre l a t i o n  and  cons e q u e n t l y  prices  cann o t  be  fully  trusted  to  fully

incor p o r a t e  all  infor m a t i o n .   The r e f o r e ,  these  prices  reflec t i n g  the

capita l  mar k e t  are  inacc u r a t e  to  a  certa in  degr e e .   Fro m  an

indiv id u a l  stock  basis ,  the  W S E  has  not  been  able  to  achiev e  an

efficie n t  equity  mark e t  that  transf e r s  accu r a t e  and  secur e

infor m a t i o n  to  the  rest  of  the  econ o m y .

We e k l y  chan g e s

Ho w e v e r ,  as  was  noted  earlie r ,  the  resul t s  prese n t e d  abov e

do  not  reflec t  the  abili ty  of  an  inves t o r  to  syste m a t i c a l l y  prof i t  on

the  W S E .   This  distinc t io n  is  entir e ly  the  resul t  of  the  excha n g e ' s
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10 %  price  mov e  limit .   The  regula t i o n  pretty  muc h  guara n t e e s

serial  corre l a t i o n  to  be  obser v e d  in  price  mov e s  beca us e  the

mar k e t  is  not  able  to  fully  reflec t  all  infor m a t i o n  and  inves to r

sent i m e n t .   Ther e f o r e ,  this  will  predi c t a b l y  lead  the  mar k e t  to

requi re  mul t i p l e  days  to  factor  in  infor m a t i o n .   Since  liquid i ty  is

almo s t  certa in  to  dry  up  once  the  price  hits  the  10 %  limit  since  an

inves to r  cann o t  easi ly  prof i t  fro m  such  an  occur r e n c e .   For

exa m p l e ,  if  inves to r s  believ e  a  stock  shou ld  move  up  15 %  over  the

last  price  on  newl y  avai lab l e  infor m a t i o n ,  the  price  will  only  be

able  to  mov e  up  10 %  on  that  day.   Onc e  it  hits  that  10 % ,  there  will

be  no  partic ip a n t s  will ing  to  sell  at  that  price  beca us e  all  mar k e t

part ic ip a n t s  kno w  the  stock  shoul d  be  value d  highe r  and  will

almo s t  certa in ly  mov e  up  furthe r  on  the  next  day.   The r e f o r e ,

kno w i n g  that  a  stock  is  likely  to  exper i e n c e  a  price  increa s e  after  a

10 %  mov e  is  com m o n  kno w l e d g e  and  not  usefu l  in  ma ki n g  a

syste m a t i c  prof it .   The  wea k - for m  efficie n c y  resul ts  are  likely

cause d  prim a r i l y  by  this  effec t  and  cons e q u e n t l y  do  not  provid e

any  signi f ica n t  infor m a t i o n ,  which  an  inves t o r  can  find  usefu l .

To  test  seria l  corre l a t i o n  in  stock  prices ,  disco u n t i n g  for  the

10 %  limit ,  this  study  is  expan d e d  to  tests  of  wee k l y  price  chan g e s .

Over  a  wee k ' s  time ,  the  effec t  of  any  infor m a t i o n  shoul d  be  able  to

facto r  into  the  price  com pl e t e l y  in  mos t  case s .   Ther e f o r e ,  the

effec t  of  this  regula t i o n  is  mino r  in  this  study .   The  resul ts  fro m

these  tests  will  allo w  one  to  conc lu d e  if  seria l  correl a t i o n  exists

even  whe n  prices  do  not  hit  the  10 %  limit ,  since  accu m u l a t i n g

over  a  period  of  one  wee k  is  likely  to  contro l  for  this  regu la t i o n .

Thes e  resul t s  should  be  most  interes t i n g  to  inves to r s  seekin g  out

prof i t a b l e  tradin g  strateg i e s .
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Table  16.  Tests  for  Con t in u o u s l y  Trade d  Stocks  (We e k l y  Retu r n s )

Actual 0 0 0 7 7 3 22
% 0.00% 0.00% 0.00% 31.82% 31.82% 13.64%

Actual 1 6 20 52 36 19 113
% 0.88% 5.31% 17.70% 46.02% 31.86% 16.81%

Actual 6 15 30 81 64 44 224
% 2.68% 6.70% 13.39% 36.16% 28.57% 19.64%

Actual 5 20 33 101 85 61 239
% 2.09% 8.37% 13.81% 42.26% 35.56% 25.52%

Actual 0 0 1 8 5 3 21
% 0.00% 0.00% 4.76% 38.10% 23.81% 14.29%

Actual 0 0 0 14 10 6 46
% 0.00% 0.00% 0.00% 30.43% 21.74% 13.04%

Actual 2 8 27 70 50 31 179
% 1.12% 4.47% 15.08% 39.11% 27.93% 17.32%

Actual 5 13 26 72 58 42 208
% 2.40% 6.25% 12.50% 34.62% 27.88% 20.19%

Actual 2 10 23 58 49 29 197
% 1.02% 5.08% 11.68% 29.44% 24.87% 14.72%

INDIVIDUAL 
PERIOD STATS

Significant 
AC (0.1%):

