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L Y . ) Abstract

AN Yoo ' ' S s ‘
. - " T .. ‘ . :

t_~,~ This study tests the psychologi@p@lity of sub'-syllabic‘units hsing a
| variety of tasks. In classical segmental phonology suyllables a;e viewed as’ -‘
strlngs o.f equally-Weighted phonenles; this stand predicts that one _‘ ‘\ \
gy ent ought to he as easy to marﬁgulate as another and that gt'oups of |
gmlents ought to present added dlfﬁcultles in .proportlon to the number of
segmentsmvolved Alternate models of the syllable includeé Vanmlclnds .
of intermediate units between the syllable and the segment (such as onsets, ,
nuclel»‘"cfgggs, rhymes). Proponents of such models would differences in
the ease of manipulation of the various unit's"dep"ending on what the
particular units are, ‘where their boundanes occur, and how they arev
orga' ized within the syllable. .
Children and high school students were asked to.count and delete

y nous phonologwal units w1th1n words (Expenments 1 and 2) and thelr
results yere analysed using dlfferent models of syllable structure. An
onset—rhyme model of syllable structure best accounted for the results for
the chlldren, whereas the hlgh school st(dents seemed to be sensitive to
ﬁner dlwsmns, specifically the nucleus and the coda .

A substlﬁmn%mmogy task was used to test adults on several -
hypothesmed sub- syllablc units. of the six units assessed, both the onset .
and ;l;ypme emerged as clear umts since they were most easily )
mampulategjthe nucleus and coda slightly less so, and the head (onset -
plus nucleus) and margins (onset plus coda) were the most dxfﬁcult to
mampulate ”

The phonetlc s1m11anty Judgment task of the fourth set of experiments



‘conﬁrmed the psychologwal reahty of the onset, nucleus, and coda.

" Predictions for sxmllanty Judgments W1th these units were consistently -
bet@r than w1th a model based ona fnng of mdependent 7égments or a ’

' mmple Qnset-rhyrm or onset-vowel-coda structure

The results reported here clearly support a model of gxlla i

for English with a maJor branch or break between the ohs f gk
and also growde con51derable support for a secondary division or branch -
. between the vowel nucleus apd the (;da The'reahty of these sub- syllabic

| umts 1nd1cates the need to re-evaluate traditional notions of phonologxcal

drganization.
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} CHAPTER 1: INTRODUCTION °

- 'l}he notlon that syllables consist of strings of phonemes has a long
tradition and is W1dely accepted today Phonemes. have proven to be e
extremely useful constructs for the study of language,.w1th isolation and
description of a languagk’s phon'emes forming the.ﬂ'ﬁrst,;cruci_al step in field
work. The International‘Phonetic Alphabet, based on segments has been ‘
and w111 cont1nue to be an invaluable tool with which. to record speech
utterances. Although phonemlc or phonetlc transcrlptlon is useful for the
study of any language’s phonology, 1t is artlcularly helpful in languages
for which no orthography ex1sts or for “;tuch the orthography 1s not based "

- on sounds The phoneme has also proven to be a useful concept for use in-

the descmptlon of phonologmal processes and although somewhat

' overshadowed by feature based systems in recent years, phonemes are st111

used to describe morphophonemlc alternatlons. As a cover term for a

number of features and possible allophones phonemes‘;\along with

: allophomc rules, simplify the 1nvento1'y of possible sounds in a language

| Despite the apparent value of the phoneme in much llngulstlc work a
nul'nber of phonolog1cal theories have recently emerged (e g metrical _)
phonology, grid- based phonology, autosegmental phonology) whlch claun
“to deal with a vanety -of language phenomena that a model of‘\segmental |
pgonology cannot handle s1mply For example J apanese may be better
descnbed in terms of syllables or moras than phonemes (McCawley, 1968),.
Enghsh phrase ‘and word stress has been explamed mth h1erarch1ca1

structures (leerman 1975 leerman & Prince, 197 7) and Goldsmlth

(1976) argued for autosegmental tlers of features to descnbe tone ,' |



-

languages Although theoretlcally all languages can be transcnbed with .
IPA symbols, it is very dlfﬁcult in a segmental system to capture prosodlc

' features such as stress and tone, which may overlap segments or. change’

\

over: the course of a smgle segment : ., _ .
‘These -problems aside, phonémes do seem eminently reasonabl'e :
constructs with which to descnbe most Indo-European languages There

“are a number of hngulstm s1m1lar1t1es among these languages, not the
least of which are the presumed common orlgm and the use of an.

‘\ alphabetlc orthography The latter may seem 1rrelevant since wntlng;}s
often viewed as merely a Secondary code to record spoken language, but m
- has also been argued that the exﬁtence of the alphabet proves the basw
nature of phonemes that is, that speech is 1nterpreted as a sequence of
_phonemes and the alphabet merely reflects this fact of nature (Warren,
1982). | | | '

Accordlng to Liidtke (1 969) the circular argument of whether the

alphabet suggested phonemes or whether phonemes suggested the

alphabet can'be resolved either by ﬁnding physical ‘re'ality for phonemes or |

a hxstoncal (as opposed to psychologlcal) explanation for the alphabet.:In

the absence of physical ev1dence he argued that the monogene51s of the

alphabet mdlcated its arbitrariness and concluded that phonemes were

- art1ﬁc1al constructs. Our present- day view of separate phonem}*segments

may thus be an acmden?l result of hlstoncal developments such as the

1

-
ot
e
i

i
{,

Greeks placing vowel mfrks between consonants rather than as part of the.

consonant symbol. A
Liidtke was not alone in argumg that the orthography has colored
phonolog1ca1 representatlons or theery. Moskow1tz (1 973) clalmed that
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English o‘rthography has probably imposed .some regularities onto
phonological representatlons and Jaeger (1980%; 1980b) with evxdence from ¢
d apanese and English speakers, suggested that the level for . '
conceptuahzmg sounds in a language is the one represented by the
orthography, because that is the one most often dealt with by speakers

usmg their language If these l1ngu1sts are correct then phonemes may

. still be the bas1c umts of the Enghsh language 5 sound system because the

- orthography reflects this level. Such reasoning, however retams the

- circularity decried by Liidtke because most Enghsh-language speaking

countries have hjgh rates ofl-litedécy; Learning the alphabet may resultin |
learning about phonemes | -

Although natlve speaker 1ntult10ns and behavior often-seem _
phoneme orxented which provides support for the reality of phonemes

knowledge of letter-s1zed units through orthography may 1nﬂuence this. It -

18 dlfﬁcult to separat thlS knowledge from phonological knowledge One

must look farther afield than adult hterate Enghsh speakers to argue for
the reality of phonolo 'cal units. Of special interest is the form of
phonologlcal represe tations before literacy. If phonemes are basic forms
of sound representation, then hteracy should produce no fundamental
change in phonological judgments, assuming that these are tappmg
underlymg knowledge dlrectly and do not depend on knowledge of spelhng
for responses If honemes are not basic, but somehow learned or 1mposed

on phonologlcal epresentations, then there should be dlfferences among

pre-hterate ch1 dren, adult illiterates, and adult literate speakers The
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. reading researc)a, psychology, and spéntaneous speech provides s‘ome‘ .

support for the psychological reality of phonemes but forms a strong case’,

a . . ' \
for the reality of units intermediate in size between phonemes and
syllables.

Although a number of theonsts have suggested that some umt larger

‘than the phoneme may be more appropnate to descnbe phonological

knowledge, there has been little testing of thxs poss1b1hty. {n ‘fact,, a variety‘
of possible models of phonological structure hare been propbsed. The word,
is a basic unit in Yanguage, but is rarely credited- vnthuhé:ng a basm #Bund \
unit, R\ather, the syllable is genérally labelled as such There are a number

of theoretical arguments against a syllable- based phonological

‘ I
representation, economy being the most notable, particularly in light of the

severe restrictions on consonantal sequences that exist in most languages

Sub-syllabic units have beeén raised as an alternative solution. In contrast

' to syllables, there is not so much dltﬁculé.y in terms of the number that

- would need to be stored and there is ewdence that many combmatlons of

g ‘phonemes functlon as units. It is therefore the focus of this thesis to test
: various models of phonolog1¢al structure, from syllables down to )

phonemes, w1th dlfferent populations of speakers and different tasks.

A finding that a phonological unit other than the syllable or phoneme

" is psychologically real would have 1mphcat10ns which extend beyond

- phonological theory. A general assumption of most current reading

theories, for ex‘ample, is'that the phoneme i's the basic ‘unit of s'ound and

that it is already available to chlldren when they first approach the reading
task. If thlS is. not the case, then the learmng of readlng may be

unnecessanly comphcated by ﬁrst having to break down grapheme umts

P
+



into ‘ph-o‘ngme\s and then to ‘blend’ them back intb words.

’ The following chapter is a review of 'tlie evidence that some ’
_,represéntétioﬁ other than phonemic can be real to speakers. The third
- chapter outlines the various models of syllable structure that have been
- 'proposed and suggesfs ways to test them experimentally. Chapter }F.our is
comprised of four experil"hents: a unit counting task;l a deletior;-bysanélogy
taslf, a substit'utio'h-by-énalogy_ task, gnd a phonetic simiiiar'ity judgment |
- ﬁgsk. The ﬁﬂal'chapter presenfs conclulsions and outlines how the tasks in
" th'xis thesis could be extended to other languages, especially those without
alphabetic orthographies. | | | ) |



CHAPTER 2: SOUND UNITS OF SPEECH
- : :

The thesis 'to be put forWardhere is that segmental phonology has
been driven and then Justlﬁed at least in part, by prior conventlons of
alphabetic QrthographJes and that there may be more appropnate models
to describe pre- or non-literate phonological knowledge. There is
considerable evidence from a variety .of'lan'guage' phenomena fhat a model
of phonology based on a string of independent segments cannot explain. It
is the}efore necessary to determine-whether sufficient justiﬁcation exists

A |
to abandon segmental phonology entirely and, if so, to,garner the evidence

that already ex1sts to establish the general form that A’ revised model might

7 )
e. The first section of this chapter deals with the 1nterdependence of

M)\

E’ mgta
orthography and segmental phonology Topics ranging from expenmental
1nvest1gatlons of phonology to spelling pronunciations indicate that
orthography and segmental phonology are inextricably linked in English.
The second;ection deals wit eﬁ/@ence that can be COnsidered reiatively
uncontaminéted by ‘ortliograf)‘\ié!knowledge to try to establish what pre- or

| non-literatevspeaker.s’ phonological“repfesentati:ons are like. Evidence .

from pre.-schoolergs, beginning readers, reading-disabledvchildren,

20
A

illiterate adults, and speakers of languages with non-alphabetic
orthographies is presented in this section. The search in the literature for
a single, basic unit of speech perception is discussed in the third section.
Several areas of study are relevant here. Children’s phonetic perceptions
differ from _aQuits’ in ways that are eonsistent with a new model of phono-
logical rebreséntatio‘n which relates, in turn, to the nnits that api)ear in

psychological experiments, speech errors, word games, and speech- |
_ . o :
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" new model.

. similarity of pairs of words. Genera-lly, predictions were very good}

synthesis and recognition work. Some experimental results from an

B

earlier phonological study (Dow;\1981) are also re-examined in fight of
' . » ’n Y ‘

2.1 The Influence of Orthography on Phonology |

\
2

The influence of orthographic kno;vledge has been_id

number of experimental investigations of phonological qu'e' Wiis,
including the featural and segmental status of various Engllsh sounds and

the reahty of phonolog1cal rules. A variety of techniques have been used

~ but in most cases the investigators found that they could not explain thelr

results in purely phonological terms in isolation from other types of
knowledge. | |

W

In addltlon to their role in theoretical 11ngu1st1cs and language

descnptxon phonemes have been used to predict behavmur in language

tasks. To. determine theAba51suof sound similarity judgments, Nelson and’

Nelson (1970) compared predictions based on phonemic distances to. judge'd
p T

although there did seem to be some influence of spelhng They proposed

that both the number of shared letters and phonemes mﬂuenced the

ratings for at least one group of word pairs which systematlcally varied in

both acoustic and formal (spelling) similarity, because both factors were

-found to be mgmﬁcant Vitz and Winkler (1973) formalized a predictor of

phonemic distance (Predicted Phonemic Distance or PPD) and used aural

' presentatlon in four smularlty of Sound studies. The correlations they

reported were very good (on the order of r=-. 9), but orthographic influence

could not be ruled out.l The Vitz and Winkler rephcatlon of Nelson and

-
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" Nelson’s study, using the word pairs that v_aried in both acoustic and
forrr{al similarity, resulted in ‘a lower correlation (r=-.7), which they
attributed to the focus on spelling due to visual presentatioh, but an aural
replicate produced only a marginal improvement (r=-.77). It may tlave
been that the subje::ts’ knowldege of orthograi)hic similarity overrode the
importance of phone;rlic similarity in the ratings, t}\ﬁis lowering the
correlation. . a

Derwing (1976) use‘d Vitz and Winkler’s (1973) PPD index as well as
his own grapheme index in another similarity of sound study with the
'stim‘ulibpresented visually. Not surbrisingly (since letters are highly
correlated to phonemes), both indices yielded high correlétions. Using
partial correl‘ations, Derwing found that the correlation for phoneme index
controlling for graphemic siymila‘x('ity was much higher (r=.63) than that
for grapheme index controlling for phonemic similerity (r=.34). He

. concluded that although orthongaphic similarity had an inﬂuencek, the

phonetic dimension was more important anti he suggested that the task be

~ repeated with an aural presentation.\;A high correlation (r=.97) was found

between the mean scores for words given by subjects in the visual .

presentation éxperirhent and those of an aural replicate, which suggested |

- that both groups of subjects performed similarly; however, the possibility f

" an orthographic inﬂuence‘uﬁder.b/‘oth oonditions was not excloded

(Derwing & Nearey, 1986).. ‘ E o | ,

- Inan attempt to isolate the eﬁ’ects of orthography 1n(phonolog1cal

Judgments two tasks were. desxgnec} to tap phonologlcal knowledge us¥ng

: 1Smce Vitz and kaer s corre]atlon was of dlstance (PPDJ and sxmxlarxty, negative
values are expected.

R



\

both aural and written preéentation (reported in Dow, 1981). First, when
subjects were asked to provide a fhyme for test words, they gave rhymes
that matched the spellihg~at greate‘r than chance levels if they had seen
and heard the Q;;rds (writt;n presentation), but not if the-words were only
heard and not séen (aural ﬁresentatipn). Thé second task was.é direct
request to provide the number of ‘speech sounds’ for each test word.
Phonologically non-cqptrove}'sial examples were ‘providediﬁ clarify the
term. Overt presentation of the spelling had no apparent effect‘on
responses, since ho significant differences were found,betﬂwgen the aural
and written presentatioﬂ groups. Further, va higher correlation was
obtaiﬁed for responses with a phoneme index (r=.935 than with a
grapheme index (r=.80), and partial correlatiqpé "éi‘gainir;esulted in a wider
'separation~between the two iﬂdices (r=.86 for the phoneme index, r#.57 for
the grapheme inde:.i). Iﬁ should be noted, however, that all ('éf the
correlations were statistically significant (at the .01 level), which» suggests
‘that the poss_jbility of ofthographic influence éannot be ignored. In fact,
there was some evidence at the level of individual items that spelling may
have influenced judgments. For examplg, the words cower, bgyie_r, and
glower wefe consistently judged as having more speech sounds thap their
rhymes sour, dour, and scour, presumably because of the presénce of t}lle‘
orthographic w or the sequence er in thf: former Let (see Derwing, Nearey,
&Dow,1986). | |

An expanded version of the segment count task was carried out by
Derwing (1985) in an atiempt to evaluate the inﬁuence of instructions,

presentation' mode, ,knowledge of linguistics, and spelling. Of these Your
s / . ,
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correlation of the number of speech sounds with the pho\Keme count for
more than a hundred subjects was very high (r=.95) while\the correlation
with grapheme count\was somewhat lower (r=.80). On analogy with a
study by Ehri and Wilce (1979) for elementary school children (see below for
further details), Derwing also compared the segment counts provided by
adults for words with affricates spelled tch and dge to those epelled ¢h and
ge. Signiﬁeahtly hlgher counts were provided for words spelled with the '
additional letter. The same phenomenon was noted for words with the
velar nasal, which were eonsistently judged as containing more segments
than words with [n]. Although it has been argued that the underlying form
of the velarinasal is /ng/, which would account for higher counts‘than n/,
there is no corresponding argument for the affricateé, which differed only
in spelling. It is also,questionable that the /ng/ analysis is the appropriate,
one, giverl the criticisms, historical and behavioufal revieWed by Smith
(1982a; 1982b). ‘More likely, the hl'gher counts in these and other cases
) reﬂect the mﬂuence of orthographlc knowledge |
The perception of phonetically amhléhops segmepts may be guided by
knowledge of conventional spelling. Ir; an investigation of edults’ and
chlldren s perception of stops following /s/, for example, Fink (1974) used
the very simple technique of asking three groups of sub_]ects (grades 2 and 3
chlldren and adults) to spell nonsense words with word-medial /s/+stop
clustere which the); heard spoken by a neltive speaker of English. He found
that children responded differently}than edulf;s in thd '{l‘loice of
representmg the stop after /s/. Specifically, adults chose the voiceless stops
/p t k/ even when the tokens they heard were voiced, whereas children-

preferred the vmced representatlon (B) for labial stops, whether the tokens

/
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were voiced or not. Fink suggested that there was a shift to spelling
conventions as children got ol&r (e.g., 8p but not gh occurs wqrd-initially
in English spelling), which might resul.t in-actual shifts in perceptual
categorization. Treiman (1985c) also asked children and adultg to indicate
_ what the sound following /s/ was and found an increase in vojceless
responses concomitant with age. Most of the Kindergarten chjldren
showed no clear preference for vownless or voiced stops While ffost Grade .
| One children and ad%lts preferred the voiceless stops. Treimap found that
the preferenée for voiceless stops correl{ted signiﬁc:cmtly with the
children’s reading level ,(a‘s" measured by WRAT scores).

