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Abstrac t 

We expand upon the case for believing that the initial 
precis e splittin g o f  th e fovea l  projectio n t o th e visua l 
corte x fundamentall y condition s th e whol e proces s o f 
visua l  wor d recognition .  W e explor e th e optima l  behaviou r 
of  a  spli t  architectur e tha t  attempt s t o divid e it s processin g 
loa d equall y betwee n it s tw o halves .  W e successfull y mode l 
thre e aspect s o f  fixatio n behaviou r  i n huma n readers :  (a ) 
th e positionin g o f  th e optima l  viewin g positio n t o th e lef t 
of  th e midpoin t  o f  th e word ,  (b )  a  displace d Gaussia n curv e 
of  letter-repor t  accurac y resemblin g a n R V F advantage ,  (c ) 
th e tendenc y fo r  shorte r  word s no t  t o b e directl y fixated . 

Modelling visual word recognition 

The connectionis t  modellin g o f  visua l  wor d recognitio n i n 
th e traditio n o f  th e Seidenber g an d McClellan d 
developmenta l  mode l  (1989 )  ha s le d t o a  riche r  an d deepe r 
understandin g o f  bot h norma l  an d impaire d visua l  wor d 
recognitio n ove r  th e las t  decade .  However ,  suc h modellin g 
has no t  consistentl y addresse d issue s o f  fixatio n behaviou r  i n 
reading ,  fo r  th e reaso n tha t  thi s traditio n o f  modellin g ha s 
essentiall y  conceive d o f  wor d recognitio n a s th e abstrac t 
mappin g betwee n orthographic ,  phonologica l  an d semanti c 
representations ,  wit h al l  o f  th e orthographi c inpu t  bein g 
simultaneousl y an d completel y availabl e t o th e mode l  whe n 
any particula r  wor d i s presente d fo r  processing .  A s wit h 
much othe r  researc h i n visua l  wor d recognition ,  thi s researc h 
begin s wit h th e abstrac t  proble m o f  distinguishin g a  targe t 
wor d fro m 50,00 0 othe r  word s i n th e lexicon ,  an d th e 
proble m i s no t  constraine d b y wha t  i s  k n o w n abou t  th e 
human visua l  system . 

I n contrast ,  w e hav e argue d tha t  th e cognitiv e modellin g 
of  wor d recognitio n m a y b e advance d b y beginnin g th e 
modellin g a t  a n earlier ,  anatomicall y constraine d stag e -  tha t 
of  th e precis e splittin g o f  a  wor d w h e n i t  i s  initiall y 
presente d t o th e fove a (Shillcoc k &  Monaghan ,  1998) .  W e 
hav e demonstrate d tha t  "vertically "  split ,  small-scal e 
feedforwar d network s exhibi t  behaviou r  relevan t  t o wor d 
recognitio n whe n suc h network s ar e require d t o co-ordinat e 
inpu t  tha t  straddle s th e spli t  i n th e architecture .  Fo r  instance , 
suc h a  mode l  automaticall y prioritise s th e processin g o f  th e 
end-letter s o f  word s (cf .  Jordan ,  1990) ,  th e model' s learnin g 
and final  performanc e exhibi t  superadditivit y i n regar d t o th e 
separat e an d combine d functionin g o f  th e tw o halve s o f  th e 
model  (cf .  Banic h &  Belger ,  1990) ,  an d it s  learnin g 
evidence s a  bilatera l  effec t  whe n th e sam e wor d i s presente d 
t o eac h hemifiel d (se e Mohr ,  Pulvermiille r  &  Zaidel ,  1994 ) 
(Fo r  furthe r  discussion ,  se e Shillcoc k &  Monaghan ,  i n 
press ;  Shillcoc k &  Monaghan ,  submitted) .  Belo w w e 

rehears e som e o f  th e argument s i n favou r  o f  thi s claime d 
rol e fo r  fovea l  splittin g i n wor d recognitio n an d w e the n 
compar e th e optima l  behaviou r  o f  suc h a  mode l  wit h th e 
observe d behaviour s o f  huma n readers . 

