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Sunmary

Due to the many misconceptions surrounding the common
signi f icance tests ,  a  catarogue of  demands to  be sat is f ied by
stat is t icar-  induct ion is  developed.  The resur t  o f  such cr i ter ia
is  a four  s tep hybr id  theory of  s tat is t icar_ i_nference (Fosrrs) ,
which is  organized h ierarch ica l ry :  s tar t ing wi th  a pranning
phase (Neyman-Pearson) ,  go ing on wi th  a rogr iker ihood- test
(Bayes,  F isher ,  ward) ,  coming to  a maximum l ike l ihood- test
(Edwards) ,  and ending wi th  an ef fect  qual i f icat i_on.
strengths and weaknesses of this approach are discussed.
Generally, there is something to be learned: the more meaningful
statist ical induction should be the more precise theoreticar
deduction must be.



s ta t i s t i ca l  i n fe rence  s t ra tegy  (FOSTIS)
A non-confounded hybr id  theory.

E r i c h  H . Wit te

Univers i ty  o f  Hamburg,  Germany

Do \^ /e need these endless d iscuss ions over  which is  the

correct  s tat is t ica l  in ference st rategy? As vJe Iearned f rom

Gigerenzer  and Murray (1987) ,  they are theoret ica l  models  of

cogni t ion and decis ion.  Accord ing to  th is  perspect ive,  however ,

the d iscuss ion should be l imi ted to  th is  par t icu lar  area of

research and should be fur ther  d iscussed and cr i t ic ized wi thout

having a fundamenta l  in f luence on other  areas of  psychologica l

research.  In  connect ion wi th  th is  research,  d i f ferent

s tat is t ica l  in ference theor ies are rediscovered as a l ternat ives,

somet imes wi th  very d i f ferent  conclus ions or  probabi l i t ies of

corroborat ion.  I f  we take the ent i re  body of  psychologica l

research as a k ind of  dec is ion process guided by the hrrong or

only  defect ive theory of  in ference,  or  that  s ing le speci f ic

hybr id  theory of  s tat is t ica l  in ference that  is  dominant

(Cohen  ,L99O;  G ige renze r  &  Mur ray ,L987)  ,  t hen  a I l -  o f  ou r

psychological knowledge evaluated by the use of this judgrnental

cr i ter ion might  be defect ive.  At  best ,  sre cannot  dec ide whether

or  not  our  theor ies are corroborated by the empir ica l  data,

because the acceptance of a true alternative hypothesis , the

pohter  of  a  test ,  is  much more in terest ing for  theoret ica l

development  than the probabi l i ty  o f  re ject ion of  a  t rue nul I

hypothesis ,  assurn ing that  the a l ternat ive hypothesis  is  the

theoret ica l ly  re levant  express ion.  S ince i t  is  known that  the

po$rer  of  our  s tat is t ica l  tests  is  on the average near  1-ß :  O.50

(  Cohen  |  1962  ,  L99O,  Sed lme ie r  &  G ige renze r ,  1989  ,  l r l i t t e  ,  1980  )  t he

acceptance of the true alternative hypothesis turned out no

better than had !{e f l ipped a coin. In general and without

change, our experiments have been unacceptably underpowered

since the publ icat ion of  Cohen's  handbook on po$ter  analys is

(1969) .  I f  t h i s  cou ld  happen  fo r  25  yea rs  w i thou t  change ,  t h i s

cr i ter ion of  evaluat ion is  a  massive h int  that  someth ing must  be
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hrrong with our theory testing procedure. hrhat of our
in  the behaviora l  sc iences is  t rue,  i f  a fmost  ar r_ of
been corroborated is evaluated by underpowered
s t ra teg ies?

2

knowledge

what has

inference

what  remains astounding is  the in ference revolut ion in  the
behaviora l  sc iences in  the observed hray.  How could th is  have
happened? There is  a  cornbinat ion of  reasons.  Most  o f  thern have
been d iscussed before,  so there is  no need to d iscuss them here
in tens i ve l y  aga in  (G ige renze r  &  Mur ray  I  I g87  ;  W i t t e ,19g9) :
a)  the procedure is  easy to  teach,  b)  you a lways get  a  dec is ion,
c)  you onry need smar-r  samples,  and d)  the procedure is
mechan ica l .

A] l  these reasons are t rue,  r  th ink,  but  they cannot  expla in  why
the massive cr i t ique has had no in f luence at  a l l .

rn  my opin ion,  the main reason is  that  th is  k ind of  in fe_
rence strategy is just the other sj-de of the coin of theory
construct ion.  They correspond to one another  exact ly .  The k ind
of  hypotheses and the i r  tests  f i l tered through an in ferent ia l_
test  s t ra tegy re ly  on each other .  r f  we are sat is f ied wi th  the
hypotheses usuar-ly formurated, then there is no better inference
strategy than the hybrid test theory described in our books on
stat is t ics-  our  d iscuss ion of  the s ign i f icance test  ,  the
s igrn i f icance test  controversy (Morr ison & Henker  t l ,97o) ,  is  a
sur face-1evel  d iscuss ion;  the fundamenta l_ problems are deeply
rooted in the kind of theories and hypotheses accepted as
sc ient i f ic  by the sc ient i f ic  communi ty .  Thus,  i f  the in ference
strategy is  fe t t  to  be h ighty  probremat ic ,  then the quat i ty  o f
the theory construct ion is  insuf f ic ient ,  because the j -n ferent ia l_
st rategy of  the c l -ass icat  s ign i f icance test  is  the ideal
inst rument  for  the sc ient i f ic  fee l ing:
a)  the s ign i f icance test  contro ls  the in f ruence of  a  random

factor ,  our  sc ient i f ic  demand;
b)  i t  ignores other  data f rom ear t r ier  exper iments,  the s inp l i_

c i t y  o f  da ta  ana lys i s ;
c)  i t  leads to  a h igh rate of  re in forcement  for  the theore-

t ic ian,  because he/she needs onry to  assume that  someth ing
happened ;  and  i f  t he  sampre  s i ze  i s  no t  t oo  smaI l ,  a  s ign i_
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f icant  d i f ference wi r r  be observed,  usuar ly ,  a  corroborat ion
of  a  theoret icaL hypothesis ;

d)  to  formulate a theory one needs only
rough qual i ta t ive d i f ference wi thout
found in  ear l ier  s tud ies,  theoret ica l

a predic t ion of  a  very
any idea of  i ts  amount

economy.

on the one hand, this strategy is doubtr_ess an improvement
over strateqies that preceded the inference revolution. Hor^rever,
i t  can a lso act  as a s tagnat ion i f  we cont inue to  ignore the
fundamentat probrens of the general strategy emproyed to prove
our  hypotheses.  s ince psychology and other  behaviorar  sc iences
have developed,  in  a pre-paradigmat ic  s tate a uni fy ing d isc ipr i_
nary submatrix through the use of an accepted inference
strategy,  i t  is  near ly  i rnpossibre to  formulate more prec ise
hypotheses,  as they cannot  be tested by our  s ign i f icance tests
in the usuar- hray. Thus, the state of the art in behaviorar-
sciences requires vaque hypotheses, because they have to be
tested by signif icance tests. Ar1 theoreti-car progress itepends
upon our  s ign i f icance tests  as a resul t  o f  the i r  dominance as
the fundamental approach to evaluating theories ( in our
emp i r i ca l  resea rch ) .

under  such a condi t ion i t  is  necessary to  accept  that  a
cr i t ique of  the s ign i f icance test  is  arso a cr i t ique of  those
theoreticar constructions forrnur-ated in such a $ray that they
only  can be tested by a s ign i f icance test .  A change of  the
inference strategy requires a change of the theoretical con_
struct ion.  change mupt  occur  s imur- taneousry in  both.  This  is  a
long process,  though,  because i t  rooks to  some extent  l ike a
sc ient i f ic  revor-ut ion.  r f  i t  is  qenera l ly  accepted at  th is  po int
that our hypotheses cannot become more precise, then
signi f icance tests  must  be accepted as the idear  methods.
However ,  i f  i t  is  generarry  accepted that  s ign i f icance tests  are
insuf f ic ient ,  then a s tandard must  be set  for  what  is  needed in
terms of  a  more suf f ic ient  in ference st rategy.  However ,  one
consequence of such a standard would be, that formulation of our
hypotheses must  become more prec ise.  r t  is  log ica l ry  impossib le
to have one part without the other.