Jaeger (1980a; 1980b) used a conceptforrﬁation task to tesg the A\
membership of ‘unaspirated and unreleased velar stop allophgpes in the
) c\ategory formed by the aspirated allophone [kh]. She found thgt all of these
alloph_dne_s were categorized as /k/, despite a‘ltevrnate spellingg (e.g., k ¢
¢h, @), alfhough there was a high,erfor rate with words spelled with q.
Jaeger pointed out (p. 351) that khqwledge from iiteracy is ag yeal as any
other knowledge and it is impossible to exclude the possibility of its
influence here. Indeed, Derwing and Neare); a 98‘6)” in an inyegtigation of
the categorization of English stops following /s/, also found evjdence of
such an influence. They had subjects judge the similarity between stop-
initial and /s/+stop-initial wbrds and fo:md that geﬁeral]y there was
greéter imilarity between [ph]-[p] than [b]-[p], for example. However, they
found th; this was only consistently true when the spelling ¢learly |
supported the vjiceless interpretation.‘ih cases where the spe]ling
representatlon was not the conventional gk, sp, st (e.g., C.Q.L_s,qngj;) this

similarity difference was reduced. In another study, Derwmg and Néarey
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: ). expemment she conducted with Wilce (E L
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..

the alveolar stops of nonsense words (but not real words)

“(1 981) found“iju
 with initial /
clear /t/ 1nterpretat10n for real words rmght then have been because of

knowledge of the words spellmg

@y )
Etop clu\sters were Judged as bemg both /t/- and /d/-hke the

It may be that orthography is: only used by speakers when they are

i ce, in press) in Wthh

: asked to dlsamblguate cases of phonemlc overlap Ehrl (1985) descnbed an: o

they taught second graders to f‘ead Wor"s contammg alveolar ﬂaps, whrle

task chlldren were y«{i\ﬂich of two words rhymed mth the ﬁrst part of

found the Judgments matched the spelllng for the chlldren who had seen

the words whereas the controls Judged more ﬂaps as matchlng /d/ words

- than 1/ words Amblguous results for 1nterpretatlon of the ﬂap by adults g
B . were also noted by Derwmg and Nearey ( 981) Judgments for nonsense '

_ words deﬁmtely leaned to a /d/ 1nterpretat10n of the flap and the word

b_u_d_dy was’ alwayfs classed wlth the /d/ sound but words w1th the t spellmg

for the. ﬂap caused problems They found that 56% of the group tramed -on
the phoneme % agreed that bjg_tj;g_ contamed the 1n1t1al sound in toug_

‘ ”-' L whxle 58% of the /d/-tramed group agreed that b_mter co,ntamed the initial
, sound in duck! - e |

Whlle the classxﬁcatlon of neutrahzed segments is one potentlal area -

“of dlsagreement betweeen trad1t1onal lmgulstlc analyses and speaker -

s Judgments the segmental status of some sounds is another ~Usmg the

a control group sald the words but did not see them. In a rhyme Judg‘ment s

= N

concept formatlon techmque, J aeger (1 980a) tested whether aﬁ”ncates were o

COn51dered one sound or two by natxve speakers Although she found that Ak

@
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) the affncates seerned to be perceived as one Sotxmi she’ could not dismiss ~ °
, the pOSSlblhty that th1s mlght also be orthographlc, ﬁnﬂuence For example, ;
the voxced affncate is typlcally represented by only one letter @, a fact
- _'whrch perhaps 1nﬂuences its perception as a smgle sound ﬁnc?ther
poss1b1e mﬂuence is the -analogy of ¢h to ‘clear cases of smgle phonemes. o "o

-represented by two letters (such- as gh and th). Jaeger sv.t%gested that word |

- final affncates spelled in such a way that the two- segment 1nterpretat1on is
more hkely (e.g., dgg_ and’ LL) should be tested before conclusmns as to S

- their status are made. | o . ,

. Ehn and WilCe (1979) 'inxestigatedjust suc‘h.*.\cases' in astudy of the
inﬂuenee of or‘thography on children’s notions ‘o‘f pho‘nerni‘c structure
‘They trained fourth graders to segment words into phonemes by tappu},g
out sounds w1th a wooden dowel. Although the chlldren noted that /tl/
(spelled ¢h) has two letters but is only one sound, and 1gnored sdent’ :

. fletters (hke the g ofh home), the maJonty of them detected an extra
segment in each of the words catch, pitch, and badge: Ina Vlsual word
learmng task; Ehri. and Wilce found that nonsense words with extra letters

Y

~ were eafler to leam than those. without (e.g., zi ;g versus zichyand .~

'chlldren who had learned the spellings with an extra letter detected an
\ extra phoneme in the segmentatlon task cons1stently more oﬁen than
chlldren who had been exposed to the other spelhngs For the two nonsense
- words with aﬁ'ncates (j’@_d_gg and zitch), 83% of the chlldren exposed to the
- spellings with. an extra letter detected an extra segment 2 | ‘
The lr}luence of non-phonetlc knowledge can be very strong, leadlng

speakers to percelve dlfferences that are not reahzed phonetlcally (e. gy

2After readmg Ehn and Wllce s (1979) article and dxscusslng thelr results, several
members of our. department became convmced that they /};e starting t9 hear the

e

alveolar stons. too!- . : \. .

\
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Sapir’s (1933) example of a Sargee speaker’s perception of a stem-final [t] in
some casesﬂathat'had no phon. ftic realization'»; cf, the arialogousca_se of
English‘ [n] in hymnal, but not hymn) and even to producing distinctions
- that are not. normally part of the language Fouralns and Tverson a 984) | ‘
CI'lthlZGd studles by Mltleb (1981) Port, Mitleb, and O’Dell (1981),and
O’Dell and Port (1983) whlch reported acoustic dlﬁ"erences and native i

' speaker dxscnmxnabxlrty between underlyxng voiced and voiceless final

obstruents in German (which are all phonetlcally v01celess) a ﬁndlng that

.
\

'seemed to contradict the general assumption of word final obstruent "j\\

. N
‘ neutrahzatlon in German. Fourakls and Iverson argued that the acoustlc -

v dlﬁ‘erences found were due to hypercorrect spelhng pronunc1at10ns and,

| | using a technlque des1gned to disguise the focus of study (students were
asked to conJugate strong verbs rather than s1mply read lists of words),
they found no acoustlc dlfferences related to the underlymg voice of the

' word final obstruent 3 S 3 ‘ |

B Although the gene'rality of word-final obstruent neutraliiatlon in

o 'Gerrn;n has arguably been re- established by excluding th'e inﬂuence o'f
orthography, there is good ev1dence that another phonologlcal rule 1s in
fact orthographlcally based The vowel shift rule (VSR) descrlbed in.

Chomsky and Halle (1968) is pivotal to thelr conceptlon of abstract
phonology Pairs such as dllnﬂﬂ_ﬂ_.t& ex_tremde_tre_m and

3The1r partlal rephcatlon of O'Dell and Port (1983) did find trends for longer vocahc
\nuclen for underlying voiced consonants which may have been the result of
morphophonemxc knowledge but the authors argued agamst this on the grounds that

; one of their words the adjective weg, ‘hever inflects. Thrs is not entirely convincing,
" “however, since mg [vek] is related to-the noun Weg, whxch has the plural form of -

: [ve ge] See also Fourakxs a 984) and Dmrrsen (1985) for: drscussxons of neutrahzatlon

-~ with respect to experimental evidence.. o ' :

T



15

pmmmse[p_mmmm are assumed to be derived from morpheme -
invariant underlying forms through a number of phonological rules,

including the Moskowitz (1 973) found that children did have some

knowledge of VSR, but that its acqmsmon was gradual Any kind of vowel
alternatlon QY SR anti-VSR, tense-lax) was tolerated by 7 and some 9 and
12 year-olds while other 9 and 12 year-olds accepted only VSR alternatlons. |
The vowel alternatmns of Chomsky and Halle’s VSR include those that are
preserved in Enghsh spelhng and relate d1rectly té the ‘long’ and short
vowel quality distinctions taught in school(.—tl\’loskomtz concluded that what

- Chomsky and Halle clalmed was a rule of abstract phonology was actually
learned from the spelling system of Enghsh
 'Phis 1nterpretatlon(was supported by Jaeger (1980a; 1986), who
claimed that speakers feel that ‘the five alternatlons related to the ‘long’

and ‘short’ spelling pattern of vowels (A [eyl-[&], E [i]- le], I [ay] [I] Q [ow]-

- [d], U_ [u] [A]) go together. In a concept forrnatlon experiment. on u.mvers1ty

graduates she tested the pa1rs predlcted by the Chomsky-Halle version of

i

o the VSR (the same except [ul-IA]is replaced by [aw]-[A]) against- the spellmg

rule and found that subJects reJected the VSR [aw] [AIpalr but accepted the

[ul-[A] spelhng rule pair as part of the category Jgeger pointed out that the !
speakers vowel alternation rule is psychologmal y ’real but i3 probably

" denved from orthography rather than an assumed deep phonology _

Templeton and Scarborough Franks a 985) found that grade ten students

- were sxgmﬁcantly better than grade six students at pronouncmg VSR |

‘ pseudowords Snmldﬁy, Taft and Hambly (1985) compared people 8 .

Judgments of morphgggxcally supported and non- supported monosyllabxc

pnmes which were ‘spelled- the same as (consmtent) or differently from



[{/

‘ borro'wing-and Householder (1971) cl-a_l?xed there were ‘countless’

16
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(inconsistent) the first syllable of target words and found that

orthographlc rather than- morphologlcal similarity was the 1mportant

factor, again suggestlng an orthograph1c 1nterpretatlon Finally, usmg a.

concept formation technique and a vanety of other techmques with h1gh

school students Wang (1985; Wang & Derwmg, 1986) convmcmgly

. demonstrated that the critical back vowel cases which drstlngulsh the

effects of' the VSR (under three different lmgulstlc formulations) from the '
~ long-short vowel spe__lhhg rule clearly sup_port the psycl:lologlcal-reahty\of {} .

- the spellmg rule. , - , A ? | |

The VSR can perhaps be better described as a historical change that

~ has been preserved in the English orthography. Although spoken rather
' than written language has traditionally been linguists’ principle domain

- of i 1nqu1ry, the importance of wntmg must be acknowledged since writing

clearly 1nﬂuences language users. As Kerek (1976) pointed out, writing
has always enjoyed popular prestlge and authonty This is espec1ally true
today, with the value most soc1et1es place on hteracy and the

drsappearance of oral- only cultures. In some such latter cultures, three or

'four generatlons of language can result in such wxdespread changes that

- ‘great-grandparents and grandchlldren cannot commumcate (Gelb 1952).

In contrast, Enghsh'wntten 400 or 500 years ago is still comprehensible, a
fact which Gelb credited «ttthe restraining influence of the written form.
Older forms no longer generally used-in speech are often preserved in

writings and may emerge again later in oral language, a process which

' Householder 1 97“1)>described as a type of dialect borrowing.

Spelling pronunciations can also be viewed as examples of such,

Y



- occurrences of these. Learned borrowmgs into Enghsh from Latin and
Greek are essentially :pelhng pronunciations (Lev1tt 1978) as are probably
the pronunc1at10ns of most words used pnm}nly in the written form.
Spelling can not only dlctate the pronunma(tlon of mfrequently used words
but also of words borrowed into Enghsh. from other languages. Kerek (1976)
cited the examples of chef, chalet, chic, chassis, chaise which sofne ,
English speakers produce in accord with the Enghsh rather than the
- French spelhng conventions (i.e., with initial Il rather than /f/). He
suggested that the standard 10/ pronunclatlon of th is now also exertmg
pressure on words such as t_hym_e [th aym] Thames [t emz], and ﬂaLth_am
[waltham] and that the h of h_e__b hgm_ag_e and heir and the t of often,
pestle, and Q_as_teg are gradually reappearmg As every schoolchlld
quickly leams the dlctlonary is generally taken as the ultimate reference
source for pronunmatlon_, but Lev;tt actualty argued that dictionaries
encourage spelling pronunciations because they use_prohunciation cvo_des :
that are often difficult for the phonetically untrained user to decipher.
Another interestihg example of the influence of spellivng.on pronunciation
is the so-called standard form of German, which Levitt called a ‘paper
language’, because the entire, vocabulary is pronounced based on the norm
derived from the spelling. This serves the useful purpose of enablling |
speakers of sometimes very da'fferent 'dialects to have a common base with.
‘which to clanfy intended messages.
Spelling pronunciations are of some mterest to lmgmstlcs because of

the effect they can have at slowing or even reversmg language change. Of
E more 1nterest to the study of psychohngmstlcs are the perceptions

language users have about the priority of the written form. Householder
. . _ . . o)
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(1 97i) claimed that naive speakers intuitively }‘e\el that speech ié derived
from writing, not the cAonverse, ‘and cited the familiar phenomenon of -
re‘questing the speliing of a new word or name in grder to remember or to .
be able to i;geroduce it.In a :similar Vein, c_éréful pronunciations, produced
perhaps tO@j‘P}" poténtially ambiguous words (e/g., ladgie_ﬁlguﬂ), are
.only‘ perceived to be corréctvif theyzégrée with the é‘belhn ~ZKougen (1982)

discussed‘céreful pronunciations in the resolution of this- and dther cases
vof phoneﬁn‘c overlap and found that, generally, fhese Weré guided by the
speliing. There have been some cases, however, Where fhe spelling reflects
‘a phonemic ambiguity: protest (with a medial [th]) is' related to Rr_Qt&sm
(with a medial bﬂap‘) which is spfnet'imesvshortened to Prod (a clear [d],
example from Skousen). Careful pronunciationé can lead spellérs 'astréy,
aé Skousen pointed out. Althougl)l the -l,ngdiailh In .of general, mystery,
camera, and ip_tm,cén be deleted even in careful pronunciation,
speake"r's_ kr;bw that it is ‘there’, perhaps partly or solely due to the épélling-; :
. thus, on analogy, f_'a_b_u_c and a_thl_e_m have beenlrﬁis.takenly wr;itge_n as
| a;hgl_gtg and faberic, which»‘sound’ right with carefui pronunci\atioh but do
not ‘look’ right. | a : |
| ~ Skousen (1982) also, suggeéte’d that it may be orthography thatﬂ ,
détermines which consonanat clus"te'rs_l are permissible in“Ehgﬁsh;For |
example, Lm and bn are not permissible ciust;rs, although-it might be
~argued that tmoro, tmato, and bnana ’are perfectly reasonable.
represer}tations'of Englishw_woijds (all are takgn‘ from S}{ousen’s éxam‘ples
. of | children’s spellirigs): Nasalizat’ion of .vowells is not considered distinctive
"o in Engli‘sh, b‘ut‘ Read (1971) found that children’s invented. spellings

commonly omitted nasals whenever another consonant followed, |
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suggesting that the vowel carried the nasality for these children, and Ehri

and Wilce (1987a) reported that pre-literate children who had been trained-
to do simple letter-sound decoding of words also omitted pre-consonantal
nasals in their spellings.f1 It may be that judginents about the presence of

a nasal segment vérsus a nasal vowel are coloured by knowledge of the

'spellihg of words. Skousen has also pointed 'out that many liriguistic .o.{ ot

arguments are based on adult perceptions of phonemxc representatlons,
and these may be different from children’s because of matunty ‘and/or a
broader knowledge base, including knowledge of conventlonal spellings. 5
It may be that both phonological and orthogr.,aphxc knowledge are
automatically activated in certain language-related behaviours. Words’
spellings may guide phonolqg‘ical j.udgments in ambiguous eases and |
there might B‘e,orthographic influence in tasks such as rhyme production

and segment counting, especially when stimuli are presented visually:.

