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A bstract

IN FA N T  B A B B LIN G  A N D  A M B IE N T  LA N G U A G E

by

D aisy E dm ondson  

A dvisor: P ro fesso r G erald  T urkew itz

T his d isserta tion  w as intended to  exp lo re  the question o f  w hether in fan ts begin  

to  incorporate  aspects o f  the adult target language to  w hich they are exposed  in to  their 

ow n v oca liza tions p rio r to the em ergence o f first w ords and, if  so, w hether adult 

listeners are sensitive to such changes. A  further question  w as w hich  specific aspects o f  

the am bien t language em erge earliest in babb ling , the  phonetic o r the prosodic.

In each  o f  eight experim ents, E ng lish -sp eak in g  adult ju d g es  w ere asked to 

listen  to  tape-recorded  sam ples o f  voca lizations o f  infants and to  p ick  out w hich infants 

they believed  w ere from  E nglish -speak ing  hom es. S am ples w ere used from  8-m onth- 

o ld  A rabic, C h inese, F rench, and A m erican  E ng lish -env ironm ent infants.

S am p les w ere selected  on the basis o f du ra tion  o f  u tterance alone; there w ere
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no o th er restric tions on  the characteristics o f  the sam ples. A s a  resu lt, sam ples differed 

on a n u m b er o f  a ttribu tes, including consonan t num ber. In the first study, which 

con trasted  E ng lish  and  A rabic, easy discrim ination  w as found. H ow ever, the English 

and A rabic sam ples d iffered  w idely w ith respect to n u m b er o f  consonants. Subsequent 

s tud ies w ere designed  to exam ine the possib ility  that consonan t num ber served as the 

basis fo r d iscrim ination . Lim ited support w as found for this exp lanation : Som e sam ples 

that d id  not d iffe r sign ifican tly  w ith regard to consonan t n u m b er w ere discrim inated, 

w hile  o thers that did d iffe r significantly  w ere not. T he p o ssib le  role o f  segm ental and 

nonsegm ental in form ation  in d iscrim inating  betw een  the voca liza tions o f  infants from  

d iffe ren t language backgrounds w as assessed  by low -pass filtering  o r scram bling som e 

sam ples. T he filtered  sam ples were d iscrim inated  as easily  as the fu ll-spectrum  versions, 

w hile  scram bled  sam ples paired w ith their unscram bled  coun terparts  w ere not 

d iscrim inated . T h e  findings that the d iscrim inability  o f  som e sam ples was affected by the 

con tex t (i.e ., that a sam ple m ight be m ore easily  d iscrim inated  w hen contrasted  with 

F rench  than  w ith A rabic) and that the m asking  o f  specific  segm ental inform ation through 

low -pass filtering  affected  ju d g e s ’ability to  correctly  label the sam ples seem  to require 

an exp lana tion  that takes into account the influence o f  the am bien t language.
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CH A PTER  1

Introduction

T he studies that will be described  here w ere in tended  to  explore the question  o f  

w hether infants begin to incorporate aspects o f  the adult target language to  w hich they 

are exposed  into their ow n vocalizations p rio r to the em ergence o f  first w ords and, if  

so, w he ther adult listeners are sensitive to such  changes. A  fu rther question w as w hich 

specific aspects o f the am bient language em erge earliest in babb ling , the phonetic o r the 

prosodic.

In fan ts’ Sensitiv ity  to T heir E nv ironm ent 

T hat infants are responsive to various k inds o f sensory  input from their 

env ironm ent is certain ly  not new s. Indeed, W illiam  Jam es’s (1890) characterization o f  

the new b o rn ’s w orld as a "bloom ing, buzzing  confusion" has m ade him  a k ind  o f  

w hipping boy for researchers w orking in the area o f  in fan t perceptual developm ent. 

From  birth , infants respond to d ifferen t tastes in m uch the sam e way as adults do 

(S teiner, 1979; C rook, 1978). T heir sense o f  sm ell, too , is well enough developed that, 

w ithin the first w eek o f  life, they can discrim inate betw een  th e ir ow n m other’s sm ell and 

that o f  ano ther m other (M acFarlane, 1975). T ouch m ay be the earliest-developing  

sensory  system ; Even a  fetus in the th ird  m onth  o f  gestation  is able to respond 

reflex ively  to som e kinds o f stim ulation  (H ooker, 1969). V ision , on the o ther hand, is 

probably the least developed o f the senses at birth . E ven so, in fan ts do respond to
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visual stim uli, and the visual system  develops qu ite  rapidly o v e r  the first half-year or so 

o f  life (see A slin , 1987, for a review ).

It is the developing  auditory  system  that is o f  m ost in terest here, how ever.

U nlike v ision—w hich  really canno t begin  to operate  fully till a f te r b irth —audition  can and 

does begin to  function  prenatally , w ith consisten t responses to acoustic  stim uli observed 

in fetuses starting  at 28 w eeks (for a review , see T urkew itz , 1988, and Q uerleu,

R enard, V ersyp, Paris-D elrue, &  C rep in , 1988). O f greatest im portance to this set o f 

studies is the w ork  that has been done in the area o f  infants' responsiveness to  speech 

stim uli and especia lly  the evidence w ith  regard  to the influence o f  the am bien t language

T he Influence o f  L anguage E nvironm ent: Perception

T here  is now  abundant ev idence that the am bien t language influences infants' 

perceptual ab ilities very early on—perhaps even prenatally . E v en  w ithin the first days o f  

life, new borns can recognize fam iliar voices (D eC asper &  F ifer, 1980), stories 

(D eC asper &  Spence, 1986), and  m elod ies (C ooper &  A slin , 1989). T h is ab ility  to  

d iscrim inate betw een the know n and the unknow n ex tends as w e ll to  fam iliar and 

unfam iliar languages. M ehler et al. (1988) tested  4-day-old  F rench and  2-m onth-old  

A m erican infants and found that bo th  groups show ed evidence o f  d istinguish ing  

utterances in their native language from  those in ano ther language, w h ile  neither group 

appeared ab le  to  d istinguish  betw een utterances from  tw o languages that w ere both 

foreign to them . T hese  results w ere rep licated  w ith 2-day-old in fan ts from  S panish- and
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3

E nglish -speak ing  env ironm en ts (M oon, C ooper, &  F ifer, 1993). Further, in the M eh ler 

e t al. study, infants w ere found to  m ain ta in  their p reference for the native language even 

w hen the sam ples w ere low -pass filtered , w hich rem oves m ost o f  the sp ec ific  phonetic  

in form ation  w hile  preserv ing  the p rosod ic  aspects o f  the speech. S ince o ther research  

has show n that it is precisely  this in fo rm ation—the p rosod ic  and not the p h o n e tic—that is 

p rim arily  transm itted  to the fetus in u tero (Q uerleu  e t al., 1988), it appears p robab le  

th a t new b o rn s’ p reference fo r their native language, based  as it appears to be on 

prosody , has its roo ts  in prenatal experience . M oreover, the fact that the ex p o su re  to  

the stories and m elodies in the stud ies p rev iously  c ited  (C ooper &  A slin , 1989; 

D eC asper &  S pence , 1986) was so lely  prenatal and the testing for p reference 

postnatal, supports the hypothesis that ex p erien ce  begins to influence percep tion  even 

befo re  birth.

L ater in the first year o f  life, in fan ts develop  a  g reater sensitiv ity  to  various 

language-specific  aspects o f  the speech  to  w hich they  are exposed. O ne notable 

exam ple  o f  a sh ift from  broad-based  to language-specific  phonetic p rocessing  has been 

iden tified  by W erk er (W erker & T ees, 1984; W erk er &  Lalonde, 1988), w ho found  a 

d ec line  in in fan ts’ ability  to  d iscrim inate betw een  native and non-native phonetic  

con trasts  occurring  around 9-10  m onths o f  age.

O ther d eve lopm en ts that denote an  increasing  aw areness o f  the target language 

becom e ev iden t w ith in  the sam e tim e fram e. W ork  by  Jusczyk and his co lleag u es has 

estab lished  that 9 -m onth-o lds but no t 6 -m on th -o lds are  sensitive to  the p red o m in an t
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English strong/w eak  stress pattern in speech  (Jusczyk, C utler, &  R edanz , 1993), the 

constra in ts on o rdering  o f  phonetic  e lem en ts w ithin w ords (Jusczyk , F riederici, 

W essels, Svenkerud, &  Jusczyk , 1993), and  the frequency  w ith  w h ich  certain  phonetic  

patterns ap p ear in E nglish w ords (Jusczyk, Luce, & C harles-L uce, 1994). A dditionally , 

there is ev idence that 9- bu t not 6 -m onth-o lds prefer to  listen to speech  sam ples in 

w hich pauses have been inserted  at po in ts that co rrespond  to m ajo r phrasal un its 

(Jusczyk et al., 1992) and  that 9 -m on th -o lds prefer as w ell w hen pauses are inserted  at 

native ra ther than non-native phrasal boundaries (Jusczyk , 1989). S ensitiv ity  to native 

as opposed  to non-native clausal boundaries, on the o th er hand, seem s to em erge 

ea rlier—around 6 m onths (H irsh -P asek  et al., 1987; Jusczyk , K em ler N elson, H irsh- 

Pasek, & Schom berg, 1994)—w hile a s im ila r sensitiv ity  to w ord boundaries is not 

apparent till about 11 m onths (K em ler N elson, 1989). It is in teresting  to note that in the 

H irsh-P asek  et al. study, the sentences w ere spoken in m otherese. In a fo llow -up  

study, K em ler N elson, H irsh-Pasek , Jusczyk , and W righ t C assidy (1989) confirm ed 

that the preference for pauses at native c lause boundaries w as p resen t only w hen the 

sen tences w ere presented in in fan t-d irected  speech, no t in  adu lt-d irected  speech.

T aken  together, these stud ies support the idea that speech percep tion  is 

reorganized in ways that are highly pred ic tab le  from  the am bient language. F urther, 6 to 

9 m onths o f  age stands out in these stud ies as a sign ifican t tu rn ing  po in t in the 

developm ent o f  speech perception.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



V ocal D evelopm ent in Infancy 

B efore going  on to exp lo re  the influence o f  am bient language on speech 

production in infancy, it is necessary first briefly  to co n sid er w hat is cu rren tly  know n o f 

norm al vocal p roduction  in the first year o f  life.

O ne early  v iew  o f babbling , o f  w hich Jakobson  (1941/1968) w as a m ajor 

cham pion, w as that babbling  w as not, in fact, a p recursor o f  language but ra ther a 

com pletely  separate  developm ent, both structurally  and functionally . D uring the 

babbling period , babies w ere thought to produce all the sounds o f  the w o rld ’s 

languages. T h is stage was som etim es follow ed, accord ing  to  this view , by a silent 

period during  w hich babbling  ceased; follow ing the silen t period, first w ords w ould 

em erge, w hich m arked  the beginning  o f  true language.

T here is now  abundant ev idence that this view  o f  the re la tionsh ip  betw een 

babbling and  language is m istaken. Locke (1983), rev iew ing  data on babbling  co llected  

by different researchers in a variety  o f  language groups, noted that, ra th e r than 

representing an "astonishing . . . d iversity  o f  sound productions," as Jakobson  (p. 21) 

claim ed, a  list o f  ju s t 11 consonants accounted  for 90%  o f  all consonan ts produced by 

babies exposed to A m erican English; s im ilar consonant reperto ires w ere  reported  for 

infants in non-E nglish  language environm ents. M oreover, study afte r study  has now 

dem onstrated  that there is a clear con tinu ity  betw een babb ling  and w ord  production.

The notion o f  a silen t period has not been borne out by research; ra ther, infants 

continue to  babb le even after they have begun to produce w ords (V ihm an , M acken,
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M iller, S im m ons, &  M iller, 1985; V ihm an & M iller, 1988). T here is also  continuity  in 

the sounds used in babbling  and  in w ords. L ocke (1989) has show n that the sam e 

consonan ts used  m ost frequently  in babb ling  account fo r 90%  o f  the sounds used in the 

first 50  words. O ther stud ies have also  confirm ed  a c lo se  re la tionsh ip  betw een sounds 

in the babbling reperto ire and  in early  w ords for ind iv idual in fan ts (V ihm an  et al., 1985; 

V ihm an & M iller, 1988).

O ne reason why it w ou ld  not be reasonable to  ex p ect endless variety  in the 

sounds infants use, e ither in babbling  o r in early  w ords, is that in fan ts are operating  

u n d er certain  constra in ts that lim it the sounds they are capab le o f  p roducing . Kent 

(1992) points out, as o thers have before h im  (e.g., L ieberm an , C relin , & Klatt, 1972), 

that an in fan t’s vocal tract is m ore sim ilar to that o f  a nonhum an  prim ate  than to an adult 

h u m an ’s. T he in fan t’s vocal tract, for exam ple , is sm alle r overall than an ad u lt’s; it is also 

broader, the pharynx is set h igher, and it lacks teeth. T h e  tongue is larger re la tive to the 

size o f  the m outh, and m oto r control o f  the tongue is im m ature. R em odeling  o f the vocal 

tract, how ever, begins early  in the first year o f  life, p articu larly  around  2 to 4  m onths o f 

age, such that by 6 m onths, it begins m ore closely  to  app rox im ate  the ad u lt’s vocal tract 

(Sasaki, Levine, Laitm an, &  C relin , 1977). S om e o f  the factors that have been 

im plicated  in this rem odeling  include grow th-re la ted  changes in the re la tive  size and 

position  o f  various structu res w ith in  the vocal tract, as w ell as the e rup tion  o f  dentition 

and m olding o f  the palate in response to  m echanical p ressu re  exerted  by the tongue 

during  crying, sucking, and sw allow ing  (T helen , 1991).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



D o these anatom ical changes, in turn, p roduce changes in vocal p roduction? 

A lthough, as K ent (1992) m ain tains, it is not at all c lear that re laxation  o f  organic 

constra in ts is sufficient to produce changes in babbling, it is ce rta in ly  a necessary 

factor. In dynam ic-system s term s, grow th  and  change o f  the vocal apparatus m ay 

destab ilize the system  and bring  about a phase shift, w herein a  new  attracto r state 

draw s the subcom ponents in to  a d ifferen t s tab le  configuration  w hich perm its the 

em ergence o f  novel behaviors (T helen, 1991). In the case  o f  infant speech  around the 

m iddle o f  the first year o f  life, the novel behaviors w ou ld  be new  ca tegories o f  sound, 

w ith perhaps the m ost s ign ifican t being  the onset o f  w hat has been ca lled  variously 

canonical babbling  (O iler, 1980), redup licated  babbling  (S tark , 1980), reduplicated 

articu la tory  m ovem ents (K oopm ans-van  B einum  &  van der S telt, 1986), and 

reduplicated  consonant babbling  (R oug, L andberg, &  Lundberg, 1989).

D etailed  descrip tions o f  vocal production  ov er the first year h ave revealed that 

developm ent in this dom ain is s tagelike  in nature. W hether the am bien t language is 

English (O iler, 1980; Stark, 1980), S w edish  (R oug et al., 1989), o r  D utch  

(K oopm ans-van B einum  & van d er S te lt, 1986), infants apparen tly  p roceed  through 

roughly the sam e stages at roughly  the sam e ages. H ow ever, it is im portan t to keep in 

m ind that w hile the descrip tion  o f  stages in vocal developm ent that fo llow s m ay hold 

true for the languages listed above, these are all N orthern  E uropean, and  therefore 

phonologically  related, languages, as K. N elson (personal com m unication , O ctober 25, 

1994) poin ts out. T he course o f  vocal developm ent in o ther types o f  languages has not
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been carefu lly  charted. B riefly , the stages th a t have been identified fo r  these N orthern  

E uropean  languages—using O ile r’s (1980) te rm ino logy—are as follow s:.

Phoncition Stone (0-1 month): T h is period  is dom inated  by w ha t O iler calls 

quasi-resonan t nuclei (Q RN ), w hich involve norm al phonation (as o pposed  to  b reathy  

voice, for exam ple) but lim ited resonance.

GOO Staee (2-3 months): G lottal stops appear in this stage, in com bination  

w ith  Q R N s, producing  a sort o f  p rim itive sy llab le type. T hese sy llab les lack the fully  

resonan t nuclei (FR N ) and regu lar tim ing  o f  m ature syllables, how ever.

Expansion Stave (4-6 months): M arg inal babbling , com binations o f  FR N s 

and  consonan t-like  elem ents, occurs in this stage. T hese syllables, how ever, still lack 

the regular sy llab le tim ing characteristics o f  la te r canonical babbling and  tend  not to  be 

redup licated . R aspberries, squeals, and g row ls are also  exp lo red  by th e  infant in th is 

period .

