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Cerebra l  Lateralization ,  Preferre d Cognitiv e Mod e an d Readin g 
Achievemen t  i n America n India n Bilingua l  Childre n 

Fairlee E. Winfield, Ph.D. 
Norther n Arizon a Universit y 

Although it is generally accepted that the left cerebral hemisphere is dominant 
fo r  languag e i n mos t  people ,  th e natur e o f  th e relation s amon g cerebra l  dominanc e fo r 
language ,  academi c performance ,  an d preferre d cognitiv e mod e remain s controversial . 
As earl y a s 1937 ,  Orto n suggeste d tha t  a  stron g lef t  hemispher e dominanc e woul d b e 
reflecte d i n excellenc e o f  verba l  function s suc h a s reading. ^  However ,  cerebra l 
dominanc e studie s conducte d wit h bilingual s see m t o indicat e tha t  languag e fo r  the m 
may b e mor e diffusel y organized .  Alber t  an d Oble r  propose d a  stag e hypothesi s i n 
whic h ther e wa s participatio n o f  th e righ t  brai n hemispher e i n th e initia l  stage s o f 
learnin g a  secon d languag e wit h increasin g lef t  hemispher e participatio n a s profi -
cienc y developed. ^  Unfortunately ,  furthe r  researc h evidenc e an d a  comprehensiv e 
revie w o f  ove r  on e hundre d studie s o f  th e bilingua l  brai n b y Gallowa y i n 198 2 hav e 
faile d t o suppor t  th e stag e hypothesis .  Nevertheless ,  i t  seem s eviden t  tha t  bi -
lingual s d o sho w greate r  righ t  hemispher e participatio n i n language ,  bu t  ho w thi s i s 
relate d t o cognitiv e styl e preferenc e an d academi c performanc e remain s a  question . 

America n India n bilingua l  aroup s hav e consistentl y show n a  greate r  righ t  hemi -
spher e involvemen t  i n language. ^  Roger s e t  al .  propos e tha t  th e structur e o f  som e 
Amerindia n language s correspond s t o a n appositiona l  mod e o f  thinkin g associate d wit h 
th e righ t  brai n hemisphere .  Fo r  example ,  ther e i s a  greate r  concer n wit h concret e 
notion s rathe r  tha n wit h abstractions ;  ther e i s a  projectio n o f  subjectiv e experienc e 
t o outsid e influence s (i.e. ,  I  a m drownin g ^  wate r  i s drownin g me) ;  an d modifie d verb s 
and participle s rathe r  tha n noun s an d adjective s assum e importance .  Navaj o handlin g 
verb s requir e a  selectio n proces s whereb y th e ver b ste m differ s i f  th e objec t  referre d 
t o i s long ,  small ,  rounded ,  clustered ,  bundle d up ,  alive ,  o r  inanimate .  Th e Navaj o 
speake r  mus t  b e full y awar e o f  th e perceptua l  fiel d an d concentrat e o n th e physica l 
characteristic s o f  th e objec t  rathe r  tha n it s name .  I n Englis h w e say ,  "Giv e me th e 
rock ,  stick ,  paper ,  etc. "  I n Navaj o a  speake r  mus t  decid e o n th e object' s character -
istic s befor e selectin g a  ver b form: ^ 

shaa nT'aah * single, hard, bulky object shaa nT/joo7 * non-compact matter 
shaa nftii h *  single ,  slender ,  stif f  sha a nftlee h '  mush y matte r 
sha a ni/tsoo s *  single ,  flat ,  flexibl e sha a nfyee h *  load ,  pack ,  burde n 
shaa nfl e *  single ,  slender ,  flexibl e sha a nTnTT J *  plural ,  slender ,  flexibl e 
sha a nTjaa h *  plural ,  profusio n sha a ni/tee h •  single ,  animat e 

Because of the appositional characteristics of Navajo, it is hypothesized that Navajo-
Englis h bilingua l  childre n wil l  sho w a  greate r  righ t  hemispher e participatio n i n 
languag e tha n i s generall y foun d i n monolingua l  children . 