Seidenberg and Terienh_aus (1979) investigated the effects of orthography on

rhyme detection (rather than production) with spokeh words and found

consi§ter1tly shorter times to detect orthographically similar rhymes than
' diﬁ'erently spelled rhymes (e.g., pie-tie was faster th_an rye-tie). In a later’
" study using a different technique (Tanenhaus, Flanigan, & Seidenberg,

1980), they found that this orthographic. influence was present even when it.

had a negative effect on performance In this study, they used the Stroop

o Q@ 935) techmque whereby various combinations of . pnmmg and target

words are presented embedded in a colour nammg task in order to Judge
the relative amount of mterference on the task. Colour nammg latencxes

. were longer when the target word was preceded by a phonologlcally and/or

4See Derwing (1973 Chapter 6) for further theoretical discussion of this pomt
5See also Linell (1982) for an even broader account that encompasse_s syntactic effects.

- N



orthographically similar prime than a control prime wo'rd}. They .
concluded that visual word recognitign entails activation of m‘ultible codes.
This interaction of phonological and orthog"faphic codes also has neuro-
physiological support (see Kramer & Donchin [1987] for a _discussion of
brain potentiZIS). - | L

Further support for 'the;hypothesis of interacting orthographic and
phonolo'gical codes comeks from a rather unusual phenomenon - backward
“talking. Cowan and Leavitt (1982) described two boys who could talk |
backwards One reversed words as though they were spelled backwards -
and the other reversed accordmg to phonemes Interestingly, the former .
back_ward talker co.uld»not reverse a word if he did not know the spelling,
- and the other boy occasionally used some forms that were related to fhe |
words’ spellings rather than _.phonemes (e.g., trash /tra)/ was [hA’_saert];
not [[aert]). Apparently the ability to speak backwards is not too unusual,
since Cowan and Leavitt noted that 27 fluent adults haye also been found
and studled Approx1mately half of these reversed according to spelling
' ﬁnd halﬁmordmg to phonemes. ‘

Obv1ously, both phonological and orthographlc codes are access1ble for
various types of language behaviour. However, it is difficult to separate the
role of dlfferent types of knowledge in any specific language behawour One
posmblhty is'to examine the behaviour of people who have no knowledge of

conventlonal orthography.
2.2 Literacy and Evidence of Phonemje Knowledge

Sapir’s writings are probably most often c1ted in d1scussmns of the |

- psychological reahty of the phoneme. In hlS 1933 article, he claimed that
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people hear phonemes (as opposed to phones) and he found some ev1dence
for the psycholog1ca1 reality of phonemes. One example Sapxr dlscussed h
was that his assistant transcnbed a word-ﬁnal /t/ when there was no
phonetic evidence of that"/l:/ It mayl seem insignificant that this example
had to do with a wntten rather than an oral report, but informal accounts
suggest that it is very dlfﬁcult for native speakers to label what is d1fferent .
about two near-homophonous words w1thout recourse to the spellmg T
Explanatlons are usually given in general qualitative terms w1thout
specific reference to the differing phonemes, or by the use of simple
fepetitions of the word to ﬂrovide the correct model. Explanations from
‘non-lingui.sts are seldom made with respect to lndividual sounds,
although some refer to lc*tters (e. g “Think begins w1th a ‘th’-sound”). On
first readmg, Sapir’s article mlght convince the reader that phonemes are

" very natural units because native speakers of languages without
‘orthographic systerns were“able to act as linguistic assistants, learn the
phonetic alphabet, and transcribe their own languages. However, the
assistant Sapir described was someone who could‘already read and write
English rea,onably well. The imposition of phonetlc transcription, which

" assumes 2 segmental representation, may have ~1nadvertently presented a .
biased picture of the phonological representations of certain languages and
it elumnated the poss1b111ty of deterrmmng whether some other type of
phonologlcal representatlon might be more appropnate for languages

- without alphabetlc orthog'raphles.6 v
' For example, the traditional Cherokee Wsyallabary writing system of 85

6Although, as discussed in Section 1 with respect to the segrnent.count studies in
English, it does seem to’be quite an appropriate model for literate English adult speakers.

¢



vletters was developed by Sequoyah, who reportedfy had no alph‘dh‘e{ic of
phonetic training (Walker,i 1969). The syste;n Was used successfully vin the
1800’s and it 128 been estimated tha't;inzthe 1830’s 90% of the Cherokee
were literated!n their language The Cree syllabary was'designed by an
Enghsh speaker (James Evans) and see;ned emxnently suited to that
language A similar example of this preference for syllable-sized units was \
‘discussed by Jaeger (1980a), who found thatJapanese speakers apparently
did not beheve it was possible to break syllabIes into smaller units (see also
Sakamotﬁo 1980) and Read, Yun-Fel, Hong-Yin, and Bao-Q;ng. (1986) have
recently shown that older Chinese speakers untrained in the pinyin
romaniaation scheme have great difficulty in manipulating phonemic
;ségments. Althcugh syllabaries rnay &d’t"oe suitable for all Ianguages (e.g.,
- English has hundreds of distinct "syllables), segmentally-based
i 'orthographles may not be, elther

It can be argued that the pnnc1ple of speech as a sequence of
phonemes is natural in some ways. It is certamly an economical way to
'represent the sounds of 'wgrds. In English only‘ about 40 phonemes are
required to represent the entire vocabulary of the language, whereas a
* syllabic or pictoral ‘rep'resentation of words, would require hundreds, even
thousands more symbols. The person who first stumbled on this ecomony
and devised the alphabet (although the origin and n;onogen_esis is - “
- somewhat in douht; see Gelb, 1952) must have managed, without
instniction, to conceive of speechhas a seqnence_ofphonernes._ The B
alphabetic px;inciple' was qui‘ckly adopted by a variety of ’langua.ges‘ and
'cultures, suggestmg that there was something very appealing about it.

There are also reports of cases in whlch the alphabetic pnnc1ple has been

POy
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spontaneou@ ‘re-invented’ by children.>

The best- known instance of a spontaneous segmental analys1s is
‘invented spellmg by pre- 11terate chlldren (Read 1971; C. Chomsky, 1975),
which is, in fact, quite unusual (see Paul, {976). The motivation for
spontaneous spelling seems to be for its own sake, rather than for
communication. Children in Paul’s sx‘tudy seldom inventedq the same
spelling t\:vice over several months and Read reported that s’o;;e children
could n&even read back what they themselves had written. Although
there has been some attention directeci towards distinguishing
spontaneous spellers from childrenv who do not invent spellings, nothing
conclusive has emerged except that parents of spontaneous spellers
tol'e“rate.the'activity. There is some evidence that spontaneous spellers are

more conscious of phonology, as Reatl (1973) found that they perform"ed
much better at a phonological ABX discrimination task (i.e.,. “Is X the

‘same as A or B?”) than other children.

Rather than proving the innate nature of segmental analysis, it may
be that invented spelling is a sign of a heightene‘d skill in ‘cracking a code’,
All of these children knew the alphabet and had obviously made the
connection between sounds and letter naines. C. Chomsky (1 975)'claimed
that by age 5 or earlier children can recognize that words can rhyme and

can start with the same sound. The spontaneous’ spellers had simply gone

~ the one (1mpor’tant) step further of breaking sounds dowh into units that

could be isomorphically matched to the tools they had available (letter
names). The stages of spontaneous spelling re_ported in Paul (1976) support
this analysis: Children first represent only the initial sound of a word,

later both the initial and final sounds, and finally more complete

P . .
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\ segmentations.

B Reading researchers have often assurned that phoneniip analysis
skills are required in order to understand the alphabetic principle and
hence learn t(; decode the written word. A nuﬁmber of studies have focussed
on the development of phonemic analysis skill (e.g., Libgrman, ,
Shankweilgr, Fischer, & Carter, 1974; Fdx & Routh, 1975; Skjelfjord, 1976;
Treiman & Baron, 1981). The consensus. seems to be that preschoolers can
segﬂxent words into syllables but not into phonemes, that kindergarten
j}ﬁldren have some success at phoneme segmentatxo%x and that children
at Grade One and above can readily segment words into phonemes.

Bruce (1964) was one of the first to investigate phonemic analysis
ability. He asked children to tell him what was left after a particular
letter/sound was removed from a word (e.g. ,,takmg away the /s/ from spin
yields pin). Children with a mental age (MA} belo&\S years managed to do
fewer than half' of the 30 items correctly Bruce’s conclusmn widely
accepted and extendeld to phonemic analysxs of any kind, was that a certain
level of cognitive development was necessary before words could be
analysed phonemically. The task useci in this study was a very difficult
one, howéver. Not only did children have to reélize that wordé were made
up of individual sound segments and be able to segment the word '
accordingly, they had to match the target éound, remove it, and
reconstruct the word. This may not seem so difficult for the éxample s
from gpin, but n from hand is more complicated, even for adults.

- Furthermore, it is not cléar that mei_xtal age aldne_ determines this skill.
Bruce gave some hint of this in that he reported that'children from
<_iiff‘er'ent teaching environments diﬁ‘ered significantly in ability.

Wlth a considerably easier, more child—appropriate'task, Zhurova

s~
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(1973) found that phonemic analysis dkill seemed to develop gradually. The
strategies used by «hildren in naming the first sound of a word differed
greatly at different ages.’ Young (3 to 4 years old) children could isolate an
initial sound but not separate it (e.g., d—d—d_qggie but not d digie). Older
children (4 to 5 ye/ar&old) isolated the sound andthen produced it (e.g., d-d-
doggie . .. d) and ‘by 5to0 6 S'ears o°}d half of the children could isolate the
first sound of their own name without mstructlon Interestmgly, chx]dren
who knew the letters of the-alphabet produced the ﬁrst sound as a letter
name, whereas other children pronounced syllables (e.g., in English, /d/
would be produced as [di] as opposed to [da]). Zhurova concluded that the
ability to isolate sounds in words is not a single stdge act manifested = P
~ spontaneously and pointed out that until reading and s.;pelling ihstrt‘iction

begins, no such artificial discrimination of individual sounds in words is

4 [}

‘necessary.

The American tradition? of phonemio analysis research seems
~ more committed to an explanation of segmental analysis as a naturally’
developihg ability than’to one related to specific instruction, with Liberman
et al.’s (1974) study widely cited in diseussions of phonemic analysis. :
ability. Everfwith some training, the i)reschoolers end kindergafteners in
theu' study could not do segmental aqalysxs in a tappmg ‘task, although
they could do some syllabic analysis. By pontrast the children in first
grade could do phonermc analysis quite well Fox and Routh (1975) looked
_at correlates of phonemic analysis ability and found that it was

significantly related to age, recepti\}e vocabulary, vocabulary 1.Q., reading

7Zhurova is Russian and the ex-amples she used have b&en given rough English
equivalents here.
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- recogmtxon readmg cornprehensmn, sentence segmentatlon, and syl ble

segmentatlon Of the factors consxdered only parental occupatlon did not

g seem to matter' Unfortunately, the amount of prev1ous 1nstruct10n 1n

| 5 readmg was not exarruned as a correlate It is clear that 1nstructlon does

_,,-.'.make a dlfference in perf(ormance of segmental analysw%cNeﬂ and

! i Stone 1 965) successfully tralned kmdergarteners Who had ‘had no prevmus
_ mstructwn in readlng Or phonetlc analysxs to segment nonsense and _
lfamlhar words;’ SkJelf ord’s 1976) pretestmg showed’ that chlldren were

"not able to analyse words spontaneously 1nto phonemes but after one

R 'vweek’s teachmg the. maJonty of responses were phonemes ‘not syllables

. (Interestmgly, one girl in Sk_]elf ord’s sample could read and apparently

ey

" performed the task with no dlfﬁculty and made no errors even w1thout the

e weeks training.)

, """‘I’H”vanous expenments supposedly deahng w1th the relatlon
between phonemxc analys1s skills and readmg can be cnt1c1zed :n a _
i ‘nurnber of ways As Golmkoff (1978) noted somie tasks were qmte artlﬁmal

o Tapp.ng in tlme to phonemes that are not~acoust1cally separable (e g, stop

a ’plus vowel sequences) isa questlonable act1v1ty Removmg a phoneme from

a word to produce a new word is usually only done w1th word-lmtlal 4

, 'l---msounds fo\r rhyme and med1al and- ﬁnal sounds are rarely mampulated in

'Enghsh language games or. art Tt i is also doubtful that children in first or :
second grade are cogmtlvely ready to deal w1th such ?eratmns In a study
. by Rozm, Bressman and Taﬁ a 974) chlldren were asked to 1nd1cate wh1ch
| _written word related to a spoken word Chlldren wh/had not yet attamed |
' moderate readmg ﬂuency d1d not even understand that short spoken words

generally relate to short wntten words"(e g /mo/ is related to m Qw not |



mQ;meg'{[g) It may be*that some problems chlldren have in deternnmng

1 ?,

what ‘writing is all about ‘lS at the more general lével of understanding that

‘d1fferent dlmensmns (spac\e in wntmg and time in speech) are .
systematwally related _ |

/' The relatlon between phonemlc segmentatlon and readmg ablhty can

be understood in two waysr The ﬁrst preferred by many reading

‘spemallsts seems to be that phone‘mm segmentatlon is a natural language

~ability based on the m1mma1 units of speech (phonemes) In order to

s ,understand the alphabetlc pnnmple consc1ous awareness of phonemes

" must be reahzed and the better thlS is, the better reading will be For "
_example a test des1gned by Rosner and Slmon (1 971) similar to Bruce 5 |
.‘(1 964) deS1gn, clalmed to predict readmg ab111ty based on phonemic »

' analyS1s skﬂls fairly accurately (up to a correlatlon of . .84). Slmllarly, Rozm |
~and Gleltman 1 977 ) claimed that acceSS1b111ty to the phonenuc level as,

- represented by the orthography must be taught It is accessed late; than

- 'syllables for example, beCause 1t is a lower level. -*— . |

~The second V1ew of the relatlonshlp reverses the causahty between

Pl -
reading and phonermc analysis and would_cla1m that reading 1nstructlon k

’

. teaChes .c‘hi_ldren phonemic segrnentation (i.e., the idea that speech can be

' regarded as a sequence of 'phonemes) The awa:cness of speech as a -

S sequence of syllables apparently does not need to be taught, since chlldren

e as young as 3 years old can segment speech mto syllables without trammg
.‘(Fox & Routh 1975) Chlldren who cannot read and. spell can speak repeat &
" and learn new words, and process speech & thelr phonologlcal analy51s o
must be adequate at some level. Perhaps the spec1ﬁc level on which

readmg researchers have focUSsed (1 e., the phoneme) is not the

.



o =
: appropriate one, or perhaps what has been called phonemic analysis is not
really accessmg the cogmtwely fundamental representatlon at all but is ~
' testlng consclous, reported analysxs ' ,

Clearly, by school age, most chlldren are cogmtlvely ready to dlscover

| that speech can be described as a sequence of segments If the ablhty to

. segment does riot develop suddenly or spontaneously, then dlfferences in

instructipn should result in dlfferences in ability. Alegrla, Plgnot and
Morais (1 982) tested Just thJS hypothesrs with Belgian schoolchlldren
'.learnmg to read either by the phonic approach or the whole word
“approach. The chlldren in the phomc group performed better at phonemlc '
‘reversal than the whole ‘word: group. The performance of the phomc group »
'was also s1gn1ﬁcantly correlated wrth readlng level but the whole word
.grou:p’«s was not, supportmg the notlon that spec1ﬁc 1nstruct10n, rather :
than readlng behavmur itself develops segrnental analy51s As mth the »
counting studles alreaily cited, Alegna et al. found that mampulatmg N
— syllables was easusr than phonemes in a reversal task, mth%oth groups o
‘performmg equally well with syllables Fox and Routh (1984) reported that
| segmentmg tralnlng helped segmentatlon ability (phonemrc analyS1s) but
' not necessanly decodmg wntten words into speech | '
- Sucha learned skill (if that is what phonemic segmentatxon 1s) should
‘ be related to glfferences in other legrned ablhks Spemf;cally readlng .
and/or spelling. m?bly the most convmcmg ev1dence came from studles |
| ‘by Morais and kis col eagues (morals, Cary, Alegna, & Bertelson 1979
B Morals, Bertelson, Cary, & Alegrla, 1986) with Portugese illiterates. In |

1nvest1gat10ns of phonologmal knowledge it has often been suggested that

i



of ortlrography.' In the Morais et‘-dl. (1979) study, the illiterates seemed to

* understand the task and' performed sirnilarly toa literate control group on

a syllabic reversal .ta"sk, but the phonemic analysis task proved to be almost

- impossible for them (average score of 1'9% correct) AlthOugh the‘lit‘eretes

" 'performed much better, they showed dlfferences that were related to thelr

: readmg ablllty All had learned to read and wnte at age 15 or older but |
those who had attained a co ‘certificate for hteracy performed the
phonermc task W1th a mea of 79% correct, whereas those without a
certificate performed w1th only 55% correct. The later (1986) study also
reported a large dlfference in performance between hterates and non-

literates on a variety of phonenuc-related tasks. Read et al. a 986)

: compared alphabetic and non-alphabetlc_hterates in Chlna and found that
~ the no'n-alphabetic literates could not se‘grnent sf)eech at the plﬁlc level

(alphabetlc literates mean=93% correct for words, 83% correct ’__on- ,

“words; non- alphabetlc literates mean=37% andnéaé?v'correct respectlvely)
and concluded that segmentatlon sk111 must be related to alphabetlci(
hteracy, not cogmtlve maturation, llteracy, or knowledge of rhyme.