Canonical Staee (7-10 months): D u rin g  this stage, infants beg in  to produce 

sy llab les con ta in ing  a FRN and a consonan t-like  elem ent "in a tim ing re la tionsh ip  that 

con fo rm s to  m ature natural language restric tions" (O iler, 1980, p. 98). U sually, these 

sy llab les occu r in reduplicated  strings, in w h ich  the sam e syllable is repeated  (for 

ex am p le , bababa o r  nuimama). T he onset o f  th is stage is generally  sudden .

Variesated Babbling Stase (11-12 months): D uring this stage, infants begin 

to  produce strings o f  syllables w ith in  w hich the  consonant and /o r vocalic elem ents are 

varied  (for exam ple , daba or babi). T he ex is ten ce  o f  a separate variegated stage has
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been d ispu ted , how ever. O iler (1980), S tark (1980), K oopm ans-van  B einum  and van 

d er S telt (1986), and  R oug et al. (1989) all described  such a  stage. H ow ever, M itchell 

and K ent (1990) found phonetically  varied m ultisy llab les at o r near the onset o f 

reduplicated  babbling.

A lthough authors d iffer w ith regard to som e o f  the details, such as specific ages 

o f  onset, there is, overall, very good agreem ent regarding the m ajor even ts and their 

sequence. T able 1 sum m arizes the four m odels referred to  prev iously  and show s how  

closely  they correspond  to one another.

T he em ergence o f  m ature syllables, as the tab le show s, is a m ilestone identified 

by each o f  these fo u r investigators. T his finding o f  an abrup t onset o f  reduplicated  

babb ling  som etim e betw een 6 and 10 m onths has been confirm ed  in o th er studies as 

w ell—in A m erican E nglish  bab ies (R am say, 1984), in S w edish  babies (H olm gren, 

L indblom , A urelius, Jailing , &  Z etterstrom , 1986), and in R ussian  babies (B el'tyukov &  

Salakhova, 1973, c ited  in L ocke & Pearson, 1992). P erhaps sign ifican tly , the 

appearance o f  this pattern in speech production co incides w ith the appearance m ore 

generally  o f  w hat T helen (1981) calls rhythm ic stereo typ ies—repetitive m ovem ent 

sequences involving the legs, arm s, fingers, hands, and  o th e r body parts. R am say 

(1984) has also  found that a re la tionship  appears to ex ist betw een the onset o f  babbling  

and o f  one-handed  reaching. T hese findings suggest that b abb ling  m ay reflect an 

underly ing  general
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T ab le  1

S tages o f  Infan t V ocal D evelopm ent

Age in 

Months

Oiler

1980

Stark

1980

K-V B. et al. 

1986

Roug et al. 

1989

1 phonation reflexive un in terrup ted

phonation2 goo

stage3 cooing  & 

laughter in terrupted

phonation

glottal

stage4

expansion

stage

5

vow el

play

velar

6 variation

in

phonatory

dom ain

vocalic

stage

7

canonical

babbling

stage

8

9 reduplicated

babbling

redup licated

articu la tory

m ovem ents

reduplicated

consonant

babbling

stage

10

1 1

variegated

babbling

non­

reduplicated

babbling

12

13 variegated

babbling14
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movement toward rhythmicity, as well as changes in left-hemisphere functioning. The onset 

o f  babbling, therefore, in addition to signalling a  reorganization in the dom ain o f  speech 

production, m ay also  be a part o f  a m ore pervasive  developm enta l reorganization .

One o f  the defining features o f canonical babbling is its "speechiness": Once a baby 

enters the canonical babbling  stage, parents begin to view the baby’s vocal productions as 

"talking" (Oiler, 1980). A lthough the effects o f  the am bient language on perception  are 

clearly evident som e tim e earlier, as the foregoing review  has show n, it is on ly  after this 

"speechiness" is estab lish ed  that it becom es possib le  to exp lo re the ex ten t to  which the 

in fan t’s vocal p rod u c tio n s approx im ate  those o f  the adults in the ch ild ’s environm ent.

The Influence o f  Language E nvironm ent: P roduction  

O ne w ay in w h ich  the influence o f  the am bien t language is p resen ted , as V ihm an 

and B oysson-B ardies (1994) note, is in the loss o f  certain  sounds that are  not 

supported  in the adult language. F or exam ple, V ihm an (1992) reported  a  frequent use 

o f  [h] in the babbling  o f  French infants around 10 m onths o f  age—com parab le to that 

o f  the E nglish  infan ts—although  the sound is hardly  ev e r used  in adu lt F rench . By the 

tim e these sam e infan ts reached  the 25-w ord poin t, how ever, the use o f  the sound had 

dropped dram atically  am ong  the French infan ts, w hile the level o f  use d ropped  only 

slightly  am ong the E ng lish  in fan ts. A nother exam ple  from  V ih m an ’s (1993) w ork is the 

case o f a F rench ch ild  w ho  produced  41%  o f h er vocalizations w ith  a  final consonant, 

in contrast to the o th er French ch ild ren  in the study, w ho p roduced  a m ean  o f  only 6%
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w ith  a final consonant. O ver tim e, this ch ild ’s p roduction  o f  final consonan ts d ropped  to  

1%—a decline that is probably  a ttribu tab le  to the fact that F rench  is not a  language that 

con ta ins a high percentage o f  consonan t-final w ords (only 26% , in com parison  w ith 

E n g lish ’s 61% ).

The o ther way in w hich am bien t-language effec ts can  be sought, accord ing  to  

V ihm an and B oysson-B ardies (1994), is in the presence , ra ther than absence, o f  certa in  

features. T here are three types o f  effects that have been studied: effects on  prosody, on 

vow el space, and on place o f  articu la tion  o f  consonan ts. In each case, stud ies have 

show n  a general m ovem ent tow ard  the target language, beginning  w ithin the canonical 

babb ling  stage.

G iven the salience to infants o f  the d istinc tive  p rosody  o f  in fant-d irected  speech , 

w hich  is dem onstrated  from birth  in a preference fo r in fan t-d irected  over adu lt-d irected  

speech  (C ooper &  A slin , 1989), it is not un reasonab le  to  ex p ect that changes in 

prosody  m ight be the first m anifesta tion  o f  the in fluence o f  the am bient language. 

Indeed, there are num erous ind ications in the literature that this is the case. M any o f the 

cross-language studies o f  p rosody that have been  done to  date  have looked  at ch ild ren  

o v er one year o f  age (e.g., B oysson-B ardies, B acri, Sagart, &  Poizat, 1981; B oysson- 

B ard ies, Sagart, & B acri, 1981; H alle, B oysson-B ard ies, & V ihm an, 1991; V ihm an, 

D ePaolis, & D avis, 1998), but even in younger ch ild ren , d ifferences have been 

detected . Intonational patterns in redup licated  m ultisy llab ic  vocalizations have been 

com pared  in English- and French-learn ing  infan ts o f  6-12 m onths and have been found
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to  d iffe r in proportion  o f  rising vs. falling  p itch  con tou rs (W halen, L evitt, &  W ang, 

1991)—a pattern  that corresponds to  the m ajo r p rosodic d ifference betw een  the two 

adu lt languages (D elattre, 1961, c ited  in V ihm an & B oysson-B ardies, 1994).

D ifferences in final-syllable lengthening , tim ing  o f  non-final sy llab les, and  num ber o f  

sy llab les per u tterance have also been found in con trasting  the voca lizations o f  French 

and E nglish  in fan ts betw een 4  and 17 m onths (L evitt &  W ang, 1991). A gain , these 

d iffe rences reflect prosodic d ifferences betw een  the tw o adult languages as w ell (see 

L evitt &  W ang, 1991, for a review ).

A num ber o f  studies have used ad u lt d iscrim ination  as a m easure o f  w hether 

and to  w hat degree in fan ts’vocalizations d iffe r as a function o f  language environm ent. 

T hese stud ies have show n m ixed resu lts. T ervoort, for exam ple , in an unpub lished  study  

(c ited  in B oysson-B ardies, Sagart, &  D urand , 1984), reported  th a t D utch adu lts could 

identify  the vocalizations o f  D utch infan ts s ta rtin g  around 6 m onths. W eir (1966), 

con trasting  vocalizations from  A m erican  and C h inese  5- to 7 -m on th -o ld  infants, also 

found that d iscrim ination  w as possib le . A tk inson , M acW hinney, and  S toel (1968), on 

the o th er hand, w ere unable to rep licate W e ir’s results, using h e r orig inal sam ples. 

L ikew ise, O lney and Scholnick (1976) did  not find  d iscrim ination  betw een  babbling 

sam ples o f  A m erican and C hinese in fan ts o f  6, 12, and 18 m on ths—although , as 

B oysson-B ard ies et al. point out, the design  o f  th is  study presen ted  several 

m ethodological problem s, am ong them : 1) adu lt im itations o f  infant vocalizations were 

included; 2) the C hinese infants used w ere g ro w in g  up in the U nited  S tates and m ight,
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therefore, have been exposed  to English; and 3) sh o rter voca liza tions w ere spliced 

together to  m ake up the 15 second sam ples. N o r w as K uehn (1985) able to  find 

ev idence that A m erican  o r C hinese adults could  d iscrim inate  betw een  vocaliza tions o f  

A m erican and C h inese  infants p rio r to  a year o f  age, a lthough  they did show  the ab ility  

to do  so  starting  at one year.

Perhaps the m ost ex tensive o f  the stud ies to  use an adu lt-d iscrim ination  

paradigm  to look  at cross-lingu istic  d ifferences in infant vocal p roduction  was 

conducted  by B ened ic te  de B oysson-B ardies an d  h er co lleagues (B oysson-B ard ies et 

al., 1984). It is th is study that served as the insp iration  fo r the experim en ts that m ake up 

this d isserta tion , w hich  w ill be described  in the chap ters  that follow .

In their first experim ent, B oysson-B ard ies et al. (1984) asked 40  native 

F rench-speakers to listen  to pairs o f  babbling sam ples that had  been co llec ted  from  8- 

and 10-m onth-old A rabic, C antonese C hinese, and  F rench  infants. T hese three 

languages w ere chosen  because they are "strongly  con trasted  a long  the d im ensions o f  

laryngeal and supralaryngeal settings ... and that o f  prosody" (p. 4). T h irty -tw o  sam ples, 

each 15 seconds long, w ere selected. T he c rite ria  used fo r selection  o f  sequences were: 

1) duration  o f  at least 15 seconds; and  2) pauses no longer than 1,500 m illiseconds.

Five o f  the sam ples w ere com posed  o f  tw o sh o rte r sequences sp liced  together, 

separated  by a  pause  o f  less than 1,500 m illiseconds. A ltogether, eight sam ples w ere 

selected  from  fo u r 8 -m onth-o ld  F rench infants and  eigh t from  four 10-m onth-old 

F rench infants. F o r the A rabic and C hinese in fan ts, four sam p les  w ere selected  from
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tw o ch ildren  from  each  language group at each age. T he ad u lts  w ere to ld  that one 

sam ple in each  pa ir cam e from  a French infant and the o th er from  a  non-French  infant. 

They w ere asked to  identify  w hich one was the French infan t. T he results show ed  that 

these adult ju d g es w ere very good at identifying the French in fan ts at both ages when 

French w as paired w ith  A rabic (a m ean o f  75.8%  correct iden tifications for the 8- 

m onth-olds and 74 .4%  at 10 m onths). For the F rench-C an tonese  pairings, how ever, 

the results w ere less clear: F or the 8-m onth sam ples, the ju d g e s  did ra ther w ell (69.4%  

correct); for the 10-m onth sam ples, perform ance w as m uch w orse  (31.9% ).

In a second experim en t, th ree groups o f  native F rench-speak ing  adults w ere 

em ployed as ju d g es. T h o se  in G roup  1 were not told the o rig in  o f  the non-French 

sam ples; those in G roup  2 w ere to ld  the origin o f  the non-F rench  babies; and those in 

G roup 3, w ho w ere trained phoneticians, were also  told the orig in  o f  the non-French 

sam ples. In this experim en t, sam ples from  three ages--6, 8 , and  10 m onths—w ere used, 

but only the F rench-A rab ic pairing  w as tested, as new 6 -m o n th -o ld  C antonese sam ples 

could  not be ob tained  at the time. T he sam e sam ple-se lection  crite ria  as in E xperim ent 

1 w ere used for selection  o f  the sam ples from  6- and 8 -m onth-o lds; for the 10-m onth- 

olds in E xperim ent 2, how ever, on ly  sequences con tain ing  highly  articu la ted  productions 

o f  reduplicated  babbling  w ere used. The only group o f ju d g es  w ho exceeded  chance in 

d istinguish ing  am ong the 6 -m onth-o ld  infants w ere the p honetic ians (68%  correct), 

w hile all three groups perform ed at significantly  better than  chance levels w ith the 8- 

m onth-olds (74%  for G roup  1; 67.5%  for G roup 2; 72.2%  for G roup  3). T he surprise
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cam e in that no group  w as able to  classify  the sam ples at above-chance levels  at 10 

m onths (53.3% , 49% , and 56.9%  correc t fo r the three groups, respectively). The 

authors concluded  that this inability  to  c lassify  the 10-m onth sam ples was d u e  to the 

fact that these consisted  prim arily  o f  "sequences o f  isolated o r reduplicated  syllables 

[that w ere] generally  p o o r in in tonational patterns" (p. 9). The success at 8 m onths, 

therefore, w as attribu ted  to the nonsegm enta l cues in the in fan ts’ babbling.

F rom  these resu lts, B oysson-B ard ies in ferred  that a general tendency  exists for 

babbling  to  incorporate som e o f  the d istinc tive  prosodic features o f  the ad u lt language. 

T his led her next to turn her atten tion  to vow el form ants, as it is vow els ra th e r than 

consonants that carry m uch o f  the suprasegm ental inform ation in speech (P o lka & 

W erker, in press). O nce again, she and  her co lleagues (B oysson-B ardies, H alle,

Sagart, & D urand, 1989) looked at infants from  French, C hinese, and A rab ic language 

environm ents, but this tim e they added  an E nglish  group as w ell. All infants were 

recorded once, at 10 m onths o f age. P rev iously , researchers had been unab le to find 

any statistically  sign ifican t d ifferences betw een the vow els used by infants from  d ifferent 

language groups w hen phonetic transcrip tions w ere used (e.g., O iler &  E ilers , 1982). 

H ow ever, the acoustic analyses used in this study  uncovered  sign ificant d iffe rences 

am ong the groups, w ith  the E nglish  babies p roducing  relatively  m ore front vow els, the 

French infants m ore m id central vow els, and the C hinese and A rabic babies m ore low 

central ones.

M ore recently , B oysson-B ardies and V ihm an  (1991) have explored  d ifferences
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in consonantal p lace and m anner ca tegories fo r F rench , English, Japanese, and Sw edish  

infants, betw een the ages o f  app rox im ate ly  10 and 17 m onths. A gain, as m entioned  

above, previous analysis had found th a t the b abb ling  reperto ires o f  infants from  different 

linguistic environm ents w ere v irtually  identical (L ocke, 1983). In this study, how ever, 

the distribution o f  consonan t tokens, ra th er than types, was the m easurem ent o f 

in terest. Looked at this way, d ifferences em erged  in  bo th  categories, and these 

d ifferences m irrored those found in the  target languages. For exam ple, even as early  as 

10 m onths, the English  and French infan ts used  m any m ore labials in their b ab b lin g  than 

d id  the Japanese and Sw edish  infants; the F rench  an d  Japanese infants used m ore 

nasals than the infants from  o th er language g roups; and  the babbling o f  the S w ed ish  and 

French infants contained  m ore liquids than did the babb ling  o f English and Japanese  

infants. (N ot all o f  these d ifferences w ere s ta tis tica lly  significant, how ever.)

In sum m ary, then, the notion o f  "babbling  d rift"  proposed by B row n m o re  than 

4 0  years ago (B row n, 1958) has received  co n sid erab le  support from  subsequent 

research. M oreover, there is independen t ev idence that perception, too, "drifts" in the 

d irection  o f  the target language, as show n in the ea rlier review . Intuitively, it seem s that 

a relationship  m ust ex ist betw een percep tion  and  production  in this period p rio r to the 

em ergence o f first w ords, but it is not c lear, in d e ta il, w hat that re lationship  m igh t be.