A split fovea conditions word recognition 

Researc h wit h commissurotom y patient s reveal s tha t  th e 
h u m an fove a i s  precisel y verticall y spli t  (Fendric h & 
Gazzaniga ,  1989 ;  Fendrich ,  Wessinge r  &  Gazzaniga ,  1996 ; 
Sugishita ,  Hamilton ,  S a k u m a &  H e m m i ,  1994) .  W h e n a 
wor d i s fixate d th e par t  o f  th e wor d i n th e lef t  visua l  field 
(LVF )  goe s initiall y t o th e righ t  hemispher e ( R H )  an d th e 
par t  i n th e righ t  visua l  fiel d ( R V F )  goe s t o th e lef t 
hemispher e (LH) .  Afte r  thi s initia l  projectio n w e clai m tha t 
substantia l  processin g directl y relevan t  t o wor d recognitio n 
occur s m/rahemisphericall y befor e an y putativ e complet e 
sharin g o f  informatio n fro m th e tw o hemifields .  T h e 
argumen t  fo r  thi s clai m ca n onl y b e summarise d here ,  bu t 
include s th e followin g points . 
(a )  Ther e ar e robus t  hemispheri c difference s i n wor d 
recognition ,  whic h woul d no t  b e apparen t  i f  al l  wor d 
recognitio n occurre d afte r  complet e sharin g o f  informatio n 
(Hellige ,  1995 ;  Mohr ,  Pulvermulle r  &  Zaidel ,  1994) . 
(b )  Cortica l  processin g involve s orchestration s o f  activity , 
replet e wit h recurren t  connectivity ,  rathe r  tha n unidirectiona l 
cascade s o f  processin g toward s a  singl e abstrac t  goa l  (see , 
e.g. ,  VanEsse n &  Felleman ,  1991) .  Activit y i n th e (neatl y 
split )  primar y visua l  corte x seem s t o b e crucia l  fo r  visua l 
awarenes s (see ,  e.g. ,  C o w e y &  Stoerig ,  1992) . 
(c )  Cell s i n th e visua l  corte x requir e thei r  receptiv e fields  t o 
contai n th e vertica l  midlin e i n orde r  t o hav e a  direc t  callosa l 
connectio n (Whitteridge ,  1965) . 
(d )  Eve n ver y hig h leve l  lexica l  processin g (reading ,  ora l 
spelling ,  menta l  rotatio n o f  words )  i s frequentl y impaire d b y 
unilatera l  neglec t  i n a  predictabl e spatia l  manne r  (Hilli s & 
Caramazza ,  1990) . 
(e )  Ther e i s direc t  connectivit y betwee n th e RH ' s inferior -
tempora l  corte x an d th e LH' s languag e region s (DiVirgili o 
& Clarke ,  1998) . 
(f )  Th e word-beginnin g superiorit y effec t  interact s wit h 
hemispheri c dominanc e fo r  languag e fo r  foveall y presente d 
stimul i  (Brysbaert ,  1994) .  I n particular ,  se e Brysbaer t  (1994 ) 
fo r  furthe r  discussio n o f  th e issu e o f  fovea l  splitting . 

Th e evidenc e cite d abov e indicate s tha t  researcher s i n 
visua l  wor d recognitio n shoul d explor e th e cognitive 
consequence s o f  fovea l  splitting .  A s w e wil l  demonstrat e 
below ,  th e parsimon y o f  th e cognitiv e modellin g account s 
base d o n a  generi c "Spli t  Mode l "  bear s ou t  th e clai m tha t 
fovea l  splittin g fundamentall y condition s eve n th e high-leve l 
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cogniti \  c  aspect s o f  visua l  wor d recognition . 

A split word is already informative 

Let  u s begi n b y assumin g tha t  a  wor d i s fixate d somewher e 
clos e t o it s midpoint .  W e hav e see n tha t  th e tw o halve s o f 
th e wor d ar e the n projecte d t o differen t  hemispheres . 
Conventiona l  modellin g o f  wor d recognitio n assume s tw o 
partl y contradictor y nex t  steps :  first ,  tha t  th e informatio n 
shoul d al l  b e move d int o on e hemisphere ,  an d second ,  tha t 
detaile d informatio n i s represente d abou t  th e locatio n o f  al l 
th e individua l  letters .  W e ca n asses s thes e tw o proposal s b y 
considerin g jus t  h o w m u c h informatio n i s i n ou r  spli t 
startin g position ,  whic h i n effec t  resemble s a  mode l  o f  wor d 
recognitio n wit h jus t  tw o lette r  locations ,  th e R V F an d th e 
L V F .  I f  eac h wor d i s spli t  a s clos e t o it s midpoin t  a s 
possible ,  the n carpe t  i s spli t  a s \a,c,r \  an d \e,p, t ] , 
ignorin g th e precis e orde r  o f  th e letters .  Thi s alread y give s 
us enoug h lette r  an d locatio n informatio n t o identit y carpe t 
uniquely .  I n contrast ,  (/ ,  / ]  an d [e ,  m ]  i s ambiguou s betwee n 
ite m an d time ,  an d w e nee d mor e letter-locatio n informatio n 
t o distinguis h betwee n thes e tw o possibilities .  W h a t 
proportio n o f  th e lexico n i s unambiguousl y specified ,  lik e 
carpet ,  b y suc h a  two-slo t  model ? 