Significant 
AC (1%):

Significant 
AC (5%):

Runs 
(90%):

Runs 
(95%):

Runs 
(99%): Total:

PERIOD 
6 STATS
PERIOD 

10 STATS
PERIOD 

11 STATS
PERIOD 

12 STATS

PERIOD 
17 STATS

PERIOD 
13 STATS
PERIOD 

14 STATS
PERIOD 

15 STATS
PERIOD 

16 STATS

Note:  This  table  summarizes  the results  of tests  on individual  continuously
traded  stocks'  weekly  returns.   The results  are broken  down  into period,  and
all periods  which  data was collected  are included  in the table.   The first
three result  columns  represent  significant  autocorrelation  at the 5%,  1%,
and 0.1% significance  levels.  The next  three represent  the existence  of
significant  runs at the 90%,  95%,  and 99% significance  levels.   The last
column  gives  the total number  of stocks  with  valid results  from the specific
period.   The first  row for each period  gives  the actual  number  of stocks  with
observed  autocorrelation  or runs at the specific  significance  level,  while  the
second  row gives the percentage  that these  stocks  are of all stocks  with
valid results  for a given  data set.

The  autoc o r r e l a t i o n  of  residu a l s  and  runs  tests  repea t e d  for

wee k l y  data  had  signi f ic a n t l y  differ e n t  data ,  than  for  daily  return s ,

as  is  sho w n  in  Table  16.   The  perc e n t a g e  of  stocks  that  exper i e n c e

autoc o r r e l a t i o n  of  residu a l s  and  runs  signi f i c a n t ly  drop p e d .   Ove r

the  whol e  data  set  (per io d  12),  only  8.4 %  of  cont inu o u s l y  trade d

stocks  were  foun d  to  have  autoc o r r e l a t i o n  of  residua l s  at  the  1%
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signi f i c a n c e  level .   The  resul ts  for  the  runs  test  also  exhib i t  a

signi f i c a n t  decl ine ,  with  only  35.6 %  of  stocks  sho wi n g  signs  of

runs  at  the  95 %  conf id e n c e  level .   These  resul ts  sho w  that  only  a

smal l  perce n t a g e  of  these  stocks  are  wea k  for m  ineff ic ie n t  in  their

wee k l y  price  return s .

In  the  last  period ,  the  resul ts  indica t e  a  mor e  signi f ic a n t

impr o v e m e n t  in  efficie n c y  than  was  obser v e d  in  the  daily  tests .   In

the  last  year  of  avai lab l e  data ,  only  5.1 %  exper i e n c e

autoc o r r e l a t i o n  at  the  1%  level ,  and  24.9 %  sho w  signs  of  runs  at

the  95 %  level .   This  is  a  drop  of  39 %  and  30 %  respec t i v e l y  fro m

result s  fro m  the  whole  data  set .   The  wee k l y  data  sho w s  this

signi f i c a n t  impr o v e m e n t  in  efficie n c y  by  the  last  time  period .

Ho w e v e r ,  in  the  period  grou p s  tested  for  daily  data ,  the  trends  and

resul t s  are  very  simil a r .   In  gene r a l ,  none  of  the  infor m a t i o n

distr ibu t io n  impr o v e m e n t s  cause  im m e d i a t e  and  signif ic a n t

efficie n c y  chan g e s .   The  data  can  be  interp r e t e d  in  the  same

man n e r  as  befor e ,  and  does  not  repres e n t  any  addit io n a l

infor m a t i o n  not  repre s e n t e d  in  the  daily  stock  return  resul ts  to

requi re  any  mor e  analy s i s .

The  dras t i c  impr o v e m e n t  in  weak - for m  efficie n c y  visib l e  in

wee k l y - retur n s  can  be  largel y  attr ibut e d  to  cont r o l l i n g  for  the  10 %

regula t i o n  in  these  tests.   Ho w e v e r ,  it  is  likely  that  the  effec t  of  the

regula t i o n  is  still  captu r e d  to  som e  degre e  in  these  resul t s  as  well ,

since  som e  pieces  of  infor m a t i o n  migh t  requir e  mor e  than  a  wee k

to  be  proce ss e d  with  this  regula t i o n  in  place .   Ho w e v e r ,  this  is

coun t e r e d  by  an  avera g i n g  effec t  in  this  data  set,  whic h  does  not