W e know  from  w ork w ith d ea f infants that they en te r the canonical babbling stage later 

than  do hearing infants (Lynch, O iler, &  S teffens, 1989; O iler & E ilers, 1988; O iler, 

E ilers, B ull, & C arney, 1985; see also K en t, O sberger, N etsell, & H ustedde, 1987).
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W e also  know  that there are d istinc t d ifferences in  th e  co n so n an ta l reperto ires o f 

hearing  and  non-hearing  infants, w ith  the n o n-hearing  in fan ts hav ing  sm aller repertoires 

that decrease  over tim e and few er m ultisy llab ic  u tterances co n ta in in g  true consonants 

(S toel-G am m on  & O tom o, 1986). H earing-im paired  infants also  apparently  show  very 

high  p roportions o f  labials in their reperto ires a fte r 15 m onths o f  age, possib ly  because 

o f  v isual cu ing  (S m ith , 1982). Such  d ifferences in d ica te  that percep tion  is essential to 

vocal developm ent. T he findings o f  the stud ies o f  B oysson-B ard ies and her colleagues, 

d esc rib ed  above, also  suggest a leading ro le for p ercep tion , in that infants m ust perceive 

the sounds o f  the adu lt language in o rder to a ttem pt to  m atch them . Just w hat m ight be 

the reciprocal influence, if  any, o f  production  on p ercep tion  is som eth ing  about which 

there is specu la tion  but little ev idence one way or the other. O ne m issed opportunity  to 

look  d irec tly  at a  percep tion-production  re la tionsh ip  is  em bod ied  in a study by Locke 

and  P earson  (1990) o f  an infant w ho  w as tracheostom ized  be tw een  5 and 20 m onths. 

F o llow ing  decannu lation , her vocal developm ent w as found  to be m arkedly delayed, 

w h ich  ind icates that m aturation alone cannot accoun t for b abb ling  onset. It w ould  have 

been  in teresting  to  know  w hether there w ere any e ffec ts  in the percep tual realm , but no 

testing  o f  this type w as done.

The P resen t R esearch  

A t the outset, it w as stated  that the studies repo rted  here w ere done w ith  two 

goals in m ind: F irst, to  attem pt to find  out how  early  o n  infants begin  to incoiporate
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elem en ts o f  the  ad u lt target language into th e ir  babbling; and, second , to  ascertain  

w hether the earliest-appearing  elem ents w ould  be p rosodic o r phonetic  ones. M ore 

specifically , these  stud ies aim ed to rep licate and ex tend  B oysson-B ard ies e t a l .’s (1984) 

find ings w ith  regard  to the ability  o f  adu lt ju d g es  to d iscrim inate  betw een infants o f 

d iffe ring  language backgrounds and to  exp lo re  the possib le  bases upon w hich  such a 

d iscrim ination  m igh t be m ade.

T h e  q u estio n  m ight be asked, W hy use the adu lt-d iscrim ination  parad igm  when 

acoustic  analyses o f  in fan ts’ vocalizations have y ielded  d irec t ev idence o f  m ovem ent 

tow ard the am b ien t language? The answ er is that, w hile d irec t analyses o f  babbling  m ay 

provide in fo rm ation  about w hat infants are actually  doing , it is qu ite  possib le  that adult 

listeners m ay p ick  up on these changes later o r  perhaps ea rlie r than they can be 

detected  by aco u stic  analysis. The po in t at w hich  these changes are detec tab le  by adult 

listeners is im p o rtan t in that—as w ith the em ergence o f  canonical syllables, w hich , as 

described  above , leads parents to view  their in fan ts’ vocalizations as "talking" (O iler, 

1980)—the d iscern ib le  "drift" o f  an in fan t’s babb ling  tow ard the target language is likely 

to  lead p aren ts  to  respond differently  as w ell.

T h e  fo llo w in g  eight experim ents, w hich  w ill be described  in detail in the 

chap ters that fo llow , w ere conducted:

E x p erim en t 1: A m erican E nglish -speak ing  ju d g es w ere tested  on  th e ir ability  to 

d iscrim inate  b e tw een  the vocalizations o f  A m erican  infants being  raised  in English- 

speak ing  ho u seh o ld s  and A rabic-environm ent infan ts in an effo rt to ex tend  B oysson-
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Bardies et a l.’s (1984) findings.

E xperim ent 2: E ng lish -speak ing  judges w ere tested on th e ir  ab ility  to 

discrim inate betw een A m erican  and C hinese infants, again to  ex ten d  the ea rlie r findings.

E xperim ent 3: T he orig inal set o f  English sam ples w as co n trasted  w ith  a new set 

from sam e-age infan ts to see if  num ber o f  consonants in the sam ples m ight influence 

discrim ination.

E xperim ent 4: T he new  set o f  English sam ples was co n trasted  w ith  A rabic, 

again to see w hat ro le consonan ts m ight play in d iscrim ination .

E xperim ent 5: T he new  set o f  E nglish sam ples was paired  w ith C h inese , with 

the sam e purpose in m ind.

Experim ent 6: T he orig inal set o f  English sam ples w as con trasted  w ith  French 

sam ples that con ta ined  few er consonants to see if  a consonan ts-on ly  exp lana tion  w ould 

hold.

E xperim ent 7: T h e  orig inal E nglish and C hinese sam ples w ere low -pass filtered 

to attem pt to isolate the con tribu tion  o f  specific segm ental in fo rm ation  to 

discrim inability.

E xperim ent 8: T h e  orig inal English sam ples w ere scram bled  and then paired 

with their unscram bled  coun terparts to attem pt to isolate the co n tribu tion  o f  

nonsegm ental in fo rm ation  to  d iscrim inability .
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CH A PTER 2

M ethod  & R esults 

E xperim en t 1: E nglish-A rabic D iscrim ination  T ask  

T he purpose o f  th is First study w as to ex tend  B oysson-B ard ies et a l.’s  (1984) 

find ings by testing E nglish -speak ing  ju d g e s ’ability to  d iscrim inate betw een the  babbling 

o f  infants from  E nglish  and  A rabic environm ents. U nlike that ea rlier study, w h ere  6- and 

10-m onth-old infants w ere also  included , only 8-m onth-o ld  infan ts w ere used in  this 

and the studies that fo llow , as that w as the age at w hich B oysson-B ard ies et al. (1984) 

got the clearest ev idence o f  d iscrim ination .

Participants

Fifty A m erican  E ng lish -speak ing  judges (9 m ale, 41 fem ale) w ere recru ited  by 

w ord-of-m outh . A lthough v irtually  all had studied a second language in sch o o l, anyone 

w ho identified a language o th er than E nglish  as h is /h er first language w as exc luded . 

N one o f  the partic ipants had  stud ied  A rabic, and none had any know n healing  

im pairm ents. F ifteen o f  the ju d g es  w ere parents, 13 w ere not, and 22 d id  not p rov ide 

this in form ation; 28 had som e phonetic  training. T w enty-th ree o f  these w ere s tuden ts  in 

a phonology class, w hich  accounts for the high n u m b er o f  partic ipants w ith p h o n etic  

train ing in this study as com pared  w ith  the o thers that follow . A lthough p artic ip an ts  in 

this study w ere not asked  to  list their age nor w hether o r not they had received  any  

m usical tra in in g -tw o  item s that were added to the response  sheet in la ter s tu d ie s - in  

the case o f  6 o f  the 50 partic ipan ts I w as able to find  ou t the age and  in 9 the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2 2

in form ation  about m usical train ing  at a la te r  date. T he m ean age o f  those fo r w hom  th is 

in form ation  w as availab le w as 50.5 y ea rs  (range =  39-70); 8 o f  the 9 partic ipants 

asked  did h ave som e m usical train ing.

M aterials

T ape record ings o f  four norm ally  develop ing  7 1/2-m onth-old  infants from  

E nglish -speak ing  hom es w ere m ade as part o f  ano ther study o f  early  phonetic 

inventories (Petinou, Schw artz , M ody, &  G ravel, in press). Each infant's voca liza tions 

w ere d ig ita lly  recorded in a so u n d -trea ted  test booth  using  a T elex  W ireless clip -on  

m icrophone. Sessions lasted approx im ate ly  20 m inutes, during w hich tim e infan ts w ere 

encouraged  to  vocalize during  sem i-struc tu red  play activ ities. T he four infants u sed  in 

the present study w ere selected  by o n e  o f  the researchers o f  the phonetic-inven to ry  

study from  am ong the eight norm ally  d eve lop ing  infan ts partic ipating in that study.

F rom  these recordings, every  b ab b lin g  segm ent that w as approxim ately  10 

seconds in length  w as identified. In itia lly , 15 second segm ents w ere sought—in line w ith  

those used by B oysson-B ardies et al. (1984). H ow ever, very few  segm ents m et that 

criterion , so  the criterion  w as changed  to broaden  the pool from  w hich  segm ents could  

be chosen. F our sam ples w ere then se lec ted  random ly  from  am ong those that m et the 

10-second criterion . B ecause o f  d iffe ren ces am ong the infants w ith regard to vocal 

p roductiv ity , it turned out that the fo u r sam ples cam e from  ju s t tw o o f  the four in fan ts— 

tw o sam ples from  each. The sex o f  the in fan ts w as not know n during  selection.

T he A rabic sam ples w ere se lec ted  from  tapes provided  by B enedicte de
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B oysson-B ardies. T hese  recording w ere o f  the sam e infants used in her earlier study 

(B oysson-B ard ies et al., 1984), though the segm en ts selected  for use in the curren t 

experim ent w ere not identical to those se lec ted  fo r use in  the B oysson-B ardies et al. 

study as the criteria  d iffered  som ew hat. (S ee  pages 14-15, C hapter 1, for further 

deta ils  on the selection  criteria used by B oysson-B ard ies et al.) Infants’vocalizations 

w ere recorded  in their hom es w ith a Sony 510 /2  tap e  reco rder and an M D 4 4 IN  

S ennheiser m icrophone. Sessions lasted ap p ro x im ate ly  30 m inutes. In that study, on ly  

tw o 8 -m onth-o ld  A rabic infants w ere recorded ; therefo re , tw o babbling sam ples o f  

app rox im ate ly  10 seconds in length w ere chosen  at random  from  each o f the tw o 

infants. A gain , the in fan ts’ sex w as not know n d u rin g  selection.

T he eight sam ples—four English, fou r A rab ic—w ere then used to prepare three 

audio  tapes. The sam ples w ere com bined  on  the  tapes in  three d ifferent random  orders 

(see A ppend ix  A). S ilences o f  approx im ate ly  10 seco n d s w ere inserted betw een 

sam ples. T w o  M aran tz  tape recorders (M odel P M D 2 2 2 ), connected by an audio 

cable, w ere used to  create  the tapes.

P rocedure

T he task the ju d g es  were asked to  p erfo rm  w as to  identify w hich o f  the 

sam ples on the tape they  were listening to derived  from  A m erican infants and w hich 

from  non-A m erican  infants. Participants w ere to ld  the approxim ate age o f  the in fan ts on 

the tape. F urther, they w ere told that som e o f  the  in fan ts w ere grow ing up in households 

w here E nglish  w as spoken  and som e w ere g ro w in g  up in  households w here som e
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language o th er than E nglish  w as spoken. T h e  o th er language w as not identified. 

P artic ipan ts  w ere perm itted  to  listen to  the tape as m any tim es as they chose, w ith 

tw ice  being  the m inim um . (T hose tested  in the c lassroom  situation , described below , 

w ere  only ab le  to listen to the tape tw ice.) T he full text o f  the instructions given to  

partic ipan ts can be found in A ppendix  A, a long  w ith the w ritten  consen t form  each w as 

g iven  to  read and sign p rio r to testing.

M ost partic ipants w ere tested  ind iv idually  in a qu iet room , listening to the tape 

on  a  portable tape player (A iw a H S-T 19) w ith  m in i-headphones (A iw a A 081). S om e 

(«  =  23), how ever, w ere tested  in a classroom  situation  w ith  the sam ples played 

d irectly  from  a tape recorder. T hese w ere the 23 studen ts from  the phonology class. 

E igh t ju d g es  w ere tested on order A, 32 on o rder B, and 10 on o rder C . T he reason 

fo r this inequality  is that the 23 partic ipants w ho w ere tested  in the classroom  setting  

(the phonology students) all, o f  necessity , heard  the sam e tape, o rder B.

R esponses w ere recorded on a  sheet prov ided  fo r th is purpose (see A ppendix  

A ). On the sam e response sheet, in form ation  on o ther background  variab les was a lso  

requested . F or "language background," partic ipan ts w ere asked to list.any languages 

they  had studied, for how  long, and at w hat level (i.e., in ju n io r  high, high school, o r 

co llege). Judges w ere instructed  to answ er "yes" to "phonetic training" if  they had ever 

had  a  course in speech science, phonetics, phonology , o r a re la ted  area. For "children," 

ju d g es  w ere asked to answ er yes o r no. P artic ip an ts’ sex  w as also  recorded. V isual 

exam ination  o f  the data did not indicate that any o f  these background fac to rs-n o r any
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o f  the o thers added  in la te r s tu d ies-co n trib u ted  to  the o u tcom e o f  this and subsequen t 

studies. F urther analyses w ere not perform ed, as there w ere too few data p o in ts  and 

too  m any variab les for such  analyses to be valuable.

P ro fesso r M arilyn  V ihm an, then  at S ou theastern  L ouisiana U niversity , co llec ted  

the d ata  from  the 23 phonology  studen ts; T oni W isti, an undergraduate at H un ter 

C ollege, also  p rovided  som e assistance w ith data co llec tion .

R esults

For each partic ipan t, a score betw een  0  and 8 correct w as possib le . A  correct 

response w as defined  as correctly  identify ing  a  sam ple as E nglish  o r non-E nglish . In this 

study, how ever, it w as the potential d iscrim inab ility  o f  sam ples from  the tw o language 

backgrounds that w as o f  principal in terest, m ore than  the ab ility  to correc tly  identify  

w hich  sam ples w ere E nglish . In term s o f  pure d iscrim ination , the judge  w ho  correc tly  

iden tifies all e ig h t sam ples is equal to  the ju d g e  w ho  is w rong on all eight: B o th  are 

identify ing  tw o d istin c t groups; one m erely  has the labels reversed. The b inom ial 

p robability  o f  e ith e r case is identical. T herefore, a  decision  w as m ade to co llapse the 

response ca tegories as fo llow s: the n um ber o f  ju d g e s  getting 0  o r 8 correct w ere 

com bined , as w ere the ju d g es  getting 1 o r  7 correct, 2 o r 6 correct, and 3 o r 5 correct; 

those p erfo rm ing  at chance constitu ted  a category unto them selves. B ecause o f  the very 

sm all num ber o f  cases that w ould  be expected  in som e o f  these categories by chance, 

the categories w ere then further co llapsed  to the fo llow ing  three: the first con ta in ing  the 

n um ber o f  ju d g es  receiv ing  a score o f  0, 1, 7 , o r  8; the second  consisting  o f  those  w ho
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received scores o f  2, 3 , 5 , o r 6; and the third, those w ho  got a score o f  4. T he 

observed and ex p ected  frequencies—from  a table o f  b inom ial p robab ilities—o f cases 

falling into each o f  these three categories is show n in T ab le 2.

It is c lear from  looking  at the d istribu tion  o f  scores that fa r m ore ju d g es scored 

in the first ca tego ry  than w ould  be expected  by chance, w hile far few er scored 2, 3, 4,

5, o r 6 correct than  expected , a result that was sta tistica lly  sign ifican t as w ell as 

im m ediately  apparen t, x2 (2) =  105.27, p  <  .001. N ot on ly  w ere the ju d g es  in this study 

clearly  d iscrim inating  the tw o language groups from  each other; they got the labels right, 

as well: As F igure 1 illustra tes, m ore than ha lf o f  the ju d g es  correc tly  identified  the 

origin (i.e., E ng lish  o r not) o f  six (75% ) o r m ore o f  the babbling  sam ples.

T he possib ility  that som e individual babb ling  sam ples m ight be easie r to 

discrim inate than o thers w as checked  by perform ing  a ch i-square  on the frequencies 

w ith which sam ples w ere correc tly  identified  as E nglish  or not by the 50 ju d g es  (show n 

in Figure 2). T he resu lts d isp layed  no ev idence that som e sam ples w ere easie r to 

categorize by language g roup , x2 (7) = 4.99. T here w as ev idence o f  an o rder effect:

T he m ean num ber correct for o rder A w as 3.87, for o rd er B it w as 5 .59 , and  for 

order C  3.6; a one-w ay  A N O V A  perform ed on these m eans was sign ifican t (F  [2, 47]

= 3.69, p  < .05; F igure 3). A dditionally , fem ale partic ipan ts scored sign ifican tly  h igher 

than did m ales: the m ean n u m b er correct for fem ale ju d g es  was 5 .41 , w hile for m ales it 

was 2.66 (t [48] = 3 .39, p  <  .001, tw o-tailed). Phonetically -trained  ju d g es  scored 

higher than did non-phonetica lly - trained ones, though the d ifference w as not
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T ab le  2

O bserved and E xpected  F requencies o f  Scores (N um ber C orrect) on  the E nglish- 
A rabic D iscrim ination  T ask  (N = 50)

0 , 1, 7, o r 8 2, 3, 5, o r 6 4

O bserved 22 22 6

Expected 3.51 32.82 13.67
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Number Correct

F igure  1. A b ility  o f  ju d g e s  to  d iscrim in ate  betw een  E n g lish  and  A rab ic  babbling  
sam ples (N  =  50).
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A-B2A-A2E-B2 A-AlE-A2 E -Bl

Sample

F ig u re  2 . N u m b er o f  tim es the o rig in  o f  each  sam ple  in  E xperim ent 1 w as correc tly  
id en tified  (TV =  50).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3 0

orderCorderBorder A

Order of Presentation

F igure  3 . M ean  n u m b er co rrec t by o rd er o f  p resen ta tion  in  E xperim en t 1.
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statistica lly  sign ifican t (M =  5.3 for the phonetica lly -tra ined  ju d g es , M  = 4.5 for the 

o ther ju d g es ; t [48] =  1.03).