some historical renarks on statistical inference

This  paper  is  not  the p lace to  d iscuss the h is tor ica l
devel0pment  of  s tat is t ics  in  deta i l .  But  i t  is  necessary to  g ive
some indication of where the rnethods come from and why they havebeen  used  h i s to r i ca l t y  ( see  K rüger ,  Das ton  &  He ide rbe rge r  , L987 ;K r ü g e r ,  G i g r e r e n z e r  &  M o r g a n ,  I S B T ;  s t i g l e r ,  1 9 8 6 ;  t { i t t e , l g g o ) .

r t  is  poss ib le  to  d is t inguish four  or ig ins of  theprobabi l i ty  concept :
a)  pract icar-  s tat is t ics  as the d is t r ibut ion of  a  populat ion in

d i f f e ren t  c lasses ,  e .g .  men  _  h romen  in  o ld  Egyp t .
b)  ganbt ing in  the Middle Ages, .
c)  dec is ion making and the proof  o f  the ex is tence of  God

( pascal ) , .
d )  I og i c  and  t ru th  (  Le ibn i z ,  Bayes ) .
obviously, there are divergent origins of the concept of proba_
bi l i ty ,  and a mixture of  these categor ica l  d i f ferences in to oneconcept  must  lead to  cer ta in  inconsis tenc ies in  theinterpretat ion of  the resur ts  of  s ign i f icance tests ,  ar though
the d i f ferent  angles each have speci_f ic  condi t ions under  which
they  a re  j us t i f i ed

This r-eads to the condit ions which hrere decisive for theconstruction of current test theories. As everybody knows,
Fisher  was in terested in  appt ied research of  agr icu l turar  f ie ld
exper iments '  This  had,  a t  f i rs t ,  noth ing to  do wi th  sc ient i f ic
in ference:  However ,  th is  procedure of  manipulat ing condi t ions
resembles the variat ion of independent variables coming from
theoret icar  moders predic t ing an ef fect .  (The no ef fect  nu l r
hypothesis can be used as the predict ion by a random i.nf luence
and should be fa ls i f ied,  which is  the probabi l is t ic  vers ion of
fa ls i f icat ion in  the popper ian sense.  )  s ince phi losophy of
sc ience in  th is  regard teaches that  there is  no ver i f icat ion,
there is no need to formurate an ar_ternative hypothesis. This
represents a convenient  misunderstanding of  fars i f icat ion as
theory test ,  because the theoret ica l ly  rerevant  hypothesis
should be tested,  and the fa i rure of  d isprov ing th is  hypothesis
increases the credib i r i ty  o f  the theory.  But  there is  no theory
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adequate to  a prec ise predic t ion in  these f  ierd exper iments, .
therefore,  the nul r  hypothesis  is  taken as the onry prec ise
predic t i -on f rom a t r iv ia l  random ef fect .  This  theoret icar_
dis t r ibut ion of  expected data is  deterrn ined before any empir icar
research.  Af ter  an empir ica l  resur t  has been observed,  the
decis ion depends on the probabi l i ty  o f  th is  datum under  the
hypothet icar  d is t r ibut ion.  The concrus ion leading f rom the
empir ica l  resul t  to  the far -s i f icat ion of  the random hypothesis
is  on ly  ind i rect .  There is  no exper i rnentar  p lanning and no idea
of  a theoret icarry  prec ise predic t ion.  This  program of
s tat is t icar  i -n ference only  contrors  a random ef fect  as an
expranat ion of  the resur ts  and takes the far_s i f icat ion of  the
explanat ion to  be an increase in  the credib i l i ty  o f  the theory.

The next step was to accept that there has to be something
l ike a theoret icar-  a l ternat ive hypothesis  to  the random ef fect .
Furtherrnore, the chosen inference test should have some charac-
ter is t ics  comparable to  those of  o ther  poss ibre tests ,  so that
the decis ion based on these tests  is  opt imar  i_n a mathemat ica l ry
defined sense. The test to be used should be uniformly the most
powerfu l ,  unbiased,  and consis tent  accord i -ng to  the set  o f
standards in the inference theory developed by Neyman and
Pearson. Thus, the Neyman-pearson theory is an improvement of
Fi-sher's original theory j-nto a more consistent and
mathemat ica l ry  def ined st rategy.  (However ,  the ar ternat ive
theory is  on ly  ex is tent  in  an abst ract  sense not  prec ised.  r t  is
therefore known by using signif icance tests that the por^rer is
maximal- ,  but  the real  lever  of  power can only  be ident i f ied i f
the a l ternat ive hypothesis  is  a lso a prec ise parameter .  )  Thus,
our  s ign i f icance tests  dear  wi th  the expectat ion of  cer ta in
empir ica l -  resur ts  under  hypothet icar  assunpt ions.  under  speci f ic
condj-t ions, the distr ibutions of the expected data are unique
( t ,  F,  normal)  -  Thus,  i t  is  very wel l  known before the
occurrance of any ernpir ical result what data, with what
probabi r i ty ,  are expected.  hr i th  the detern inat ion of  two
hypotheticar parameters, the experimental condit ion can be
planned exactly, and with the errors to be accepted. After the
precision of the al-ternative hypothesis the Neyman-pearson
theory is a theory of planning experinents without eny ernpir ical
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da ta .  Th i s  h ras  the  d i rec t i on  i n  wh ich  cohen  (1969  ,1927)developed the Neynan-pearson approach. t{hat is needed is thedef in i t ion of  an ef fect  s ize.  This  is  the rn in i rna l  varue of  the
al ternat ive hypothesis ,  which noh,  has been def inedquant i ta t ive ly  as the l0west  po int  o f  the in terva l  def in ing the
hypothet ica l ry  acceptable parameters.  wi th  th is  quant i f icat ion
of  the a l ternat ive hypothesis ,  the whole in ference st rategy
becomes more in for rnat ionar ,  a l though cohenrs approach is  based
complete ly  on Neyman-pearsonrs theory,  which is  a  pranning and
not  a test  theory.

There is another approach in the modern history of the
inference revolution, namely the decision theory developed by
wald (1947)  in  h is  sequent iar -  tests .  His  concrete problem was to
decide whether a set of manufactured products was defective or
not- This decisi-on should be made with as few observations as
possible under tolerabre error rat 'es. Thus the nurnber of obser-
vations is a variab]e rather than a constant. Although hrard is
discussing the Neyman-pearson theory, he uses a different
decis ion cr i ter ion e i ther  f  or  or  agai -nst  the nu] l  hypothesis ,
h is  sequent ia l  probabi l i ty  ra t io  test .  This  means there i -s  no a
pr ior i  determinat ion of  the sample s ize,  but  the decis ion to
reject or accept the Iot has to be determined beforehand, by
fixing c- and ß-error and the minirnar deviation. The consequence
is that after each outcome is known, there is a new decisi-on
about the two hypotheses. r{ i th this sequentiar sarnpring there
can be a very high reduction of sample size needed for a
decis ion-  This  can be poss ib le  because the real  er ror  o f  the lo t
can be much greater than the rninirnal error, and hence detected
ear l ier  than the min i rna]  er ror .  However ,  th is  in ferent iar
strategy is not constructed for the purpose of testing
sc ient i f ic  hypotheses.  r t  is  opt imar  under  the par t icu lar
condi t ions for  which i t  is  devel0ped,  namely accept ing or
re ject ing a set  o f  manufactured products .  under  these
circumstances whether the rot is error free or not is the onry
in terest ing deta i l .  r t  is  by no means re levant  to  know the rear
amount of the difference if  this deviation is above a chosen
threshord '  To t ransforn th is  condi t ion in to sc ient i f ic  in ference
means that the nurl hypothesis is the theoreticalry interesting
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derivation and that the other hypotheses are irrerevant. Theyare taken as var iab les.  Thus the theoret ica l ry  rer_evantparameter  -  in  us ing th is  test  s t ra tegy for  sc ient i f ic  purposes_
is  not  deduced f rom assumpt ions;  i t  var ies randornJ_y.