Th e answe r  i s tha t  9 8 . 6 % o f  Englis h word s i n th e 
C E L EX databas e (Baayen ,  Pipenbroc k &  Gulikers ,  1995 )  ar e 
lik e carpet .  Thi s resul t  i s  intuitivel y plausibl e fo r  longe r 
words ,  s o le t  u s conside r  four-lette r  word s only ;  four-lette r 
word s ar e th e mos t  labil e cas e i n thi s analysis .  W h e n n o 
informatio n i s give n abou t  lette r  positio n i n four-lette r 
words ,  the n 3 4 ^  ar e ambiguou s (i.e .  the y ar e anagram s o f 
othe r  words) .  W h e n four-lette r  word s ar e split ,  th e R V F 
versu s L V F informatio n disambiguate s al l  bu t  4 .7 % o f 
word s (lik e item) .  Thes e dat a constitut e a n empirica l  result . 
I f  th e processo r  ca n fixat e nea r  th e mid-poin t  o f  a  word ,  th e 
spli t  informatio n i s alread y ver y informativ e o f  wor d 
identity .  A  spli t  wor d i s a n attractiv e goa l  rathe r  tha n a n 
inconvenienc e cause d b y th e anatom y an d somethin g t o b e 
transcended . 

A n ambiguit y leve l  o f  4 .7 % i s stil l  no t  idea l  an d mor e 
informatio n i s required .  Happil y thi s informatio n i s readil y 
availabl e fro m a n aspec t  o f  spli t  architecture s tha t  w e hav e 
describe d elsewher e (Shillcoc k &  Monaghan ,  1998 ; 
Shillcoc k &  Monaghan ,  submitted) :  spli t  architecture s 
naturall y prioritis e th e processin g o f  th e outsid e letter s o f 
word s w h e n the y ar e tryin g t o co-ordinat e input s tha t  ar e 
typicall y sprea d acros s th e tw o halve s o f  th e model . 
Identifyin g th e oute r  letter s disambiguate s al l  o f  th e four -
lette r  word s an d leave s th e greates t  ambiguit y a t  five-lette r 
words ,  o f  whic h onl y 0.62 % remai n ambiguou s lik e tria l 
and trail . 

Thus ,  w e se e tha t  splittin g word s i s a n informationall y 
attractiv e precurso r  t o identification ,  an d tha t  fas t  norma l 
visua l  wor d recognitio n m a y no t  nee d exhaustiv e 
informatio n abou t  lette r  location .  W e no w conside r  th e 
furthe r  processin g implication s o f  spli t  architecture s b y 
explorin g thei r  optima l  behaviour . 

Optimal behaviour of a split model 

O ne o f  th e factor s affectin g th e behaviou r  o f  a  spli t  networ k 
concern s th e balancin g o f  th e independen t  activit y i n it s tw o 
halves .  Ceteri s paribus ,  suc h a  networ k migh t  b e expecte d t o 

functio n optimall y i f  labou r  i s evenl y balance d betwee n it s 
tw o halves .  A  simpl e approximatio n t o thi s stat e o f  affair s 
woul d emerg e fro m fixatin g eac h wor d a t  it s  physica l 
midpoint ;  eac h hal f  o f  th e mode l  woul d hav e t o cop e wit h 
th e sam e quantit y o f  orthographi c inpu t  W e ter m thi s 
fixatio n strateg y th e middle-justifie d strategy .  Alternatively . 
th e mode l  coul d arrang e t o fixat e eac h wor d s o tha t  th e lef t 
end o f  eac h wor d appear s a t  th e lef t  en d o f  a  putativ e fovea l 
window .  Thi s left-justifie d strateg y i s actuall y suggeste d b y 
Lcgg e e t  al .  (1997 )  a s a n approximatio n o f  th e behaviou r  o f 
thei r  mode l  o f  fixatio n behaviour .  A  furthe r  (hypothetical ) 
model  migh t  b e a  right-justifie d strateg y . 