A secon d notio n tha t  bear s upo n bilingua l  cognitiv e strategie s i s offere d b y 
Gallowa y wh o see s languag e a s consistin g o f  tw o factors :  linguisti c competenc e 
(grammar )  a/i d communicativ e competenc e (nonverbal ,  interactional ,  context-dependen t 
abilities). °  Th e communicativ e competenc e i s highl y dependen t  upo n neura l  substrate s 
lateralize d i n th e righ t  brai n hemispher e suc h a s perceptio n o f  facia l  affect ,  ton e o f 
voice ,  an d linguisti c gesture .  Gallowa y propose s tha t  ther e i s a  relationshi p betwee n 
minorit y grou p membershi p an d pattern s o f  cerebra l  asymmetry .  Sh e state s tha t  member s 
of  bilingua l  minoritie s wh o ar e unacculturate d an d sociall y les s powerfu l  i n th e 
surroundin g Angl o majorit y worl d bu t  wh o ar e unde r  pressur e t o assimilat e wil l  sho w 
greate r  righ t  hemispher e involvemen t  i n languag e processing .  Th e suggestio n i s mad e 
tha t  th e perso n wh o mus t  functio n i n tw o o r  mor e language s may hav e t o develo p a 
greate r  pragmati c flexibilit y  an d sensitivit y t o interactiona l  cue s i n orde r  t o 
suppor t  an d maintai n communication .  N o clai m i s mad e tha t  th e actua l  lef t  laterali -
zatio n o f  th e linguisti c gramma r  i s altere d o r  tha t  th e brai n ha s suc h plasticit y tha t 



th e linguisti c gramma r  i s suddenl y shifte d towar d th e right .  Righ t  hemispher e languag e 
woul d b e a  reflectio n o f  a  cognitiv e strateg y adopte d t o increas e availabl e communi -
cativ e cues . 

Thi s stud y examine s th e relation s amon g sex ,  schoo l  grade ,  verba l  dichoti c 
listenin g asymmetry ,  cognitiv e strategi c preference ,  an d readin g abilit y  i n Navajo -
Englis h bilingua l  childre n an d attempt s t o compar e th e finding s wit h thos e o f  Capla n 
and Kinsbourn e i n thei r  researc h wit h monolingua l  children. '  Therefore ,  th e followin g 
hypothese s ar e als o investigated : 

1.  Bilingua l  childre n wh o ar e mor e highl y lef t  hemispher e lateralize d fo r 
languag e o n th e dichoti c listenin g tes t  wil l  sho w a  stronge r  preferenc e 
fo r  verba l  strategie s o n cognitiv e styl e measures . 

2.  Bilingua l  childre n wh o prefe r  th e verba l  mod e o n cognitiv e styl e measure s 
wil l  demonstrat e readin g achievemen t  superio r  t o tha t  o f  th e childre n 
whose preferenc e i s fo r  a  nonverba l  mod e o f  informatio n processing . 

3.  Childre n i n th e lowe r  grade s wil l  displa y a  greate r  preferenc e fo r 
nonverba l  stragegie s tha n olde r  children . 

4.  Female s wil l  sho w a  greate r  preferenc e tha n male s fo r  verba l  strategie s 
and wil l  displa y readin g achievemen t  superio r  t o tha t  o f  males . 

The subject s wer e 7 8 Navajo-Englis h student s i n a n isolate d Burea u o f  India n 
Affair s boardin g schoo l  o n th e Navaj o India n Reservation .  Al l  instructio n a t  th e 
schoo l  i s  i n th e secon d languag e (English) ;  however ,  al l  socia l  interactio n i s i n 
Navajo .  Th e student s ar e fro m th e mos t  traditiona l  are a o f  th e reservatio n wher e 
pressur e fo r  assimilatio n i s felt ,  bu t  wher e ther e ha s bee n relativel y littl e accultu -
ration .  Th e grou p include d 3 5 boy s an d 4 1 girl s i n grade s 3  t o 8  (2 3 i n grade s 7-8 , 
27 i n grade s 5-6 ,  2 8 i n grade s 3-4) .  Th e mea n ag e wa s 10.6 .  A n eight-ite m handednes s 
measur e wa s administere d i n bot h language s t o eliminat e subject s wit h a  lef t  han d 
preference . 