There is  on ly  one in ference st rategy d i rect ly  concernedwi th test ing a hypothet ica l  parameter :  the idea deveroped byB a y e s  ( s e e  e - g .  s t i g r e r , 1 9 8 6 ) .  s u c h  a  m o d e l  i s  t h e  o n l y  o n e  t h a tt r ies to  so l -ve the problön of  , r induct ion, r  
or  i l inverse

probabi l i ty" .  This  concept  should be at  the center  o f  ourin ference tests ,  but  i t  is  arnost  to ta l ry  ignored in  conpar ison
to the sequentiar tests and the pohrer analyt ic planning con_cepts '  These requi re only  a par t ia l ly  speci f ied ar ternat ive
hypothesis, at r-east at the point of the r-owest acceptabledeviat ion '  There is  a  consensus in  the sc ient i f ic  communi ty  thatspeci f icat ion of  hypothet icar  parameters is  near ly  inpossibre(but  see Tukey,  1969) .  The consequence of  th is  consensus isstate-of - the-ar t  o f  s ign i f icance test ing.  (For  fur therd iscuss ion see the very in format ional  ar t ic le  by cohen,  1990 andM e e h l - ,  7 9 7 8 . )

A possible set of criteria to be fulfilled by an infeEentief
test strategry

The f i rs t  and main s tep of  a  s tat is t ica l  in ference st rategy
is  the c tar i f icat ion of  what  is  wanted.  A l l  s ta t is t ica l  test
theories have their ghrn centrar- kind of application, which canthen be extended to sc ient i f ic  in ference.  r f  these demands are
known,  then a s tat is t ica l  procedure which is  ab le to  fu l f i l
these standards shourd be deveroped. These standards should be
based  on  th ree  founda t ions :  a )  ph i l 0sophy  o f  sc ience  (e .g .
Ea rman , Ig83 ;  S tegmü l Ie r ,L9Z3 ;  Maher , . , g2 ) ,  b )  ma thena t i ca l
s ta t i s t i cs  (  e .  g .  Kendar - r -  &  s tua r t  , 1963 ;  s i r vey  ,  rg70 )  ,  and  c  )empir ica l  research condi t ions in  the behaviorar  sc iences (e.g.
C o h e n  ,  1 9 7 7 , 1 9 9 0 )  .

I t  is  i rnpossibte
in  de ta i l .  The re fo re ,

to  d iscuss any of  these
the dernands are given

three foundations

without a 1enghty
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exp lana t i on :

1 )  The centra l  po int  is  that  a  measure of  the re la t ive
conf i rmat ion of  one hypothesis  against  another  under
empir ica l  ev idence is  needed (nr inc ip le  of  rerat ive
conf i rmat ion)  -  Af ter  the d iscuss ion of  induct ion in
phi losophy of  sc ience i t  seems that  empir icar  ev idence can
only  resur t  in  a measure of  re la t ive conf i rmat ion between two
hypotheses,  and not  in  an absorute measure of  a  s inqre
hypo thes i s .

2)  The in format ion of  the data shourd be exhausted in  the de-
scr ip t ion of  the ernpi r icar  ev idence,  so that  the measure of
the ev idence conta ins ar- r  the in format ion needed for  the
rerative confirrnation of the two hypotheticar parameters
(p r i nc ip te  o f  su f f i c i ency )  .

3 ) A]lowed transformations of the ernpir ical data must not have
an in f luence on the conf i rmat ion of  the hypotheses (nr inc ip le
of the independence between data @ anO
hypotheses conf irrnation ) .

4)  The k ind of  sarnpr ing (one step or  sequent ia l )  shourd be
independent  of  the conf i rmat ion (pr inc ipte of  the
independence between sanpl ing and conf i r rnat ion) .  fn  the
tradit ion of the Neyrnan-pearson theory, the resurt of the
sampre as well as the more extreme results are taken into
considerat ion:  This  means that  the one-step sarnpr ing is
fundamental_ for this theory.

5)  As a technica l  demand,  i t  is  favorable that  the grobal
measure of confirmation from independent samples is the sum
of  each sample 's  measure (pr inc ip le  of  addi t iv i ty  o f  the
conf i rmat ion measures)  .

6)  rn  genera l ,  the a pr ior i  probabi r i t ies of  the two hypotheses
shourd be eguaI, because the search for truth and the more
pragmat ic  cr i ter ia  for  the consequences of  a  fa lse decis ion
should be seperated ( principre s. l f  independence between truth
suppor t ing and conseguence evaluat ion) .  The resu1t  of  th is
demand is that the two hypotheses shourd be equivarent in
k ind (e.g.  nu l l -  and a l ternat ive hypotheses should be both
simple point parameters or both should be intervalf
parameters)  and the error  ra tes(  c ,  ß)  shour-d be equal , too.



9
7)  The error  ra tes themselves should be known

hypothesis  is  judged as more conf i rmed as
(p r i nc ip l_e  o f  e r ro r  es t ima t ioa ) .

before one

the other

8)  The rerat ive conf i - rmat ion of  one hypothesis  against  another
a lso depends on the re jected hypothesis :  Noth ing is  known
about the direct relation between data and the chosen
hypothesis .  Dur ing the process of  theory development  i t  is
necessary to evar.uate the correspondence between enpir ical
resul ts  and the chosen hypothesis ,  because a h igh corre_
spondence means that  the theoret ica l  rnodi f icat ion can be
la id  as ide for  the moment  (pr inc ip le  of  hypothesis
qual - i f icat ion) .  This  correspondence,  hor" /ever ,  rnust  be
evaluated in  a probabi r i ty  moder  of  conf i rmat ion and us ing
the data themselves.

9)  unt i l  now,  arr  o f  the evaluat ions of  the hypothesis  are based
on an abst ract  modet  of  conf i rnat i -on.  us ing a theoret ica l
explanat ion as a predic t ion in  a theoret ica l  0r  appl ied
context i t  is necessary to know more about the amount of
explained variance of the data by the theory. rf  this amount
of  var iance is  ra ther  smalr ,  then the theoret ica l  explanat ion
works for  the sumrnar i -zed stat is t ic  used in  the test  (e .g.  the
mean);  however ,  the other  uncontro l led factors (e.q.
expressed by the var iance)  are too s t ronq for  a  suf f ic ient
inf luence of the theory in the data measured, although it  has
been conf i rmed by the in ference st rategy (pr inc ipre of  e f fect
q u a t i f i c a t i o n ) .

10)  As a last  and rnost  impor tant  po int ,  a  genera l  measure of
confirmation, which evaluates the rerative support of one
hypothesis against another using the ernpir ical evidence,
is  needed.  This  has been carred inverse probabi l i ty  or
I i k e l i h o o d  ( n r i n c i p t e  o f  l i k e t i h o o d ) .

These ten principles could be a catarogue of demands for an
inference st rategy.  o f  course,  th is  cata l0gue is  on ly  a
proposal ,  and can natura l ly  be modi f ied.  However ,  i t  is  a
posi t ive formulat ion of  those standards that  shourd be sat is f ied
i f  the behaviorar  sc iences are to  show theoret icar  progress.
such depends on the deep connection between inference strategy
and theoretical construction and developrnent.
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of  course,  such cr i ter ia  cannot  be fur f i r red at  the be_
ginning of  a  research t rad i t ion.  At  that  t ime,  methods for  the
exprorat ion of  data (Tukey,Lg77)  shourd be used,  and not  the
test  o f  prec ise theor ies and the i r  hypotheses.  But  our  usuar
strategy -l-ooks r- ike pseudo-testing at the very beginning of
research,  concentrat ing on prorn is ing resur ts  wi thout  speci_
f icat ion of  the parameters to  be tested.  contrary  to  our
quant i ta t ive data anarys is ,  the for rnutat ion of  the hypotheses
are s t i l l  s i rnp ly  qual i ta t i -ve,  even af ter  for ty  years of  research
(e 'q '  d i ssonance  theo ry ) .  The  reve l  0 f  measuremen t  (e .g .
in terva l  data)  is  ar .most  never  used for  a  speci f icat ion of
hypotheses.

A non-confounded inference test strategry: FOSTIS

lvith this cataroque in rnind, the question becornes how we
night satisfy the demands- The solution is a number of different
approaches cornbined into one strategy, because the different
approaches each have st rengths and weaknesses (wi t te  ,Lg77,
1980 ,1989) .  Th i s  comb ina t i on  i s  h ie ra rch i ca l l y  o rgan ized  i n to
four  s teps of  dec is ion (ca11ed Fosrrs) .  At  each step,  there is
a three-var.ued rogic that entairs either the acceptance of one
of the two hypotheses, or a continuation with the sarnpling of
data as i t  is  wel l  known f rom la la ldrs  sequent ia l  tests .