pick  up  daily  vola t i l i ty  in  return s .   This  effec t  wil l  reduc e  the

obser v e d  seria l  corre la t i o n  in  prices ,  since  price s  are  som e w h a t
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smo ot h e d  out.   Ho w e v e r ,  this  effec t  will  be  espec i a l l y  mini m a l  in

the  runs  test,  whic h  is  indep e n d e n t  of  retur n  size.   The  signi f i c a n t

chan g e  differ e n c e s  bet w e e n  the  daily  and  wee k l y  resul ts  cann o t  be

attribu t e d  entir e ly  to  this  effec t .   The  perce n t a g e  of  stocks

exper i e n c i n g  signi f ica n t  runs  drops  59 %  in  the  wee k l y  tests ,  which

is  not  muc h  diffe r e n t  than  the  65 %  drop  in  obser v e d

autoc o r r e l a t i o n .   This  congr u e n c e  sugges t s  that  the  data  is

consi s t e n t  with  the  notion  of  the  10 %  regu la t i o n  large ly  caus in g

the  blatant  ineff i c i e n c y  in  daily  resul t s .

Whi l e  the  implica t i o n s  of  the  10 %  price  limit  is  quite  clear

fro m  the  resul t s ,  anoth e r  impor t a n t  concl u s i o n  can  be  dra w n .

Thou g h  these  stocks  see m  more  efficie n t  in  a  wee k l y  test,

ineff ic i e n c y  still  exis ts .   This  is  espe c i a l l y  true  of  the  seque n t i a l

price  retur n s  isola t ed  by  the  runs  test .   There f o r e ,  this  is  furthe r

evide n c e  for  an  inves to r ’ s  abili ty  to  actua l ly  prof i t  on  the  W S E .

W hi l e  a  tradin g  strateg y  lookin g  only  to  trade  after  a  stock  has

mov e d  alm o s t  10 %  has  a  very  high  expe c t e d  retur n ,  the  chanc e  of

actual ly  trading  at  this  price  level  is  very  smal l ,  since  only

unin f o r m e d  inves to r s  wil l  be  will ing  to  trade .   Ho w e v e r ,  the

wee k l y  resul ts  sugges t  that  serial  correl a t i o n  exists  in  return s  even

whe n  prices  do  not  hit  the  10 %  limit.   Thou g h  evide n c e  of  this

serial  corre l a t i o n  has  wea k e n e d  in  the  mos t  recen t  tests ,  the  effec t

persi s ts .   A  poss ib l e  tradin g  strateg y  would  be  to  focus  on

indiv id u a l  stocks ,  whic h  exhib i t  clear  seria l  corre l a t i o n  in  their

price  mov e m e n t s .
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4. Weak Form Efficiency in Auction Stocks

Thou g h  som e  very  interes t i n g  conc lu s i o n s  were  mad e  fro m

stocks  tradin g  in  a  contin u o u s  tradin g  for m a t ,  one  woul d  expec t

these  effec t s  to  be  ma g n i f i e d  for  smal l e r ,  less  liquid  stocks .   These

stocks  have  mos tly  trade d  in  a  call  auct io n  syste m  since  the

begin n i n g  of  cont in u o u s  tradin g .   The  effic ie n c y  resul t s  for  these

smal l  stocks  are  impor t a n t  in  reflec t i n g  capit a l  prices  for  smal le r ,

and  often  new e r  firms .   Furthe r m o r e ,  the  resul ts  fro m  these  tests

are  mor e  likely  to  sho w  ineff ic i e n c y  and  provid e  prof i t

oppor t u n i t i e s  for  infor m e d  inves to r s .
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Table  17.   Tests  for  Auct io n  Stoc ks  (Daily  Retur n s )