Test Instruments 

Dichotic Listening (Navajo Word Test and English Word Test) 
An 80-ite m Navaj o wor d tes t  an d a  74-ite m Englis h wor d tes t  wa s administere d t o 

eac h student .  Wor d pair s wer e matche d fo r  syllabl e length .  Si x practic e item s 
familiarize d th e childre n wit h th e procedure .  Headphone s wer e reverse d t o contro l  fo r 
variatio n i n channe l  intensity .  Hal f  th e childre n hear d th e Navaj o tes t  firs t  an d 
hal f  th e Englis h tes t  first .  Th e childre n wer e tol d t o repor t  bot h word s i f  possible . 

Cognitive Mode (Auditory and Visual) 
Word-Shap e Sorting :  Thi s tes t  wa s use d i n th e researc h o f  Capla n an d Kinsbourn e 

i n 1981 .  Th e chil d select s th e on e ite m o f  thre e tha t  doe s no t  fi t  wit h th e othe r 
two .  Th e tw o equall y correc t  response s indicat e a  preferenc e fo r  visual-spatia l  pro -
cessin g (o n th e basi s o f  shape )  o r  visual-verba l  processin g (o n th e basi s o f  words) . 
The tes t  wa s administere d i n Englis h onl y a s th e student s wer e no t  literat e i n Navajo . 

Auditor y Styl e Test :  Thi s tes t  wa s base d upo n on e use d b y Gross ,  Franko ,  an d 
Lewi n (1978). ^  Th e chil d select s tw o verba l  item s tha t  "g o together "  fro m thre e word s 
heard .  Th e tw o equall y correc t  response s indicat e a  semanti c preferenc e (synonym s o r 
categor y relationship )  o r  a  nonsemanti c preferenc e (rhyme) .  Thi s tes t  wa s administ -
ere d i n bot h Navaj o an d Englis h sinc e i t  i s  entirel y verbal . 

Reading Achievement (California Test of Basic Skills, CTBS) 
A readin g achievemen t  scor e wa s obtaine d fro m students '  performanc e o n th e 

Californi a Tes t  o f  Basi c Skill s  tha t  wa s administere d t o al l  o f  th e boardin g schoo l 
student s immediatel y prio r  t o thi s project .  Th e tes t  i s  entirel y i n Englis h an d th e 
bilingua l  student s wh o ar e fro m a  minorit y languag e an d cultur e consistentl y perfor m 
belo w grad e norms .  Fo r  example : 



Grade s 

3-4 {n=28) 

5- 6 {n=27 ) 

7- 8 (n=23 ) 

Grad e Mea n 

3.35 

5.4 4 

7.3 0 

Readin g 

2.38 

3.5 7 

4.4 8 

CTBS 
Mat h 

3.02 

4.5 1 

6.1 9 

Combine d 

2.55 

4.0 4 

4.6 7 

Result s 

The data for the total sample were analyzed by correlational methods, ear-

difference s o n dichoti c listenin g wer e determine d b y t ^  tests ,  an d se x an d grou p (3-4t h 

grade ,  5-6t h grade ,  7-8t h grade )  comparison s wer e mad e b y analysi s o f  variance . 

A stron g right-ea r  advantage ,  indicatin g lef t  hemispher e lateralizatio n fo r 

language ,  wa s obtaine d o n th e Englis h dichoti c listenin g tas k fo r  th e entir e sampl e {t _ 

= 3.56 ,  2 .  " ^  .001) .  However ,  fo r  th e Navaj o dichoti c listenin g task ,  ther e wa s n o sig -

nifican t  differenc e i n righ t  an d lef t  ea r  score s indicatin g a  greate r  righ t  hemispher e 

participatio n i n Navajo .  Comparison s o f  th e Navaj o an d Englis h ea r  differenc e score s 

indicat e tha t  althoug h ther e i s relationshi p betwee n th e tw o measure s {r _ =  .329 ,  2 .  " ^ 

.002) ,  student s ar e significantl y les s lef t  hemispher e lateralize d fo r  Navaj o tha n fo r 

Englis h {t _ =  -2 .32 ,  2 .  " ^  . 0 2 ) .  When th e thre e ag e group s ar e considered ,  ther e wa s n o 

significan t  developmenta l  increas e i n th e siz e o f  th e righ t  ea r  advantag e fo r  eithe r 

languag e (Navajo ,  _ F =  .679 ,  N.S. ;  English ,  _F ,  =  .058 ,  N . S . ) . 