The f irst step is the planni-ng of the empirical condit ion
under which two hypotheses shourd be tested. The best pranning
theory is that of Neyman and pearson. However, two parameters
have  to  be  spec i f i ed :  e (o )  and  e (1 )  as  po in t  hypo theses ,  wh ich
is the easiest case. Furthermore, the error rates have to be
speci f ied as a :  f ) .  The consequence of  th is  speci f icat ion is
that minirnal sample size can be determined. This represents the
condit ion under which the test of the hypotheses is al]owed and
the f i rs t  s tep of  the in ferent ia l  s t ra tegy is  sat is f ied.  r f  the
rnininal- number of the sample size is not reached, then the
resur ts  are to  be repor ted wi thout  a  test .  sc ience is ,  a f ter
a l l ,  a  cumulat ive process.  why do we need to test  hypotheses? r t
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is  in terest ing that  cohen (s t i r1  Lggz)  proposes to  increase ß to
o -2o ,  because  a  sma l l e r  va rue  rwour_d  resu r_ t  i n  a  demand  fo r  Ntha t  i s  r i ke l y  t o  exceed  the  i nves t i ga to r r s  resou rces ,  (p .155 ) .
This night be true, but then one ought to wait unti l  other
invest igators incrude the i r  resources,  nak ing the empir ica l
condit ion- ß shour.d never be increased as a general strategy to
compensate for them. rf there is something to be tested, then
there is  a  need f  or  rn in imal  resources,  e lse i t  rooks r_ ike apseudo- test  wi th  a l l  the conseguences of  ignor ing non-' s i gn i f i can t  

resu r t s  and  nu r t i p le  tes ts .  To  some ex ten t ,
inadequate resources can be for tunate,  because d i f ferent  rabs
must combine their results, which is rnuch more informative than
conf i rmat ion f rom one rab.  r t  might  arso be the case that  the
resources are greater than the ,,irirrir,r*. Under these
circumstances, a reduction of the Type r and Type rr error is
poss ib le .

r f  the empir icar  condi t ion passes the f i rs t  s tep,  then the
two hypotheses can be tested. The test is a r ikel ihood ratio
test  which in  fact  is  s i rn i rar  to  the ward probabi r i ty  ra t io
test ,  but  in  a non-sequent ia l -  form :

L t o (  I )  / x l / L t o ( o )  / x l  >  €  :  ( r _ ß )  / a  (  1 )
rf the l ikerihood ratio exceed.s a cri t icar value determined by
the ratio of the pohrer and the Type r error, then the arter-
nat ive hypothesis  is  suf f ic ient ly  bet ter  conf j - rmed than the nul l
hypothesis .  This  test  i -s  based on the ideas deveroped by Bayes,
conceptuar ized as a r ike l ihood by F isher ,  and used as a test  by
I{al-d. Thus the results of these theorles can be used f or the
evaluat ion of  the genera l  test  s t ra tegy.

rf the alternative hypothesis has passed both steps, then
there is st i1l the question of whether the confirmation depends
solery upon the inprobabir i ty of the null  hypothesis, or whether
the enpir ical- data corroborates this hypothesis to some extent.
For this kind of evaluation a maximurn l ikel ihood test proposed
by  Edwards  (1972)  i s  used :

L t e ( I ) / x l l  n a x  L t e ( i ) / x l  2  e :  1  -  ( r - B - ; * s  ( 2 )
This test and its cri terion are stranger So some experi_ence is
needed to make i t  more ptausib le .  The idea is  that  the conf i rmed
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hypothesis shourd not deviate from that hypothesis best
supported by the data more than one standard deviation of a
b inorn iaL d is t r ibut ion wi th  the parameters p -  (1-ß)  and q :  c .
The acceptance of the ar-ternative hypothesis is based on the
probabi r i ty  that  i t  i tse l f  is  t rue (1-ß)  and that  the nul I
hypothesis  is  t rue (a) .  Thus,  th is  dec is ion of  acceptance by the
data var ies wi th  the t ru th of  both in  r ight  o f  th is  data as
ernpi r icar  ev idence.  on ly  under  th is  condi t ion can the
correspondence between hypothetical assumption and ernpir ical
ev idence postutated be acceptable.

The fourth cri terion comes frorn the discussion about the
observed ef fect  s ize by cohen (1972) .  There are many measures of
e f fec t  s i ze  (e -g .  McGraw &  wong ,7gg2) ,  and  i t  i s  no t  easy  to
choose one.  My preference is  the coef f ic ient  o f  determinat ion.
r f  the theoret icar  assumpt ion can expla in at  least  ro  z  of  the
var i -ance,  then the empir icar  ev idence for  the explanat ion is
precise enough to be an instance for the test of the theory.
This cri terion has nothing to do with the probabil i ty model_ of
s tat is t ica l  in ference.  r t  takes in to considerat ion the error  o f
measurement rather than the error of hrrong decision between two
hypotheses.This  cr i ter ion has been used ind i rect ly  i f  the
di f ference,  e .g.  between the theoret ica l ly  predic ted.  means,  hras
re lated to  the empir ica l ly  est imated error  var iance in  a t - test
pranning strategy at the beginning of the inference procedure.
At the end of the test strategy, w€ can ask whether this
assumpt ion is  sat is f ied.  one conseguence of  th is  cr i ter ion is
such that the hypotheses should be formurated in such a way at
the beginning that they are strong enough to be differentiated
from a random effect under the testing condit ion, and that the
measurement of the variables are precise enough for such a test.
one consequence of a fai lure to pass this cri terion rnight be the
reduction of the error variance and not the alteration of the
hypothesis .

At  best ,  the meaning of  each
expla ined by i ts  fq i lure to  pass

fixation of the Type I and Type

serve as a base for  a l l  c r i t ica l

in ference theoryrs s tep can be
the cr i t ica l  va lue.  Af ter  the

I I  er ror ,  these errors  are to
va lues .  A Iso ,  t he  l i ke t i hood
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test of the second step does not need a subjective probabir i ty
est inat ion of  a  hypothesis ,  because i t  is  a  re la t ive
conf i rmat ion test  which e l i rn inates the subject ive probabi l i ty  o f
the hypotheses by testing l ike hypotheses which further means
equal  a  pr ior i  probabi l i t ies.  This  is  one reason why the k ind of
hypotheses shour .d be s in i rar  and not  d iss i rn i rar ,  as in  the usual
s ign i f icance test ,  in  which a s imple point  hypothesis  is  tested
against  a  complex a l - ternat ive hypothesis .

r f  the cr i t icar  varue of  the f i rs t  s tep is  not  passed,  then
the empir ica l  bas is  is  not  suf f ic ient  for  a  test  o f  the
hypotheses.  under  such condi t ions a descr ip t ion of  the data is
given such that a l-ater researcher can use this data as one kind
of empirical evidence, to be combined with his own resurts so as
to rnake possible a test of hypotheses. This means taking
ser ious l -y  sc ience as a process in  which data f rom di f ferent  re-
searchers can be integrated. How can this be done with the pro_
posed inference strateqy ? (r do not want to discuss the current
meta-anarytic methods, whi-ch are fundarnental_ly based on the
c l -ass ica l_ s ign i f icance tests ;  see below.)  At  f i rs t ,  the nurnber
of the needed sample si-ze which satisf ies chosen Type r and Type
rr errors could be given. The varue of the logarithm of the
l ike l ihood rat io  is  then carcurated and pubr ished.  The next
researcher can merery add this to his ohrn logarithm of the new
l ike l ihood rat io ,  because the combinat ion of  these independent
logl ikel ihood ratios is sirnpry the sum of the two. such a data
descr ip t ion wi thout  test  c lear ly  demonstrates the insuf f ic ient
base of the empirj-cal evidence. such a procedure cannot r_ead to
Type I I  er rors  around ß:0.50.

r f  the empr i r ica l  ev idence is  suf f ic ient ,  but  the test  o f
the hypotheses does not reach the crit ical value, then the
result inq assumption is that either the hypothesis is incorrect
or the experimental sett ing was defective. rn the f irst case a
reformul-ation of the hypothesis would be required, and in the
second a ne!ü experimental- sett ing.

If during the third step the
passed then it  would appear to be

cr i t ica l  va lue has not  been
a revision of the concrete
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theoreticar parameter consistent with the idea that basic
theoret ica l  assunpt ions are t rue.  This  is  the case i f  the
enpir i-caI resurts are more different from the nurr hypothesis
than assumed.  under  theoret ica l  condi t ions,  an enpi r icar_ resur t
can a lso have an ef fect  which is  too large.  usual ly ,  i t  is
inp l ic i t ry  assumed that  the greater  the deviat ion f rom nur l
hypothesis the more the theory is confirmed. But this is only
t rue i f  ar -1 dev iat ions are seen as a corroborat ion of  the
theory '  This  assumpt ion onry holds i f  the ar ternat ive hypothesis
i s  unspec i f i ed  and  on l y  qua l i t a t i ve .