Th1s difference in ability to perceive segments has also been noted for
native Enghsh speakmg adults and children. Baron Trelman Wilf, and
bKellman (1980) d1st1ngulshed chlldren and adults by their use of phoneme-
grapheme correspondenpe Tules and found a relation to segmental
: analys1sfab1‘11ty. One group (their “Ph(emmans-), was good at these rules
and could segrnent words into phonemes, the other group (their“Chinese’) -
performed less well with :spelling-souml rules and were not as good at |
segmental an?lysis. B'arton, Miller‘an..d Macken (1980) found that youn_g

children could isolate the word-initial consonant cluster from the rest of



the word bug. jst\were unable to segment the cluster into constituent
phonemes There was a high correlatlon between segmentatlon ab111ty and

readmg abxhty for these pre schoolers leadmg the authors to suggest that

b hy teaches the children how to segment these cluster units.
ng and Routh (1 980) found large dlﬁ'erences in segmental analysxs
for good and poor readers Readmg dlsabled boys could not segment at any
level (words syllables, phonemes) and severely readmg disabled girls
ld not segment syllables mto phonemesr In fact the test Fox and Routh
ffdevxsed‘proved to be a perfect predlctor of severe readmg disability. All\\
, Ichi‘l‘dren except those with se\;ere reading disabilityl could segment
- sentences into words and words into syllables perfectly and most could also
do phonemic segmentatlon perfectly (except the mlldly readmg d1sabled -~
» boys with" only 93 7% on phonemic segmentatlon) |
O_bylously segmentatlon ablhtyy is strongly related to read’ing' ability,
but this may in fact be an incidental product of the relation between °
reading ability and spelllng: Ehri and Wilce (1'987b) found_that young
children trainedito sp'_ellv"phonetically were able to segment words much {“
: better than untrained children were. It may be-that peoplej can read |
without being -able to segment (as suggested by the whole wordgroup of
Alegria et al., 1982),\although segmental analysis is usually a by-product
| of learning to reavd tas argued earlier) and is necessary for good spelling.
| Penn (1983) made the strong claim that segmentatlon ab111ty isa’
necessary precursor to sgelhng She had 668 adolescents do two types of
phonemlc segmentatlon tasks: to produce spoonensms of the names of pop

smgers and groups, and to determine the number of segments in real and

nonsense words. The subJects ‘who read and spelled well (her group A)

y
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performed both tasks‘,with'out dtfﬁculty..B'oth good readers/poor spellers

'and poor readers/poorspellers (groups B and C) had difﬁculty with the two

tasks and performed poorly From verbal reports and behaviour, Penn

judged that all the students apprqached the tasks in the same way, but that

the poor speller groups were unsuccessful. The:fact that the poor spel‘lers3 :

| could do spoonensms at all, and that the maJonty of errors involved
phoneme exchanges, suggests that it is only_conscious l&O.l.&hQn of

| phonemes that is difficult, not necessanly phonemlc awareness. Perin

concluded that spelling was more closely related than reading to

" segmental analys1s (since readmg ablhty did not seem to matter here) and
further suggested that Iearmng about phonemes may only be p0351ble in
the context of spelling and may be’a consequence of learning the alphabet.

The Enghsh alphabet and specifically grapheme- phoneme

:correspondences (or lack thereof!) have‘be’en much maligned in the

literature and are the focus -of many complalnts by native and non-native |
'Enghsh speakers alike. In L AN attempt to determme the mﬂuence that the

| alphabet, plays in readlng deﬁcultles, Rozin, Poritsky, and Sotsky(l 971)
carried out a study on second grade children with reading problems, “
teachmg them Chinese characters to represent Enghsh words.8 Ina

_ total of a little over four hours, the clnldren learned to read simple English R

" sentences presented with Chinese characters, although relatively little
progress had been made in reading the English alphabet over the same
period of time, Th1s result has been replicated (Harngan, 1976) with

» offered explanatlons ranging from increased motivation because of novel

matenals to the assumed processing of characters on the opposrte 81de of

8Gle1tman and Rozin (1973) used a syllabary . to sxmxlar effect. This is dlscussed in
Chapter 3, sectlon 3.1. :



the brain from speech. - ,
| The reports from ‘countries‘ that use non-alphabetic writing systems
-also suggest an important relation betwee'n, orthography and reading
_ ability Taylor (1981) reported that South Korea has an illiteracy rate of o‘nly
5%, whm.h,us limited to the mentally retarded and older people who did not
| take part in the educatlonal system. J apan is noted for its low rate of
reading disability (1%, aecordlng to Sakemoto & Mikita, 1973) and has a
nurnber of writin'g’ systems, including Kanji (characters) and Hiragane .
,(syllables). Hiraéana consists Of 46 Haku which are roughly equivalent to
the English notion of ,:syllsbles (the excepti‘on is the alveolar nasal Haku).
Children are considered ready to read in Japan when they can divide
wdrds into constltuent Haku (Sakamoto, 1980). rl\‘here is some evidence that
this is tthe minimal unit of sound to Japanese speakers. Jaeger (1980a)
" reported that some of her Japanese subjects claimed that the "syllable was'
the smallest unit of sound possible and could not be broken into smaller
sound units. Alrnost half of the Japanese subjects were unable to perform ;
‘a task based on a phoneme-s1zed category, whereas’ all English subjects
could The question 'was ‘whether this difﬁculty with phonem‘es for .
dJ apanese speakers was a function of the sound system or whetherit
merely reﬂected the influence of the Japanese writing system. A study by
Mann (1986) suggested this 1_nﬂiue.nce might be uni-directional. She

. r,epOrted that ﬁrs't grade Japanese students perf()rmed much more po_orly f

"than American students on tasks requmng a segmental analys1s,
although their ablhty W1th syllables- was equivalent. a
Children’s phonetic judgments differ from adults’ in ways that may

also be a reflection of differen't forms of phonological representations. Read

*
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(1971) noticed that chifdren sometimes used CHR to represent /tr/ clusters
(e.g., AS CHRAY for'aélhm) He tested whether the perception of /tr/ by
) kmdergarteners first g}aders second graders, and adults differed (Read,

1973) The first and secdnd graders classified the ma]onty of /tr/ tokens as
more 51m11ar to /tf/, whereas the adults clearly preferred /t/. The
. suggestion of orthographxc influence on this Judgrnent emerges not only
because of the diffeience between children and adults, but also from Read’s .
obwservation that first graders with high reading achievement preferred the
/tx/-1t] classiﬁcation.9 Treiman (1985b) supported _‘:Read’s».ﬁndin'gs with
three experimental tasks oyith kindergarten and first grade ohildren and
also found signiﬁcant negative correlations between reading ability and |
nonstandard judgments, suggestlng that knowledge of orthography forces
standard Judgments _ |
' Although phonological' features like the number of syllables._iﬁ‘ words
and position of stress are probably equally important to children and |
" adults, Vlhman (1981; 1982) suggested that other features may be welghted
: dlfferently, vnth children’s underlymg forms closely related to their output
forms, rather than to the adult norms. Waterson (1976; 1981)fcla1med that
features are related to syllabie p'osition 'fof children, rather than to
.‘segmen‘ts and tha,_t“ these ‘schemata’ become increasingly differentiated
and complex and closer to adults’ forms over time.
A direct comparison of children’s and adults’ judgrnents of phonetic
similarity was carried out by Treiman and Baron (1981) and Treiman and

Breaux (1 982). They asked adults and preschool pre-reading children to

9The results of the kmdergarten' children did not support a clear developmental trend
towards increasing A/ Judgments for /tr/, however, because they preferred the /t/ over the
/d/ judgment. '
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. | | ’
classify syllables by putting the two that matched (out of three) together.

They found that children based their classifications on overall similarity of
3

A

the syllable as calculated by the metq.c from Singh, Woods, and Becker
(1972; e.g;, [bIs]-[diz], not [bIs]-{bun]) whereas adults generally based _
theirs.on shared phonemes (e.g:, [b1s]-[bun], not [bIs] [diz]); they used
overall 81m11ar1ty only when there were no shared phonemes to exploit.
Children responded to training-in overall similarity by i increases in that
ﬁclassiﬁeation, but did not improue phoneme classifications even after
trai'ning. In fact,‘phoneme training seemed to confuse the children, as
overall similarity judgments decreased due to an increase in the number
of anox\nalc)us judgments. The authors concluded that childrenz and adults
" may differ in the initial encoding of spoken syltables, but they did not
discount the possibility that these may still be represented as strinés of
phonemes". There has been some suggestion_in the psychological literature
(Cooper, 1982)';that people may differ in thé type of strategy used, with a
_ contrast drawn between holistic and analytic processing. ) |
N Descr'iptions of sound in terms of individual phonemes cannot explain
| why children attend 'preferentialiy to the overall similarity of syllables. |
Perhaps children’suphonological representations are more appropriately
described in terms of syllables, or a level between syllables and phonemes,
~ than phonemes Menn (1978) suggested th1s in her dlscuss1on of
charactenstlcs of phonological development Qne characterlstlc is cluster
reduction, whereby ohaldren reduce clusters but apparently‘retain as
many features from the adult cluster as possible. It may be that children |
\}ijew- clusters as single units and%_therefore omit some characteristics

R

r_:at.her than delete a whole seg:ment. Barton et al. (1980) found that pre-
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| reading children treated i'nitial consonant clusters as units.and pointed
out that young children typically‘ failed to produce all the features of many
adult consonant clusters, yet phonologlsts still treat these as separate
phonemes If the 81b11ance of an /st/ cluster is omitted, for example a
 segmental analysis would conclude that the segment /s/ was on‘utted,
whereas an anaIYSis that viewed clusters as units would conclude that
only one feature of the cluster was omltted

" Children may not be the only ones with phonologlcal perceptions that
dlffer from trad1t10nal phonologlcal analyses. Marcel a 980) investigated
spelhng problems of children, of adults in literacy classes, and of
neurological patlents These subJects tended to omit liquids and nasals,
especially in clusters with unv01ced consonants. In clusters with voiced
consonants there was some trend to devoice consonants along with
omission of the liquid. Marcel suggested-that these spellers were using a
set of features to distinguish stop plus liﬁuidclusters that did not -
' correspond to individual letters (or phonemes) Although ‘these spellers
vcould repeat the words accurately aloud, they did not seem to be aware that
the nemes they cons1stently omitted in spelling were present in the
spoken form. Segment counts sho_wed that the number of phonemes in
initial stop-liquid dlusters were c‘onsistentl}; underestimated, as compared
to single phoneme items. For thes\e spellers it seems more appropriate to

describe clusters as units than as groups of segments.
2.3 Units of Speech Perception ‘;“l;

The move away from the phoneme to a different basic level of

~Tepresentation has been made to describe children’s phonological

I3
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representations. It has al‘so been suggested that phenemee may not be

" accessible to non-iiterates or users of non-alphabetic orthographies. A
series ef pé‘ychqlogical experiments in the 1970’s attempted to define the
unit ef speech pereeption. Although these experiments demonstrate the
need for ea-reful design more than the reality of any linguis}ic unit, they do
point out some intexje'stihg facets of speech eound-perception.

Savih and Bever (1970) sought to compare search times for audiforially
presented targets of phonemes (/s, b, &/) or syllables (/saeb_,‘b&b/). They .
‘found that times fer syllables were fastest, followed by initial /s/, then
initial /b/, and finally medial /&/. From this they concluded that syllables
~were perceived before their constituent phonemes. They dia-~not'deny the
psychological reality of phonemes, claiming instead-that they were
abstract entities, whereas syllables were ‘real’. The search times were all --
considerablyv less than _the duration of a syllable (300 msec. versus 600
msec.‘), so listeners were ob_(riously not waiting for the whole syllable before
making their decisions. Foss and Swinney (1973) were concerned about
thils, and also questioned the eednomy of re'presenfing English syllable's |
instead of phonemes in the lexicon. They replicated Sa\rin and Béver’s
experiment and included fwo-syllable words as stimuli, as well as
phonenie and syllable stimuli with Search list_s made up of two-syllable
words (Savip and Bever had used seerch ﬁsts of 'si"ngle syllables). Foss and
Swinney found that tﬁe two-syllable target was fastest and Athe phoneme
s?lowes't. Since it seemed to them unlikely that disyllables were the basic
perceptual entities, they suggested that the xf-‘esults‘reﬂected listeners’
uncertainty about the identity, rather than the perception, of the target.

Under this interpretation, phonemes are perceived first, then syllables and



b

words are identified, and finally, phonemes are identified.

I
~

" This was a fairly sophlstlcated explanatlon for an effect thz{t was soon
shown to be quite stralghtforward McNeill and Lmdlg (1973) matched the
target and search list in terms of size of unit (phoneme or syllable) and
found that listeners responded faster when the two (target and list) were on
the same hngu1st1c level. Savin and Bever found syllables fastest because
they used syllable lists and Foss andgSwinney found two-syllable words
fastest With diéyllabic search lists. According to McNeill and Lindig, what
is perceptaally real is w‘/hateve'r one pays attention to, therefore monitering ‘
techniques cannot reveal the ultimate perceptual units of speech.l.? This
conclusion was indirectly supported by Healy and Cutting»(l!?‘?ljﬁ), who
found no difference bet:veen phonemes and syllables when hetereogenous
lists were used. They did not reject the usefulness of monitoring tasks,
instead claiming that sinee it was impossible to say whether phonemes or
syllables were faster, both must be linguistic entities and equally basic to
speech perceptlon | |

- There is, however, more support for processing of sequences of
phonemes as units. Although Mehler, Sequi, and Frauenfelder (1981)
; agreed that momtormg tasks results were difficult to interpret clearly, they
favoured Savin and Bever 8 (1970) suggestion that syllables are . ,
perceptually real. They argued from monitoring type studxes and infant
discrimination results that sequences of phonemes corresponding to
syllables are processed as units. Th-eﬂy foundv that identical CVC sequences

were treated differently in a reaction time experiment with adults-

_10Note that Foss, Harwood, and Blank (1980) did not accept McNeill and Lindig's results
or conclusions, although they did agree that one cannot accept the pattern of reaction
times as necessarily reflecting perceptual processing difficulty.



dependent on whether they formed a syllable (e.g., CVC#...) or crossed
syllable boundaries (e.g., OV#C...). Infants, too, s~eemed sensitive to
syllabicity. Mehler et al. reported that infants showed different habitu-
ation pattems to CCC sequences than to CVC sequences or to the same
consonant sequences in a vocalic context (e.g., VCCCV was more like CVC
than CCC). There is evidence that Wood and Day’s (1975) mterpretatwn of
the consonant and vowel being processed together (independent of syllabic-
ity) is correct. Jaeger (1980a) found, to her surprise, that some Englé‘sh
speakers who were asked to divide simple words into constituent phen-
emes divided ga_t into two, elther k- t/ or /k-aet/ It may be that phonemes
do group together into larger units that dgre riot necessarily syllabic. ™
Sub-syllablc units have been investigated in the context of word
recognition studies. Santa, Santa, and Smith (1977) used a'reaction:time
paradigm whereby a target word and various probes (such as singlge
letters, adjacent double letters, adjacent triples, and the whole word) were
viéually presented simultaneously. All words were five letters long, of the
form éCVCé or CCVCe. They found that\ ingle letters, the initial
consonant cluster, the initial and ﬁnal triples, and the whole word were all
, recognized equally quickly. These results were surprising to them becai}se('\
under an assumption of sequential letter-by-letter processigg, determining
that two letters of a probe match a target'shonld take t’v’vice%o_ng asa
" single letter matcn The fact that the word probe was' as fast as single
. letters suggests that 81mple sequential processmg was not an adequate
explanation, and s1mple bi- and tri-gram frequenc1es could also not
i

. explain the results The advantage for the initial consonant cluster and

triples probes is interesting for the present discussion and not out of



keeping withl previous results. Initial mnskmant clusters have been
identified as possible units ip language gémes, as wéll as in children’s
phonologies, speech errors, and speech synthesis and recognition. The
advantage of the initial triple might be relatedoto the in'tegrity of the onset
cluster, while the final triple relates to th‘e rhyme element - a very natural,
moveable unit in English. The fact that there was nd advantage for the
medial triples (despite their having the ‘proiotypical’ CVC syllable shape)

argues against a simple letter frequenc jplanation and for an

explanation based on gyllable structuir' Ravid :

The\i’e is some evidence that syllé play a role in confusions in
memory. Conrad (1964; 1972) found that.l‘ette‘r names sharing a vowel
sound wefe confused in a recall task (e.g., /4/ for B, C, P, T, V and /g-/ for
F,M,N, S, 5{, but no confusions betweén the two sets). Recall of lists of
rhyming wordé (e.g., cat, hat, mat, fat) was much more subject to
confusions than non-rhyming words. Treiman and Danis (in press) also
 found that grdups of segmenfs rela:ced fo the syllable onset and rhyme
functioned as units in short—term memory errors for spoken syllables.