Actual 0 1 3 2 2 0 9
% 0.00% 11.11% 33.33% 22.22% 22.22% 0.00%

Actual 3 6 10 15 14 4 16
% 18.75% 37.50% 62.50% 93.75% 87.50% 25.00%

Actual 12 14 16 8 8 2 25
% 48.00% 56.00% 64.00% 32.00% 32.00% 8.00%

Actual 0 0 3 6 2 2 33
% 0.00% 0.00% 9.09% 18.18% 6.06% 6.06%

Actual 8 16 27 47 43 33 80
% 10.00% 20.00% 33.75% 58.75% 53.75% 41.25%

Actual 15 180 192 54 51 41 98
% 15.31% 18.37% 19.59% 55.10% 52.04% 41.84%

Actual 13 24 33 41 39 29 81
% 16.05% 29.63% 40.74% 50.62% 48.15% 35.80%

Actual 20 31 43 49 46 37 99
% 20.20% 31.31% 43.43% 49.49% 46.46% 37.37%

Actual 47 75 102 213 208 192 242
% 19.42% 30.99% 42.15% 88.02% 85.95% 79.34%

Actual 42 69 101 210 205 188 242
% 17.36% 28.51% 41.74% 86.78% 84.71% 77.69%

Actual 58 69 82 124 122 118 133
% 43.61% 51.88% 61.65% 93.23% 91.73% 88.72%

Actual 77 101 139 225 219 203 252
% 30.56% 40.08% 55.16% 89.29% 86.90% 80.56%

Actual 9 19 29 60 54 44 91
% 9.89% 20.88% 31.87% 65.93% 59.34% 48.35%

Actual 5 18 39 106 90 31 149
% 3.36% 12.08% 26.17% 71.14% 60.40% 20.81%

Actual 61 95 126 216 207 188 241
% 25.31% 39.42% 52.28% 89.63% 85.89% 78.01%

Actual 36 41 51 95 95 95 96
% 37.50% 42.71% 53.13% 98.96% 98.96% 98.96%

Actual 12 20 28 66 66 65 68
% 17.65% 29.41% 41.18% 97.06% 97.06% 95.59%

PERIOD 
17

PERIOD 
13

PERIOD 
14

PERIOD 
15

PERIOD 
16

PERIOD 
9

PERIOD 
10

PERIOD 
11

PERIOD 
12

PERIOD 
5

PERIOD 
6

PERIOD 
7

PERIOD 
8

PERIOD 
1

PERIOD 
2

PERIOD 
3

PERIOD 
4

Runs 
(90%):

Runs 
(95%):

Runs 
(99%): Total:

DAILY STATS FOR 
AUCTION STOCKS

Significant 
AC (0.1%):

Significant 
AC (1%):

Significant 
AC (5%):

Note:  This  table  summarizes  the results  of tests on individual  auction  traded
stocks'  daily  returns.   The results  are broken  down  into  periods,  and all periods
in which  data was collected  are included  in the table.   The first  three  result
columns  represent  significant  autocorrelation  at the 5%, 1%, and 0.1%
significance  levels.  The next  three represent  the existence  of significant  runs at
the 90%,  95%,  and 99%  significance  levels.   The last column  gives the total
number  of stocks  with  valid  results  from the specific  period.   The first row for
each period  gives  the actual  number  of stocks  with observed  autocorrelation  or
runs at the specific  significance  level,  while  the second  row gives  the percentage
that these  stocks  are of all stocks  with  valid  results  for a given  data set.
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Daily  Retur n  Res ul t s

Ove r  the  cours e  of  the  whole  data  set,  as  desc r ib e d  by  the

resul t s  fro m  period  12  in  Table  17,  the  runs  test  statis t ic s  are  not

muc h  diffe r e n t  than  those  for  continu o u s l y  trade d  stocks .   At  the

95 %  confide n c e  level ,  85.9 %  of  stock  had  signi f ic a n t  runs  in

com p a r i s o n  to  87.0 %  for  contin u o u s l y  trade d  stocks .   Ho w e v e r ,

the  autoc o r r e l a t i o n  resul t s  do  sho w  signi f i c a n t  differe n c e s .   40.1 %

of  auct ion  stock  were  obser v e d  to  have  autoc o r r e l a t i o n  of  residu a l

at  the  1%  signi f i c a n c e  level  in  com p a r i s o n  to  24.3 %  for

contin u o u s  stocks .   This  repres e n t s  a  signi f i ca n t  differe n c e  in

one’s  predic t i o n  abil ity  fro m  past  price s .   The  simi la r i t y  in  the

runs  test  resul t s  sugge s t s  simi la r  degre e s  of  runs .   Ho w e v e r ,  the

autoc o r r e l a t i o n  resul t s  repres e n t  the  abili ty  to  better  predi c t  the

size  of  price  mov e s  in  these  auct io n  stocks .   This  featu r e  woul d

prove  to  be  impor t a n t  to  an  inves to r  atte m p t i n g  to  profi t  from  a

wea k  for m  inef f ic i e n c y  beca us e  he  will  be  able  to  ma k e  muc h

more  accur a t e  predic t i o n s  of  the  size  of  future  mov e m e n t s ,  instea d

of  simpl e  runs .  

The  highe r  perce n t a g e  of  ineff i c ie n c y  is  again  visib le  in

period  17,  repre se n t i n g  the  last  year  of  data .   Ho w e v e r ,  in  this

period ,  the  autoc o r r e l a t i o n  statis t ic s  conv e r g e ,  whil e  the  runs

resul t s  are  muc h  more  pro mi n e n t  in  auct io n  stocks .   This  sugges t s

that  speci f i c  predi c t i ve  abil ity  base d  on  past  price s  has  decl ine d .