Let  u s assum e complet e contro l  ove r  wor d fixation ,  s o 
tha t  eac h wor d i s individuall y fixate d a t  th e optima l  locatio n 
(Althoug h thi s strateg y presuppose s prio r  knowledg e o f  th e 
word' s identity ,  suc h a n analysi s give s u s a n illuminatin g 
pictur e o f  th e optima l  behaviou r  o f  a  spli t  model. )  I n thi s 
case ,  th e optima l  fixatio n poin t  fo r  eac h wor d i n th e lexico n 
wil l  b e on e tha t  create s th e m in imu m competitio n i n th e 
right  an d i n th e lef t  hal f  o f  th e model .  W e develope d a 
splittin g algorith m tha t  iterate d throug h al l  th e word s i n th e 
lexicon ,  i n rando m orde r  eac h time ,  movin g th e split-poin t 
(whic h equal s th e fixatio n point )  s o a s t o minimis e \llr ,  i n 
whic h /  an d r  ar e respectivel y th e number s o f  occurrence s o f 
th e lef t  an d right  hal f  o f  th e wor d i n th e lef t  an d right  halve s 
of  th e spli t  word s i n th e lexicon' .  Th e algorith m begin s 
wit h a  rando m placemen t  o f  th e split-poin t  i n ever y word , 
and converge s afte r  man y iteration s o n on e o f  a  numbe r  o f 
qualitativel y closel y comparabl e outcomes .  Figur e 1  show s 
th e mea n o f  te n differen t  run s o f  th e algorithm . 

Each lin e o f  th e grap h show s th e distributio n o f  split -
point s fo r  word s o f  a  particula r  length .  Th e grap h show s tha t 
th e mea n split-poin t  i s  t o th e lef t  o f  th e physica l  midpoin t 
of  th e word ,  an d tha t  thi s split-poin t  predominate s fo r  th e 
longe r  words .  ( W e discus s th e shorte r  word s below. )  Thi s 
resul t  matche s th e observatio n tha t  th e start s o f  Englis h 
word s ar e typicall y mor e informativ e tha n thei r  ends .  I t 
confirm s tha t  a  principl e o f  dividin g th e processin g equall y 
betwee n th e tw o halve s o f  th e mode l  produce s a 
psychologicall y realisti c outcom e fo r  English ;  wor d 
recognitio n i s bette r  fo r  mos t  word s whe n fixate d t o th e lef t 
of  th e midpoint ,  a t  a n optima l  viewin g positio n (OVP ) 
(O'Regan ,  1990) .  O n e heuristi c tha t  approximate s thi s 
optima l  behaviou r  i s t o fixat e word s slightl y t o th e lef t  o f 
thei r  midpoints .  Th e orthodo x interpretatio n o f  th e O V P i s 
tha t  i t  i s  th e resul t  o f  th e positionin g o f  a  limited ,  hig h 
resolutio n fovea l  windo w ove r  th e mos t  informativ e par t  o f 
th e word .  Ou r  result s demonstrat e tha t  th e O V P ma y equall y 
be interprete d a s a  spli t  processo r  attemptin g t o divid e th e 
processin g loa d evenl y betwee n it s tw o halves . 

The splittin g algorith m produce s detaile d behaviou r  tha t 
furthe r  approximate s th e observe d performanc e o f  huma n 
readers .  Th e algorith m i s fre e t o choos e a  fixatio n poin t 
adjacen t  t o an y lette r  i n th e curren t  word ,  th e choic e bein g 
determine d solel y b y th e reductio n o f  \llr .  O n som e 
occasion s th e algorith m place s th e split-poin t  t o th e lef t  o f 
th e firs t  lette r  o r  t o th e right  o f  th e las t  lette r  o f  th e word : 
Wri p o r  theW .  I n suc h a  case ,  th e algorith m ha s place d th e 