Another ir}tefesting source of evidence about‘the segmental
organization .of speech is from speech errors and related phenomena.
These include ‘tip of the tongue’ phenomena, ‘slips of the ear’, and ‘slips of
the tongue’ (spoonerisms). Th'e units that are involved in these speech
phenomena ean tell us something ébout the processes involved in speech
production and percepﬁio;l. For example, when people canndt remember
‘the whole of a target wprd (tip of Fhe tongue ph'eﬁom_enon), they tend to

recall the number of syllables, syllabic characteristics, and/or consonant

- clusters (initial clusters primarily, finals secondarily) of the word, while
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' smgle segments are least access1ble (Browman 1978)

Groups of segments and single segments are both mvolved in mis-

perceptlons These occur m everyday language S1tuat10ns Whel\ someone

trles to make\sense of what they ﬁ:e heard (such as the example from oo

Garnes and Bond (1980) - shp of t

do not hear clearly (e.g., “Did: you say grow up or ‘throw up"’”) Thenrror '

llkehhood for m1spercept10ns is highest for the 1n1t1al segments of syllables
(Browman 1978; 1980) Stemberger 8 (1 983) analysm of speech errors

1nvolv1nv /r/ and /l/ argues qulte strongly for a segmental spemﬁcally

A l

phonemlc, ba51s for speech errors. The second p051t1on of word initial

year > for shp‘f the ear”) or when they |

consonant clusters seemed partlcularly susceptlble to errors (relatlve to the
\ Lo

word 1n1t1al segment) wh1ch Stemberger and Trelman (1986) argued was ) :

a result of‘ the 1mportance of syllable pos1t10n in spgech productlon '
Relatlvely few mlsperceptlons seem to be based on confusmns across

syllables, 1nd1cat1ng the 1nteg'nty of the syllable as a urgt If segments are

v mdependent and not bound more strongly to adJacent segments than to,any

| ‘, others, one would not expect consonant clusters or syllables to emerge as”
units, yet MacKay 6 972) found strong support for the 1ntegr1ty of the
syllable and the onset and rhyme portlons ‘of the sy‘llable in synonyrmc , ‘
blends (e.g:, s_qu_t and m_l results in ghell). The majonty of such bre%ks
fell between syllables and 70% of the breaks w1thm a syllable fell 1mmed1-
ately before the VOWel separatmg the onset and rhyme Although the o
ong‘mal data MacKay dlscussed were: German he cla1med to have found
i | 81mllar results for: Enghsh, mth l1ttle separatlon of same syllable conson-ﬁ
= ant clusters and preferred dlwslons between syllable onsets and rh
The poss1b111ty of deferent sized umts part1c1pat1ng in speech !

phenomena was speclﬁcally exammed by Shattuck Hufnagel (1 983) w1th

-



spontaneous exchange errors. She found that whole syllable and syllable
rhyme errors were rare, as were smglg feature exchanges Close to half of
: the several thousand entries in the MIT corpus of spontaneous speech
errors involved exchanges within the word and the ‘majority of these
sublex1ca1 errors 1nvolved smgle segments However, as Shattucle-
Hufnagel po1nted out itis d1ff1cult to dlstlngulsh featural, segmental, and
sublexrcal unit exchanges in the absence of phoneme clusters (e.g., b_a_t for
| . p_t can be con51dered an error of the voica feature, the initial segment or
- the onset) The consonants of onset clusters tended to function as umts as
- did sequences of vowel plus 11qu1d She found that whereas 66% of |
: sublexm’al errots were accounted for mth a segmentala analysm 71%

. ,1 ;
' followed from an assumptlon of onset alnd rhyme as. units, and fully 81%

were accounted for by assummg that onset nucleus (vowel plus llquld)

h )

| 3 : ‘,(,v wel phrs hqrud) in the pnme and target words Bucklngham (1980)
’L-reported-tha.t_nmglst;_g_agggn/aphasm speech errors ‘involved

perservatlons of syllablc umts such as onsets nuclei, and rhymes :

’ : ‘estlon of what umts ,make up syllables was addressed more
: ly by Trelman (1 983, 19853, 1986), who capltallzed on fhé“posslbzhtref
;Jaltered speech w1th novel word games SubJects were asked to transpose -

various parts of' words and non-word syllables in order to assess whxclr

were the more natural’ or preferred units: Chxldren and adults could
o ‘, - learn a vanety of rules but con51stently preferred solutions based on the r‘h
| d1v151on of sy]lables into onsets and rhymes Some evidence mdlcated that. '

W



the nucleus and coda were also unlts The vowel was grouped w1th the |
_ coda rather than with the onset and the d1v151on of the rhyme was before .
the coda rather than before the last phoneme but the status of the coda asa
unit remamed somewh,at unclear. ‘Treiman (1 983) tried a number of
| V’ariations to determine whether ’the coda was separable but could not come'
to.a conclusion. Part of the d1fﬁculty nnght have been with the words she
' used whrch included-rhymes_with' po_styocahq 11qu1ds that were analysed
as vowel. plus consonant cluster coda (V+LC) rather than as complex vowel
nucleus and 51mp1e coda (V L+C) The results of MacKay (1978) and
Shattuck- Hufnagel (1983) support the latter analyS1s and, w1th 1t the coda
might have emerged as an unamblguous unit in Treiman’ s study

Indeed Treiman (1 984) found that post-vocahc hqu1ds and non -liquids ~ _
were treated dlff'erentlypmth post-vocahc non- hqulds grouped more closely |
with the final consonant of the coda than w1th the vowel, and hqu:lds
grouped as often with the vowel as ~the final consonant. In a subsequent
" experiment, she found that post—vocalic liquids dld seem to*be'treat@d as
. part of the peak (or syllable nucleus) whereas nasals were somethmg

between obstruents and liquids. w1th respect to the closeness to the vowel

* Th1s Jpattern held not only for'the spontaneous blendmg of two syllables to
.,form new ones, but also for the relatlve d1fﬁculty) of learmng a rule requlr-

L

ing breaks after the vowf A ISus ope w1tl'l bre??;fs between the two ﬁnal

37y

consonants for. syllablgs‘ﬁxth post-vocahc hqmds, nasals, and obstruents
It \vould be mterestmg to know how people would divide up syllables if

they were simply asked: to do so, In Jaeger 8 (1980a) study, some J apa‘ir‘ese

subjects refused to d1v1de syllables, as though to them a sylla was the

< smallest possrble u.mt of sound in speech J aeger S Enghsh syects could

-



~ divide syllables, but there did.'not seem to be,a consi.'stent basis for the
d1v151on (cf. the ga_t example mentloned earlier). If onvset and rhyme, or
even onset, nucleus, and coda are natural units of speech then one would
expect syllable d1v1s10ns to be based on theSe 11 Of course segmental

phonology (and the'segment. coun e ‘,

jﬁprents discussed in sectnon 2. 1)
S‘ éble division, w1th no '

.,'_

preferences for any partlcular subgroupmgs

vwould predlct segments as thé b *L '

| | Some 1nformat1on (far from conclusive) bearing on the questlon of
~syllable division and possrble sub syllabic units may have been 1nc1dental]y
collected in the course of an earlier study de51gned to examine the

21.
e of orthography in phonologlcal expenments The second

; ment of Dow.(1 981) was a S1mple segment count task (i.e., “How
speech sounds are there in each word?”) completed by 40 subJects No _
ef fition of what was meant by the term speech sounds was glven in "
der to determine what speech sounds meant to the hsteners (e. g .

‘ syllables, phonemes, or letters) The stimuli were such that syllable-
fcountlng would have resulted in scores of one or two for each word |
phoneme-counting from two to five, and letter—countlng from two to seven.
The results;were somewhat surpnsmg 1in that, in addltlon to a group of
subJects who had given mostly one’s and two’s ah responses (syllablc
.criterion) and another w1th responses betweéen two and six (phonemic

cntenon) there was a relatlvely large group (n=17) that had- scores from

one to four whlch did not fit with any of the expected count criteria. 12 At

1iThe lack of preference between. division before and after the vowel in CVC -words could
simply reflect equal weighting of the sub-syllabic units of onset, nucleus, and coda.
- 12The subjects were grouped based on:cotints for each word with the hierarchical |

St

* clustering progrem of Wishart (1_978); L v i SN
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the time, this group was designated as a Mixed Criterion group because it’
was suspected that the basis for the decision of the number of speech” |

" sounds mig’ht have been variable', that is ‘syllables fo‘r some words and
some other cnt?e}'xon (perhaps ‘segments) for the rest | -

In the context of the evidence discussed earlier, however, the Mixed

Criterion group begs for a -re-evaluatlon. In phonolo’glcal experiments it

has been repeatedly found that naive speakers can.glve judgments about
such. thirigs as overall string similarity ratings'in their language-and that
such data are hxghly rehable (see Derwing & Nearey, 1986) The presence

| ofa large group (over one-third of the sﬁbjects) that seemed to'heﬂactmg -
randomly when the rest of the subjects app&rently had pnnc1pled bases for-
their Judgments should have warned the expemmenter that the assumed o
taxonomy of possible ‘speech sounds’ nﬁght have been at fault The notlon

_of sub- syllabxc phonologmal units provﬁies a broader frameword w1thm 4

- p"l
which to re- examl}le the Mixed Cntenon group 5 responses

A

v

Although the results ‘were not as clear as might be desired, there is at
- least a hmt that the subjects of this group were using somethmg like onset
and rhyme as a cnterlon 13 For example, words of the form CVC had an
overall mean score close to two “which could mean an onset-rhyme
“criterion. The reSults were less clear for other syllable shapes, however. -
Words W1th no coda (CV) had an overall mean score of only 1.38, as though
- about two thlrds of the cases were v1ewed as smgle units and the other |

- third were" treated as onset+rhyme For words”™ mth codas, consonant

clgsters in the onset also seemed to affect the cntenon, as. the overall mean

13Only the aura] ,presentatxon subJects (n=9) of the Mixed Criterion group are discussed.
.. Written presentation may have had other influences on responses; 35 of the 120 words
: had 51gn1ﬁcantly different aural and written means.
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“score for words of the form CCVC (2.27) was higber than for CVC 'words_
- (1.95). Some of tlre subjects may have divided the rhyme portion‘ of the ML

words with complex syllable structure into nucleus and coda. There is
som\e support for this'in the words that had consonant clusters for codas
(mean of 2. 8. . R

" There is some suggestlve mformatlon here, but test cases to .

dlst1ngu1sh complex vowel nuc1e1 from consonant cluster codas, for

example, are-m1ssxng. A more complete word llst would therefore be

_ reqdl{red to test various syllable shapes against theories of syllable

'structure. The word list for the segment count task of Dow (1981) was

designed for the rhyme task-in the same thesis. Because of this, there were

‘only 20 d\fferent rhyme shapes out of 120 words, and the form of these was

further restricted because of the constraints imposed in that partxcular
study. There is ev1dence that simple CVC syllables are much easier to

segment phonemically than more complex syllable shapes. Periri (1 983)

- reported that the more phonemes in a word the lower the segrnentatlon '

. accuracy, and Hohn and Ehri (1983) reported that young chlldren tralned

to segment CV, VC, and CVCsyllables were unable to segment syllables
with consonant clusters' (CVCC and CCVC). A
To adequately assess the reality of various Subfsyllabic units,

experiments would have to be designed specifically to include syllable

f shapes that would distinguish among various interpretations, For

Ty

; ‘example it is lmpossxble to dlstlngulsh between an onset-rhyme and onset-

‘nucleus-coda analys1s with a counting task and words of the form CVL

(where L is a liquid). Various mo;dels.of syllable structure and ways to test

" them will be described in the next chapter.



TS k

: , / .
CHAPTER 3: MODELS OF SOUND REPRESENTATION

One view of phonological; organization at the sub- word level is that
syllables are 1nd1v161ble wholes Altematlvely, classmal segmental
phonology (e.g, Chomsky & Halle, 1968) views syllables as composed of
strings of equally weighted phonemes (see Figure 3.1a). A third,
hierarchical view of the“syllable posits the ex1stence of various kinds of
‘ 1ntermed1ate units between the syllable and the segment In one version of -
this model only a single intervening level of equally weighted co;)xstltue*s -
is proposed (see Figure 3.1b), while others 1nvolve additional levels, e1ther
right-branching (as in the ‘rhyme’ model of Figure 3.1c) or leﬂ:—b;anclung
(as in the ‘head’ model of Figure 3.1d). | |

. R P 31
Various .models to des__cl'ibe syllable structure

thp_nﬁme_am.ng qunaLunm c. Right- hing - d. Lefi-branching |

Syllable : ' Syllable Syllable . Syllable
" P1'P2 P3 P4 P5 Onset Nucleus Coda  Onset Ri®me ‘ Head Coda -
/\ | . /\ N N

Pl P2 P3 P4 P5 Nucless Coda Onset Nucleus

The favored hierarchical‘ structure for'lsyllables from-the metrical h
phonology tradition (i.e., Liberman & Prince, 1977; McCarthy, 1979;
| S%lkirk, 1980;1984; Hayes, 1981) has a rrlajor branch #etween the onset and
rhyme, with the rhy’mewbran'ching_ further into the nucleus and the coda
(see Figure 3.1¢). A leftbeanchirlg t;"ee (see‘Figure 3.1d) has been .Ap_roﬁosed
. y v

s 48
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by Iverson and Wheeler (1987) to describe syllable structure and the non-
hierarchical structure elaborated by Vennemann (in press) based on.bonds
and affinities also refers to the head and coda units. Each c;fywse models

of syllable structure will be dlscussed in detall in the sectioris below.