Ho w e v e r ,  statis t ic a l l y  signi f i c a n t  runs  are  very  com m o n ,  95.9 %  at

the  99 %  signif ic a n c e  level .   Thus ,  these  stocks  contin u e  to  mov e

in  seque n t i a l  trends  mor e  often  than  woul d  be  expe c t e d .   This

infor m a t i o n  can  be  used  to  devel o p  a  tradin g  strateg y  taking

adva n t a g e  of  runs  in  these  smal l ,  auct io n  trade d  stocks .
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We e k l y  Retur n  Res ul t s

The  wea k - for m  effic ie n c y  tests  of  auct io n  price s  are

exten d e d  to  wee k l y  stock  prices ,  as  was  done  for  contin u o u s l y

trade d  stocks .   Thes e  resul t s  will  be  espe ci a l l y  impor t a n t  for  this

seg m e n t  of  stocks .   The  resul ts  for  continu o u s l y  trade d  stocks

stron g l y  sugges t  that  the  10 %  price  limit  is  a  very  signi f ic a n t

cause  of  wea k  for m  ineff ic i e n c y .   Wh e n  this  effec t  is  discou n t e d ,

the  data  exhib i t s  resul ts  muc h  close r  to  effic ien c y .   The  auct ion

stocks ,  like  contin u o u s l y  trade d  ones ,  woul d  be  diffic u l t  to  trade  if

a  stock  shoul d  mov e  mor e  than  10 % .   Ther e f o r e ,  these  price

mov e s  will  provid e  very  little  liquid i ty ,  and  it  is  necess a r y  to

evalua t e  if  inves t o r s  can  still  prof i t  whe n  the  10 %  regula t io n  is

mad e  incons e q u e n t i a l ,  as  in  the  wee k l y  data .   Since  it  is

hypo t h e s i z e d  that  the  auct io n  syste m  is  mor e  ineff ic i e n t  than  the

contin u o u s  seg m e n t ,  the  abili ty  to  profi t  from  seria l  corre l a t i o n  in

these  stocks  is  mos t  impor t a n t  to  inves to r s .
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Table  18.   Tests  for  Auct io n  Stoc ks  (We e k l y  Retur n s )

Actual 0 1 3 2 2 0 9
% 0.00% 11.11% 33.33% 22.22% 22.22% 0.00%

Actual 0 1 2 5 5 0 16
% 0.00% 6.25% 12.50% 31.25% 31.25% 0.00%

Actual 0 1 1 3 1 0 25
% 0.00% 4.00% 4.00% 12.00% 4.00% 0.00%

Actual 0 0 0 8 3 2 33
% 0.00% 0.00% 0.00% 24.24% 9.09% 6.06%

Actual 0 0 7 8 5 2 80
% 0.00% 0.00% 8.75% 10.00% 6.25% 2.50%

Actual 0 3 8 13 9 6 98
% 0.00% 3.06% 8.16% 13.27% 9.18% 6.12%

Actual 1 1 6 10 6 1 81
% 1.23% 1.23% 7.41% 12.35% 7.41% 1.23%

Actual 1 4 7 17 11 7 99
% 1.01% 4.04% 7.07% 17.17% 11.11% 7.07%

Actual 4 11 34 108 79 42 242
% 1.65% 4.55% 14.05% 44.63% 32.64% 17.36%

Actual 4 13 33 104 79 36 242
% 1.65% 5.37% 13.64% 42.98% 32.64% 14.88%

Actual 11 23 40 99 88 71 133
% 8.27% 17.29% 30.08% 74.44% 66.17% 53.38%

Actual 21 28 40 144 123 87 252
% 8.33% 11.11% 15.87% 57.14% 48.81% 34.52%

Actual 0 2 7 14 7 4 91
% 0.00% 2.20% 7.69% 15.38% 7.69% 4.40%

Actual 0 1 12 41 24 5 147
% 0.00% 0.68% 8.16% 27.89% 16.33% 3.40%

Actual 7 21 40 122 94 55 241
% 2.90% 8.71% 16.60% 50.62% 39.00% 22.82%

Actual 6 17 25 80 76 68 96
% 6.25% 17.71% 26.04% 83.33% 79.17% 70.83%

Actual 1 4 10 44 43 40 68
% 1.47% 5.88% 14.71% 64.71% 63.24% 58.82%

PERIOD 
17

PERIOD 
13

PERIOD 
14

PERIOD 
15

PERIOD 
16

PERIOD 
9

PERIOD 
10

PERIOD 
11

PERIOD 
12

PERIOD 
5

PERIOD 
6

PERIOD 
7

PERIOD 
8

PERIOD 
1

PERIOD 
2

PERIOD 
3

PERIOD 
4

Runs 
(90%):

Runs 
(95%):

Runs 
(99%): Total:

WEEKLY STATS 
FOR AUCTION 

Significant 
AC (0.1%):

Significant 
AC (1%):

Significant 
AC (5%):

Note:  This  table  summarizes  the results  of tests  on individual  auction  traded
stocks'  weekly  returns.   See the note from Table 17 for a description  of  the
format.

