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Frequenc y Effect s o n Lette r  Transposition s Includin g Compute r  Cascad e Modelin g 

Rut h M .  Jone s (U U rHJONE@CATS.UCSC.EDU) 
Ala n H .  Kawamot o (AHK@CATS.UCSC.EDU) 

Progra m i n Cognitiv e Psycholog y a t  Universit y o f  Californi a a t  Sant a Cru z 
Socia l  Science s 11 ,  Sant a Cruz ,  C A 9506 4 U S A 

I n reading ,  error s ar e sometime s create d du e t o lette r 
transposition ;  e.g. ,  readin g F R O M whe n seein g th e wor d 
F O R M.  Accordin g t o Este s (1975) ,  thes e transpositio n 
lette r  error s wer e systematicall y relate d t o th e familiarit y 
(e.g. ,  frequency )  rati o o f  th e bigram s involved ,  whil e 
Grainge r  an d Jacob s (1993 )  reporte d tha t  th e bes t  predicto r 
of  partial-wor d primin g effect s wa s th e positiona l  lette r 
frequency .  A n experimen t  wit h it s  correspondin g 
simulatio n wa s conducte d t o tes t  fo r  th e locatio n o f  th e 
transpositio n lette r  errors . 

I n th e experiment ,  a n investigatio n o f  th e frequency  ratio s 
of  letters ,  bigrams ,  an d word s usin g a  forced-choic e tas k 
wit h th e four-lette r  monosyllabi c wor d pair s varyin g onl y b y 
th e transpositio n o f  thei r  middl e tw o letter s (e.g. ,  F R O M 
and F O R M)  wa s conducted .  A  stepwis e multipl e regressio n 
procedur e wa s use d fo r  analysi s based  o n th e dat a from  7 2 
participants .  Thi s researc h showe d tha t  th e positiona l  singl e 
lette r  frequency  rati o accounte d fo r  0.4 5 o f  th e varianc e 
wit h bigra m frequency  an d wor d frequency  ratio s addin g 
onl y a n additiona l  0.0 6 i n th e forced-choic e tas k o f  wor d 
recognition .  I n additio n withi n th e wor d pair s o f  th e fou r 
filler  group s whic h varie d i n thei r  lette r  positio n change , 
ther e wa s a  significan t  differenc e betwee n th e group s wit h a 
monotoni c increas e i n averag e error s acros s th e lette r 
position s from  lef t  t o righ t  (i.e. ,  first  a s B E L T an d M E L T 
wit h 3.67 ,  secon d a s F I N D an d F O N D wit h 4.65 ,  thir d a s 
C R OW an d C R E W wit h 5.32 ,  an d fourt h a s K I N D an d 
K I N G wit h 8.07) . 

Thi s wa s followe d b y carryin g ou t  a  compute r  simulation . 
A feedforwar d networ k wit h on e laye r  o f  5 2 hidde n unit s 
was used .  Th e inpu t  fo r  eac h four-lette r  wor d ha d 31 2 units , 
i.e .  1 2 unit s pe r  lette r  o f  th e alphabe t  wit h th e first,  second , 
third ,  an d fourt h wor d lette r  position s respectivel y i n 
overlappin g unit s 1-5 ,  4-8 ,  6-10 ,  an d 9-1 2 (se e Tabl e 1) . 
The ou^u t  ha d 10 4 units ,  i.e .  2 6 unit s fo r  th e letter s o f  th e 
alphabe t  i n first,  second ,  third ,  an d fourt h lette r  position . 
Afte r  trainin g th e networ k usin g th e generalize d delt a rul e 
on th e 165 3 four-lette r  word s base d o n thei r  relativ e 
frequencies  from  Kucer a an d Franci s (1967 )  wit h weight s 
update d afte r  eac h wor d trial ,  th e word s fro m th e 
experimen t  wer e processe d b y cascadin g the m throug h th e 
feedforwar d network .  T o specificall y illustrat e th e result s o f 
th e experiment ,  thre e wor d pair s ( S N U G / S U N G , 
F R O M / F O R M,  an d S L A T / S A L T )  wil l  b e discussed . 

Fro m th e forced-choic e experiment ,  th e positiona l  singl e 
lette r  frequency  rati o wa s th e bes t  predicto r  ove r  wor d 
and/o r  bigra m frequency  ratios .  Fo r  th e word ,  S N U G (wit h 
nin e error s i n th e experiment) ,  havin g lowe r  word ,  bigram , 
and positiona l  lette r  frequencies  tha n it s counterpart ,  S U N G 
(wit h tw o errors) ,  th e mos t  strongl y activate d letter s 

throughou t  th e cascad e proces s wer e thos e o f  S U N G an d 
reflecte d th e result s o f  th e experiment .  Fo r  F R O M (wit h 
nin e errors )  havin g highe r  wor d an d bigra m frequencies 
tha n F O R M (wit h on e error) ,  ye t  lowe r  positiona l  lette r 
frequencies,  th e secon d lette r  positio n i n th e cascad e proces s 
initiall y ha d a  sfronge r  'O '  tha n 'R '  an d the n wer e reverse d 
much later .  Th e mode l  indicate d tha t  a  quicke r  respons e t o 
F R OM woul d b e th e error ,  F O R M,  whic h wa s show n i n th e 
experiment .  Fo r  S L A T (wit h nin e errors )  havin g highe r 
bigra m frequenc y bu t  lowe r  wor d an d positiona l  lette r 
frequencies  excep t  fo r  th e thir d lette r  positio n tha n S A L T 
(wit h on e error) ,  th e cascad e proces s note d littl e differenc e 
i n sfrengt h o f  'A '  o r  'L '  i n eithe r  positio n betwee n words , 
but  a  note d differenc e betwee n 'A '  an d 'L '  a t  a  specifi c 
position .  Fo r  th e S L A T / S A L T pair ,  th e wor d an d positiona l 
lette r  frequencies  supporte d eac h othe r  i n correctl y choosin g 
S A L T mor e ofte n tha n S L A T ;  whil e fo r  th e F R O M / F O RM 
pair ,  th e positiona l  lette r  frequenc y supporte d correctl y 
choosin g F O R M mor e ofte n tha n F R O M. 

The modelin g o f  th e experimen t  wit h th e feedforwar d 
cascad e mode l  ha s supporte d th e finding  tha t  specifi c  lette r 
positio n frequencie s hav e a  greate r  effec t  i n wor d 
recognitio n fo r  readin g tha n eithe r  wor d o r  bigra m 
frequency. 
Table 1: Letter Positional Representation for Input 

Activ e Uni t 
Tota l 

Word Lette r  Unit s O n 
Lengt h Positio n 1  1  1 

1 2 3 4 5 6 7 8 9 0 1 2 
4 1  x x x x x 

2 x x x x x 
3 x x x x x 
4 x x x x x 2 0 
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