3.1. Syllables

The not:ion of syllables-}s\units is one way 0 conceiye of phonolog‘ical :
organization at the sub-word level and has a long tradition, .frorn Pike’s
.(1947) distinction between ‘chest pulse’syllables (phonetic) and |
‘phonological units (pli.onemic) through to Kahn's (1976) claim that the
syllable is essential to an adequate explication of phonological _processes in
languaées. Argumentshave been présented for and against physiological
(e.g., Plke 1947; Kloster Jensen, 1963; Fry, 1964) acoustic (e.g., Malmberg,
1955; Bondarko, 1969; Scholes, 1967 Hh‘drd ’1966) distributional (e.g. y
' O’Connor & Trim, 1953 Pulgram, l9:7.6) and other theorencal deﬁmtlons
of‘the syllable'(e.g., Von Essen; 1951, Hooper, 1972, Anderson & Jones,
'1974;1977; Kahn, 1976; Lowenstamm, ’1.981"Clements & Keyser, 1983).
Alternat1 vely, it has been argued that the syllable is either unnecessary,
1mpOSS1ble, or rmsleadmg (“harmful”) and has no place in phonology :
(Kohler, 1966) and the major work of English segmental phonology (SPE,
Chomsky & Halle, 1968) did not define syllables, or even include the term in

the index. Fortunately for the syllable, Anderson (1969) convmcmgly

L rebutted Kohler ] arguments, pomtmg out that they all related

difficulties of segmentatxon rather than to the existence (or usefulness) of
units of syllable size. The problem of segmentation is not a small one
| however, and W111 be discussed aﬂ,er the ev1dence for the 1mportance and

psycholog1cal reahty of syllables is presented



Mehler et al. -(l 981) argued on the basis of l'nonitoring taslg results
and infant discrimination that the syllable is the basic pfocessiné unit for
language sounds. The evidence discussed earlier with respect to children
(leerman etal.,1974; Fox & Routh, 1975) and _ll_uerate ‘adults (Morals et
al., 1979; 1986) supports Householder’s (1971) claim that the most natural
‘form of segrnentatlon is syllabic rather than segmental. The meaning of
this evidence is questionable, llowever", because, as Bell and Hooper (1978a)
noted although speakers are able to count syllables readily (and segment
words into syllables) they often dlsagree as to the number.

ngulstlcal'ly, syllables seem to be the most appropnate unit with
which to describe prosodic processes in languages (Fudge, 1969)., Although
another unit, the mora, has been traditionally used t® describe Japanese,
McCawley (1968) clairned that' the best way to predict accent placement in
e that language was actually in terms of the syllable._A variety of non-
prosodic phonological processes can also appear “simpler, intuitively more
- meaningful and descriptively more adequate"’ if reference is'made to the |
syllable '(Kahn, 1976, p. 9). Some examples of rules that appear simpler
when described with: reference to the syllable are. aspiration and tenseness
of consonants (Hoard 1971; Kahn, 1976), distribution of /s/ and /z/in
German (Basbgll, 1972) consonant devoicing (Vennemann 1972),
dlstnbutlon of alveolar stops in Enghsh (Kahn, 1976) /r/-loss in Engllsh
dxalects (Kahn, 1976), and a vanety of othc lssumlatmn processes
(Hooper 1972). This llst is probably hm1ted ouly by the 1nterest of the
_investigators. The point is obvious that a W1de vanety of phonologlcal
processes seem to make more sense when the syllable is acknowledged as

/

a/umt :
o



Syllables have also proven to be very useful for modellmg speech |
) productlon and perception. The acoustic separatlon of phonemes, at least
for CV syllables, is often very amblguous especmlly with regard to co-
articulation effects.! Phone mzed units are difficult to use for synthesis
because they require complex comblnatlon rules (Fqumura, 1975; 1976
.Fujlmura & Lovins, 1978), whereas syllables’ have been used to synthesize
relatively good quality speech As Gresser and Merc1er (1975) and Zwicker,
Terhardt, and Paulus (1979) fOund syllables are also very useful in speech
recogmtmn, with autofmatlc segmentatlon of speech 1nto syllables quite
good and S1mple (, r:'
Fudge (1 969) observed that syllables have never.been totally disrnissed
“as possible units simply because we cannot d’o without them. One obvious
. place where syllables manifest themselves is in the world's orthographies.
| There are numerous syllabaries in use ﬁoday and, according fo Gelb (1952),
syllabaries are a necessary step in the development of alp__habetic systems.
In keeping with ‘Gelb’s claim that syllabaries are precursors to alphabet
systems and assuming that the syllabic level is more accessible than the
phonemic, Gleltman and_’ Rozin (1973) tauéht kindergarten children to
read using a syllable system. They had gre'at success, even with children :
who had not done well in'alphab'ecic reading, and recommended using
syllables as a natural introduction to reading. .The inforrnation available

from cultures wlth syllabaries also supports the naturalness of syllable

{

1There is little separation at the production level, either. Fromkin (1966).claimed that ‘
there was no simple correspondence between phonemes and motor commands because
neural muscular correlates to phonemes differ with phonetic context. One explanation
she suggest.ed for this was that the minimhl lmgmstlc unit was ]arger than the
phoneme.



units for gymbol-sound correspondence. Japan has both a syllabary and
logographlc system: and has a low level of illiteracy (Sakamoto & Makita,
1973) as did the Cherokee Indians with the Sequoyah syllabary (Walker,
1969)

A syllable-like unit (the vocalic center group or VCG) has also been

-

proposed as the basic unit of visual word recognition. Hansen and Rodgers
(1968) suggested the 'VCG as the minimal pronunciation unit, with one
vocalic element and zero to three consonants before and after the vowel.
Since they claimed that no valid definition of the syllable exists, the VCG,
which was distributionally deﬁned was a more reasonable unit to explam
perceptual parsing of prmted Enghsh In a test of report accuracy, Spoehr
-and Smith (1973) found that letters which comprised something similar to
a syllable had correlated accuracy scores (as would be expected if the
syllable functioned as a perceptual unit). The results did not clearly
support a syllabic interpretation, however, and Spoehr and Smith argued
instead for the importance of the VCG in perceptual processmg |

The notion of the VCG nicely avoxds the problem (and probably the
reality) of the indeterminacy of syllable boundanes This is the
segmentatlon problem Kohler (1966) used to argue against the syllable as a
phonologlcal entity. Pulgram (1970) proposed a number of pnnc1p1es
(including minimal coda and maximal onset)\,to determine syllable
boundaries, but many linguists seem to prefer leaving the boundaries
unclear. Thus, Anderson and Jones (1974; 1977) _proposed thad the |
boundaries are pushed out from the center syllabic as far as possiblet to be
compatible w1th constraints on well-formed syllables with overlap allowed.

Kahn (1 976) strongly advocated amb1syllab1c1ty, but provided certam
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defining conditiohs on interlude possibilitigs, and Jones (1 976) claimed that
medial c1ﬁs/ters should be interpreted as having simultaneous.
membership in both f;he preceding and following syllables, or else they
‘would be highly marked. | _ |
. - In her exﬁerimental investigation of syllabifications, however,
A l*allov:rs (1981) féund little evidence for ambisyllabicity except for a small
~ tendency in that dire(':tion on the part of liquids'and nasa:ls.‘ Bailéy (1978)
argued that there is no validity to the term ‘ambisyllabic’ because syllabic
membership was dependent on rhythm and tempo. According to him,
syllabification éonstrainté af@ dropped with rapid tempo, making it appear °
_that medial consonants belong to both preceding and following syllables.
Native speake"x;;s’ intuitiéns about syllable boundaries will be difficult to
determine, if ‘t.hese are dependent on some combination of phonotactic
| consgpinté/, tempo, and rhythm. It may be exactly as Anderson and Jones
(197/4; 1977) sug;gested: overlap is allowed and all consonants are -
subordinate to the syllabic unit, which is central.
B The accéssibility of the syllable to adult nafive spe_akérshas certainly
. been wéll documented - by segmentation studies, by Dow's (1 981) syllabic
»criterion group, and by numerous general intuitive comments about _
sp;aech sounds.? It may be that the notion of a syllable is simply derived by
analogy from monosyllabic words and subpérts of compound words. This
is éuppbrted by the };istory of syllabic writing systems, nearly all of which
de\}elopéd from logo-syllabic systems (Gelb, 1952). One could just as | |
reasonably argue, though, that words of syllable length exist by virt_ue‘ of

2Although note that very young children do not segment syllables accurately with
consistency (e.g., Liberman et al.,1974; Fox & Routh, 1975) and illiterate adults do not
segment speech into syllables as well as literates do (Morais et al., 1986).
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the fact that syllables are natural nnits and are therefore the early

words 3 If the syliableﬁ emerges as a urnit, the reason may remain
mdetermmable All that can be assessed is whether the syllable functions
/( s a more central phonological unit than some of the others (e. g.r
phoneme, coda, rhyme) that have been proposed and for which empirical
evidence has been fonnd. Tasks which require segmentation of words and
manipulation of various parts of rnultisyllabic words could be used to

compare the relative accessibility of these units.
3.2 Sub-syllabic Units ' ‘ ,

3.21 Qnsei_zhm_e Sub-syllabic units were discussed above with-
respect to speech production errors and synthetic speech. Three different ) [
possibilities for syllable division will be discussed i this section. Probably R "
the most intuitively appealing division of the Enghsh syllable is into- the o |

initial onset (consonant or consonant’ clusfer) and rhyme portxons BeIl,and

Hooper (1978a) pomted out that groups of segments are more access1ble g

than 1nd1v1dual segments for language use, language plav, and ;gngnage

ﬂ\Enghsh ‘Pig Latm for example reqmres the movement: of the Wo\_"

initjal consonant or consonant cluster (i. e., the onset) to the end of the

word plus the addition of the suffix /ey/ (e.g., sprint becomes }_nts_p__ax

produce rhymes relatlvely early (some say as early as age 3).4

Iy

3The same\\arguments might be made for. the notion of ‘rhyme’, smce there are certa

real words that consist only of rhymes (i.e.; no.onsets). - ,

\“There is some disagreement in the reading,literature as to the naturalness of the
.to rhyme and indeed whether all children can rhyme. For example, Bradley ang
(1978; 1983) reported that reading disabled children lack the abilitv to rhvme. a d'



People apparently dtténd to rhyme preferentially. In Nelson and
Nelson’s (1970) study, pairs of words with identical rhyme elements were
rated as more similar than other pairs that had the same number of
phonemes in comrﬁon. df the subjects in Vitz and Winkler's. (1973)
similarity of sounyd study, 25% reported that the presence of rhyme formed
the basis of ;their sirhilarity judgments. Treiman (1983, 1985a; 1986) found
tbat onset and rhyme were the preferred units for language games in an
experimental setting for both adults and'éhildren. Accordiﬁg to MacKay
(1972), synonymic blends in both German and Eﬁglish tend to have breaks
immediately before the vowel, thereby separatipé the onset and rhyme (as
in the.example previously cgited; of shout and yell becoming ghell). Morais -
et al. (1986) fourid that both Portugese literates and‘illiterates generalized

LU

single segment (vowel and consonant) deletions to complex onset and
. i

. - A -
rhyme deletions. There is also evidence that pegple ,-g{sually process words

e o

5 S . - f.
o ol in terms of onset and rhyme (Santa et al. 1977; Treiman & Chafetz, to

S
(e

'z L The appeal of onset and rhyme as sub-syllabic units probably also __

e R

: :' i '\;rglatj‘,és to the ease of describing the division (e, between the pre-vocalic -
qcor.l'sanant and the vowel), at least for monosyllabic words, énd speakers |
| aha\’re no difficulty producing rhyrﬁes for these (see Dow, 1981). For
: pblysyllabic words, the problem becomes more di‘:ﬁic;ﬂt;‘ it is not always
cle_ar where fhe first syllable’s rhyme ends and the second syllable’s onset
begins, although somé linguistic gu.idelihes do exist. Most phonologists

~who have discussed syllabic strw?are in favor of the notion of maximal .

with sound categorization which they claimed was the causé of their reading problem,
~ whereas Rack (1985) found no difference between d{}glexic‘s and control subjects in the
effect of rhyme on recall of auditorially presented words or on a rhyme judgment task.

. N
. .
A R N
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onsets con31steno mth constramts on word-lmtlal consonant clusters (e.g., .
Vennemann, 1972; Kahn, 1976; Ba11ny,1°78 Pu.lgram 1970) Kahn

clalm‘ed that slow, over-preC}se syllable by-syllable speech shows a strong

, tendency to syllablfy in this way, and Fallows (1 981) supported th1s _

./'

expenmenfally, reportlng that max1mal onsets occurred 1n 71% of syllable
d1ws1ons in her study HoWever, the prmmple of maximal onset is less
useful for unstressed syllables wh1ch seem to lose the1r consonants to

stressed syllables (see Hoard 1971; Ba11ey,1978) ,' o it ! o

L4

3 2 2 Qgse_t_ygﬂel;gda A second pOSS1b1l1ty for syllablc d1v1s1ons o

partlally overcomes the p1 oblem of segmentmg polysyllablc words because.

it du@des the ‘thyme portlon mto Vowel plus coda (or 1nter1ude) Ina

' monosyllablc wherd the coda con.s1sts of all consonants after the vowel, Just

. ‘as the onset cons1stsvo*5‘~?ll consonants before’ the vowel. For polysyllablc -
words the d1v1s1hn}w01tld be 1nto word-1n1t1al onset ﬁrst vowel 1nterlude .

(conslstlng of the coda of the ﬁrst syllable and onset of the next) second

vowel, and 80\ on unt11 the word ﬁnal coda. Accdrdmg to Hockett (1955;

1958) who is apparently respons1ble for the term 1nterlude the mterludes :

SRS are onset llke ,and coda like at the same tlme The notxon that 1nter—vocal1c g

consonants rnay belong s.lmultaneously to two adjacent syllables is also .

advocateﬂ by Jones (1 976) who clalmed that th1s bracketmg of segments

o .' can be motxwated by the role such ﬁmts play in phonologlcal processes 5

It may be that native speakprs also perce1ve 1nterlud6s as belongmg to

both precedmg and followmg syllables Under such as aSSump

5The arguments or pt onolog1ca1 rules andsyllable umts Were presented in the
dlscussmn of the syllable in sectlon 3L - R / 5

. 5 | - o - -"v ot v .
B X . . B =



'vtwme, once for each syllable) Alternatxvely, the mterlude
: down into coda and subsequent onset (1 e.,, C1-V1 Cz -C3 Vz-‘ T ain with
.6 umts Notice that both of these counts are 1ndlst1ngu1sha,ble from a |
phoneme count which is why words with consonant clusters 1 m the onset
and coda must be tested in some other way to distinguish, the\two theones‘ ‘
_ Fmally, it may be that the interlude is treated : as amblsyllabxc but only
counted once thereby resultlng in a count of 5 for a CVCCVC word >
‘}Clamﬁqatlon is needed not only on the matter of how 1nterludes are'
1nterpreted but also on the question of whether consonant clusters are. . -
e percelved in the same way 1ndependent of thelr posmon in the syllable The '

| dlstnbutmnal propertles of consonant c]usters differ w1th syllable and

’ word pos1tlon (although often syllable and word posmon constrarnts are

4

e 'the same). For example it has been suggested for a number of reasons that

, /s/ plus stop c )a'sters in Enghsh 8 0uld be treated as single or. spec1al units
| ;‘ (e g, Dav1dsen N1elsen, 1974; Basbgll, 1974 Fupmura, 1975 Calrns &
| ! Felns’mm, 1982; Selklrk 1984). Whether these clusters functlon as units to
f break up ﬁsets mterludes., or codas (e g, s_t____e textile /tek- st-ayl/
g psed /glImp st/) or whether they comblne w1th other consonants to

= form larger Units that ﬁt the onse«t-VOWel coda model should also be

@

I 1nvest1gated L N : . t

3.2.3 Qnsﬁ_gwm The dlstnbutxonal arguments presented for 3 ﬂ
the d1v1s1on into onset-vowel coda also hold for the thu'd posmblht’v of
~ syllable d1v1$10n with one unportant quahﬁcagon There are r'easons to |
. suggest that the nucleus* can c’ons1st of more than Just the 'vowel (br vowel :

_',plus ghde, as suggested by Hockett 1955) Pllch (1 966’) argued for Enghsh

: 45. ’l-. - . -4 ’ i
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_ part of the nucleus, but sur;pnsmgly, in hght of other d1scuss1ons of the J

: :syllable nuclei of vowel plus Iwl, 131, or It/ on distributional’ é‘l;dunds He
~did not mclude /V/ in the nucleus because it did not pattern the same as /r/
~and left pre-vocalic Iyl unspemﬁed because he clauned that there Was no

prmcxpled reason to ass1gn it to either the onset or the nucleus. The: same

analysis of the nucleus was also advocated by Hultzén (1965) on i

'dlstnbutmnal grounds, angl by Kahn. a 976) and Clements and Keyser (1 983)

“for reasons of rule sunphﬁcatlon The classw phonermc dlscovery

handboolc of Pike (1947) was.vague on the detalls of the syllablc‘nucleus,
saying only (in the Appendir)that it was convenient to use the tertn -

nudleus to include the vocoid and a consonant when “this sequence serves

< as an mner structural entlty dlstmct in distribution from margmal
- elements whlch precede and/or follow 1t” A later version (Plke 1967)

‘suggested that voiced sonorants such as /V and /n/ could be 1ncluded as .

!