rf al-r- three steps of the testing procedure have been
passed but  the four th has been fa i r_ed,  then the quest ion is
generally whether the theory is usefur to explain data in the
given empiricar- context. one consequence is to increase the pre_
cision of the measurement or to restr ict the theory to more
speci f ic  condi t ions.  The cr i t ica l  va lue used is  an amount
crass i f ied by cohen ( rg77)  between medium and large.  This  is  a
rather strong criterion, but we often forget that our theories
are used to explain or predict comprex daily eventsr or resur_ts
in  an exper imenta l  set t ing wi th  complex in f luences.  under  a
principle of parsj-mony, i t  is easier to assume that a theory has
no infruence, than to advance a more compli-cated expranatj_on
wi th very l i t t le  empir ica l  ev idence.  This  cr i t ica l  va lue has the
technicar  funct ion of  be ing r in i ted to  enpi r ica l  resul ts  that
are not  too near  to  the nul l -  e f fect .  r f  the theoret ica l  e f fect
s ize is  onty  mediocre,  and the ernpi r ica l  resul ts  are s t i I l
smaller, then there comes a point at which the strength of the
theory is so modest that i t  is more parsimonious to ignore the
theoret ica l  in f ruence postu lated.  rn  generar ,  the main s t rategy
shourd be to  predic t  no in f luence,  and accept  a theoret ica l ry
postulated inf luence only i f  i t  can no longer be ignored under
the empir ica l -  condi t ions.  our  s ign i f icance tests ,  however ,  i rn_
plicit ly folr-ow the strategy of accepting each hypothesis shourd
something not be abre to be subsumed under a random effect.
There is no l irnit  to the smallness of such inf l-uence expressed
in a measure of  e f fect  s ize.  cohenrs guider ines are very ren ient
towards the theoretician: a smaLl but acceptable effect exprains
7eo of  the to ta l  var iance,  and what  is  car led a large ef fect



t_5
expra ins onry 149 of  the var iance.  This  might  be one reason why
there are so many so-cal red theor ies nhich pass th is  ren j_ent
cr i ter ion-  r t  is  onry necessary e i ther  to  awai t  a  s ign i f icant
resul-t with an extremely high Type rr error , ot to increase thesample s ize-  The theoret ic ian wi l r  a ]nost  arways win.  This
cannot  be an acceptable in ference st rategy,  a l though i t  isbet ter  than not  contro l l ing a random ef fect  a t  a l l .  Th is  more or
ress s impre contror ,  however ,  s tands at  the beginning ofresearch, and must be refined with the deveropment of more
precise hypotheses and a more complex inference strategy in thecourse of i ts process. one example of what could have been
fol l-owed is provided by the four step inference strategy( F o s T r s ) .

An exanple of the test theory FOSTfS

Many of our hypotheses are formurated as mean differences
and tested by the t-test. First, one must estimate the standard
deviation of the measurement. second, the arternative hypothesis
must be precised. From past research it  is predicted that the
difference should be one harf of the standard deviation
d = o-50-  From th is  theoret ica l  assumpt ion,  i t  is  known
beforehand that i f  the arternative hypothesis is true, onry
about 6? of the variance is deterrnined. Thus, the rast step wirr
not be passed, and the measurement error wir l  have to be reduced
in the future. untir- now there has been no alternative to this
predict ion. Furthermore, the Type r and Type rr error shourd be
equal  to  a = ß :  o .o5 hr i th  the speci f icat ion of  these
parameters,  the sarnpr-e s i -ze can be predic ted as N:  gg.  For  th is
pranning of  the exper imenta l  condi t i_on,  Table 2 .3  .2  in  cohen
(L977,  paqes 28 -  39)  is  very usefu l .  A rough approx imat ion for
the determination of the sarnple size is given by the formula

N  -  2 l z ( 1 - a )  +  z ( r - B ) 1 ,  / d , ( 3 )
N : sarnple size of each group

z (1 - -a ) :  s tandard  z -va1ue  a t  (1_c )
z (1 -ß ) :  s tandard  z -va lue  a t  (1_ß)

d : hypotheticar difference of the means standardized by
the common standard deviation.
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F o r  t h e  e x a r n p l e ,  t h e r e  i s  d  = 0 . 5 0 ,  a n d  z ( L _ a ) = z ( I _ ß ) = 1 . 6 5 .  f f
the formura above is used after rounding to the next higher
natural number, r^r€ get N = Bg as demanded sarnple size. This
c o r r e s p o n d s  t o  c o h e n , s  t a b l e  2 . 3 . 2 .  H i s  t a b l e  2 . 4 . L  (  p a g e  5 4 _
55)  i n  wh ich  the  sampre  s i zes  a re  es t ima ted ,  g i ves  a  s i ze  o f
N=87-  This  means that  the rounding procedure is  not  a lways
necessary-  r t  is  very s i rnpre to  use th is  approx imat ion formula,
which is  corect  enough in  nost  cases.

After the pranning of the experiment the next step is the
ob ta in ing  o f  a  resu l t .  I t  i s  d (enpy  :  0 .53  obse rved .  The  l i ke_
lihood ratio of the two hypotheses must be determined with
d :0 .00  (nu r1  hypo thes i s )  and  d=0 .50  (a l t e rna t i ve  hypo thes i s ) .
There are many hlays to do this. one sirnpre hray wourd be to
resolve arr problems with the help of the normar distr ibution
and standard ized z-varues.  For  th is  reason,  the noncentra l
t-distr ibution is transformed into a normar distr ibution with a
theo re t i ca l  expec ted  mean  as  a  z -va rue  ( see  cohen , r977 ,p .456 ) .
All  these z-varues are on the same scare and can be added or
subtracted' At f irst the z-value of the theoretical- expectation
is  ca lcu lated as the mean of  the noncentra l  t -d is t r ibut ion:

z ( h y p )  =  t d ( h y p ) * ( N _ 1 ) , k / Z N - l  / t 2 ( N _ 1 ) + 1 . 2 1 *  ( z ( 1 _ _ a ) _ 1 . 0 6 )  I  ( 4 )
z ( h y p )  :  I o . 5 o , h B z * { Z F e g ] / L 2 r c 8 7 + I . 2 r * ( 1 . 6 s _ 1 . 0 6 )  

I  :  3 . 3 0
z ( e m p )  :  3 . 5 0  w i t h  d ( e r n p )  :  0 . 5 3

what must be deternined at this point is the ordinate of the
probabi l i ty  densi ty  at  the points  of  the empir ica l  resur ts  for
the expectat ion of  the nuI l  hypothesisr :
z ( n u l l ) :  o  -  z ( e r n p )  =  - 3 . 5 0  w i t h  y ( n u l l )  =  o . o o o 9 ,  a n d  t h e
a l - t e r n a t i v e  h y p o t h e s i s :  z ( a l t )  :  3 . 3 0  3 . 5 0  _  _ 0 . 2 0  w i t h
y (a l t )  :  0 .3910 .  The  rog l i ke l i hood  ra t i o  t es t  t hen  i s  t he
f o l l o w i n g :  f o g  t y ( a l t )  /  y ( n u t l ) l  =  f o g  1 4 3 4 . 4 4 1  =  2 . 6 4 .
The cr i t ica l  va l -ue of  th is  second step is :

€  =  l o g  L ( r - ß ) / a l  =  I o g  t 1 9 l  =  L . 2 8 .
The data s ign i f icantry  conf i rms the ar ternat i_ve hypothesis .

The th i rd  s tep of  Fos?rs is  the qual i f icat ion of  the con-
f irrned hypothesis in r ight of the hypothesis best confirmed by
the data. Thus, the r- ikel ihood rati_o of the conf irmed hypo_
thesis and that hypothesis best enpir icarly supported must be
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d e t e r m i n e d ,  w h i c h  i s  y ( a l t )  : 0 . 3 9 1 0  d i v i d e d  b y  y ( r n a x )  :  o . 3 g B 9 ,
or  the maximar ord inate of  the normal  densi ty  funct ion.  The
resu l t  i s :  e :0 .9g .  The  c r i t i caL  va lue  to  be  passed  i s
q :1 -y -s11 -3 ) :o . zg .  rn  th i s  $ /ay  i s  t he  th i rd  s tep  o f  t he  i n fe rence
strategy passed.

The fourth step qoes back to the ernpir ical resurt i tself
and evaluates i ts  e f fect  not  in  a probabi l i ty  modeI ,  but  in  the
measurernent  i tse l f .  An ef fect  s ize of  d  :  0 .53 has been ob_
served- rf the sarnpre size of both experimentar groups are
equa l ,  t he  coe f f i c i en t  o f  de te rn ina t i on  i s  r2 :0 .06  ( see  cohen ,
L977 ,  g -22 -24 ) .  Thus ,  t he  c r i t e r i _on  o f  t he  fou r th  s tep  has  no t
been passed.  rn  the context  o f  Fosrrs ,  th is  means that  the error
of measurement has to be reduced, and not the Type r or Type rr
er ror-  Because of  the hypothet ica l ry  assumed d-  0.5o,  such a
result htas expected- At this point the enpir ical condit ions have
to be nodif ied so that a more profound effect can be observed.
This  leads to  rest r ic ted condi t ions of  the theoryrs va l id i ty .  In
qenerar, the observed effects of our theories are not very
prornising if  mean effect sizes from many studies are given in
the meta-analyses. The other hray to broaden a theoryrs
appl icat ion to  i ts  s t i l l  ex is t ing but  min imar in f luence is
another strategy of theory deveropment (prentice & Milrer, rgg2)
but i t  is necessary to use both procedures in f inding condit ions
in which theoret icar ly  assumed ef fects  are opt imized and
minimized without tr ivial i ty. But the arnount of the
theoretical ly deterrnined variance must be known. one possibre
consequence of this is the predict ion of the null_ hypothesis
under  speci f ic  condi t ions,  because the in f l -uence of  the theory
should be el irninated under the experimental ly nani_pulated
condit ions. However, without the demand of the fourth step,
there wit l  be no discussion of these errors of measurement.