D iscussion

O verall, these results support B oysson-B ardies et a l.’s (1984) finding that 

babbling  d iffe rs  by target language. H ow ever, c lo se r sc ru tin y  o f  the sam ples used raises 

a question  as to the basis for the d iscrim ination. B oysson-B ard ies et al. (1984) 

concluded  that language-specific  prosodic d ifferences w ere  w hat m ade the in fan ts’ 

babbling  d iscrim inab le . W hen the sam ples used in the p resen t study  w ere exam ined  for 

ev idence o f  canon ical babbling, how ever, another p o ten tia lly  im portan t d ifference 

em erged: W hile  all o f  the E nglish  sam ples contained  ab u n d an t consonan t sounds, none 

o f the A rabic sam ples contained a single consonant (T ab le  3). A t this point, therefore, it 

was unclea r w h e th e r the ju d g e s ’d iscrim ination was m ade on the basis o f  language- 

specific properties o f  the babbling  or m erely on the basis  o f  the presence o r absence o f 

consonan ts in the sam ples.

O ne w ay to answ er this question m ight have been  to co n tras t the English 

sam ples w ith d iffe ren t A rabic sam ples—sam ples co n ta in in g  m ore consonant sounds.

The assum ption  here is that the difference betw een the sam ples w as not truly a 

language-specific  one. T here is no a priori reason to  be lieve  tha t there w ould, in 

general, be few er consonan ts in A rabic-environm ent in fan ts’ babb ling  than in the 

babbling  o f  E ng lish -env ironm ent infants. O f course, this is a question  that can only be
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T able 3

N um ber o f  C onsonan ts in Each English and A rabic B abbling  S am p le—E xperim ent 1

E -A l E-A 2 E -B l E-B2 A -A l A -A 2 A -B l A-B2

# 6 8 15 12 0 0 0 0
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answ ered through a c lo se r study  o f  the course  o f  phonological developm ent in  A rabic- 

exposed infants, som eth ing  that is beyond the scope o f  the cu rren t investigation .

In the absence o f  additional A rabic sam ples, a new  study  w as 

u ndertak en -E x p erim en t 2, w hich  is described  in the next chapter. In this study , the 

sam e E nglish sam ples used in E xperim ent 1 w ere con trasted  w ith  babbling  sam ples 

from  infants o f  an o th er language group.

T w o  add itional concerns that needed to be addressed  in the next study  w ere 

the o rder effect and  gen d er d iffe rence in perform ance noted  in E xperim ent 1. It is 

possib le that bo th  o f  these can be accounted for by the subgroup  o f  23 s tuden ts  from  

the phonology class. A ll o f  these s tu d en ts-w h o  perform ed above the m ean, as noted 

previously—w ere tested  on o rd er B, w hich, as can be seen in Figure 3, had the highest 

m ean perform ance o f  the th ree orders (M  = 5 .59, as com pared  w ith  3.87 for o rd e r A 

and 3.6 for o rder C). M oreover, all o f  these 23 studen ts w ere fem ale, w hich boosted  

the m ean o f  the fem ale ju d g es  ov er that o f  the m ales, o f  w hich there w ere very  few  to 

begin w ith. N otw ithstand ing  the likelihood  that this subgroup o f  phonology studen ts  w as 

responsib le  fo r these unexpected  results, a  decision  w as m ade to  test equal num bers o f 

m ale and fem ale ju d g es  in E xperim ent 2, as well as to attem pt to  balance the num ber o f  

people tested on each o f  the three orders.
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C H A PTE R  3

M ethod  &  R esults 

E xperim ent 2: E ng lish -C h inese  D iscrim ination  T ask

T h is experim ent w as designed to clarify  w he ther the o rder and gender effects 

noted in E xperim ent 1 w ere genuine o r m erely  artifacts o f  the uneven subject g roups 

and to take another look at the ro le that consonan ts m ight be playing in the 

d iscrim ination  o f  sam ples. A dditionally , as in E xperim ent 1, th is study sought to  further 

expand upon B oysson-B ardies et a l.’s (1984) resu lts, th is tim e by testing E nglish- 

speaking ju d g e s ’ ability to d istinguish  betw een A m erican  and C hinese (C antonese- 

background) 8 -m onth-o lds’ babbling.

P articipants

T hirty-tw o A m erican E nglish -speak ing  ju d g es  (16 m ale, 16 fem ale) w ere 

recruited by w ord-of-m outh. N one had partic ipa ted  in E xperim ent 1. Indeed, no judge  

in any o f  the eight studies partic ipated  in m ore than one experim ent. As in E xperim ent 1, 

nearly all had studied a second language, but none had stud ied  C hinese; none had a 

know n hearing im pairm ent; and none iden tified  a language o ther than E nglish  as h is/her 

first language. Seven w ere parents, and none had  any phonetic  training. Inform ation on 

age and m usical train ing w as not co llec ted  from  partic ipan ts in this study.

M aterials

T he sam e A m erican babbling  sam ples w ere used in this experim ent as were 

used in E xperim ent 1.
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T he C h inese  sam ples w ere selected  in the sam e m anner as desc ribed  in 

E xperim ent 1. O nce m ore, these sam ples cam e from  tapes p rov ided  by B enedic te  de 

B oysson-B ard ies and w ere the sam e infants used in her earlier study  (B oysson-B ardies 

et al., 1984). A gain , since only  two C an tonese-background  8 -m on th -o lds, o f  unknow n 

sex, w ere availab le , two babbling  sam ples o f  approxim ately  10 seconds in length were 

chosen a t random  from  each. T hese four sam ples w ere then re -reco rded  w ith  the 

English sam ples on to  tapes as described in E xperim ent 1, using the sam e three random  

orders (see A ppend ix  A).

P rocedure

T h e procedure w as identical to  that described  in E xperim ent 1, w ith  the 

exception  that, in this experim ent, all partic ipan ts w ere tested  ind iv idually  in a quiet 

room , lis ten ing  to  the tape on a  portable tape p layer w ith  m in i-headphones, the m ake 

and m odel o f  w hich  are not available. T w elve ju d g es  w ere tested  on o rd e r A, 8 on 

o rder B, and 12 on o rder C.

A ll o f  the testing for th is study was done by M arie G ran the, an undergraduate at 

H unter C o llege.

R esults

T h e  sam e analyses w ere perform ed on the data in this ex p e rim en t as were 

em ployed  in E xperim ent 1. T h e  observed  and expected  frequencies o f  scores are 

d isp layed  in T ab le  4  and a graph o f  the d istribu tion  in F igure 4. A s in the previous 

experim ent, the  d ifference betw een o bserved  and expected  frequencies w as statistically
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T able 4

O bserved and Expected  F requencies o f  S cores (N um ber C orrect) on  the E ng lish - 
C hinese D iscrim ination  T ask  (N = 32)

0, 1, 7, o r 8 2, 3, 5, o r 6 4

O bserved 13 17 2

Expected 2.25 21 8.75
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Number Correct

F igure  4 . A b ility  o f  ju d g es  to  d iscrim inate  betw een  E ng lish  and C h in ese  babbling  
sam ples (N =  32).
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sign ifican t (x2 [2] = 67.25, p < .001), and  nearly  h a lf  o f  the ju d g es  scored 6 (75% ) or 

better on the task.

W ith  these sam ples, as w ith  those used in E xperim ent 1, there w as no ev idence 

that som e w ere easier to categorize than  o thers (x2 [7] =  3.49; F igure 5). In con trast to 

the ea rlie r study, how ever, there w as n e ith e r ev idence o f  an o rder effect (for o rd e r A M  

= 4 .42 , fo r o rder B M  = 4 .13 , fo r o rd e r C  M  =  5 .58; F  [2,29] =  1.15; F igure 6), nor 

o f  a g ender d ifference (for m ales M  =  4 .38 , for fem ales M  = 5 .1 9 ;  f [30] =  0 .96).

An A N O V A  was perform ed com paring  the m ean num ber o f  consonants across 

language groups. T he results were sign ifican t (F [4,15] = 12.49, p  <  .01). P ro tected  t- 

tests w ere then  done to d iscover w hich  language pairs d iffered significan tly  from  each 

other. T he m ean num ber o f  consonan ts w as found to  be sign ifican tly  greater in the 

E nglish  than  in the C hinese sam ples (t [6] =  4 .8 ,/?  <  .001, tw o-tailed). T he full resu lts 

o f  th is analysis are given in A ppendix  B.

D iscussion

It appears that, once again, B oysson-B ard ies et a l.’s (1984) findings are 

supported . It still is not clear, how ever, that language-specific  p rosodic d ifferences are 

responsib le  fo r these results: Even though  the C hinese, in contrast to the A rabic, 

sam ples d id  contain  consonants, they con ta ined  far few er than d id  the E nglish  sam ples 

(T able 5). In fact, this difference w as sta tistica lly  sign ifican t, as no ted  above. T h is  does 

not ru le  ou t, therefore, the possib ility  that the quantity o f  consonan ts—not ju s t their 

p resence o r  absence—in the sam ples m ay have been responsib le  for the d iscrim ination
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E-Al E-A2 E-Bl E-B2 C-Al C-A2 C-Bl C-B2

Sample

F ig u re  5 . N u m b er o f  tim es the orig in  o f  each  sam ple  in  E xperim ent 2 w as correctly  
id en tified  (TV =  32).
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order CorderBorderA

Order o f Presentation

F ig u re  6 . M ean  n um ber co rrec t by  o rd e r o f  p resen ta tion  in  E x p erim en t 2.
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T able 5

N um ber o f  C o nsonan ts in Each English and  C hinese B abbling S am p le—E xperim ent 2

E -A l E -A 2 E -B l E -B 2 C -A l C -A 2 C -B l C -B 2

# 6 8 15 12 5 2 0 1
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found in both  E xperim ent 1 and  E xperim ent 2. T he tw o o th er questions this study w as 

m eant to address, on the o th er hand—regard ing  a  possible sex d ifference in 

perform ance and an o rder effec t—do appear to  have been answ ered in the negative.

In the study  that follow s, a fu rther a ttem pt w as m ade to exp lo re the role that 

num ber o f  consonan ts might play by hold ing  language background constan t while 

m anipulating quantity  o f consonants in the  sam ples.
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C H A PTER  4

M ethod &  R esu lts  

E xperim ent 3: English  1-English 2 D iscrim ination  Task

In this study, the possib ility  that the q uan tity  o f  consonants in the babbling  

sam ples was responsib le for the results o f  the p rev io u s experim ents w as exam ined  by 

selecting  a new  set o f  babbling sam ples from  8-m on th -o ld  A m erican infants and  pairing  

them  w ith the English sam ples used in E xperim en ts  1 and 2.

Participants

Thirty-three A m erican E nglish -speak ing  ju d g es  (4 m ale, 29 fem ale) w ere 

recru ited  through the partic ipant pool at a  local co llege . The student body o f the college 

from  w hich partic ipants were recru ited  is app rox im ate ly  73%  fem ale and 27%  m ale. As 

students signed up for the stud ies o f  their cho ice , there was no practical way to  balance 

for sex in this or any o f  the stud ies that follow , all o f w hich m ade use o f  the partic ipan t 

pool. T h e  partic ipan ts’ m ean age w as 19.1 years (range = 17-25). All m et the criteria  

o f  having no know n hearing im pairm ent and  o f  identify ing  English as their first language. 

Three had children, 14 had studied  m usic, all w ere  born  in the U nited S tates, and  none 

had any phonetic training.

M aterials

The four A m erican babb ling  sam ples that w ere used in the tw o previous studies 

w ere used again in this study. H ereafter, they  w ill be referred to collectively  as "English 

1. "
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T w o additional 8 -m onth-o ld  A m erican  in fan ts from  E nglish -speak ing  

h ouseho lds w ere audio taped  at hom e in a free-play sess io n  w ith  their m others. A 

M aran tz tape reco rd er (M odel PM D 22) w ith  a S hure  m icrophone (M odel SM 18B) 

w as used to reco rd  the in fan ts’ vocalizations. Four sam p les  w ere then selected 

random ly  from  am ong those that m et the criterion  o f  being  10 seconds in length, in a 

m an n er iden tical to  that used to select the E nglish  1 sam ples. T h ese  new  English 

sam ples w ill be  called  "E nglish  2," to  d ifferen tiate  them  from  the E ng lish  sam ples used 

p rev iously . T he E nglish  1 and English  2 sam ples w ere then  recorded , as previously 

described , in the sam e three random  orders that are show n  in A ppend ix  A.

P rocedure

T he procedure was identical to that described  p rev iously , w ith  all partic ipants 

tested  ind iv idually  in a quiet room  listen ing  to  the tape  on a p o rtab le  tape player w ith 

m in i-headphones (Panasonic R Q -P 40 [/? =  28] o r  A iw a T X 6 5 6  w ith  A iw a H P-M 16 

headphones [n =  5]). Instructions w ere unchanged: A s in E x p erim en ts  1 and 2, 

partic ipan ts  w ere told that som e o f  the infan ts they w o u ld  be hearing  w ere grow ing up 

in non-E nglish -speak ing  househo lds, though this w as not true in this case. Fourteen 

ju d g es  w ere tested  on o rder A , 12 on order B, and 7 on o rd e r C . Inequalities in these 

g roups resu lted  from  exclusion  from  analysis o f  d ata  from  ju d g es  w ho did  not m eet the 

language crite rion  but w ho w ere tested  anyw ay. A rev ised  response sheet was used in 

this study and in  all subsequen t studies (see A ppend ix  A ). In addition  to  the inform ation 

recorded  before, starting  w ith  this study the fo llow ing  in fo rm ation  w as recorded as well:
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age, m usical train ing, p lace o f  b irth , headphone position  (norm al or reversed), 

equipm ent used, and  n um ber o f  tim es partic ipan ts listened to  the tape.

R esults

In th is study, identify ing  E nglish 1 as “E n g lish ” and E nglish  2 as “non-E nglish” 

were defined  as “co rrec t”  responses. T he data w ere analyzed  in the sam e w ay the data 

in the p rev ious experim ents had been, w ith  the sam e result: T he d ifference betw een the 

observed  and expected  frequencies o f  scores (show n in T ab le 6) w as, once again, 

statistica lly  s ign ifican t (x2 [2] =  10.95, p  <  .01) and  nearly  h a lf  o f  the ju d g es  scored 6 

(75% ) o r  b e tte r on the task  (F igure 7). N o differences were found in the d iscrim inability  

o f  the sam ples (x2 [7] =  3.03; Figure 8), nor w as there an o rder effect (o rder A M  =

5.21, o rder B M  =  5 .33 , o rd e r C  M  =  5 .86; F  [2, 30] =  0.41; F igure  9). A  gender 

effect, on  the o ther hand, w as ev ident in  this experim en t (fo r m ales M  = 6.75, for 

fem ales M  =  5.2; t [31] = 2.01, p  <  .05, tw o-tailed). In view  o f  the  fact that there were 

only four m ale partic ipan ts in this study, this resu lt is suspect. T here  w as a significant 

d ifference in the m ean num ber o f  consonan ts in the tw o sam ple sets (/ [6] =  4 .24, p < 

.001, tw o-tailed ; see A ppendix  B).

D iscussion

T hese  results show  that the E nglish  1 sam ples and the E nglish  2 sam ples were 

d iscrim inated  from  each o th er and that, m oreover, partic ipan ts m ost o ften  judged  

English 1 to be "English" and English  2 to be "not English ." In T ab le 7, the num ber o f 

consonants p e r sam ple is show n, and  it can  be readily  seen that E nglish  1 contains far
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Table 6

Observed and Expected Frequencies of Scores (Number Correct) on the English 1-
English 2 Discrimination Task (N = 32)

0, 1, 7 , o r 8 2, 3, 5, o r 6 4

O bserved 10 16 7

E xpected 2.25 21 8.75
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Number Correct

F igure 7 . A b ility  o f  ju d g es  to  d iscrim inate  betw een  E ng lish  1 and  E n g lish  2 babbling  
sam ples ( N  =  33).
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E-Al E-A2 E -Bl E-B2 E2-A1 E2-A2 E2-B1 E2-B2 

Sample

F igure  8 . N u m b er o f  tim es the orig in  o f  each  sam ple  in E x p erim en t 3 w as “correc tly” 1 
iden tified  (N  = 33).