. problem, not /r/ : ) ' »

There areomore than purely formal dlstnbutmnal reasons to suggest

that complex vowel nuc1e1 are more natural units than sMe vowel

~ segments, separate from post vocahc ghdes and 11qu1ds Shattuck» o8

Hufnagel ﬁ983) found that 81% of sublexmal speech errors could be .
SV
laCCOuI’lted for by assummg that the onset, the vowel- plus lqu.ld nucleus,

~and the cdda were units, anli she conﬁrmed the 1mportance of complex

,nuclel in a later study (1986). Expenmentally induced errors (MacKay,

1978) also involved syllable nuclei (vowels plus hqmds) and consonant

v

- In fact, .an analysls of syllable structure w1th a nucleus rather than : a

| »sunple vowel seems to explam some unclear results w1th respect to syllable '

AR " c " B S
Pl . R . A S

v

‘Vclusters (onsets and codas). R T R



- recogmtlon accuracy (75%) usmg a 81m11ar se‘ o

- codas. Treiman (1983), for example, found some evidence that theceda - -

funetioned as a unit, but the results were not as clear as for the onset. The

explanation for this probably relates to the words that she used which .

‘included post-vocalic hqulds which were umformly treated as p'art of the

#

final consonant cluster. A later expenment (Trexman 1 984) showed that

sub_)ects treated hqmds as groupmg closely w1th the vowel, ,leavmg a

consonant coda. Words w1th post-vocahc hqulds were treated as though the
: d1v1smn was between the liquid and the followmg conSOnant whereas

i f words w1th post-vocahc non- 11qu1ds were treated as though the division

was 1mmed1ately the vowel.,,A s1m11ar, apparently anomélous result_m -

Santa et al.’s 1977 experiment w1th visual word Tecognition was that“'

1mt1alg:onsonant clusters (onsets) but not ﬁnals (codas) functlohed as

umts Some of thelr words also contalned liquid- plus consonant codas

that were treated as s1mple consonant clusters If these had been analysed

d1fferently, as COmplex nuclei plus consonant then the expected

3

umtlzatlon mlght have emerged

Zwicker et al d 979) claimed that segmentation problems 1n speech |

.' R recogmtmn could be reduced cons1derably by usmg sub'-syllablc umts |

German city names were segmented into syllable onset nucleus, and coda

' and although the results were far from perfect the use of consonant
- clusters and vowel nuclei reduced segmentatlon problems and facxhtated

 the use of a look-up- lemcon Ruske and Shotola (1 97§) auo reported hxgh

- »
tatlon for German c1ty

1

A names

. Y

- There is some' controversy as to what should be mclud oas part of the

vowel nucleus. For,éxample, pre-vocahc ghdes (e g, the 7;3 pm/pyu/)

a



| Shattuck Hufnagel (1 986) reported that speech error evidence did not

might Ebe'thought of as i et or part of the nucleus as

| Hofmanlh (1966) suggested “Segment counts from DoW‘s\ 981) speech .
sound tagk Were conmstently lower for words with pre-vocahc gh _an\

the count predmted by treatlng the glide as a separate segment, and ‘ \

‘rhymes did® not necessanly inclide the, ghde leading to the suggestion at

the tlme that the pre vocahc gl1de belonged to the preceding consonant

support a clear, rnterpretatlon of the pre-vocahc glide.:

Post-vocaho segme W%also pose. certam problems, as suggested in the

" previous dlscusmons m’,l'here are a number of arguments for post—vocallc /r/4, -

" as part of the nucleus and although some people have 1ncluded the general

‘category of hqulds in the nucleus (e g MacKay, 1978; Shattuck Hufnagel

1983) the status of N/ needs to be clanﬁed, Stemberger’s £/983) analys1s of

" gpeech errors showed that /r/ and /V/ distributed differently from both

‘‘‘‘‘

' consonants and vowels and he suggested that post-vocahé liquids were best,

: cons1dered part of the nucleus, ewhereas post—vocahc glides were part of the

vowel Rarely ment1oned in th1s conte:gt are. the nasals. Although j

dlstnbutlona(fly they may be conmdered part of the coda, it may be that post-
vocalic nasals are. also*percelved as part of the nucleus In some dialects of ‘

Enghsh at least before-vmceless stops, nasals are deleted leavmg the

‘length and nasahzatlon mformatxon on the vowel Certamly Read’s 1971)

ewdence of chlldreh s 1nvented spellings supported this, as the nasals

were con51stently omltted pre- consonantally Trelman (1984). found that

' :nasals were mtermedxate between hqulds and obstruents in terms of

| -closeness to the vowel On the other hand Vitz and kaler (1 973)

,relatlvely successfully used a s1mp1e consonant cluster index (which



grouped post-vocalic nasals with the following consonant) to predict .
_phonetic similar;i‘ty judgments.
All of these p0551b1ht1es of sub- syllablc analyses need further

| evaluatxon usmg a variety of tasks. To test the psycholog‘xcal reahty of sub

sleablc umts in productlon monosyllablc ahd polysyllabic words would
\have to be. 1ncluded in tasks such as word segmentation (specifying

‘ number and Iocatlon of divisions), ‘countmg the number of units in words;
and mampulatlon of various units to compare possible umts
Combmatlons of segments which do not form constltuents would also have.
'to be evaluated Speakers Judgments of words With complex syl’lables (as
opposed to S1mp1e CvC syllables) with a variety of different pre- and post-
vocahc consonant clusters would have to be assessed to determme which of
the three des‘crlptlons of sub-syllablc u_mts is correct. A non-production-

. oriented task (such as phonetic similarity judgments) would also have to be

used to lend support to the suggestjon that sub-syllabic units are important

.»in.'spee'ch perception., -

N o
B.é Structural Models _ - «

Perhaps most deserving of the descriptor ‘xnodel’ is the form of

representation proposed b;Lmetncal phonology Syllables and h1erarch1cal
structure are 1ntegra1 parts of thxs theory, which was originally motlvated
to _explaun phrasal and word stress i in English (see leerman, 1975 or .

' Liberman & Prince, 1977). The hierarchical strueture organizes syllables,v

: words, and syntactlc phrases into blnary branchmg trees Stress is

" assigned, nodes are labelled, and then the tree %bujﬂt up Syll hlos i

Tong’ vowels or final consdnant clusters are stresseg)

<Nl

NS
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labelled strong (S); syll@ with lax vowels and only single final

‘ consonants are unstresse and the relevant nodes are labelled weak (W)

7 relatlve‘ﬁromlnence of each syllable and word is therefore represented

in the hlerarchlcal structure (l.e., a dlrect line of S[trong] nodes projects to
the primary stressed syllable) |
, Although- neither the syllable‘ nor the foot (minimal unit with some,

promirence, either mono- or disyllabic) were considered primitive

categories by Liberman and Prince (1977), both were by Selkirk (1980). \She
. went further arguing for onset and rhyrne constltuents of the syllable and

for, the internal structure of the rhyme. Havmg the foot as a primitive

"F .

category meant that the stress feature Liberman and Pnnce ‘used was no
longer requlred and reference to syllable structure rather thal\l vowels and |
congonants ellmlnated dls_]unctlon in the stress rule.5 As McCarthy
(1 979) noted, having unlts arranged in h1erarch1oal fash1on with rules
refemng to the hierarchy eliminated the need to refer d1rect1y to the
constituents. Thus the apparent d1s3u,nct10n of Liberman and Pnnce s .
(and Chomsky and Halle’s) main stress rule could be described ip terms of
whether the rhyme portlon of the syllable branches. 7

" The end nodes of metrical syllable structures are the onset and rhyme
units descnbed in the last sectlon or perhaps even the onset nucleus, and
coda units, smce Selklrk‘(l 980) referred necessanly to those constltuents in.
her explanatxon of stress assi%nment An 1mp9rtant potentlally testableﬂ
difference between a mmple stnng of sub%ﬂlabm umts and the metncal

" hlerarchy was 1nti‘oduced by Hayes (1 98'1) ~He supported the branchlng

¥,

ﬁ
‘6Recall that only syllables w1th lonngowels or ﬁnal consonant clusﬁgars receive stress
7Note that ]ong vowels must be treated as underlymgagemmates for th to. work '5“’
: @ o . [t e . M




(’..}*')

cl _’mono syllablc

A& o
. o

rhyme notion of stress assignment and, to account for the stress of certain

eiceptions,‘ proposed that some types of words had a final “extrametrical”

- unit (rhyme, morphologlcal afﬁx and segrnent respectlvely, for each of -

nouns, adJectlvés, 'dnd words w1th certa.m final consonants) This notion

~ was expanded upon by Giegerich (1 985)(,?'_110 defined the structure of the

syllable more precisely. According to him, onset and fhyrne were
! R .

compulsory constituents with the minimal syllable structure of a weak and

‘a.strong branch Only the condltlons of i increasing and decreasmg sonority

rw

: from the vowel nucleus had to l)e met (aﬁ;er Klparsky, 1981), with any

'~ amount of overlap allowed between syllables Thus, bolt would consxst of

only one syllable whereas vb_o_t_t_e would consist of two, because the /1t/ of the
former word is'in the'difection of decreasingtsonorilty whereas the /tl/ of
the latter word is 1ncreasmg sononty ) , |

Sonority has also been used to describe syllable structure v@o
hierachical implications (e.g., Vennemann, 1972; Hooper, 1972; B\;sbﬂll,
1973; Andefson & anes, 1 974; Selkirk, 1984). Generally, vowels or vowel-

like segments constitute the nucleus of a syllable, with segrnents ordered -

‘with decreasing sonority out to the syllable margins (e.g., vowel-glides-

sonorants-fricatives-obstruents is the order discussed by Selkirk, 1984).

. However, the principle of decreasing sonority to define the end of the

syllable coda does not work for words like 0x /oks/ or sixths /s1ks6s/, which

have a shift in the direction of sonority in the coda /ks/ yet are clearly

Selklrk (1 984 af’cer Halle & Vergnaud 1980) tried to mrcumvent tlns

problem by clalmmg that syllable ﬁnal coronal obstruents are best

- cons1dered appendlces and not part of the bas1c template for Enghsh



syllables. Giegerrch (1985) took Hapes’s (1981) notion of extra-metricality -
~even further by suggesting that all word-final consonants were
extrametncal and became part of the next syllable s onset. (If there was no
following word the consonant was still extra- metncal and not. considered -
part of the metncal S)fllable.) This ensured that the condition of ob11gat01_'y
onset was met and at least for words like ox solved the problem of sonoﬁty .
shift. It is not clear, however, what Glegerxch would claim about words

like gixths which have a ghift in sonority before the last consonant of the
syllable. '

Another problem with Giegerich’s version of extra-metricality is that
the onset cluster of the following word tgat results from the addition of the -
extrametmcal consonant may not meet the phonotactic constraints of -
word-initial clusters (e.g., n_LLLhe /t11t 6A/ becomes /t§l teA/ with the second
word’s onset phonotactlcally 1mperm1551ble) Fallows’ (1981) results
argued agalnst this-analysis, since phonotactlc constralnts were met 98%
of the time in sub_)ects responses for a syllablﬁcatlon task Selkirk’s (1 984)
notion of appendices (coronal ob_struents) accounts for some of the problem
cases -for”vow'el sonority which motivated Giegerich’s version but does not
have the weakness of phonotactlcally 1mperm1s31ble onsets and is stated
| clearly enough to be testable The basxc division of syllables intq onset and -
rhyme would be expected, along with some indication that syllable-final -""t
coronal obstruents were not part of the coda. . i

£

There is at least one other non-hierarchical model of syllable . s?

structure besides the one based on sonority. Vennemann (m press) h&s
- g .
proposed that bonds ancT— ffinities between adjacent segments (descnbed in

'terms .of laws) account for the grouping of segments w1th1n the syllable

Tt

‘l to-
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Afﬁmtles\between /s/ and plosxves are very strOng, for example, whereas
those between N, 1dl, /6/ anﬁl // in English are very weak. He proposed a

i ‘body bond’ Wthh tred the ohset to the nucleus (resultmg in two units - the.
. head [Vennemann’s ‘body’] and the coda). Iverson and Wheeler (1 987)

have also propounded a theory based on the pre- emmence of the head, as .
.opposed to the rhyme w1th a left-branchmg structure descnbmg the head
and coda at one level and (Sunther dividing the head into onset and nucleus.
-Although th1s is very dlfferent from the onset-rhyme analysxs dl\SCUSSBd
above, there is some external support for-such a descnptmon of syllables at
least for some languages and Taylor (1 981) claimed that old wntten
Egyptlan (between 3,000 BC nd 400 AD) had head-type signs.

m,

3.4 Core plus Affix

The core plus affix model has similarities to some vol‘ the others,
although its proponerits (Fujimura, A1 975; 1976; Fujimura & hom&1\978)
:motivated the core-affix distincti’b”;bjr speech synthesis and co- arti’cula“t"ion

effects, rather than on the bas1s of d1str1but10nal or. psychological

. 'arguments The syllable core was deﬁned as the vocalic nucleus togéther
with all consonants having a “inherent cohesion” to it. The principle of |
vowel ‘afﬁnity»(similar to the sbnority hierarchy discussed above) |
‘determined the ordering of consonents out from the nucleos. ‘Affixes’
were apical segments that agreed in voicing with the core-ﬁnal'elements.
This handled such morphologleal endings as /6, i, s, d, t/ in English,
which were apparent exceptions to the vowe})afﬁnity pﬁnciple. Fujimura’s
category of affix differed from thevmorphological term bearing the same
name in that is also included fina] consonants for{ whxch there was no

‘morphologlcal Justlﬁcatlon (e.g., the final /t/ of j;egt)would belong with the



.representation. Predictions for word segmentations with the core plus affix
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core but the /d/ of tend vyould be an affix). Initial /s/ plus stop clusters were

also consideted to be single consonantal elements, with one place feature

and a Spirantization feature. (Recall that Davidsen-Nielsen (1974), Basball

(1974), and Barton et al. (1980) also suggested that /s/ plus stop clusters
might be more appropriately analysed as siiigle elements).

Fujimura’s affix was similar in some ways to Selkirk’s (1984)

{3
appendlx although the motivation was dxfferent Fudge (1969) also treated

word-final apical segments separately fro_m other consonants of the coda,

based on distributional arguments. Thus, some linguistic motivation

- exists for Fujimura’s model and, given its apparent usefulness for ‘speech

synthesis, it is obviously worth testing as a candidate for phonological

model differ from any of the other models discussed so far, Of course,

wo,rds with final apical consonantst}‘iat do and do not agr‘eeﬂin voicing with

the core-final consonant would have to be included in a stimulus list, as

would words with /s/ plus stop clusters, Except for the special treatment of
affixes and these clusters, segmentation of wof;is should be into syllables.
(An example given by Fujimura ard Lovins (1978) was the English word
sixths, which they analyse as having a core /s1k/ and the three affixes /sl,
/8/, and /s/ Wthh would presumably recelve a umt count of four.)