We e k l y  resul t s  again  sho w  a  signif ic a n t  decl ine  in  the

perc e n t a g e  of  stocks  with  signi f i c a n t  runs  or  autoc o r r e l a t i o n ,  as

seen  in  Table  18.   W hi l e  the  45 %  drop  in  the  perce n t a g e  of
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signi f i c a n t  run  obser v a t i o n  for  the  entire  data  period  is  in  line  with

the  contin u o u s  stock  resul ts ,  the  autoc o r r e l a t i o n  obse r v a t i o n s  are

even  mor e  signi f ic a n t l y  affec t e d .   The  perce n t  of  auct io n  stocks

exper i e n c i n g  autoc o r r e l a t i o n  of  residu a l s  is  near ly  75 %  less  for

wee k l y  data  than  daily  data .   This  again  sugge s t s  the  pro mi n e n c e

the  10 %  price  limit  has  in  the  wea k - for m  ineff ic i e n c y  obser v e d  in

these  stocks .  The  signi f ic a n t  differ e n c e  bet w e e n  daily  and  wee k l y

resul t s  sugge s t s  that  the  10 %  price  limit  is  mor e  often  appli e d  to

these  stocks .   This  is  a  reaso n a b l e  concl u s i o n  since  these  stocks

are  less  liquid ,  and  it  is  proba b l y  difficu l t  to  balan c e  all  the  orde r s

whe n  an  order  of  bigge r  size  com e s  into  play .   The  ineff ic i e n t

resul t s  of  the  10 %  regu la t i o n  are  very  clear  in  these  stocks .   Whi le

it  certain ly  mini m i z e s  volat i l i ty ,  it  also  preve n t s  free  mark e t  action

and  the  quick  execu t io n  of  order s .

The  sa m e  obser v a t i o n  abov e  holds  for  period  17,

repre s e n t i n g  the  last  year  of  com p l e t e  data .   As  noted  abov e ,  the

smal le r  decl ine  in  signi f i c a n t  runs  sugge s t s  that  the  mar k e t  is  still

not  effic ien t  whe n  the  10 %  regula t i o n  is  not  a  facto r .   In  period  17,

63 %  of  auct ion  stocks  exper i e n c e d  statis t i c a l l y  signi f i c a n t  runs  on

a  wee k l y  price  chan g e  basis .   This  resul t  sugges t s  that  the  mark e t

rem ai n s  wea k - for m  ineff ic ie n t  till  the  pres e n t .   Furthe r m o r e ,  this

sugge s t s  prof i t a b l e  trading  strateg i e s  can  contin u e  to  outper f o r m

the  mar ke t ,  espe ci a l l y  in  less  liquid  mar k e t  seg m e n t s .

Last ly ,  the  higher  degre e  of  effic ie n c y  in  contin u o u s l y  trade d

stocks  over  auct io n  stocks  credi ts  the  W A R S E T  elec tr o n i c  tradin g

syste m  for  enco u r a g i n g  effic ien c y .   W hi l e  boug h t  seg m e n t s  of

stocks  are  seen  to  have  a  smal l  and  simi la r  perce n t a g e  of

signi f i c a n t  autoc o r r e l a t i o n ,  63.2 %  of  the  auct io n  stocks  have  95 %
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signi f i c a n c e  level  runs  in  com p a r i s o n  to  24.9 %  for  contin u o u s l y

trade d  ones .   This  supp o r t s  the  W A R S ET  conc lu s i o n s ,  and  is

consi s t e n t  with  the  hypo t h e s i s  that  smal le r ,  low er  volu m e  stocks

prese n t  the  best  oppor t u n i t i e s  for  prof i t .