‘“C orrectly ,”  in th is case, m eans iden tify ing  E ng lish  1 as “E ng lish” and  E n g lish  2 as “not 
E ng lish .”
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orderB orderCorder A

Order of Presentation

Figure 9 . M ean  n u m b er co rrec t by  o rder o f  p resen tation  in  E x p erim en t 3.
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Table 7

N um ber o f  C onsonan ts in Each E ng lish  1 and English 2 B abbling S am p le—E xperim ent 
3

E -A l E-A 2 E -B l E-B 2 E2-A1 E2-A 2 E2-B1 E 2-B 2

# 6 8 15 12 1 1 0 1
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m ore co n so n an ts  than does English 2, a d ifference that is statistica lly  significant.

S ince all the sam ples—both English 1 and E nglish  2 —w ere derived from  8- 

m onth -o ld  A m erican  infants living in E nglish -speak ing  househo lds, a m arked prosodic 

d ifference betw een the tw o sets o f  sam ples w ould  not be expected . It seem s, therefore, 

that the d ifference in num ber o f  consonants betw een E ng lish  1 and E nglish  2—^vhich 

appears to be a function o f  sam pling— is the m ost likely  exp lanation  for the ju d g e s ’ 

ab ility  to  d iscrim inate  betw een them . The next tw o stu d ies  w ere designed  to further 

exp lo re  the possib ility  that the d iscrim ination  found in the prev ious stud ies resu lted  from  

d ifferences in the  num ber o f  consonants ra ther than from  language-specific  d ifferences 

in the  babbling.
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C H A PTER  5

M ethod &  R esults 

E xperim ent 4: E nglish  2-A rab ic D iscrim ination  T ask  &

E xperim ent 5: English 2-C hinese D iscrim ination  T ask

In these nex t tw o experim ents, the E nglish  2 sam ples w ere paired  w ith the 

A rabic sam ples that w ere used in E xperim ent 1 and w ith the C h inese  sam ples that w ere 

used in E xperim en t 2 to see if  the d iscrim ination  that w as found  in those studies could 

be replicated  w ith  a set o f  E nglish  sam ples con tain ing  few er consonan ts.

Participants

For E xperim ent 4 , 39 partic ipants (6 m ale, 33 fem ale) w ere recru ited  through 

the partic ipant pool at a local college. T h e ir m ean age w as 22.9  years (range = 14-49); 

six ju d g es did not supply this inform ation. A ll m et the c rite ria  o f  hav ing  no known 

hearing im pairm ent and o f  identifying E nglish  as their first language. S ix  had children, 19 

had studied m usic (this inform ation is m issing  for one p artic ipan t), all w ere born in the 

U nited States, and none had any phonetic training.

For E xperim ent 5, an additional 39 ju d g es  (14 m ales, 25 fem ales) w ere 

recruited  from  the partic ipant pool. T heir m ean age w as 21 .7  years (range =  17-40).

All m et the hearing  and first-language criteria. Five w ere paren ts, 2 0  had studied m usic, 

all w ere U .S .-born , and none had phonetic training.

M aterials

In E xperim ent 4 , the English  2 sam ples from E xperim en t 3 w ere paired  w ith the
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A rabic sam ples from  E xperim ent 1; in E xperim ent 5, E nglish 2 w as paired  w ith the 

C hinese sam ples used in E xperim ent 2. As no o rder effect w as expected , the stim uli in 

each o f  these tw o experim ents w ere  presented in only one order: o rd e r B for the 

E nglish  2-A rabic pairing  and o rd e r A for the E nglish  2-C hinese pairing  (see A ppendix  

A).

Procedure

The procedure rem ained unchanged in both o f  these experim ents, w ith  all 

testing  done ind ividually  in a  quiet room  using  a portable tape p layer w ith  m ini­

headphones (P anasonic R Q -P40).

R esults

A ch i-square analysis w as again perform ed using observed  and expected  

frequencies o f scores, co llapsed  in to  three categories, as show n in T ab les 8 and 9. The 

d istribu tions o f scores for each study  are show n in F igures 10 and 11.

For E xperim ent 4, ju d g es  w ere apparently  able to  d iscrim inate betw een  the 

English 2 sam ples and the A rabic (x2 [2] = 10.95, p  < .01). N o differences w ere found 

in the ease w ith w h ich  d ifferent sam ples were d iscrim inated  (x2 [7] =  10.38; F igure 12), 

and no gender d ifferences w ere found  e ither (fo r m ales M  =  4 .16 , fo r fem ales M  =

4.03; t [37] = -0.15).

In E xperim ent 5 , on the o th er hand, the E nglish  2 sam ples w ere seem ingly  not 

d iscrim inable from  the C hinese (x2 [2] =  3.93). H ow ever, as in E xperim ent 4 , no 

differences in d iscrim inab ility  w ere found am ong sam ples (x2 [7] = 6.88; F igure 13),
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Table 8

Observed and Expected Frequencies o f Scores (Number Correct) on the English 2-
Arabic Discrimination Task (N =  39)

0, 1, 7, o r 8 2 , 3, 5, o r 6 4

O bserved 8 21 10

E xpected 2.74 25.6 10.66
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Table 9

Observed and Expected Frequencies of Scores (Number Correct! on the English 2-
Chinese Discrimination Task (N = 39)

0, 1, 7, o r 8 2, 3, 5, o r 6 4

O bserved 3 20 16

E xpected 2.74 25.6 10.66
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30 n

25 -

10 -

Number Correct

Figure 10. A b ility  o f  ju d g es to d iscrim inate  b e tw een  E ng lish  2 and A rab ic  babb ling  
sam ples (N = 39).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



57

Number Correct

F igure  11. A bility  o f  ju d g es  to  d iscrim inate  be tw een  E ng lish  2 and C h inese  babb ling  
sam ples (N=  39).
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E-Al E-A2 E -B l E-B2 A-Al A-A2 A -B l A-B2

Sample

F igure 12. N um ber o f  tim es the  o rig in  o f  each  sam ple in  E xperim en t 4  w as correc tly  
iden tified  (N  =  39).
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E-Al E-A2 E -B l E-B2 C-Al C-A2 C-Bl C-B2

Sample

F igure  13. N um ber o f  tim es the  o rig in  o f  each  sam ple  in E xperim en t 5 w as correc tly  
id en tified  (N  =  39).
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and no g en d e r d iffe rences w ere found e ith er (fo r m ales M = 3 .78 , for fem ales M  =

3.68; t [37] =  0 .08). N o significant d iffe rences w ere  found betw een  language groups in 

the m ean n u m b er o f  consonan ts (for the E ng lish  2-A rab ic  con trast, t [6] =  0.44; for 

the E ng lish  2 -C hinese contrast, t [6] =  -0.73; see A ppend ix  B).

D iscussion

T h e su rprise  here was that the sam ples in E xperim ent 4  w ere d iscrim inable, 

desp ite  the fact that the d ifference in the n um ber o f  consonan ts w as no t statistically  

sign ifican t (T able 10). T he d ifference in the n u m b er o f  con so n an ts in the E nglish  2 

sam ples in  co n trast w ith  the C hinese sam ples w as also  not sign ifican t (T able 11), but, in 

this case, the  sam ples w ere not d iscrim inated . T h is  latter resu lt m akes sense if  num ber 

o f  co n so n an ts  is the crucial factor in d iscrim inating  the sam ples; the resu lt in E xperim ent 

4  does not m ake sense, in  this context. H ow ever, since the d iffe rence in E xperim ent 4  

w as betw een  nothing (M  = 0  for the A rabic sam ples) and  something (M  =  0 .75 for 

the E ng lish  2), perhaps the d ifference was great enough  to  accoun t fo r d iscrim ination  

even though  it w as not statistically  significant.

T o  shed  fu rther light on this question , the next study  con trasts  sam ples that are 

sign ifican tly  d iffe ren t from  each o ther in n um ber o f  consonan ts and should , therefore, be 

d iscrim in ab le  from  each other, if, indeed, the quan tity  o f  consonan ts is the decisive 

factor.
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Table 10

N um ber o f  C onsonan ts in Each English 2 and A rabic B abbling  S am ple—Experim ent 4

E2-A1 E 2-A 2 E2-B1 E2-B 2 A -A l A -A 2 A -B l A -B2

# 1 1 0 1 0 0 0 0
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Table 11

N um ber o f  C onsonan ts in Each E nglish  2 and C hinese B abbling S am p le—E xperim ent 5

E2-A1 E2-A 2 E2-B1 E2-B 2 C -A l C -A 2 C -B l C -B 2

# 1 1 0 1 5 2 0 1
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CH A PTER 6

M ethod & R esults 

E xperim ent 6: E ng lish  1 -F rench D iscrim ination  T ask

In this study, the orig inal E nglish  sam ples (English  1) w ere paired w ith  French 

babbling  sam ples from  w hich  they differed  sign ifican tly  in term s o f  num ber o f 

consonants. T he p red ic tion  w as that ju d g es  w ould be able to d iscrim inate  the tw o sets 

o f  sam ples, if  consonant quan tity  w as, in fact, w hat ju d g es  w ere relying upon to  m ake 

such  d iscrim inations.

Participants

N inety-nine ju d g es  (23 m ales, 76 fem ales) w ere recru ited  through the 

partic ipan t pool at a local co llege. T heir m ean age w as 25.5 years (range =  17-60), and 

all reported having no hearing  problem s; 14 had children , 46 had  studied  m usic, 16 

w ere born outside o f  the U nited  S tates, and  one had som e phonetic  training. T h irty -tw o  

o f  these had e ither stud ied  F rench or spoke French as a first language.

M aterials

S am ples from  th ree  language groups w ere used for th is study: all four o rig inal 

E nglish  (E nglish  1) sam ples; four F rench sam ples (w hich will be described below ); and 

tw o  o f the A rabic sam ples used  in E xperim ents 1 and 4  (sam ples A -A 2 and A -B 2, 

selected  at random ). T he tw o  A rabic sam ples w ere inserted  random ly  into each o f  the 

th ree orig inal orders. T he purpose o f this change was to  attem pt to m easure atten tion  to 

the  task. The concern  w as that, since the ju d g es w ere com pelled  to partic ipate  in
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research as a course requ irem ent, they m ight not g ive  the task their full a ttention. A s the 

A rabic sam ples had been qu ite  easy overall fo r ju d g e s  to identify as non-E nglish , the 

thought w as that anyone w ho  did not co rrec tly  iden tify  either o f  the tw o A rabic sam ples 

that w ere inserted into the E nglish  1-F rench tapes m igh t not be m aking a good  effo rt 

and should  therefore be dropped  from  the study.

T he French sam ples, w hich w ere o nce again  selected from  tapes used by 

B oysson-B ardies et al. (1984), w ere chosen  a t random  according to the criteria  u sed  in 

the previous studies. In th is study, how ever, fou r 8 -m onth-o ld  infants w ere availab le , 

not two as w ith the A rabic and C hinese tapes. The fou r sam ples, therefore, ended  up 

being  from  fou r d ifferent infants. T hree orders (see A ppendix  A) w ere once again  used, 

instead o f  on ly  one as in E xperim ent 4  and 5.

P rocedure

A ll testing  w as done ind iv idually  in a quiet room  using a portable tape p layer 

w ith  m in i-headphones (P anason ic R Q -P 40  [// = 67], Sony C FD -540 with R adio  

Shack  N ova 41 headphones [n =  19], A iw a H S -T 19  w ith Sony M D R -013 

headphones [n =  11], o r Sony W M -E X 102  [« = 2]). T hirty-eight judges heard tape 

A ; 34 heard tape B; and 27 heard tape C .

R esults

T h e  d ifference betw een  the m ean score o f  the  total group (N = 99, M  =  4 .05) 

and the m ean o f  those ju d g es  w ho incorrectly  iden tified  both A rabic sam ples (n =  12,

M  = 3 .42) d id  not turn out to  be sign ifican t (t [97] =  0.5). Therefore, the scores o f  this
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latter g roup  are included in the analyses.

T ab les 12, 13, and 14 show  the observed  and exp ected  frequencies o f  scores 

for three groups: the total num ber o f ju d g es  in this study (N  =  99); the non-F rench- 

exposed  ju d g e s  only (n =  48); and the F rench-exposed  ju d g es  on ly  (n =  32). The 

d istribu tions for each o f  these groups are show n graphically  in F igures 14, 15, and 16. 

For none o f  the  groups w as there evidence o f d iscrim ination : x2 (2) =  4 .62  for the total 

group; x2 (2) =  0 .89  for the E nglish-speaking on ly  group; and  x2 (2) =  2.27 for the 

F rench-exposed  group.

N e ith er o rder (order A M  =  3.82, o rder B M -  4 .0 6 , o rder C M  =  4.07; F  [2,

96] = 0 .27 ; F igure 17) nor sex (for m ales M  = 4 .17 , fo r fem ales M  =  3.9; t [97] =

0.71) m ade a d ifference in this study; there w as an ind ication , how ever, that sam ples 

differed w ith  regard  to how easy they w ere to correctly  ca tegorize (x2 [2] =  24.15, p  < 

.005; F igure 18). T h is d ifference seem s to have been  accoun ted  for by tw o sam ples: E- 

A l ,  w hich  w as correctly  identified by 73 o f  the 99  ju d g es , and F-A , w hich  was 

correctly  iden tified  by only 29; the m ean num ber o f ju d g es  correctly  identify ing  any one 

sam ple w as 49 . T he tw o sam ple sets d iffered sign ifican tly  from  each o ther in term s o f  

m ean n u m b er o f  consonants (t [6] =  3.49, p < .005, tw o-tailed ; see A ppendix  B).

D iscussion

T h e  results o f  this experim ent ran con trary  to  expecta tions, in several 

particu lars. F irst, the apparent lack o f d iscrim ination  betw een  the E ng lish  and F rench 

sam ples w as su rprising  given that the d ifference betw een the m ean num ber o f
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Table 12

Observed and Expected Frequencies of Scores (Number Correct) on the English-
French Discrimination Task: Total Group (N = 99)

0, 1, 7, o r 8 2, 3, 5, o r 6 4

O bserved 12 65 22

E xpected 6.95 64.98 27.06
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Table 13

Observed and Expected Frequencies o f Scores (Number Correct) on the English-
French Discrimination Task: English-Only Group (n = 48)

0, 1, 7, o r 8 2, 3, 5, o r 6 4

O bserved 5 31 12

E xpected 3.37 31.51 13.12
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Table 14

Observed and Expected Frequencies o f Scores (Number Correct) on the English-
French Discrimination Task: French-Exposed Group (n = 32)

0, 1, 7, o r 8 2, 3, 5, o r  6 4

O bserved 4 22 6

E xpected 2.25 21 8.75
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© 10

Number Correct

F igure  14. A b ility  o f  ju d g es  to  d iscrim inate  b e tw een  E ng lish  and F rench  bab b lin g  
sam ples (N  =  99).
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Number Correct

F ig u re  15. A b ility  o f  ju d g es to d isc rim in a te  betw een  E ng lish  and  F ren ch  babb ling  
sam ples: E ng lish -o n ly  group (n  =  48).
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Number Correct

F igure  16. A b ility  o f ju d g es  to  d iscrim inate  betw een  E nglish  and  F ren ch  babb ling  
sam ples: F ren ch -ex p o sed  g ro u p  (n  =  32).
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5  ~\

order A orderB orderC

Order of Presentation

F igure  17. M ean  n um ber co rrec t by  o rder o f  p resen ta tion  in  E x p erim en t 6.
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E-Al E-A2 E -B l E-B2 FA FB FC FD

Sample

F igure  18. N u m b er o f  tim es the orig in  o f  each  sam ple in  E xperim en t 6 w as co rrec tly  
iden tified  (N =  99).
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consonan ts in the sam ples w as s ta tis tica lly  significant (T able 15). S econd , no t all 

sam ples w ere d iscrim inated  w ith  the sam e degree o f  ease. S pecifically , sam ple  E -A l 

was m uch easie r to identify  than w ere the o thers in this study and sam ple F -A  m uch 

harder. Several things m ake these find ings especially  in teresting. S am ple E -A l had 

been used in three ea rlier stud ies. As T ab le  16 show s, in each  o f  those p rev ious studies, 

E -A l had been correctly  iden tified  by a proportion  o f  ju d g es that did not d iffe r by a 

very large m argin from  the m ean p roportion  correct. In E xperim ent 6, how ever, the 

d iffe rence betw een the p roportion  o f  ju d g es  w ho correctly  identified  E -A l and the 

m ean proportion  o f  ju d g es correctly  identify ing  any o ther given sam ple w as qu ite  large. 