Table 1 

Correlatio n Matrix ,  Tota l  ( N =  78 ) 

Age 

Navaj o 
Lateraltzatlo n 

Englis h 
Lateralizatio n 

Visual-Verba l 
Preferenc e 

Auditory-Verba l 
Preference/Englis h 

Auditory-Verba l 
Preference/Navaj o 

CTBS Readin g 

Navaj o 
Lateral -

Age Izatlo n 

-.094 6 

Englis h 
Lateral -
izatio n 

-.102 5 

.3297 * 

Visual-Verba l 
Preferenc e 

.1924 * 

-.2340 * 

.030 8 

Auditory-Verba l 
Preference/Englis h 

.2901* * 

-.038 0 

-.020 3 

.176 1 

Auditory-Verba l 
Preference/Navaj o 

.3732* * 

.111 3 

.040 7 

.080 3 

.6396* * 

CTBS 
Readin g 

.6616* * 

-.050 1 

-.052 8 

.4430* * 

.2508 * 

.3585* * 

* £ .05 . 

** £ .01 . 

Correlational data for the total sample is presented in Table 1. There is a 

highl y significan t  correlatio n betwee n strengt h o f  verba l  performanc e o n al l  visua l 

and auditor y cognitiv e styl e measure s an d performanc e o n th e CTB S readin g measure . 
However ,  ther e i s n o indicatio n o f  a  relationshi p betwee n th e visua l  an d auditor y 

cognitiv e styl e measure s indicatin g tha t  the y ma y b e measurin g separat e aspect s o f 

cognitiv e styl e preference .  Dichoti c listenin g measure s ar e unrelate d t o readin g 
performance ,  bu t  th e Navaj o dichoti c listenin g measur e i s negativel y correlate d wit h 

performanc e o n th e visual-verba l  preferenc e measure . 

No se x difference s fo r  verba l  preferenc e wer e found ;  however ,  a  significan t 

developmenta l  increas e i n verba l  preferenc e o n th e auditor y cognitiv e styl e measure s 

was obtaine d fo r  th e sampl e a s a  whol e (Navajo-Auditory ,  F_ =  4.506 ,  2 .  " ^  'Ol J English -

Auditory ,  _ F =  7.131 ,  2 .  " ^  . 0 1 ) .  N o developmenta l  increas e occurre d fo r  th e visual -

verba l  preferenc e measure .  Significan t  developmenta l  increase s wer e eviden t  fo r  th e 

CTBS readin g score s a s wa s anticipated . 



Give n tha t  verba l  strategi c preferenc e correlate s significantl y bot h wit h ag e an d 
readin g ability ,  an d th e age-relate d improvemen t  i n reading ,  th e associatio n betwee n 
cognitiv e styl e an d readin g coul d b e a  consequenc e o f  a  common associatio n wit h age . 
Therefore ,  a s i n Capla n an d Kinsbourne' s analysis ,  partia l  correlation s wer e 
calculate d t o eliminat e readin g ag e (grad e equivalent )  an d chronologica l  age . 
Result s fo r  th e Englis h languag e cognitiv e styl e measure s ar e consisten t  wit h previou s 
finding s tha t  greate r  preferenc e fo r  verba l  strategie s accompanie s bette r  reading , 
regardles s o f  age .  However ,  thi s doe s no t  hol d fo r  th e Navaj o cognitiv e styl e measur e 
wher e greate r  preferenc e fo r  verba l  strategie s doe s no t  accompan y bette r  readin g bu t 
i s base d upo n ag e an d readin g proficiency . 