Extreme conditions for the relative confirmation of a hlpothesis

This is the technical demonstration of extreme condi-t ions
only when the al-ternative hypothesis is corroborated by FoSTIS.
rf the intention is to pass the fourth step, one must choose an
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experimentar- condit ion that alr-ows for 1o? of the variance to bedetermined'  o f  course,  th is  wi t l  be the predic t ion of  the theory
which wi r r  vary wi th  the empir ica l  test  condi t ion as a resul t  o fthe error of measurement . An r 2 :0 . 10 wi th a d,=o . 67 wi 11 bepredic ted '  wi th  th is  theoret ica l -  predic t ion,  the t -d is t r ibut ion
ter ls  us the sarnple s ize of  N = 49 of  each group i f
c  =  ß  =  0 . 0 5 .

The next question concerns the empj-r lcar varue that
min imal ly  conf i - rms the ar ternat ive hypothesis .  such is  the casei f  the ord inates '  rerat ion of  the two hypotheses at  the point  o f
the empir ica l  resul t  d(enp)  eguars ( r -ß) /a  = 19.  To pass thecr i t ica l  va lue i t  is  necessary to  get  an empir ica l  resul t  which
i s  n o  l e s s  t h a n  d ( e r n p , m i n )  :  O . 5 O  ( s e e  A p p e n d i x ) .

The third step of Fosrrs is the quarif icati_on of the
alternative hypothesis through the maximum r-iker_ihood of the
data-  The ar- ternat ive hypothesis  is  accepted onry i f  ar (enp,max)
i s  n o t  g r e a t e r  t h a n  0 . 8 1  ( s e e  A p p e n d i x ) . 2

The four th s tep,  the ef fect  qual i f icat ion,  is  detern ined by
d (enp ,m ine f f )  :  o -67 ,  wh ich  was  the  a l t e rna t i ve  hypo thes i s .  rn
such a case the percentage of the deterrnined variance is 1og
r f  an empir ica l -  va lue bras observed which is  less than d=0.50,
the alternative hypothesis cannot be accepted, for the empirical
evidence gives no basis for a decision between both hypotheses
i f  a=ß=0 .05 -  r f ,  however ,  an  emp i r i ca l  va lue  g rea te r  t han  d :0 .g1
is observed, the alternative hypothesis should be corrected in
the direction of a greater expected difference. The fourth step,
the effect quarif ication, has to do with the measurernent error
rather than the decision error. unti l  novr, there has been no
such criterion in which this point of measurement error has been
integrated in  our  test  theor ies.  rn  the rast  few years,  a  more
intens i f ied d iscuss ion about  ef fect  s izes has s tar ted,  yet  s t i I l
without the prospect integration into the test theory3.
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Critical comments on FOSTIS

FOSTTS has  been  pub t i shed  i n  German  jou rna rs  (w i t t e  , rg77 ,
1989)  and  i n  a  more  comprehens ive  book  (w i t t e ,1980) .  o f  cou rse ,
i t  has  been  c r i t i c i zed  i -n tens i ve l y  (B redenkähp ,1983 ;
D iepgen ,  1991 ;  Hager ,1991 ;  K re i t e r  t : . gg : I ;  wender ,LggL)  and  ve ry
se ldom p ra i sed  (B rocke ,  r se le r ,  Ho r l i ng  &  L iepnannr lgg3 ) .
Because of  the in tens ive d iscuss ion surrounding i t ,  i t  now seems
appropr ia te to  enter  in to a d iscuss ion of  par t icurar  po ints .

one of the generar problems handred is the usabil i ty of our
sc ience to  bui ld  prec ise point  hypotheses.  on ly  the hypothet ica l
predic t ion of  qual i ta t ive d i f ferences is  poss ib le ;  no prec ise
theoreti-car construction is possibre. Thus an inference strategy
which demands such precise theoretical rnoderring is un-
real is t ic .  Such a rebuke is  correct  on ly  i f  nehr  research is
started and we are more or r-ess exploring our data. under such
condi t ions,  a f ter  the f i rs t  phase of  p lay ing wi th  data,  the
question is whether sonething which cannot be explained by a
random effect occured. rn the tradit ion of the comrnonry used
hybrid theory, the researcher begins with a nondirectionar- test,
continues with a directionaL test, and then tr ies to become more
precise in the theory. The rast step never happens, however, not
because it  is impossible to measure reactions on an interval
scale, but because the theories do not contain a mathematical
kernel .  That  can predic t  new or  in i t iar ly  o ld  resur ts  prec ise ly
in the same r^ray as they are measured. This process of theore-
t icar development in combination with data as i ts basis does not
represent a common strategy in behaviorar sciences (see also
Meehr '7978)  '  Each co l lect ion of  exper imenta l  data is  seperated
from alr the others (other than those in meta-analyses, which
are nain ly  used to  combine ef fects  in  the r ight  o f  a  nurL
hypothesis ,  and not  as a construct ion of  a  prec ised theory) .  r f
there is an alternative to the cr_assicat hybrid theory of
s tat is t ica l  in ference,  which is  the opt imal  t ransformat ion of
the theoreticar construction, then it  night be possibre that the
theoretical- construction i tself can arso be inf luenced in such
a hray as to continue with specif ication of theoretical
predict ions in the f irst few years after the beginning of



2 0
research  (Tukey ,  1969  )  .

Another sorution of the problen might be the
formulation of intervar hypotheses, rather than point
hypotheses.  Then,  hohrever ,  i t  is  necessary to  accept  an in terva l
nuI1 hypothesis, because on rogical grounds the hypotheses to betested shourd be of  the same k ind.  The consequence of  th is
demand is that the theoretician has to formurate four points,
the end points  of  each in terva l ,  an6 th is  does not  seem to beany easier  than the speci f icat ion of  two point  hypotheses.  Thetest, however, is cornparabre to the formulation of point
hypotheses.

A second crit icar point is the introduction of the third
step: varidati-on of an accepted hypothesis on the hypothesis
most supported by the data. From the usual test against the nullhypothesis  th is  is  a  cr i t i -car  po int ,  because a conf i rmed hypo_
thesis can be rejected even if  i t  is nuch more evident than the
null  hypothesis. However, this argumentation derives from the
c lass icar  v iew of  re ject ing a random ef fect  and not  accept ing
a point hypothesis. rf  theory-buirding has progressed, then it
is  a lso a quest ion of  the a l ternat ive hypothesis ,  conf i rnat ion
by the data i tser f  and not  exc lus ivery as i t  re la tes to  the nu1l
hypothesis. The chosen criterion is based on the r_ikerihood
pr inc ip le ,  us ing the same base-r ine as the test  i tse l f .  The
crit ical var-ue rnight be too easy a convention to be accepted. rn
my  op in ion ,  i t  i s  cons i s ten t .

After rnaking decisions under the perspective of a
probabil i ty moder, the fourth step of Fosrrs suggests that
there is a need to gro back to the measurement and to the
exprai-ned variance, which is sometimes smar-r though stati_
st icarry  s ign i f icant .  The i -dea is  that  two th i rds of  the s tan_
dard deviation is necessary to ensure that the two theoreticarry
refevant pararneters are different in the experimental condit ion
under whlch the theory is tested. Lacking a clear separation,
there are so many possible explanations of the observed effect
that  no crear-cut  in terpretat ion is  poss ib le .  This  is ,  o f
course, not a denand to be made at the beginning of a research
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tradi t ion;  i t  should rather  be sat is f ied at  a  fur ly  devetoped
phase .