T he p roportion  o f ju d g es co rrec tly  iden tify ing  sam ple F-A , on the o th er hand , w as quite 

sm all—alm ost as far below  the m ean as E -A l was above it. T his m ight seem  to ind icate 

that sam ples w ith six co n so n an ts-w h ich  b o th  E -A l and F-A  h ad -w ere  ju d g ed  by 

listeners to be English. H ow ever, ano ther French sam ple also  contained  6 co n so n an ts, 

and it w as not identified m ore frequently  as E nglish than w ere o ther F rench  sam ples.

T aken  together, these results do  not seem  to support the conclusion  that 

num ber o f  consonants is the  best o r on ly  exp lanation  for the d iscrim ination  found  in 

E xperim ents 1 and 2. Indeed, if  that w ere the case, the sam ples used in th is study  

should  have been d istingu ished  from  each  other. It is curious that E -A I shou ld  be so 

m uch easie r to ca tegorize in this co n tex t—contrasted  w ith F rench—than in o th er 

contex ts. T his im plies that the sam ples do in fact contain  language-specific  cues that 

m ay aid in d iscrim ination.
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Table 15

Number o f Consonants in Each English and French Babbling Sample—Experiment 56

E -A l E-A 2 E -B I E-B 2 F -A F-B F-C F-D

# 6 8 15 12 6 5 0 6
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Table 16

Proportion  o f  C orrect Identifications o f  S am ple E -A l A cross E xperim ents 1. 2. 3. and 
6 (N = 99)

proportion  correct 
identifications o f  
E -A l

m ean p roportion  
co rrec t
iden tifica tions o f  al 
sam ples

d ifference

1

E xperim ent 1 54 62 8

E xperim ent 2 66 60 6

E xperim ent 3 52 67 15

E xperim ent 6 74 49 25
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In the final tw o stud ies, an attem pt w as m ade to  e lim ina te  so m e p ossib le  cues in 

an effort to d iscover w hich  ones m ight be responsib le  fo r d iscrim ination  w hen it does 

occur.
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CH A PTER 7

M ethod & Results 

E xperim en t 7 : L ow -Pass-F iltered  B abbling D iscrim ination  T ask

T o see if  specific  consonan ts played a role in the d iscrim ination  o f  the  E nglish  

and non-E nglish  in fan ts’vocalizations, low -pass-filtered  versions o f  the E nglish  1 and 

C hinese sam p les—w hich had been show n to be d iscrim inable in their u n filtered  form s in 

E xperim ent 2 —w ere paired  in this study. Low -pass filtering at 400  H ertz  e lim ina tes 

m ost o f  the in fo rm ation  necessary  to identify  a specific consonan t (K en t &  R ead,

1992), a lthough the perception  o f  a  consonantal elem ent rem ains.

Participants

Forty-eight subjects (6  m ales, 42 fem ales) w ere recruited  th rough the 

partic ipant pool o f  a local college. T heir m ean age w as 19.7 (range =  17-35), and all 

reported hav ing  no hearing problem s. T hirteen  had children, 17 had stud ied  m usic, 

seven w ere born  ou tside o f  the U nited  S tates, and three had som e phonetic  train ing . All 

were native E ng lish -speakers, and none had studied C hinese as a second language. 

M aterials

T he three tapes used in E xperim ent 2 w ere low -pass filtered at 4 0 0  H z using a 

Stanford R esearch  System s dual channel filter (M odel SR 650), w ith an attenuation  

slope o f  115dB /octave.

Procedure

All testing  was done ind iv idually  in a quiet room  using a portab le  tape p layer
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w ith m in i-headphones (Panasonic R Q -P 4 0  [« =  37] o r Sony W M -EX 102 [« =  11]).

Six ju d g es heard  tape A; 31 heard tape B; and 11 heard tape C. Initially, the p lan  w as 

to use only o n e  order—order B —as in E xperim ents 4  and  5. Later, orders A and C 

w ere added, w hich is w hy the groups are o f  such unequal num bers.

R esults

M any m ore ju d g es  scored 0, 1, 7, o r 8 and far few er 2-6 than w ould  be 

expected  by chance (x2 [2] =  68.38, p  <  .001; T ab le  17). The d istribution this tim e 

looked a little d ifferent from  those in o th er studies w here the tw o language groups had 

been d iscrim inated , how ever (F igure 19): In this study, equal num bers o f  ju d g es  scored  

at the tw o ex trem es (9 judges scored  0-1 and 9 scored  7-8), in contrast to  p rev ious 

studies w here scores had clustered  tow ard  the h igher end. T here were no d iffe rences 

by sam ple (x2 [7] = 4.22; Figure 20), by o rder (o rder A M  = 5 .66, o rder B M  -  3 .48, 

o rder C M  = 4 .72 ; F  [2 ,4 5 ] = 2.72; F igure  21), o r by sex (for m ales M  =  4 .83, for 

fem ales M  =  3 .93; t [46] =  0.85).

D iscussion

D espite the filtering, the E ng lish  1 and C hinese sam ples were still d iscrim inated . 

Indeed, filtering  the sam ples does not seem  to have m ade the task appreciably  h arder 

than was the orig inal task: x2 (2) =  67 .25 , p  <  .001, for the fu ll-spectrum  sam ples used 

in E xperim ent 2; and x2 (2) = 68 .38 , p  <  .001, for the filtered  sam ples in E xperim ent 7. 

H ow ever, w hile d iscrim ination  overall w as as good  as in E xperim ent 2, labeling w as 

inferior: In E xperim ent 2, 56 % scored  above chance, w hile in this experim ent, only
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T able 17

Observed and Expected Frequencies of Scores (Number Correct) on the Low-Pass-
Filtered Babbling Discriinination Task (N = 4S)

0, 1, 7, o r 8 2, 3, 5 , o r 6 4

O bserved 18 22 8

Expected 3.37 31.5 13.12
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^  10

Number Correct

F ig u re  19. A bility  o f  ju d g e s  to  d isc rim in a te  betw een  filtered  E n g lish  and filtered  C hinese 
b ab b lin g  sam ples (N  =  48 ).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



82

E -A lf E-A2f E -B lf E-B2f C -A lf C-A2f C -B lf C-B2f

Sample

F igure 2 0 . N u m b er o f  tim es th e  o rig in  o f  each  sam ple  in  E x p erim en t 7 w as correc tly  
iden tified  (N =  48).
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6 i

order A order B order C

Order o f Presentation

F igure  2 1 . M ean  n um ber correc t by o rd er o f  p resen tation  in E xperim en t 7.
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46%  did. T he relationship  betw een speech type (i.e ., filtered  o r not) and score on the 

task  w as not statistically  significant, how ever ( j f  [8] =  8.14).

It seem s that specific consonan tal in fo rm ation  is not essential for d iscrim ination  

o f  the voca lizations o f  infants from  d ifferen t language backgrounds—or, at least, not for 

this particu la r pairing. These resu lts do  not ru le out, how ever, the possib ility  that 

abso lu te  num ber o f  consonants plays a s ign ifican t ro le  in ju d g e s ’ability to  d iscrim inate 

som e o f  the sam ple sets used in these studies. L anguage-specific  prosodic d ifferences 

betw een  the vocalizations o f  infants from  d iffe ren t language environm ents are also not 

ru led  out as an explanation.

T he final experim ent is designed  to look  at w hat happens to the d iscrim inab ility  

o f  sam ples w hen prosody is d isrup ted  but the actual sounds, as well as the num ber o f  

consonan ts, rem ain unchanged.
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CH A PTER 8

M ethod & R esu lts

E xperim en t 8: S cram bled  B abbling-N atural B ab b lin g  D iscrim ination  Task

In th is  e igh th  study, English 1 sam ples that had been scram bled  (i.e., the sounds 

w ith in  the sam ples w ere rearranged) w ere co n tra sted  w ith  the orig inal English  1 

sam ples. T he pu ip o se  o f  th is m anipulation w as to see i f  d isrup ting  the language-specific 

p rosody  o f  the speech , w ithout altering its phonetic  co n ten t, w ould  m ake such sam ples 

d iscrim inab le  from  unaltered  sam ples. If so, a p rosod ic-d iffe rences hypothesis w ould  be 

supported , ra th e r than a num ber-of-consonants one.

P artic ipan ts

F ifty -fo u r students (14 males, 4 0  fem ales), w ith  a m ean age o f  19.5 (range = 

17-26), w ere recru ited  through the partic ipant pool o f  a local co llege . All reported  

norm al hearing  and  English  as their first language. F o u r had ch ild ren , 22 had studied  

m usic, 16 w ere  born  ou tside o f  the U nited S ta tes, and  o n e  had som e phonetic  training. 

M aterials

T h e  four E nglish  1 sam ples w ere used again  in th is  study, in tw o  form s: in their 

natural form  an d  in a scram bled  form. The scram bled  sam p les  w ere created  in a 

com pu ter p rog ram  called W aveS tudio  2.0 on an IB M  A p tiv a  530  (M odel 2144-66P) 

equ ipped  w ith  a S ound  B laster 16 audio  card. In this p rog ram , it is possib le  to  v iew  the 

w ave form  o f  a  sound  file and cut and paste segm ents to  d iffe ren t locations w ith in  the 

sam ple.
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T he four E n g lish  1 sam ples w ere first d ig itized  at 22 kH z, using  this sam e 

program . S egm ents su itab le  for rearranging  w ere identified  v isually  on the displayed 

wave form  and then played out through the co m p u te r’s speakers to m ake sure that the 

cuts d id n ’t com e in the  m iddle o f  a sound. T he segm ents w ere then reordered 

com pletely  random ly  w ithin the sam e tim e envelope so that the overall length  o f  the 

scram bled sam ples rem ained  the sam e as the natural sam ples from  w hich they derived. 

F inally, the natural an d  scram bled  sam ples w ere recorded from  the co m p u ter through a 

M arantz tape reco rd e r (M odel PM D 22) on to  an audio tape, in the  sam e three orders 

that w ere used in all p rev ious stud ies (see A ppendix  A).

Procedure

All testing  w as done ind iv idually  in a qu ie t room  using  a  portable tape player 

w ith m in i-headphones (Sony W M -E X 102 [n =  52] o r P anason ic R Q -P40 [n =  37]). 

T w enty ju d g es  heard  tape A; 12 heard  tape B; and  22 heard  tape C. T he inequality  o f  

these groups resu lted  from  a d isproportionate  n u m b er o f  partic ipan ts w ho heard tape B 

being d isqualified  because o f  b ilingualism . A s in E xperim ent 3, instructions to 

partic ipants rem ained  unchanged , even  though in this experim en t, as in that one, all 

sam ples, in fact, derived  from  A m erican infants.

R esults

Identify ing  E nglish  1 as "English" and S cram bled  E n g lish  1 as "not English" were 

considered to  be the co rrec t responses in this study. O bserved and  expected  

frequencies o f scores, show n in T ab le 18, w ere not sign ifican tly  d ifferent: x2 (2) =  2.28.
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Table 18

Observed and Expected Frequencies o f Scores (Number Correct’) on the Scrambled
Babbling-Natural Babbling Discrimination Task (N = 54)

0, 1, 7, o r 8 2, 3, 5, or 6 4

O bserved 1 37 16

E xpected 3.79 35.45 14.76
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T he d istribu tion  (F igure 22) w as, in  fact, very close to a norm al one, the o n ly  d ifference 

being that som ew hat few er ju d g es w ere ab le  to  d iscrim inate~ as defined  by a  score o f 

0-1 o r 7 -8—betw een the scram bled and natu ra l sam ples than w ould  be expected  by 

chance.

O rder was not a significant fac to r (o rder A M  = 4 .2 , o rder B M =  3.58, o rd er 

C  M  =  3.9; F [2, 51 ] =  0.81; F igure 23), no r w as sex (for m ales M  =  4 .21 , fo r fem ales 

M = 3 .85; t [52] = 0 .92). As in E xperim en t 7, how ever, there w as a d ifference in th is 

ex p e rim en t in the d iscrim inability  o f  sam ples (%2 [7] = 17.79, p  <  .025, tw o-tailed ;

F igure 24. A gain, E -A l appears to be p rim arily  responsib le  for the d ifference, w ith  40 

o f  the 54  ju d g es  correctly  identify ing  it as E nglish , w hen the m ean for all the sam ples 

w as on ly  26.6. The scram bled co u n terp art to  this sam ple, E -A l-S , w ith only 15 ju d g es  

correc tly  identify ing it, may also  have con tribu ted  to the statistica lly  sign ifican t d iffe rence 

found.

D iscussion

D esp ite  the reordering o f  the sounds w ith in  the sam ples, the English  1 and 

S cram bled  E nglish 1 sam ples w ere not d iscrim inated . If ju d g es rely upon prosody  alone 

as th e ir gu idepost, these two sam ple  sets shou ld  have been d iscrim inated. T he fact that 

they w ere not indicates that d iscrim ination , w hen it does occur, m ay be m ade on som e 

basis o th er than prosodic d ifferences. A lternatively , prosody  may not have been 

su ffic ien tly  d isrupted in this instance to  affect d iscrim ination  one w ay o r the o ther, a 

po in t that w ill be re turned  to in the G eneral D iscussion. Furtherm ore, a  d ifference in the
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Number Correct

F ig u re  2 2 . A b ility  o f  ju d g es  to d iscrim inate  b e tw een  E ng lish  and  scram bled E nglish  
b ab b lin g  sam p les  (N =  54).
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5  i

order A orderB orderC

Order of Presentation

F ig u re  2 3 . M ean  n u m b er co rrec t b y  order o f  p resen tation  in  E x p erim en t 8.
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E-Al E-A2 E-Bl E-B2 E-Als E-A2s E -B ls E-B2s

Sample

F ig u re  2 4 . N u m b er o f  tim es the o rig in  o f  each  sam ple in E xperim en t 8 w as “correctly” 1 
id en tified  (N =  48).

’“C orrectly ,” in  this case, m eans id en tify in g  the  unscram bled  sam ples as “E ng lish” and 
th e  scram bled  sam ples as “not E ng lish .”
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num ber o f  co n so n an ts  has still not been ruled  out as a possib le  basis for d iscrim ination , 

though the recu rring  finding that som e sam ples are d iscrim inated  m ore easily  in som e 

contex ts than in o thers continues to create a  problem  for a strict quan tity -o f-consonan ts 

explanation.
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CH A PTER 9

G eneral D iscussion  

E ight s tud ies w ere undertaken to fu rther understand ing  o f the course o f  early  

prosodic and p honetic  developm ent. S pecifically , th ese  stud ies w ere designed to ex tend  

B oysson-B ardies e t a l.’s (1984) work and to  d isco v er w hat m ight be the basis o r bases 

for adult lis ten ers’ ab ility  to  d iscrim inate betw een  babb ling  sam ples o f  infants from  their 

own and from  an o th e r language group. T he results o f  the p resen t studies w ill first be 

sum m arized ind iv idually  and will then be d iscu ssed  co llec tive ly  to see w hat support, if  

any, the data o ffer fo r several different possib le  exp lana tions fo r the d iscrim inability  o f  

the vocalization  sam ples. In a final section, unansw ered  questions w ill be considered, 

along w ith suggested  fu ture directions.

S um m ary  o f  the R esults o f  E xperim en ts 1 through 8 

Experiment 1—English 1 contrasted with Arabic: E nglish  1 sam ples and 

Arabic sam ples w ere easily  d iscrim inated by the ju d g es. M oreover, they got the labels 

right as well: M ore than h a lf  o f  the judges correc tly  iden tified  75%  o r m ore o f  the 

sam ples (i.e., sco red  6 or better on the task). T here w as no ind ication  that som e 

sam ples w ere easie r/h ard er to identify than o thers, bu t an order effect and a sex 

difference w ere found , possib ly  because o f  unequal groups. T he num ber o f  consonants 

in the sam ples d iffe red  significantly  by language, w hich  cou ld  accoun t for the 

d iscrim ination.
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Experiment 2-Enelish 1 contrasted with Chinese: E nglish  1 and C hinese 

sam ples w ere also d iscrim inated , but w ith only about h a lf  the listeners achieving a score 

o f  6 o r above. A s equal n um bers o f  m ales and fem ales w ere tested  this tim e and nearly 

equal num bers o f  partic ipan ts  w ere tested on each order, n either an o rd er effect nor a 

sex difference w as found in this experim ent. A gain, sam ples d id  not d iffer w ith regard to 

ease o f  d iscrim ination . H ow ever, since consonant quantity  once again  varied  as a 

function o f  language group, it rem ained possib le that d iscrim ination  w as m ade on that 

basis alone.