'  Bot h /  an d r  ca n onl y fal l  t o 1 ,  representin g thei r 
occurrenc e i n th e curren t  word . 
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wor d exclusivel y i n on e hemifield ,  balancin g th e 
uninformativenes s o f  a n empt y hemifiel d agains t  th e 
increase d informativenes s of ,  fo r  instance ,  thre e letter s rathe r 
tha n tw o i n th e othe r  hemifield .  A s Figur e 2  shows ,  thi s 
aspec t  o f  th e optima l  behaviou r  o f  th e spli t  mode l  ivstinhlc s 
th e observe d huma n failur e t o fixat e shor t  words ,  i n invers e 
proportio n t o word-lengt h (Rayne r  &  McConkie ,  1976) . 

Thi s analysi s provide s a  nove l  explanatio n fo r  failur e t o 
directl y fixat e word s i n text :  i t  i s  inappropriat e t o fixat e o n a 
wor d tha t  i s s o shor t  tha t  it s  divisio n give s th e tw o halve s 
of  th e processo r  onl y ver y short ,  multipl y ambiguou s part s 

of  words .  W e propos e tha t  thi s explanatio n contribute s t o 
th e observe d huma n behaviou r  alon g wit h othe r  account s 
suc h a s th e increase d predictabilit y  o f  th e (predominantl y 
short )  functio n word s an d th e parafovea l  previe w o f  shor t 
words . 

We ca n se e som e o f  th e computationa l  implication s o f 
th e differen t  fixatio n strategies ,  introduce d above ,  b y 
arrangin g ever y wor d i n th e lexico n "vertically" ,  on e abov e 
th e other ,  i n th e wa y suggeste d b y eac h strateg y an d the n 
calculatin g th e entrop y o f  th e distributio n o f  letter s i n eac h 
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Figure 2. The probability of a word not receiving a direct fixation, as a function of word length. The "CELEX" curves show 
th e probabilit y  tha t  th e splittin g algorith m position s th e wor d completel y i n th e LV F o r  RVF .  Th e 

human dat a ar e fro m Rayne r  an d McConki e (1976) . 

verticall y aligne d lette r  location .  Thus ,  fo r  th e left-justifie d 
strategy ,  th e leftmos t  colum n o f  letter s i s th e first  lette r  o f 
eac h wor d i n th e lexicon ,  an d th e entrop y o f  thi s distributio n 
reflect s th e skewednes s o f  thi s distribution .  Fo r  th e middle -
justifie d strateg y an d fo r  th e optima l  strateg y produce d b y 
th e splittin g algorithm ,  th e fixation  poin t  i n eac h wor d i s 
verticall y aligned .  W e presen t  th e result s o f  thi s analysi s i n 
Figur e 3 .  Th e entrop y curve s allo w u s t o compar e th e 
differen t  fixatio n strategies .  A  consistentl y hig h curv e mean s 
tha t  ther e i s  hig h qualit y informatio n sprea d acros s th e 
relevan t  par t  o f  th e visua l  field. 

First ,  not e tha t  i n Figur e 3  th e left -  an d right-justifie d 
curve s ar e arbitrari h positione d an d ma y b e move d alon g th e 
j:-axi s t o alig n the m wit h th e respectiv e end s o f  an y fovea l 
window .  A s Figur e 3  shows ,  th e middle -  an d optimally-spli t 
curve s provid e th e mos t  symmetrica l  sprea d o f  informatio n 
acros s th e visua l  field,  althoug h ther e i s n o significan t 
differenc e betwee n th e tota l  entrop y o f  th e left -  an d middle -
justifie d strategies .  Th e optima l  strategy ,  a s migh t  b e 
expecte d fro m th e natur e o f  th e algorithm ,  produce s th e mos t 
sustaine d sprea d o f  hig h qualit y informatio n acros s th e 
visua l  field.  Not e tha t  th e optima l  strateg y doe s no t  nee d t o 
impl y tha t  reliabl e lette r  recognitio n occur s i n a  windo w a s 
wid e a s 2 6 letters ,  onl y tha t  hig h qualit y informatio n ca n b e 
effectivel y sprea d acros s th e visua l  field.  Suc h a  sprea d o f 
informatio n maximise s th e utilit y o f  an y parafovea l 
processing .  I t  naturall y emerge s fro m th e splittin g algorith m 
tha t  a  spa n o f  2 6 letter s i s a n appropriat e span ;  thi s spa n 
matche s observe d huma n behaviou r  (McConki e &  Rayner , 
1975) .  Finally ,  w e migh t  not e tha t  th e entrop y curv e fro m 
th e optima l  strateg y i s asymmetric ,  i n tha t  th e curv e i n th e 