At this point the rnain cri t icar point from the view of the
Neynan-Pearson theory should be discussed: How does the
combinat ion of  s tep one (ptanning of  the empir ica l  test
condi t ion)  and step two (us ing the L iker ihood test  for  the
decision between two hypotheses) work? rs i t  true that the
decision rnade at the second step is based on the Type r and Type
rr  er rors  on the f i rs t  s tep? At  f i rs t  grance,  the combinat ion of
both test  theor ies seems to be inconsis tent ,  for  the cr i t icar_
varue of  re ject ing the nuI I  hypothesis  wi th  c=0.05 (one- ta i led
t e s t )  a n d  N = 4 9  i s  d ( c r i t )  =  0 . 3 4  ( s e e  c o h e n , r g 7 7 ,  p . 3 0 - 3 1 ) .  T h i s
va l -ue  i s  rnuch  l ess  than  the  d (m in )=O.50 .  f f  such  an  e f fec t  s i ze
of  d=0 '34 is  the most  f requent ly  repor ted empir ica l  d i f ference
in the pubr icat ions,  then the power of  th is  ef fect  is  around 1-
ß:0 '50,  as the mean povrer  of  the usuar  s ign i f icance tests
observed in the publications. compared with the l ikel ihood test
c r i t e r i on ,  wh ich  l ed  to  a  d i f f e rence 'o f  a t  l eas t  d .=0 .50 ,  t he re
is a leniency effect for the acceptance of the alternative
hypothesis  in  the s ign i f icance- test ing s t rategy of  re ject ing the
nul -1 hypothesis .

r f  we now take the min i rna l  cr i t icar  d i f ference of  d=0.50r
then the focus of our attention shour-d be its Type rr error,
under the assumption that the alternative hypothesis is true
wi th d:o-67-  us ing the approx imat ion of  the non-centrar  t -
distr ibution to the normar distr ibution, w€ get a z-var_ue of
z :0 -83 .  Th i s  means  tha t  t he  Type  r r  e r ro r  i s  abou t  ß :0 .20 .  r t
seems that  the decis ion ruIe,  us ing r iker ihood rat ios,  and the
pranning rur-e,  us ing probabi l i t ies,  do not  read to  the same
resul-t- since our inference strategy is syrnmetri-caI concerning
the Neyman-Pearson theory, the whole difference between the two
hypo the t i ca l  pa ramete rs  d (nu1 I )=0 .00  and  d (a l t )=O.62  shou ld  be
ave raged  to  ge t  t he  c r i t i ca l  va lue  d (c r i t ) : o .335 .  Th i s  i s  t he
val -ue in  which c :ß:0.05,  as pranned wi th  the herp of  the Neyman-
Pearson theory-  The Fosrrs ,  dec is ion rure of  the second step
reads to  d:o-50,  which is  nearer  to  the a l ternat ive hypothesis ,
pararneter than the one predicted with ß=0.05 by the Neyman_
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Pearson theory. (This h/as the crit ical point of the arguments
aga ins t  Fos r rs ) .  Fo r tuna te ry ,  Fos r rs '  s tep  two  i s  a  non_
sequent ia l  wald test ,  and the whole arqumentat ion is  based on
his  f ind ings wi thout  any neb/  ideas.  r t  is  necessary that  these
two testing strategies are not confounded on the lever of the
ernpir ical evidence. under step one, the Neyrnan-pearson theory is
used to predict the enpir icar data from the view of two
hypothet icaL parameters.  under  s tep two,  a dec is ion has to  be
made between two hypotheticar values in the event that a
speci f ic  datum has been observed.  These decis ions shour_d be
Idrong to the same extent that the predicted data gives hrrong
information about their hypotheticar distr ibution. For any
s ingle sample va1ue,  the l ike l ihood of  the conf i rned hypothesis
should be at reast A t imes as large under the confirned
hypothesis as under the rejected, in which A depends on the
ratio of the povrer and the Type r error. since there is onry one
empirical observation to decide between the hypotheses, this
decisi-on shour-d be at rnost as far off the mark as is predicted
by the p lanning of  the test ing condi t ion.  This  is  the pr inc ip le
used by wald to  construct  h is  tests .  Fosrrs 's  combinat ion of  the
two different situations before and after the knowledge of the
experimentar data has been label_red its chief inconsistency.
Before knowledge we must pran the sampre size, assumi_ng theo-
retical parameters and predict ing empirical values. After know_
ledge of the data, w€ must decide between the hypotheses. what
is not al l-owed from a theoreticar point of view is the
regression from step two to step one in a cornparison of the
empirical data. Both condit ions are only comparabre in a more
abstract ,  genera l  descr ip t ion of  a  test .  This  descr ip t ion is
g iven by four  parameters wi th  three degrees of  f reedom: d,N,c,ß.
us ing these four  parameters of  a  s tat is t ica l  test ,  the pranning
and the decision condit ions are equivarent, for the accepted
hypothesis is more probabre than the ratio of the po$rer to the
Type r error. However, they do not read to the same empiricar
varue-  This  might  be i r r i ta t ing at  f i rs t  g lance,  but  the
knowredge condit ions before and after the enpir ical resul-ts are
very different. The test strategy proposed by Fosrrs is thus
hierarch icarry  ordered,  and the decis ion of  the second step must
not be evaluated from the perspective of Neyman-pearson theory
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as the f i rs t  s tep-  However ,  the poss ib le  errors  of  the
experimentaL condit ion as predicted by the Neynan-pearson theory
are used to determine the decision after the knowredge of the
resur t ,  so that  each s ing le dec is ion ref r_ects  the rat io  of  the
Type r to the Type rr error insofar as the l ikerihood rati_o
passes the cr i t icar  varue used in  the wald test  (see Appendix) .

The fa i lure to  pass each step has a d i f ferent  and speci f ic
meaning for the developrnent of a theory. Thus, i t  is necessary
to plan the future steps of a theory depending on that
theoretical- development (tested by Fosrrs) that has reached up
to  th i s  po in t .

Conbining results from different studies

our common inference strategy leads to an isolated test of
each study against a randorn effect. This, hohrever, sras fel_t to
be unsatisfactory, so that the rnethods carled meta-anaryses have
been used. These rnethods enabr-e the researcher to combine
several ernpir icar studies into one test against a random effect.
Because atl  effects are evaruated solery from the view of the
nulI hypothesis these meta-analyses are a natural extension of
the common hybrid theory of signif icance testing.

This combination rure is not comparabre with those
principres formulated as the foundation for Fosrrs. The Fosrrs
strategy requires a combination of logtikel- ihood ratios deriving
from both hypotheses into a nehr measure of hypothesis, one that
tests  f rom di f ferent  samples.  Then,  however ,  the cr i t icar  va lue
must arso be changred, for an increasing of the sampre size night
lead to a reduction of the Type r and Type rr error over the
f i rs t  f ixed cr i t ica l  s ize.  The cr i t ica l  va l -ue is  determined by
the Neyman-pearson theory, and due to the change of c and ß, i t
changes with increasing N. The combi_nation rure of the
logl ike l ihoods is  s impry the sum of  each sample 's  log l ike l ihood
ratio into the totar measure, as is wel- l  known from sequentiar
test ing (ward I  1967) .  This  k ind of  in tegrat ion needs two
hypotheses, and represents the hray to become more precise in
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For  the th i rd  s tep,  the in tegrat ion is  d i f ferent ,  as a
resul t  o f  the need for  an est i rnat ion of  the empir icar  va lue for
arr  sampres.  This  problen has to  do wi th  est imat ing a parameter
from different sampres. what shourd be found is the maximum
l ike l ihood est imat ion of  the empir icar  d i f ferences between the
two means f rom di f ferent  samples.  This  is  the weighted average
di f ference f rom the sampre d i f ferences,  as weighted by the
sample s ize.  This  pararneter  is  nax imalry  suppor ted by the data,
and shour-d be used as the crit icar value against which the
conf i rmed hypothesis  can be qual i f ied.

For the fourth step this maximum rikerihood estimati-on from
different sampres is used for the estirnation of the ernpi-r ical
effect, which is transformed into a percentage of deternined
var iance and compared wi th  a cr i t ica l  va lue.

This kind of integrati-on from different samples is a conse_
quence of  sc ience as a process.  Necessary,  however ,  is  the v iew
provided by two hypotheses, not only one, as is preferred in the
hybr id  theory of  s ign i f icance test inq.