Experiment 3-Enelish 1 contrasted with English 2: Judges w ere able to 

d istinguish  betw een one set o f  E nglish sam ples (English  1) and  ano ther set o f  sam ples 

from  sam e-age E nglish -env ironm en t infants (English 2) w hose babb ling  contained 

significantly  few er co nsonan ts than did the first group. In teresting ly , they reliably labeled 

the English 1 sam ples as “E ng lish” and the English 2 sam ples as “ non-E nglish .” No 

d ifference w as found in the  d iscrim inab ility  o f  the sam ples, no r w as there an order 

effect. A sex d iffe rence w as found, but w ith only 4  m ales tested  out o f  a total o f  32 

partic ipants, this resu lt w as suspect. S ince the infants w ere all the sam e age and w ere all 

from  E nglish-speaking  hom es, the num ber o f  consonants in the sam ples seem s to be the 

m ost likely exp lanation  for their discrim inability .

Experiment 4—English 2 contrasted with Arabic and Experiment 

5—English 2 contrasted with Chinese: In both cases, the n u m b er o f  consonan ts in the 

sam ples did not d iffe r sign ificantly  as a function o f language group. N evertheless,
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w hereas English  2 and C hinese w ere no t d iscrim inated , E nglish 2 and  A rab ic  w ere.

O nly  one o rder was used in these stud ies; no  d ifferences w ere found by sex o r  by 

sam ple.

Experiment 6-Enelish I contrasted with French: T hese sam ples w ere  not 

d iscrim inated , desp ite  the fact that they  differed  significantly  from  each  o th e r in term s o f 

num ber o f  consonants. N either o rder n o r sex  differences w ere found, but th is  tim e 

d ifferences in the d iscrim inability  o f  the sam ples w ere found: sam ple  E -A 1, w h ich  had 

been used  in th ree o ther stud ies, w as m uch easie r to d iscrim inate in th is co n tex t, w hile 

F -A  seem ed  to be harder than the o th e r sam ples to  d iscrim inate.

Experiment 7 - filtered English 1 contrasted with filtered Chinese: L ow - 

pass-filtered  versions o f  the English  1 and C hinese sam ples w ere d iscrim in ated  ju s t  as 

easily  as w ere the fu ll-spectrum  orig inals. Labeling , how ever, w as in ferio r, w ith  56%  

scoring  above chance w ith the fu ll-spectrum  sam ples and only  46%  do ing  so w ith  the 

filtered  versions, but the re la tionsh ip  betw een  speech  type and score on the  task  w as 

not s tatistica lly  significant. N o order, sam ple , o r sex differences w ere found.

Experiment 8—English 1 contrasted with scrambled English 1: S cram bled  

and natural versions o f  the English 1 sam p les  w ere not d iscrim inated  from  each  other. 

N either sex nor o rder w as a factor. O nce again , how ever, sam ple E -A l w as ea s ie r  to  

ca tegorize  in this contex t than it had been in som e others, w hile its scram bled  

coun terpart seem ed to  be particu larly  d ifficu lt to  categorize.

In m any but no t all instances, then , adult E nglish-speaking  ju d g es  do ap p ea r to
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be ab le to d is tin g u ish  betw een 8-m onth-o ld  in fan ts  from  d ifferen t language 

backgrounds. T w o  exceptions found here w ere the E ng lish  1-French pairing  and  the 

E ng lish  2 -C h inese  pairing. B ackground factors such  as age, sex, m usical train ing , 

p honetic  tra in ing , p artic ip an t’s country o f  o rig in , equ ipm en t used, headphone position , 

hav ing  ch ild ren  o r not, and num ber o f tim es the tapes w ere heard had no d e tec tab le  

effec t on  perfo rm ance. O rder did not appear to  have an  effect on the task, ex cep t in 

E xperim ent 1 w here  group sizes w ere very  lopsided  and o rder w as con founded  w ith  

p honetic  train ing . In general, sam ples did not d iffe r w ith  regard  to  the ease o r d ifficu lty  

w ith  w hich th ey  w ere categorized. The few  ex cep tio n s  to th is rule will be d iscu ssed  in 

la ter sections.

But w hile  the  question, "Is it possib le  to d istingu ish  betw een the b abb ling  o f  

in fan ts from  vary ing  language backgrounds?" m ight be answ ered  w ith a q u alified  “ yes”- 

-n o tw ith stan d in g  the tw o deviations m entioned  above—the question  o f  ju s t w hat the 

basis fo r the d iscrim ination  m ight be rem ains unansw ered . Is the ab ility  to  d iscrim inate  

that has been sh o w n  here due to am bien t-language effects on infant voca liza tions a t this 

early  stage? O r is there som e other, possib ly  non lingu istica lly -based , exp lana tion  for 

these resu lts?  A nd  i f  am bient language is p lay ing  a ro le in the d iscrim inab ility  o f  babblin  

at th is age, is its  effec t m anifesting itse lf in the p rosod ic  o r the phonetic aspects o f  the 

in fants ' sp eech ?  T h e  data  from  the eigh t experim en ts conduc ted  w ill be considered  

below  w ith re feren ce  to  four different possib le  bases fo r d iscrim ination .
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Q uantity  o f  C onsonan ts 

T he first exp lanation  I considered  w as that the ju d g es  w ere d iscrim inating  

sam ples based so lely  on the num ber o f  consonan ts each con tained . (Table 19 show s 

the ou tcom es o f  all e igh t experim ents, as w ell as w hich pairings d iffe red  sign ifican tly  

w ith  regard  to m ean consonan ts per sam ple.)

For E xperim ents 1 and 2, this exp lanation  m ade perfect sense. In E xperim en t 

1, E n g lish  1 sam ples, w ith a m ean consonan t count per sam ple o f  10.25, w ere paired 

w ith  A rabic sam ples, w ith a m ean consonan t count o f  0. In E xperim en t 2, E nglish  1, 

w ith  its m any consonan ts, w as contrasted  w ith  C hinese, w ith  a  m ean consonan t co u n t 

o f  on ly  2 p er sam ple. T hese d ifferences w ere statistica lly  sign ificant, w ith the p ro tected  t 

for the E ng lish -A rab ic  pairing  equal to 5 .86, p  <  .001, tw o-tailed , and the p ro tected  t 

for the E ng lish -C h inese  pairing 4 .39 , p  < .01, tw o-tailed.

T his inspired  m e to contrast English  1 w ith new  E nglish  sam ples from  sam e-age 

infants (E nglish  2), w hich is w hat was done in E xperim ent 3. H ere, again, the d ifference 

in the quan tity  o f  consonan ts in English  1 and E nglish  2 w as sign ifican t ( t[l] = 5 .86 , 

p  < .001, tw o-tailed), and the sam ples w ere d iscrim inated . T his fu rther bolstered the 

notion that the d iscrim inab ility  o f  the sam ples w as not due to am bien t-language effects; 

rather, it w as due to  the num ber o f  consonan ts in the sam ples. O f course, it was 

possib le  that the difference in the num ber o f  consonan ts in the sam ples was, in fact, an 

am bien t-language effect. T here is, how ever, no ev idence supporting  such a d ifference in 

babb ling  betw een  infan ts o f  varying language backgrounds. Such an explanation ,
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Table 19

Sum m ary o f  R esults: E xperim ents 1 th rough 8

Languages Contrasted Significant Difference 
in Consonants?

Discriminated?

Exp. 1: E nglish 1-A rabic yes yes

Exp. 2: English 1-C hinese yes yes

Exp. 3: English 1-E nglish  
2

yes yes

Exp. 4: E nglish 2-A rabic no yes

Exp. 5: E nglish 2-C hinese no no

Exp. 6: English 1-F rench yes no

Exp. 7: F iltered English 1 
F iltered C hinese

yes yes

Exp. 8: English 1- 
Scram bled E nglish  1

no no
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m oreover, w ould  not serve for the results o f  E xperim ent 3, w here all in fan ts w ere 

grow ing up in E ng lish -speak ing  households. The m ore likely ex p lan a tio n , therefore, was 

that the d iffe rences w ere due to  sam pling  and not to language background .

T he resu lts o f  E xperim en ts 4  and 5 did not entirely  support this in terpretation, 

though. T he quan tity -o f-consonan ts exp lanation  w ould predict that n either the English 

2-A rabic nor the E ng lish  2 -C hinese  pairing  w ould  be d iscrim inated , as n either the 

Arabic nor the C hinese  sam ple sets d iffered  significantly  from  E nglish  2 in term s o f 

consonant n um ber (/[7] =  0  fo r the E nglish  2-A rabic pair; t[l] =  1.48 fo r the E nglish  2- 

C hinese pair). W hile  th is pred ic tion  w as borne out for the E nglish  2 -C h inese  contrast, it 

was not for the E nglish  2-A rab ic one.

E xperim ent 6 dea lt a fu rth er blow  to the consonant-quantity  m odel. T h is time, 

the m odel w ould  have p red ic ted  that English  1 and French, d iffering  as they did  in m ean 

consonants per sam ple (10.25 for the E nglish; 4 .25 for the F rench; f[7] =  2.51, p  <

.05, tw o-tailed), w ould  be d iscrim inab le. T hey  w ere not. In add ition , the fact that tw o 

sam ples—one E nglish , one F rench—differed  from  the o thers in term s o f  the ease w ith 

which they w ere d iscrim inated  fu rth er underm ined the consonan t-quan tity  m odel.

T he final tw o  experim ents d id  not d irectly  address the question  o f  consonant 

num ber. In E xperim ent 7, the low -pass-filtered  E nglish 1 and C hinese  sam ples were 

d iscrim inated  ju s t as easily  as the unfiltered  versions had been. T h e  filtering  d id  nothing 

to change the num ber o f  co nsonan ts p er sam ple, although it d id  rem o v e m ost o f  the 

inform ation necessary  to  identify  the  specific consonants. L abeling, on the o th er hand,
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w as affected  by filtering , w ith the ju d g es p erfo rm ing  better on the unfiltered  than  on the 

filtered versions. T h is  result w ill be d iscussed  again  la ter w ith reference to o th er 

possib le  exp lana tions. O f  in terest here, though, is the indication that listeners are do ing  

m ore than m erely coun ting  consonants in com ing  to a decision  regarding the o rig in  o f  

babbling  sam ples. O therw ise, labeling w ould  be expected  to be as accurate fo r the 

filtered as for the unfiltered  sam ples, as the n u m b er o f consonantal e lem ents w as 

unchanged.

In E xperim en t 8, the num ber o f  consonan ts was identical, as indeed w ere the 

actual consonan ts. H ad the sam ples been d iscrim inated , that w ould have been a 

pow erful argum ent against the quan tity -o f consonan ts m odel. As the sam ples w ere not 

d iscrim inated , it is not c lea r w hat role n um ber o f  consonants o r specific co n so n an ts  m ay 

have played.

In sum , there is ev idence that num ber o f  consonan ts per sam ple m ay p lay a role 

in ju d g e s ’ ability  to  d iscrim inate  sets o f  babb ling  sam ples. B ut there is ev id en ce  as well 

that this m ay not be the so le basis upon w hich  d iscrim inations are m ade. A t this s tage , it 

is only possib le  to  say  that consonant quan tity  provides neither a necessary n o r a 

suffic ien t basis fo r d iscrim ination , though it m ay help in som e cases. F u rther stud ies, 

w hich w ill be d iscussed  in a later section, w ill be required  to resolve this question .

B ackground N oise

A no ther p ossib le  explanation o f  the resu lts o f  these experim ents rests  on  the
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fact that the sam ples used w ere recorded by d iffe ren t peop le, under varying cond itions, 

using  d iffe ren t equipm ent. Perhaps E ng lish  1 and A rab ic, for exam ple, were 

d iscrim in ated  by the ju d g es not because o f  the n u m b er o f  consonants and not because 

o f  any inheren t d ifferences due to  am bien t-language influences, bu t because the tw o 

sets o f sam ples d iffered  with respect to background  noise.

Such a possib ility  cannot be com plete ly  ru led  out on the basis o f  the results 

from  the curren t stud ies, although additional s tud ies (to  be d iscussed  later) m ight shed  

som e ligh t on this question. N evertheless, since d iffe rences in background noise are 

p resen t in all sets—as indeed they exist to som e degree betw een sam ples w ithin the 

sam e language se t—the finding that not all language pa irings w ere d iscrim inated  seem s 

to  argue against such an explanation . A dditionally , som e differences in recording 

quality , echoing, etc ., betw een the E nglish  1 and  C hinese  sam ples w ere m asked by the 

filtering  done in E xperim ent 7, yet these sam ples w ere  still d iscrim inated  as easily  as 

before.

A m bient Language Influence: P rosody 

B oysson-B ard ies et al. (1984) believed  that the explanation  o f  their findings lay 

in in fan ts’ incoiporation  o f  language-specific p rosody  in to  their babbling. The results o f  

the p resen t stud ies are unclear w ith regard to the p ossib le  ro le o f  p rosody in adult 

ju d g e s ’ ab ility  to d iscrim inate betw een  the babb ling  o f  infants from  a variety  o f  language 

env ironm en ts.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



102

I f  p rosod ic d ifferences are presen t in the babb ling  o f  8 -m o n th -o ld  infants to the 

degree that d iscrim ination  on that basis w ould  be possible, then d iscrim ination  w ould be 

the expected  result in E xperim ents 1, 2, 4 , 5 and 6. H ow ever, the E ng lish  2-C hinese 

pairing  (E xperim en t 5) and the English 1-French pairing  (E xperim en t 6) w ere not 

d iscrim inated . On the o ther hand, d iscrim ination  w ould  not be the p red ic ted  result in 

E xperim ent 3, as tw o sets o f  sam ples from  8-m onth-o ld  A m erican /E nglish -env ironm ent 

infants w ould  not be expected to d iffer w ith  regard to  language-specific  prosody.

E nglish  1 and  E nglish  2 were d iscrim inated , how ever.

E xperim ent 7 d id  not rule out p rosody  as a possib le basis fo r d iscrim ination , as 

low -pass filtering  exercises its effect prim arily  on the phonetic, no t the prosodic, 

aspects o f  the speech  signal. But in E xperim ent 8, the d isruption  o f  norm al prosody by 

scram bling  the sam ples did not yield the expected  resu lt o f d iscrim ination  o f  the 

sam ples.

A ll in all, the support for language-specific prosody as the basis fo r 

d iscrim ination  is fairly w eak a this point. Perhaps it p lays a role, bu t, as w ith  consonant 

num ber, it does not seem  to be a necessary  o r sufficient ingredient. A dditional studies, 

d escribed  later on , m ight provide som e m ore defin itive answ ers, how ever.

A m bient Languaee Influence: Phonetics

By 9-10  m onths, it has been reported  that infants exhibit d iffe rences in the 

frequency o f  occurrence o f particu lar consonan ts in th e ir babbling that reflect
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differences in the adu lt target languages (B oysson-B ardies &  V ihm an, 1991).T hese 9- 

10-m onth-olds w ere the youngest infants included in this particu lar study, bu t it m ay be 

that these d ifferences are  already  in ev idence to  som e ex ten t p rio r to that ag e—perhaps 

even by 8 m onths, the age o f  the infants used in the present eight studies. E ven i f  the 

d ifferences at this ea rlie r stage have not yet reached statistical sign ificance, it m ay be 

that they are detectab le by adult ju d g es , w ho can use them  to m ake d e term ina tions 

regarding the language background o f  the infants to w hose vocalizations they  are 

listening.

If this is so, w hat support is there from  the current w ork for a phonetic  b asis  for 

the results? The sam e experim en ts that caused problem s for the p rosod ic-d ifferences 

explanation o f  the resu lts create d ifficu lties  for the phonetic-d ifferences ex p lan a tio n . As 

above, i f  language-specific  phonetic d ifferences w ere present and d iscern ib le  in the 

sam ples, then d iscrim ination  shou ld  have been found in E xperim ents 1, 2, 4 , 5, and  6; 

instead, d iscrim ination  w as found only  in E xperim ents 1, 2, and 4. D iscrim ination  should 

not have been found in E xperim ent 3, as phonetic d ifferences w ould not be ex p ected  

betw een E nglish  1 and E nglish  2; but this pairing  was d iscrim inated.

E xperim ents 7 and  8 do  p rov ide  som e hints o f  a sign ifican t ro le fo r phonetic  

d ifferences, how ever. In E xperim ent 8—w here no phonetic d ifferences betw een  the 

sam ple sets ex isted—no d iscrim ination  w as found. This m ay not o ffer spec ific  support 

for a phonetic in terpre tation , bu t it does not refute it either. M ore in teresting  are the 

results o f  E xperim ent 7. In this study, d iscrim ination  w as ju s t as good w ith  the filtered
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as  w ith  the nonfiltered  sam ples. T h is  appears to  argue aga inst specific consonantal 

in fo rm atio n  as a b asis  for d iscrim ination . It is im portan t to note, how ever, that labeling 

w as m ore accurate w ith  the fu ll-spectrum  sam ples than w ith  the filtered  ones. In o ther 

w ords, listeners w ere better able to  correctly  identify  the o rig in  o f  the sam ples w hen the 

fu ll-spec trum  cues w ere availab le  than w hen they had on ly  the low -frequency 

in fo rm ation  availab le . T his im plies that, w hile  it m ay be easy  enough for listeners to 

iden tify  tw o distinct g roups using  low -frequency  in form ation  alone, they need the high- 

frequency  inform ation to  correctly  ca tegorize the groups. A s before, fu rther studies that 

w ill be ou tlined  below  m ay be able to clarify  the ro le o f  h igh-frequency  (consonantal) 

in fo rm ation  in d iscrim inating  the babbling  o f  babies from  d ifferen t language 

backgrounds.