An  impor t a n t  point  to  note  is  that  disco v e r i n g  ineff ic i e n c i e s

in  the  mark e t  is  to  the  benef i t  of  the  exch a n g e  and  Polish

econ o m y .   As  ineff i c i e n c i e s  are  expos e d ,  inves t o r s  will  atte m p t  to

take  adva n t a g e  of  the m  for  prof i t .   Ho w e v e r ,  in  the  mea n t i m e  they

also  impr o v e  the  price  infor m a t i o n  of  the  mar k e t  by  reduc i n g  the

profi t  mar g i n .   Eve n t u a l l y ,  these  oppo r t u n i t i e s  for  prof i t  disapp e a r

as  they  beco m e  gene r a l  kno w l e d g e .   Tho u g h  it  migh t  see m

count e r i n t u i t i v e ,  it  is  actua l ly  to  the  bene f i t  of  the  exch a n g e  for

inves to r s  to  expos e ,  and  take  adva n t a g e  of,  ineff ic i e n c i e s .   In  the

long  run,  the  ineff ic i e n c i e s  will  disap p e a r  and  the  mark e t  will  be

an  effec t iv e  pricing  mec h a n i s m  for  capi ta l  that  reduc e s  risk  for  the

part ies  involv e d .   The  mark e t  can  assis t  this  proce ss  by  provid i n g

full  and  candid  infor m a t i o n .   The  amo u n t  of  infor m a t i o n  made

availa b l e  by  the  W S E ,  relat ive  to  other  emer g i n g  mar ke t s ,  impl i es

that  this  is  being  largel y  imple m e n t e d .  
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VIII.  Final Conclusions

In  this  study,  I  focus e d  on  4  ques t io n s  conce r n i n g  efficie n c y

on  the  War s a w  Stoc k  Exc h a n g e .   To  ans w e r  these  ques t io n s ,  a

nu m b e r  of  tests  were  cond u c t e d  that  prov i d e d  ans w e r s  to  one  or

more  of  these  ans w e r s .   I  concl u d e  by  lookin g  at  each  one  of  the

origina l  ques t i o n s  and  how  they  were  ans w e r e d .   

The  first  and  pri ma r y  goal  of  this  pape r  was  to  analyz e  the

wea k  for m  effic ien c y  of  the  W S E .   The  index  analys i s  resu l ts

sho w e d  the  index  as  gener a l l y  ineffi c i e n t .   Ho w e v e r ,  a  very

intere s t i n g  resul t  arose  fro m  this  test .   It  was  very  clear  fro m  the

WI G  and  WI G 2 0  resul t s  that  the  imple m e n t a t i o n  of  the  W A R S E T

syste m  had  a  profo u n d  impa c t  on  the  effici e n c y  of  the  mar k e t .

Ho w e v e r ,  this  obser v a t i o n  was  not  so  clear  in  the  indiv id u a l  stock

tests .   Thes e  indiv id u a l  stocks  tests  sho w e d  a  mark e t  that  rem ai n e d

relat i ve l y  inef f ic i e n t  throu g h o u t  its  histor y .   The  gene r a l

conclu s i o n s  I  was  able  to  mak e  are  that  the  W S E  has  mad e  steps

for w a r d  in  provin g  the  integr i t y  of  the  excha n g e .   Ho w e v e r ,  the

indiv id u a l  stock  resul ts  paint  a  more  bleak  picture ,  wher e  progr e s s

has  been  slow  and  incons i s t e n t .   This  was  supp o r t e d  by  the

Janua r y  effec t  resul t s :  a  Janua r y  effec t  see m s  to  exist  till  today .

Ho w e v e r ,  the  majo r i t y  of  the  W S E ' s  ineff ic i e n c y  can  be

bla m e d  on  the  W S E ' s  10 %  price  chan g e  limit .   This  regu la t i o n

pret ty  muc h  guara n t e e s  serial  corre l a t io n  in  price  return s .   It  also

requi re d  an  exten d e d  wea k  for m  effic ien c y  study  to  decip h e r  if  the

W S E  allo w s  oppo r t u n i t i e s  for  inves to r s  to  mak e  a  profi t .   The

wea k  for m  tests  of  wee k l y  data  mad e  the  seve r  effec t  of  the

regula t i o n  clear .   Thes e  tests  also  prov i de d  evide n c e  on  signi f i c a n t
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runs  in  individ u a l  stocks  after  cont r o l l i n g  for  regu la t i o n .   The  tests

of  the  Janua r y  effec t  also  conf i r m e d  anothe r  prof i t  oppo r t u n i t y .

The  W S E ' s  Januar y  effec t  allo w s  inves to r s  to  mak e  syste m a t i c

prof i t s  fro m  signi f i c a n t  seas o n a l  trends .   Furthe r m o r e ,  by  focus i n g

on  smal l ,  illiquid  stocks ,  inves to r s  see m  to  be  mor e  likely  to  find

ineff ic i e n c i e s .   The  strateg i e s  prop os e d  here  are  rela tive l y  well

kno w n  and  simp l e ,  but  they  indica t e  the  existen c e  of  other  such

strateg i e s ,  beca u s e  prices  can  be  calcu l a t e d  base d  on  past  price s

alone .   This  obse r v a t i o n  is  impor t a n t  to  any  inves to r ,  and

enco u r a g e s  him  to  imple m e n t  these  simpl e  strateg i e s  and  seek  out

other s .