Concluding Remarks

The discussion about the conmon inference strategy hras
or iented at  the i -nsuf f ic ient  combinat ion of  F isherrs  and Neyman-
Pearson 's  ideas.  Due to the many misconcept ions surrounding th is
inference strategy' many researchers contemplated alternatives
to  th i s  nu ] I  hypo thes i s  t es t i ng  (e .g .  cohen ,  1990) .  wha t  i s
in i t ia l ly  needed is  a cata logue of  demands to  be sat is f ied by
what night be calted statist icat i-nduction. These dernands need
to be based on a combination of phirosophy of science,
mathematical statist ics, and the assurnptions of the active
investigators- one result of the discussions was that the common
hybrid theory is the statist ical pendent of the formurated
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hypotheses. rt is not possibre to improve the inference strategy
wi thout  prec isat ion of  the theor ies.  Thus the whole s ign i f icance
test controversy revolves around a fundamental di-scussion of the
theoret ica l  s tatus of  the d isc ip t ines us ing th is  i -n ference
strategy- statist icar- consequences of this inference strategy
incrude the power of  the observed ef fects  (around 1-ß=o.50) ,  the
observed ef fect  s izes,  which are r -ess than medium, and that  each
enpi r ica l  s tudy is  tested in  an isorated fashion.  A more ser ious
consequence is that the theoretical models remain vague even
af ter  a  rong t rad i t ion of  research wi th  only  qual i ta t ive
hypotheses-  The s ign i f icance test  is  a  per fect  s t ra tegy to
ernploy at the beginning of a research tradit ion, at which point
nearly any experience of the data might be expected. After a
tine, hor'rever, the point arr ives at which the theory has to be
prec ised wi th  a crear  quant i ta t ive predic t ion,  in  the same
manner in which the data h/ere measured for the usuar tests
(Tukey '  1969)  -  such a theory,  which is  more prec ise,  is  not
testable under the usual signif icance test strategy, because the
testing procedure depends onry on one point nurl hypothesis. The
alternative hypotheses remain un-specif ied. rf there hras a
concrete arternative hypothesis, then it  wourd be possible to
inspect both confidence intervals. Both, however, depend only on
one hypothesis each- There is no relative confirmation of one
hypothesis against the other.

This  s ign i f icance test  controversy,  which is  as ord as the
s igni f icance tests  themserves,  shourd be taken in to
consideration by a catalogue of demands that addresses those
things that a more satisfactory inference strategy shourd
accomplish- such a set of demands has been given, and a specfic
nehr  hybr id  theory of  s tat is t ica l  in ference (Fosrrs)  der ived.
such hybridity is always necessary, for there are different
phases of an empiricar investigation that must be integrated
into such an inference strategy. For each phase, however, a
different statist icar approach must be regarcred as optinar. Four
such phases have been ident i f ied,  wi th  a d i f ferent  meaning for
the construction of a theory shourd the respective crit icar
value not have been passed.
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Footnotes

1 The $ray to determine the logl ikel ihood ratios takes into

considerat ion that  ra t los of  probabi r i ty  densi t ies and

of l ikel ihoods ut" "q,rTiälent^. This is the reason why the

tabulated ordinates of ihe normal distr ibution are used to

calcuLate the l ike l ihood rat ios '

2 These t lrto values determine something l ike the confidence

interval used in pararnät.t estimation. However, the end-

points of the intärval are not symmetrical around the

hypothetical parameter because they depend on different

c r i t e r i a .

3 T o p a s s t h e c r i t i c a l v a l u e s o f a l l f o u r s t e p s o f F o S T l S
I e a d s t o t h e r a n g e o f e m p i r i c a l o b s e r v e d v a l u e s f r o m
0.67  t i I I  0 .81 .  i n i -=  t " t t ge  can  be  compared  w i th -  a

c lass i ca l  t - t es t  (one -s iäed  o :O '05 ) '  unde r  wh ich  a l l

v a l u e s g r e a t e r t h a n O . 3 3 w o u l d l e a d t o a c o r r o b o r a t i o n
of  theoret ica l  assumPt ions '

4 I s t h i s a p r i n c i p l e o f l e a s t e f f o r t i n o u r e m p i r i c a l
research that  the ernpi r ica l  e f fect  s izes just  pass the

cr i t icat  va lue on the average?



Appendix

The f i rst  quest ion is about the minimal "*Pi : i :31^"11""

d (emp, min) -  so that  the second step of  FOSTIS wi l l  be

passed?
A t f i r s t , t h e d . v a l u e m u s t b e t r a n s f o r m e d i n t o a z - v a l u e :

z  :  [ 0 . 5 0  . + e . J 2 . a s ) / 1 2 ( 4 8 ) + 1  ' 2 I ' ( 1 ' 6 5 - 1 ' 0 5 )  ] : 2 ' 4 6

z  :  3 . 1 0  w i t h  d ( h Y P ) : 0 . 6 3 '

The  o rd ina tes  fo r  t he  z -va lues  z :2 '46 -3 '10=0 '64

a n d  z : 2 . 4 6  a r e  Y = O  - 3 2 5  a n d  Y : 0 ' 0 1 9 '
The rat io  of  thäse two valuäs is  L7 'LL '  This  is

just  less than the cr i t ica l  va lue of

1 - ß  :  0 - 9 5
Q  0 . 0 5

F o r  d : 0 . 5 1 ,  h o v ü e v e r ,
i s  2 0 ,  j u s t  s l i g h t t Y
Thus,  the  emPi r ica l

the re la t ion of  the ord inates
more than the cr i t ica l  va lue '

va lue should be greater  than d:O'50 '

T h e s e c o n d q u e s t i o n i s a b o u t t h e m a x i m a l e m p i r i c a l v a l u e
d (emp,  maxi - : - ; ;  that  the th i rd  s tep of  FoSTIS wi l t  be

passed?
The cr i t ica l  va lue is  Q:1- foTr-=B):o '79 '  Fur thermore '  the

max ima l  va l -ue  o f  t he  o id ina te  i s  known :  y (nax ) :o '3999 '

Thus, the vatuä oi--tn. ordinate and therefore the z-value

can  be  f  ound :  0 .78 .0 .3989=y (emp 'max) :O  '  31 -  '  The  co r respond ing

z -va lue  i s  O .72 .  Now i t  i s -posä ib le  to  re t rans fo rm th i s

z-va lue in to a d-va lue by the use of  formula (4) :

d : O  .  7  2 '  8 8  - 7  I  /  4 7  5  .  2 : O '  L 3  4 4

T h e h y p o t h e t i c a l d - v a l u e o f t h e a l t e r n a t i v e h y p o t h e s i s
$ r a s d : o . 6 T s o t h a t t h e e m p i r i c a l v a l u e s h o u l d n o t b e
g rea te r  t han  d :0 .  gg44=0  '  81  '

For the determination of the two extreme values, ot what might

be ca l lea a cor ionoi . t ion in terva l l ,  an ind i rect  method is  used

because the direct method is very complicated.

A th i rd  quest ion concerns the re la t ionship between the s ize (o)

and power (1-ß)  of  the Neyman-Pearson theory and FOSTIS'  To

expla in t f rese ie i . t ior ,=n i fs  we go back to  Wald 's  probabi l i ty

rat io  test ,  which is  equiva lent  to  the l ike l ihood rat io ,  äS

is known from the BaYes-theorem:

L t  o  (  L )  / x )  / L t s  ( o )  / x l : p l  e  (  r  )  I  / p t  o  (  o  )  I '  p l  x '  o  (  r  )  I  / p I x '  o  (  o  )  ] '

In FOSTIS the left hand side is used and wald introduced the

;;qit-; ;r,a =ia" wirhour rhe probabil ir ies of the hypotheses.

This  rat io ,  hohlever ,  is  1  beäause of  the equiva lence of  the

hypotheses.  f i ; ;  th ;  aec is ion-c i i ter ion is  the same'  The main

di f ference i=" [ [ . -sequent iar  dec is ion process used by ward 's

test  and the non-sequent ia i -aec is ion in  fOSf fS '  In  rny opin ion '
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the sequent ia l  test ing is  a  confus ing of  p lanning and

testing. The Ä"o'o*y i" ! !g number oi observations by the use

of the ="q,,,"r, i i ;r-; ;"; ;bir i ty ratio- test instead of the

Neyman-pearson tes l  is  not  aäceptable for  a  sc ient i f ic  (not

applied) =tr. l"qy because both theories are not comparable.

Thus i t  is  as s6 i rsetess to  cr i t ic ize the decis ion under  s tep

two (lr lald-test) from step one (Neyman-Pearson test) as the

cr i t ique of  the p lanning under  s täp one f rom the decis ion

under step thro. Both steps have tfräir own condit ion with an

optimally adapted theory' Under step two the minirnal value

of the corroboration interväi nas fäen f ixed by the possible

e r ro r  dec i s ions  o  and  ß .  Th i ;  i s  a  de f i n i t i on ,  and  no th ing  e l se '

I t i s n o t , h o h l e v e r , " o ' p . ' u b l e w i t h t h e N e y m a n - P e a r s o n t h e o r y '
which is only optirnaf ,tna"i the condit ion of step one '  These

are the main reasons for  the n ierarcn ica l  order  of  FoSTIS'  which

in i tse l f  is  a  model l ing of  the research process '