Discussion 

Caplan and Kinsbourne suggest that the nature of the problem-solving strategy 
adopte d may affec t  th e siz e o f  th e observe d latera l  bias .  I f  a  strateg y i s selecte d 
whic h ha s a  predominantl y lateralize d neura l  substrate ,  the n on e hemispher e wil l  b e 
preferentiall y  activated .  However ,  som e task s may b e adequatel y accomplishe d b y mor e 

-tha n on e strateg y an d a  strategi c choic e mav b e relativel y stabl e acros s situation s 
regardles s o f  cognitiv e demand s o f  th e task.-" ^  Therefore ,  i t  i s  possibl e t o speculat e 
tha t  Navajo-Englis h bilinguals ,  althoug h anticipatin g verba l  inpu t  i n Navajo ,  may 
preferentiall y  engag e th e righ t  hemispher e an d adop t  a  holistic ,  pragmatic , 
interactiona l  strateg y biasin g attentio n t o th e lef t  sid e o f  space .  Th e degre e o f 
dichoti c listenin g asymmetr y become s a n inde x o f  differentia l  hemispheri c us e withou t 
structura l  implication s fo r  th e degre e o f  lateralizatio n o f  function .  Initia l 
preferenc e fo r  a  particula r  mod e may becom e habitualized ,  an d ther e i s som e evidenc e 
tha t  stylisti c  preference s may b e 1  earned.̂ •' -  I f  suc h i s th e case ,  th e greate r  lef t 
lateralizatio n fo r  Englis h may b e a  produc t  o f  th e classroo m situatio n tha t  i s heavil y 
biase d towar d a  verba l  mod e wit h sequential ,  analyti c processing . 

The presen t  findin g o f  righ t  hemispher e representatio n o f  languag e may b e a 
reflectio n o f  th e habitualize d us e o f  a n interactional ,  nonverba l  strateg y t o obtai n 
additiona l  cue s fro m languag e input .  Sinc e th e dichoti c listenin g tas k i s unfamiliar , 
th e student s may shif t  t o a  righ t  hemispher e strateg y t o tr y t o pic k u p additiona l 
cues .  The y may indee d no t  recogniz e th e situatio n a s a  languag e tas k i n Navaj o whil e 
the y assum e al l  situation s involvin g Englis h ar e languag e task s becaus e o f 
habitualize d classroo m experience . 

Sinc e th e preferenc e fo r  verba l  strategie s wa s unrelate d t o th e siz e o f  th e lef t 
hemispher e lateralization ,  an d ther e i s n o positiv e correlatio n betwee n result s o n 
dichoti c listenin g an d verba l  cognitiv e styl e preference ,  th e curren t  finding s woul d 
suppor t  th e notio n tha t  dichoti c asymmetr y i s a n inde x o f  differentia l  hemispher e us e 
withou t  structura l  implication s o f  function .  Additionally ,  sinc e asymmetr y di d no t 
increas e significantl y wit h increasin g age ,  result s suppor t  earlie r  studie s tha t  argu e 
fo r  th e existenc e i n infanc y o f  hemispheri c specializatio n an d stabilit y  o f 
lateralizatio n acros s ages.^ ^ 

No se x difference s o n lateralization ,  cognitiv e style ,  o r  readin g achievemen t 
wer e eviden t  fo r  th e bilingua l  student s althoug h previou s studie s hav e generall y 
reporte d greate r  verba l  preferenc e an d advance d readin g score s fo r  girl s an d 
frequentl y stronge r  righ t  ea r  advantage s fo r  boys .  I t  i s  speculate d tha t  th e Englis h 
languag e barrier ,  Navaj o cultura l  expectations ,  an d th e facto r  o f  minorit y grou p 
membershi p ten d t o overrid e se x differences . 

The pivota l  variable ,  preferre d cognitiv e strategy ,  wa s foun d t o relat e t o 
readin g performance .  Preferenc e fo r  a  verba l  approac h o n bot h th e visua l  an d auditor y 
cognitiv e mod e test s i s associate d wit h bette r  readin g an d th e associatio n i s 
maintaine d whe n effect s o f  abilit y  an d ag e ar e eliminated .  Capla n an d Kinsbourn e 
sugges t  tha t  performanc e i s improve d whe n tas k demand s an d cognitiv e bia s ar e 
concordant .  Therefore ,  a  chil d wh o typicall y choose s verba l  strategie s wil l  mor e 
easil y gras p th e natur e o f  th e "readin g code."1 3 
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