To  com p a r e  the  W S E  to  other  emer g i n g  mar k e t s  one  needs

to  focus  on  inde x  resul t s  beca u s e  these  are  gene r a l l y  the  only  ones

avai la b l e  for  other  excha n g e s .   The  W S E  see m s  to  have

signif i c a n t l y  impr o v e d  in  effic ien c y  whe n  studie d  by  its  indic es ,

and  there f o r e  places  itself  in  the  mor e  adva n c e d  group  of

emer g i n g  mark e t s .   Ho w e v e r ,  it  does  not  com p a r e  to  deve lo p e d

mar k e t s  like  the  US,  whic h  have  not  seen  a  valid  Janua r y  effec t

for  30  years .   Non e t h e l e s s ,  for  a  thirtee n  year  old  mark e t ,  the  W S E

has  gro w n  quic kl y  and  has  made  som e  impor t a n t  head w a y  into

beco m i n g  an  effici e n t  excha n g e .

The  mos t  impor t a n t  of  these  adva n c e s  see m s  to  have  been

the  introd u c t i o n  of  the  W A R S E T  syste m ,  whic h  instan t a n e o u s l y

impr o v e d  its  over a l l  mar k e t  efficie n c y .   The  other  impr o v e m e n t s

in  infor m a t i o n  distr ibu t io n  see m s  to  have  exten d e d  effec t s  that

take  a  whil e  to  imple m e n t .   None t h e l e s s ,  the  impor t a n c e  of  a  fast

acces s  elec t r o n i c  syste m  to  the  W S E ' s  impr o v e m e n t  in  efficie n c y

shou l d  be  a  mode l  for  other  emer g i n g  and  transi t i o n a l  excha n g e s .
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Anot h e r  impor t a n t  lesson  for  capi t a l  mark e t s ,  includ i n g  the  W S E ,

is  the  nega t iv e  impa c t  of  tradin g  regula t i o n s  that  place  limits  on

the  free  mar k e t .   Thou g h  such  strict  rules  migh t  be  seen  as  a

necess a r y  evil  for  a  short  period  of  time  to  maint a i n  rationa l

mar k e t s ,  they  should  be  abolish e d  at  the  first  oppo r t u n i t y .   The

regula t i o n  is  the  mos t  impor t a n t  factor  in  keep in g  the  stocks  of  the

exch a n g e  wea k  for m  efficie n t ,  and  there f o r e  the  excha n g e  cann o t

act  as  an  effec t iv e  price  infor m a t i o n  mec h a n i s m  for  the  econ o m y .

Thou g h  regula t io n s  are  like ly  neces s a r y  to  preve n t  sever  panics ,

regula t i o n s  as  strict  and  hinde r i n g  as  Polan d ' s  are  unne c e s s a r y .

In  this  pape r ,  I  was  able  to  succe s s f u l l y  ans w e r  these

quest io ns ,  with  mea n i n g f u l  and  relat ive l y  consi s t e n t  resul t s .   A

direct io n  for  future  resea r c h  is  to  expa n d  this  study  to  includ e

semi- stron g  for m  efficie n c y  tests .   Ho w e v e r ,  the  avai lab l e  data

preve n t s  such  a  study,  and  the  mar k e t  and  funda m e n t a l  data  woul d

have  to  be  collec t e d  priva te l y .   This  how e v e r  could  provid e

inves to r s  with  more  effec t iv e  tradin g  strateg i e s  for  prof i t  on  the

W S E .   The  expan s i o n  of  effic ien c y  tests  to  the  W S E ' s  bond  and

deriva t i v e  mark e t s  are  also  likely  to  prese n t  oppo r t u n i t i e s  in  som e

of  these  mor e  com pl e x  prod u c t s .

Suc h  atte m p t s  and  studie s  will  lead  the  exch a n g e  to  highe r

degre es  of  effici e n c y .   Ho w e v e r ,  the  exch a n g e  shoul d  also  take

proac t iv e  steps  by  getting  rid  of  regula t i o n ,  and  prov id i n g

com pl e t e  and  deta i l ed  infor m a t i o n  to  inves to r s .   Non e t h e l e s s ,  the

W S E  has  taken  som e  impor t a n t  steps  to  provid i n g  mar ke t

part ic ip a n t s  with  better  infor m a t i o n  rela tive  to  other  mar k e t s  of

simi la r  size  and  histor y .   With  contin u i n g  progr e s s ,  the  WS E  can
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beco m e  price le s s  tool  for  the  Polish  econo m y  to  attrac t  inves t m e n t

and  regu la t e  its  capi ta l  mar k e t .
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