H ow  Is D iscrim ination  P ossib le?

W hat, in conclusion , appears to be the basis fo r d iscrim ination  o f  the babbling  

o f  infants from  differen t language environm ents, w hen d iscrim ination  does occur? Is 

there anyth ing  that the infants them selves are do ing  that aids d iscrim ination? O r is 

d iscrim ination  based solely  on such fac to rs-p ro b ab ly  a r tifa c tu a l-a s  consonant num ber 

and background noise?

C ertain ly  factors related  to  sam p lin g -w h ich  en co m p asses both the audiotaping 

and the selection  o f  the segm ents o f  in fan ts’ voca lizations fo r use in the stu d ies-h av e  the 

po ten tial to  convey in fo rm ation  to  listeners, w hich they  m ay, in turn, use in m aking
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judgm en ts about the orig in  o f  the sam ples. But ju s t because the inform ation  is there, can 

we be sure that the ju d g es  are m aking  use o f it? A nd  can we be sure that that is the 

only in form ation the ju d g es  are rely ing upon to  m ake their determ inations?

T he results o f  the studies described  here do not provide a  clear-cu t answ er 

to these questions, bu t they do provide som e clues as to  w hether and how  m uch 

this non lingu istic  inform ation  is being  used by listeners to arrive at th e ir decisions.

W ith reference to  the first question , it is hard to  understand  w hy, since background 

noise is p resen t in all cases, this in form ation  w ould  not be used in som e in stan ces- 

for exam ple , in E xperim ents 5 and 6, w here the pairings w ere not d iscrim in ated -b u t 

w ould be used in o thers. S im ilarly , i f  consonan t quantity  is critica l, how  can we explain 

the results o f  these sam e tw o  experim en ts?  It seem s that, i f  these fac to rs-th a t is, 

d ifferences in the tape recordings and  d ifferences in the m ean num ber o f  consonants per 

sam p le-w ere  indeed  the basis upon w hich  the ju d g es  m ade their d iscrim inations, how 

w ould  it be possib le  to  explain  those cases w here the two sam ple sets w ere not 

d iscrim inated?

Several o th er findings seem  to  conflic t w ith an explanation  b ased  solely on 

consonant n um ber o r background noise. F irst, o f  all the background factors exam ined 

(see A ppendix  B), on ly  phonetic tra in ing  appeared to  have any influence on task 

perform ance. If  phonetic  train ing m akes a ju d g e  better at d iscrim inating  betw een infants 

w ho are being exposed  to d ifferent language env ironm ents, then it seem s likely that the 

d ifference betw een the sam ples is in the linguistic realm . H ow ever, this argum ent is not
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as strong as it m ight be fo r tw o reasons: First, phonetic  tra in ing  m ight attune listeners to 

consonants and background noise, so  they m ight, in fact, be b e tte r able to m ake use o f  

that inform ation than naive ju d g es w ould  be; and, second, m ost o f  the phonetically- 

trained ju d g es partic ipated  in  Experim ent 1, so it is hard to  know  w hether the training 

only benefitted  them  in that particu lar task or if the advan tage w ou ld  have been m ore 

general.

A lso problem atic  for the nonlinguistic-factors ex p lan a tio n s  are the findings o f 

d ifferences in the ease o r d ifficulty  w ith w hich som e sam ples are categorized . H ow  can 

the fact that sam ple E -A 1, fo r exam ple, is so m uch easie r to  d iscrim inate  in the context 

o f the E nglish  1-F rench co n trast than in any o f  the o th er pairings be explained  on the 

basis o f  consonant n um ber o r  background noise?

All in all, then, it seem s that, in order to  exp lain  the find ings, it is necessary  

to assum e som e kind o f  am bien t-language effect on the in fan ts’ vocalizations.

An explanation based on p rosody  o r phonetics surely  seem s essen tia l to understanding 

the varying d iscrim inab ility  o f  sam ples in d ifferen t contex ts. T he d iscovery  in contrasting 

E xperim ents 2 and 7 that lis ten ers’ labeling  w as affected  by the filtering  but not 

their overall ability  to d iscrim inate  also  seem s to require an acknow ledgm ent o f  

am bient-language in flu en ces-p articu la rly  in the phonetic  sphere. H ow ever, som e 

o f  the sam e issues arise in considering  a  prosodic- o r phonetic-facto rs explanation 

that arose in relation to  the sam pling-factors explanations. A gain , i f  we believe that 

infants’ babbling  is substan tially  influenced by the adu lt target language at this
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stage, how  do we understand  the resu lts  o f  E xperim ents 4  and  6? A nd E xperim ent 3 

m ust also  be view ed as an anom aly.

Future D irections

A lthough there are strong  ind ications that som e aspects  o f  the am bient 

language are m aking th e ir w ay into in fan ts’ speech even as early  as 8 m onths o f age, 

there are still a  good m any unansw ered  questions and as m any possib le  fu ture studies. 

B elow  are ju s t a few o f  these possib ilities that seem  to m e to  represen t the next logical 

steps in this research program .

Collection o f new babbline samples: The best w ay to  address questions 

about the role o f  acoustic d iffe rences betw een the sam ples w ou ld  be to  co llec t new 

babb ling  sam ples under acoustically  controlled  conditions, fo llow ed  by a  strict sam pling 

procedure.

Filtered English 1 paired with filtered and scrambled English 1: It is 

possib le that the lack o f  d iscrim ination  found in E xperim ent 8 w as due to  the fact that 

not only w ere there the sam e n u m b er o f  consonants in both sets, bu t the consonants 

w ere identical, although reordered. Perhaps this overpow ered  any effect that the 

reordering o f  the elem ents m ight have had on d iscrim ination . I f  the sam ples were low- 

pass filtered, m ost o f  the spec ific  phonetic  inform ation w ould  be rem oved , which m ight 

then increase the salience o f  the  p rosod ic d isruption  that the scram bling  w as m eant to  

achieve.
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More thorouehlv scrambled English 1 paired with English I:  A no ther 

approach  m ight be to  scram ble the sam ples m ore thoroughly. In E xperim ent 8, the 

ind iv idual sounds w ere reordered w ith in  the orig inal envelope. H ow ever, da-da-da 

d o esn ’t sound that d ifferen t w hen it is rearranged. Perhaps it w ould be useful to  exp lore  

o ther w ays to  tam per w ith the prosody o f  the sam ples that m ight have m ore d ram atic  

effects.

Hieh-pass-filtered versions o f  English 1 and Chinese: T o  attem pt to  ru le  

out background noise as a fac to r in d iscrim ination , h igh-pass-filtered  versions o f  the 

E nglish  1-C hinese pairing  (o r any o th er pa ir that w ere d iscrim inated) could  be 

prepared. A dditionally , if  h igh-pass-filtered  sam ples w ere d iscrim inated , that w ou ld  

ind icate that prosody m ight not be crucial to  d iscrim ination , as the low er frequencies 

carry  m ost o f  the prosodic inform ation . Such  an  outcom e w ould also im ply th a t specific  

consonan ts are in  fact a  determ ining  facto r in identify ing the language b ackground  o f  an 

infant even at th is early  age.

Acoustic analyses o f the samples: It w ould  be very inform ative to p erfo rm  

acoustic  analyses o f  the sam ples used in these e igh t studies. O f particu la r in terest w ould 

be those cases w here the language sets w ere no t d iscrim inated, such as in E xperim en ts 

5 and 6.

T he stud ies reported  on in chap ters  2-8 tru ly  represent only the tip  o f  the 

iceberg, in that they are suggestive w ith  regard  to possib le bases fo r d iscrim in atio n  but 

do not p rov ide defin itive  answ ers. T he research  program  outlined  above shou ld  begin
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to  fill in som e o f  the gaps left by E xperim ents 1 th rough  8, as w ell as by the previous 

research  done in this area, leading, perhaps, to  som e better, m ore focused questions, if  

not to  firm er conclusions.
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APPENDIX A

Orders of Presentation o f Babbling Samples for Experiment 1

order A order B order C
E-A2 A-Bl
A-B2 E-B2 E-Bl
E-Bl E-Al A-A2

A-A2 A-Bl
A-A2 E-A2 E-A2
E-Al
A-Bl A-B2 A-B2
A-Al •m~ E-Al
E-B2 E-Bl E-B2
•r A-Al A-Al

Note: Each sample is designated by two letters and a number, as follows: The first 
letter identifies the language environment o f the infant ("E" for English; "A" for 
Arabic); the second letter identifies which baby the sample came from ("A" for 
baby A; "B" for baby B); the number identifies the specific sample from that baby 
(" 1" for sample 1"; "2" for sample 2). Thus, sample E-A2 is sample number 2 
from English baby A and sample A-Bl is sample number 1 from Arabic baby B.

Experiment 2: The same orders were used, with C-Al used in place o f A-Al, C- 
A2 used in place of A-A2, and so on.

Experiment 3: The same orders were used, with E2-A1 taking the place of A-Al, 
E2-A2 replacing A-A2, and so on.

Experiments 4& 5: In Experiment 4, order B was used, with E2 samples replacing 
El samples, and the Arabic samples remaining the same; in Experiment 5, order 
A was used, with E2 samples replacing and Chinese samples replacing the 
Arabic, as in Experiment 2.

Experiment 6: The same orders were used in this study, with F-A (French sample 
A) replacing A -Al, F-B replacing A-A2, F-C replacing A -B l, and F-D replacing 
A-B2. In order A, A-A2 was inserted between the third and fourth samples and A-
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B2 was inserted following the eighth sample. In order B, A-A2 followed the fifth 
sample and A-B2 followed the sixth sample. In order C, A-A2 was inserted at the 
beginning and A-B2 was inserted between the fourth and fifth samples. The 
symbol above indicates where an insertion occurred.

Experiment 7: The same orders were used as in Experiment 2.

Experiment 8: The same orders were used, with E-Al-S ("S" designates a 
scrambled sample) used instead o f A-Al, E-A2-S used instead o f A-A2, and so 
on.
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Instructions to Participants

On this tape are recorded 8 short babbling samples from 8-month-old 

infants. Each sample is approximately 10 seconds in length, and there are 10- 

second silences between samples. Some of these infants are growing up in 

households where English is spoken by their caregivers, and some are growing up 

in households where some other language is spoken. Your task is to attempt to 

identify which are the infants who are growing up in the English-environment 

households and which are not.

Please listen to the tape once all the way through without writing anything 

on the response sheet. You can then rewind the tape and listen as many more 

times as you like. When you are ready, simply write "English" or "not English" 

for each sample. You are not expected to try to identify what the language 

background o f the non-English infants is. Please do not leave any blanks; you 

must write something for each sample. You will also need to answer the questions 

printed at the top of the response sheet and, when you are through, write down 

how many times you listened to the tape.
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(T he form  the partic ipants signed w as on C U N Y  G raduate  C en ter le tterhead and  was 
approved by the C om m ittee on the P ro tection  o f  H um an Subjects at the C U N Y

G raduate C en ter.)

CONSENT FORM

Title: D iscrim ination  o f  the babbling  o f  infants from  differen t language env ironm ents

Principal Investigator: D aisy E dm ondson , Ph .D . P rogram  in Psychology 
(D evelopm ental), C ity  U niversity  G raduate School

Purpose: T he purpose o f this study is to  determ ine i f  partic ipants can d iscrim inate 
betw een  the babbling  o f  infants from  d ifferen t language environm ents.

P ro c e d u re :  Y ou w ill be asked to listen to  a  tape record ing  o f  infants babbling . The 
infants on the tape will com e from  hom es in  w h ich  d ifferen t languages are spoken  by the 
parents. You will be asked to identify  w hich  sam ples com e from  the E nglish -exposed  
infan ts and w hich do not. You m ay listen  to  the tape as m any tim es as you w ish.

Rights of Participants: P articipation  is en tire ly  vo luntary , and  you m ay w ithdraw  your 
consen t and have the testing session d isco n tin u ed  at any tim e. A ccess to  the data 
co llec ted  w ill be restric ted  to au thorized  research  staff. Y ou will no t be iden tified  by 
nam e in any fu ture presentations o r  pub lications o f  th is data. If  you have any questions 
regard ing  th is research, please call D aisy  E dm ondson  at 212-642-2556. If  you have 
any q u estions concern ing  your rights as a partic ipan t in this study, you can call the 
O ffice o f  S ponsored  R esearch, C ity  U niversity  o f  N ew  Y ork, at 212-642-2059.

I agree to  partic ipate  in the study described  above:

S ignatu re__________________________________________  D ate______________________

R esearcher’s S ignature______________________________  D ate_____________________
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RESPONSE SHEET

Participant Number:____________  Phonetic Training (Y/N):___

Children/ages:___________ Tape version:___________

Language background (first language other than English; other languages 
spoken/studied—how fluent/how many years o f study):

TRIAL 1

TRIAL 2

TRIAL 3

TRIAL 4

TRIAL 5

TRIAL 6

TRIAL 7

TRIAL 8
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Participant number:___

Participant's age:_____

Musical training:______
Race/ethnicity:_______

Language
background/experience:

trial 1

trial 2

trial 3

trial 4

trial 5

trial 6

trial 7

trial 8

RESPONSE SHEET

Date:_____

Sex:_____  Phonetic training:

Children:__________
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APPENDIX B

D ifferences in the N u m b er o f C onsonan ts per Sam ple Set

Five d ifferent sets o f  b ab b lin g  sam ples w ere used in these stud ies. The 

m ean num ber o f consonan ts varied  as a function  o f  sam ple set i.e., the m ean 

num ber o f consonants in the sam p le  set designated  as "E nglish 1" w as 10.75, 

w hile the m ean num ber o f  consonan ts in  the F rench  sam ple set w as 4.25 (see 

T able 20).

To see if  the d iffe rences in the  m eans o f  the five sam ple sets w ere 

statistically  significant, a one-w ay  A N O V A  w as perform ed. T he coun ts show n in 

Table 20  w ere transform ed as fo llow s, p rio r to  being  used in the A N O V A : First, 

the logs o f each coun t w ere  taken  and  1 w as added  so that none o f  the coun ts 

w ould equal zero; the resu lting  figures w ere  then m ultip lied  by 10 to  m ake the 

num bers larger and m ore m anageab le .

The transform ed data  are show n below  in T able 21. T he A N O V A  yielded  

significant results: F (4 ,1 5 )  = 12.49, p <  .01. T his ind icates that the d iffe rences in 

consonant num ber by language g ro u p  w ere significant.

P rotected /-tests w ere then  p erfo rm ed  on  all language pairs that w ere 

tested in E xperim ents 1 through  8. T he resu lts show  that significant d iffe rences in 

num ber o f consonan ts ex isted  betw een  E nglish  1 and  A rabic, C hinese, French, 

and English 2; the d ifferences betw een  E nglish  2 and A rabic and betw een E nglish  

2 and C hinese w ere not s ign ifican t (see T ab le  22).
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Table 20

C onsonan t C oun t per Speech  Sam ple, by L anguage G roup

Engl Eng2 Arabic Chinese French

sample 1 6 1 0 5 6

sample 2 8 1 0 2 5

sample 3 15 0 0 0 0

sample 4 12 1 0 1 6

mean 10.25 0.75 0 2 4.25
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Table 21

L og-T ransform ed C onsonan t C ounts. M eans, and S tandard  D eviations

Engl Eng2 Arabic Chinese French

sample 1 1.78 1 1 1.69 1.78

sample 2 1.9 I 1 1.3 1.69

sample 3 2.18 1 1 1 1

sample 4 2.08 1 1 1 1.78

mean 1.98 1 1 1.25 1.56

s.d. 0.18 0 0 0.33 0.38
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Table 22

D ifferences B etw een Sets o f  Language S am ples T ested  in E xperim ents 1-8

L a n g u a g e  P a i r P ro te c te d  t V a lu e  
(d .f.=  7)

T w o -T a iled
P ro b a b ility

E n g l-A rab ic 5.86 <.001

E n g l-C h in ese 4.39 <.005

E ng 1 -French 2.51 <.05

E n g l-E n g 2 5.86 <.001

E ng2-A rabic 0 n.s.

E ng2-C hinese 1.48 n.s.
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