R VF fall s of f  les s sharpl y tha n tha t  i n th e LVF .  Brysbaert , 
Vit u an d Schroyen s (1996 )  clai m tha t  letter-repor t  accurac y 
(i n th e for m o f  a n extende d O V P curve )  follow s a  Gaussia n 
distributio n acros s bot h fovea l  an d parafovea l  part s o f  th e 
visua l  field;  the y clai m tha t  th e reporte d R V F advantag e fo r 
wor d recognitio n ma y b e subsume d int o thi s E O V P curve . 
The entrop y curv e fo r  th e optima l  strateg y i n Figur e 3  i s i n 
agreemen t  wit h thi s E O V P curve :  letter s ar e reporte d a t 
differen t  location s wit h respec t  t o th e fixation  poin t  wit h a n 
accurac y i n proportio n t o th e probabilit y  tha t  usefu l 
informatio n ma y b e foun d a t  tha t  position .  Th e optimal -
strateg y curv e i n Figur e 3  indicate s thi s probability .  Thus , 
th e E O V P curv e ma y b e accounte d fo r  withou t  an y necessar y 
rol e fo r  L H dominanc e fo r  language . 

Discussion 

We hav e show n tha t  a  wor d spli t  betwee n th e tw o hemifield s 
and betwee n th e tw o hemisphere s i s  potentiall y a  ver y 
informativ e startin g poin t  fo r  visua l  wor d recognition .  A 
midpoin t  spli t  i s a  simpl e fixation  strateg y bu t  i t  provide s 
an effectiv e startin g poin t  fo r  wor d recognition .  A  mor e 
sophisticated ,  optima l  split-poin t  fo r  eac h wor d illustrate s 
th e uppe r  boun d fo r  a  spli t  processo r  tha t  i s  attemptin g a n 
equa l  divisio n o f  labour .  Thi s optima l  strateg y ha s man y 
feature s tha t  closel y correspon d t o readin g behaviou r  i n 
human subjects ,  suggestin g tha t  skille d reader s hav e 
develope d fixation  behaviou r  tha t  i s  perhap s close r  t o th e 
optima l  behaviou r  tha n i s th e simple  midpoin t  spli t 
strategy . 

One possibl e wa y i n whic h thi s distributiona l  analysi s 
of  a  full-size d lexico n migh t  b e relate d t o th e connectionis t 
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Figure 3: Entropy curves for the optiinal splitting strategy, versus other fixation strategies. 

modellin g wit h small-scal e network s w e describ e elsewher e 
i s fo r  u s t o assum e tha t  th e processo r  ca n indee d dea l  wit h 
any wor d presente d a t  an y positio n relativ e t o th e fixatio n 
point ,  bu t  tha t  fo r  eac h wor d typ e ther e i s a  strongest ,  bes t 
templat e situate d i n on e particula r  position ,  contingentl y 
define d b y th e res t  o f  th e word s tha t  mus t  b e stored . 

Conclusions 

We hav e show n tha t  i f  w e follo w throug h th e implication s 
of  th e initia l  precis e splittin g o f  th e fovea l  projection ,  t o 
conside r  th e effect s o n th e late r  stage s o f  visua l  wor d 
recognition ,  the n psychologicall y realisti c behaviour s result . 
Thes e behaviour s emerg e naturall y fro m th e propose d Spli t 
Model .  W e hav e provide d account s fo r  a  numbe r  o f  differen t 
phenomena i n visua l  wor d recognition ,  fo r  whic h alternativ e 
yet  separat e account s previousl y existed .  Th e coherenc e o f 
th e account s base d o n fovea l  splitting ,  an d thei r  groundin g 
i n know n anatom y ar e argument s fo r  favourin g thes e 
account s o f  th e phenomen a an d fo r  furthe r  explorin g th e 
clai m tha t  fovea l  splittin g fundamentall y determine s visua l 
wor d recognitio n a t  al l  levels . 
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