The dlfference among the models of syllable structure would lie in the
treatment of word-ﬁnal consonants. Most sub-syllablc models would |

predict that the word-final consonant would be part of the last syllaBle’s

 coda, whereas a simple syllable model would predict no special treatment

for any consonants (except perhaps ambisyllabic medials), The metncal

model would predlct that all word-final coronal obstruents would be



. ' . ‘
separate from the rest of the syllable. The core plus affix-model would
‘predict that apical segments which agree in voicing with the core-final

. . -~
element would be separate from the core. '

3.5 Phonemes ‘ o

Th(_! reality of phonemes for native speakers was assumed by all of the
studies rev{ewed in the precéding chapter. The phoneme‘was probably
‘discovered’ by the inventors of the Greek alphaBet and was deséribed as
. such by Henry Sweet or Baudoin deCourtenay in the nineteenth céntﬁry
.h(see'Krémsky [1974] for a review“of the history of the phoneme) and has

been viewed as the minimal unit of sound throughout the 20th century, at
least by European and North American linguists (e.g., Tfubetzkoy,
Jakobson, Hjelmslev, Sapir, Bloomfield, Chomsky and Halle). The -
economy of phonemes to capture distinctive differences in language
sounds and t¢ describe sound disfribution; and the relative ease of
déscribing phonological processes with phonemes (énd later with features)
is well-known ahd_ argues for thgir inclusion in a descriptron of the smund'
structure of language. |

| However,. a number of the results reﬁbrted in’preceding sections ﬁal}b |
into question just how basic a unit the phonen}e is. Certainly it seems to be
real to adult literate speékers when they are asked to perform tasks that
focus on the level of differences between pﬁdﬁé’rﬁés‘j Too often phonemes
have been ‘proven’ with clear cases, where thefe is little chanée to analyse
spéech into anything but phonemes. For eiample, peoplé aske‘d{‘t:)’ segment
CVC words might normally not be inclined to think of CVC’s as divisible,

but when task instructions suggest that it can be done, people may comply

{



.
by using a segmental or phonemlc criterion.®
The other dlf'ﬁcuﬂty W1th claiming that phonemes are the basic unit of
sound representatxon/ is that of distinguishing them from letters. Rather
~than being denvatxve of Rhonemes, English orthography may be
responsible for leading speakers ’te th}e, perception of speech as a sequence
of phonemes. Using standard pen and paper tasks With adults, therefore,
is somewhat questionable for phonological experiments and the evidence |
from such tasks to date clearly shows the inﬂuence of orthography on
certain types of judgments, particularly in the case of segments whose
‘phonological status is not clear. All such tasks, however, have assumed
that speech is analysable as a stﬁng of phonemes and have therefore
guided the subjects to perform in that v-vay.‘Very little study has been
directed to determining how naive speakers spontaneously perceive the
sound structure of their language. ;, ,
" Morais (1985) pointed out that althbugh phonemic analysi.s did not
seem to be natural for illiterates and non-alphabetic literates, most
individuals eould_ be taught to perform phonetic manipulaf,ions with
- relatively little training. He suggested that it was difficult to believe that
this would be possible if phonemic analysis was simply an artifact of B

~ linguistic analysis. Speech error-data (e.g., Shattuck-Hufnagel, 1986) and
phonetic similarity judgment results :(e.g, Derwing & Nearey, ’1'986) aleo
suggest that the phoneme may have a rele to play in such tasks, regardless
of »wh.ether: thereis ovexfp,_awareness.of the concept on the part of the

speaker/listener

"8of course, this i§ not always 50, as Jaeger s (1980a) discussion and Experiment 2 of Dow
a 981) show. Syl]able and sub syllablc dlwsxons seem possible even for CVC words.
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To furﬁher in'yestigate thwsychological reality of phonemes,
therefore, a .tas‘k”s_hoﬁld.be used which does not fdrcé a phonemic
interbretation and which is minimally influenced by orthography. A
candidate task is the phonetic similarity judgment ta;\sk described-in

- Derwing and.Nearey (1986). In other words, it may be that only the

~ experimental techniques need to change, not~ the speakers or the language. g
It would be preferable to have evidence from different subjectvand,language
groups (e.g:, non- alphabétic pre-literate, literate alp'habetic) but' fajling
that, a variety of pr¢dué{tmn oriented and perceptlon oriented tasks could
be used with, chlldren and aduﬁts to contrast: the accesmb’hty of phonemes

H

,W1th tha’t of other proposed sub -syllabic units. i



e Y

" % .+ . CHAPTER4: EXPERIMENTAL WO‘RR/
‘ | . Expenm%nt 1 S ’»
- Lo 2 o | - COuntx,ng Task 4 '

1

‘ ‘ ' Tbe current ev1dence supports the notlon of’ sub syllab1c unlts but does '

/

o not deﬁmtlvely dlscnmmate among the five models presented in Chapter '

3. Recall .that the- ﬁrst model is’ that words %re composed of non—analysable ‘

syllables that lack any psychologlcally real subdlhsmns The second type of E

‘ model proposes that syllables con51st of 11near sequences of 1ntermed1ate

unlts (e.g., onset rhyme onset vowel coda, or onset-nucleus~coda) whlch
\.,

can be descnbed W1th reference to the the voc1a11c element or syllab1c

~

i

‘ nuclehs (whlch has" been descrlbed as cons1st1ng of the vowel and the post-

-~

- vocahc sonorant) The thll‘d type of model assumes that sub syllablc un1ts

. such as the onset rh e, vowel or nucleus, and coda are arranged in .

&

some k1nd of structural\onhler rch1cal fashmn Some Vers1ons of the

RN

metncal model also treat syllable ﬁnal coronal obstruents as separate

ppendlces (Selklrk 1984L_A_1;hough the nght branchlng model is. mor'e v

e L
prevalent in the hterature a left-branchlng model con81st1ng of a head (the'. _

onset and vowel) and coda has also been proposed (Iverson & Wheeler

' 1987 ) and a ﬂatstructure of head and coda has been pr0po ed by

Vennemann (m press) The fourth model comes from the ﬁeld of speech

percepﬁon and treats a syllable as a core plus an affix, where the latter is ,v

;‘ : an apx@l consonant whlch agrees in. vo1cm w1th the core-fjnalg}agment o

N
(Fupmﬁra, 1975 c1976) Fmally, the ast del long accepted as the B
standard by tradltlonal ‘phonology, is th words are stnngs of equally- =
welghted phonexﬂes Examples of wordsiseg%pented as’ pred.tcted by each of

Sl e @ SN



’ these models can ‘be found in Tab'le 4 1 l

Segmentatione according'to différeﬂt models of soun"d' representation

Syllable , drift ~art - [ go-da
Sub-syllabic units: I : T ‘ S
Onset-rhyme S drify art © | s-o- d -a. 3
Onset-vowel-coda (OVC), dri-fy art  soda ‘V 74
~ Onset-nucleus-coda dr-i\«ft’, . art . seda Y ‘.5
.Structural: o, S A SR
OVC+APpendlx* - . dr-1ft art. o so-da
Head-foda ~* dri- $ art  _so-da’
Core-_i;a_fﬁx PR : . drift - -art o so-daﬂ.‘_ .
Phonemes o derdt oAt T - s-o-d-a

]
L4

“* the OVC+Append1x analysxs refers ty the metncal model of onset vowel coda an»d
*a separate appendlx of, word ﬁnal coronal obstmlents

,l
I
14

The main c7'1t1c1sms of the phonerne model do not have to do with'
\ Py &

o e1ther the usefuln&ss or eﬁem of ?5 &

o
Words jn termf df N

o phonemes Rather the ewdgnce suggesfs‘that phonemes may be lealned

@ .
s

or externally-xmposed representatxons, regher than natural unlts .

-o: In matxon or the phonotactxc

v T
Sy

L :-patterns of the language 1tse1f One lll;ely form of external mﬂuence is the '
. partlcular orth({graphw trad1t1on that n‘tfay be assomated wlth a gwen | ; ’
| language It has already been estabhsheql that non- hterate 1nd1V1duals . _(' |

5 .oeem to perce1ve and/or mampulate ayllables more readlly than phonegles -

' v‘(Morals et al 1979) which may reﬂeet the relatlvely greater accesmblhty*

- of syll’ables as phonologch umts Tesﬁng pre- hterate chlldren B '. e it v,v

- phonologlcal Judgr\nents is one way to @ddress the issue of the form of % :

"phonologlcal knowledge before formal mstructlon in the tradltlonal ‘
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representatl bn of language sounds begms ThedE s“ftasks—that—haye\.s

m\,* I
dlscussed 80 far. AR

One of the studies’ bften referred to in dlscussxons of young chlldren 5
phonen'uc aware ess is that of Liberman et al. 1 974) They had children .
‘:’v‘- use a wooden dowal to tap out the number of phonemes or syllables in . - | '
: -";\___' words The chlldre ‘were. tramed w1th four trlads of stlmuh and the test

@

er the chlldren could do the tralnlng trials correctly

'1 pos

" The test 1tems conS1st Lf words of 51mp1e canomcal structure (i.e., no

o
was presented only &

»

complex vowel nucle1 0 consonant clusters), contalmng on&to three _
phonemes or one to thre syllables. The tapplng task of L1berman etal's

| study has been cntlclzed ecause it may have blased the results 1n’&avor of
a syllable count over a’ pho eme cou,nt given the natural assocxatmn of

) pulses of; W‘lth the motor actlon of rhytlumc tappmg Fox -and Routh
@ 975) co@ge‘d chﬂdren to ma ‘,e 1ncreas1ngly finer. segmentatlons mt'h the

, request to. “Say a little bit . of ( »

tedlous for both the ch11dre

rd)” but their Brocedure proved to be quite -
| the gxpenmenter The technlque of |
' sett‘rng out poker ch1ps or counters to match the number of s@nents ‘
; would seemﬂto be a more neutral response th ; Sivel ‘
. “used,sa&:essfully b,v Ehn and Wllce (1 980) and by"l‘remﬁn and Baron

(1981)‘;& SRR S S - R L

All of the segmentatlon studles rev1ewed here mcl ‘ded tralnmg

sessmns before the test sessmns, partly to teach the proc (ﬁn‘e of , F .§?

; "gmentatlon, but also to focus attent;on on the desmed 'evel of analys1s ‘_4; ’

(phoneme or Syllable) In the present expenment traimng\was carned out



U
pt for syllable segrnentatlon onset and rhyme segmentatlon with open
.‘syllables, and phoneme segmentatlon None of the test cases for the
 models goda closed syllables, complex vowel nuclel, or apical final

\onsonants) were used for the trammg tnals, but words with consdnant

~. »
cluster onsets were included in all training sets in order to dlfferentlate

between Mel and phonermc segmentatmn (e g., st- ay Us s- t-ay)

.

The response measure was the number of com'ect segmentatlons (as [

T~

deterrmned by the number of counters set out by the chlldren) accordmg to

a syllablo t:rltermn dlfferent sub- syllabac cr1ter1a and a phon.ennc ‘ r;‘

criterion. ‘ 45 7 LA . R
plraad: ¢ . ; : . v
Yre natural and phonemes learned, .

T

5

gance on the phoneme counts _

t—

‘Vchlldren who have learned phwme- .

CIf syllables and sub- syllablc )
there should be differences in perfo
betwe,.en pre-literate chlldre
grapheme cop den ere’ may also be developmental dlfferences'v

in the way children treat sound umts in tHeir language -To cqntrol for the
poss1b111ty of developmental versus expenentlal dlfferences -a very speC1al= )
‘f‘type of control group was reqmred In fact Just such a group exxsted by
‘ v1rtue of &e cut-off dates for ehg1b1hty to. enter Grade One Spemﬁcally,
| in the Edmonton Pubhc School System, children W1th a‘blrthday before

March ls' wore ehglble to enter Grade One the year they were ﬁve but

1The dec:swn was made to do an onset-vowel dmsmn in ‘order to provide some guxdance |
_‘to the subjects as to the level of analysis reqmred (that is, not syllabic), although this was
biased agautst the head coda and core+af’ﬁx models N

2Thls partlcular sel, on of subjects was part ofa larger experiment that Dr 'R
Mornson was carrymg out in Edmonton to mvestlgate the general que\tron of -
devel§pmental ‘versus«expenentlal changes with sqhoolmg The data from the chlldren N

~ for this and the followmg expenment (Expenments 1 an,d 2) were obtamed as partofa
battery of tests glven to these chlldren as a pre-test. The post-test phase necessitated the .
' second control group L : e “'
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.those born on or after March 1st had to remain in Kindergarten. Thus, if

. comparisons

R T | 72

/
i

children two to three months on either side of the cut-off date were
included, two groups of children reSulted that were very clbse in'age but -
w1th different educatxonal expenences One more group was needed to |
complete the plcture children exactly one year older than the

indergarten group: but in Grade One, who wou.ld therefore have had the
same expenence as the younger Grade One group but wex‘ year older ‘A
than the Kin

t arten g'roup H}gh School students served as an adul

. 7,.5‘4' . ‘)ﬁ;Q i .v
Mﬁthodia R
. T el

Sy_blegts There K erggten chlldren (ﬂ grls‘fl boys mean ,

age of 5 years 8 months) 16 younger Grade One chrldréll (10 gnrls, 6 bo%

mean age of 5 years 10 months) 16 older Grade One children tested ar .
girls, 5 boys, mean age of 6 years 8 months) and 16 High School\students .
9 glrls 7 boyHXgEd\IG to 18). The study was explamed to the parents of the |
children and cdnsent was obtame)i before any testmg was- carned out. Al

of the Kmdergarten and” Grade One ch1ldren were enrolled in the

: Edmonton Pubhc School System and were natlve speakers of Canadxan
| English., <The ngh School students were enrolled in the American ngh

B School in Kilchbetg, Sw1tzerland and were natlve speakers of American

(n=10), British (n=5), or CanadxanEnghsh (n_l).»

Ma_tgn_a]_s Two word hsts for Ehe test portlon were prepared s

- mcludmg words of the form shown 1n Table 4.1 2 (see Appendlx A for the

e complete llsts) The words were chosen such that there was a vanety of

: b X
" £ “' ' ' . 1
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'Model '« ear

. Sub sy'.umts ”.
" Onset Yo

Onset-vowel-coda 2 2 -2 ' 3

Lo

P’

3

«

' .
.

. different’ consonant clusters and post-vocahc consonants (i.e., including /r/

A ¢

and /v/ which have been described as part of the vowel nucleus) All words -
were of a frequency greater than one occ}rrence ina mllhon tokens of
written text (with standard frequency index (SFI) values of greater than 45

from the Carroll et al., 1971 frequency hst)

i .‘t

1 3

Syllable 1

Onset-nucleus-codal " 2 = 2 2 ™. 3 . 3 3
Str.uctura]: ' o ' T " -
OVC+Appendix * 2 2 2 3 Ry , 4
Head- coda 2 g ¢« ' 2 2 RS ) “‘&' 2 2
Core+afﬁx 1 11 1 > 1. 1 2
Phonemesv v 2 3 3 4 a SR, 4 5

. e

* the 'OVC+Append1x analysxs refers to the metncal model of‘ onset- vowel coda and a

separate appeng’iﬁ%f womna] coronal ohstruents P : . R
CQConsonant "V=Vowel . R—/r/ or /n/ ‘ W :
. : ! [N
b \ " \é A . . . - . N

Ope of the word hsts was used &a‘the syllable countmg task, w1th ten
each of one-, two-- and thrﬁ:yliahle wgrds, randomly ordered The other

word lrst was usell for the 8 -sS?llablc umt and phoneme c0unt1ng taskS' ’

" this hst 1ncluded 15 words (ten monosyllablc and five dlsyllablc) from the -

I ﬁrst hst, as wefn"fsd 15 other monosyllablc words thh vanous consonant
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ciuglers. .lne WUI'Ub rdngeu 1TOoIm BWO LO nve pnonemes in iengun or,
dependln‘g on the;,model from oné to, four sub-syllablc units. Two»separat
"randomly ordered hsts were prepared from these 30 words, one for the st
syllablc task and one for the phoneme taskQ L s
There were trammg sets for each segmenptlon task COns1st1ng of fc
trlads of words (see Append1x B). Each tnad w‘s ordered i in terms of a
decreasmg number of umts For the syllable countmg there was g‘st a

tmsyllablc, then a d1syllab1c, then a monosyllablc ex ampl g}ven (e g., 'ba

" na-na, he -10, my) for the sub- syllablc counting, first a a4 "lﬁblc word

segm@nted‘“&\‘:h open syllables then a monosyllablc word 'th no coda,

T
-then a word cbnswtmg only of a vowel (e g., fr-i-sk-y, fl- y, a) for 4?he -
phoneme countmg, a four- or three- phoneme word, then a two- -phoneme
word then a one- phoneme w&d (e 8- §-p-1-y, b- -ay, owe) All of.the - * -§
tra1n1ng wOrds were segmented as open syllables (1 €., no amblsyll'ﬁblc "
consonants) and many had 1mt1al consonant clusters.L Large poker chip

. were used as. counters for the chlldren A puppet was avallable if boredor

became a problem, but it was not an mtegral pant of the task

&

A\ 4
Em_geﬂu_e ‘The ch11dren were tested 1nd1v1dually in a qmet room in

thelr school buxldmg The three countlng tasks wer% part of a battery
done over three sessions and were glven at the begmmng of the%essmns

In order to m1n1m1ze any effects due to order of presentatlon, thé three ,

B countmg tasks were ngen 1n separate sessmns at least a day apart The

syllable countmg was glven 1n the ﬁrst sessmn the’n the sub- syllablc, _an«

-

’@ “ﬁna'lly the phoneme countmg task4 - S e

9

“

3Thanks to MargoLee Horn for helpmg with the testmg c - o

.

4The lists were presented in this order to prevent dlscouragmg the chxldren with the -
hardest task ﬁrst, smce it was known from other studxes that the phoneme countmg



A snmlar procedur to Lrberman et al (1974) was follow,g%mi}the

training tnals The four' 'ads oftramtng—stlmuh cons1st1ng of Qne to four B

[,

phoneme) 1”», ’ word The expenmenter said the word let the chlldren try

i' Q"Qn L

. the segmentatlon, and pra)aded feedback and modelhng until at Feast two
T trral worﬁ%ggere ?p&rtaﬂeg’irsly segmented correctly. The chlldren were

P

éncouraged to say the sounds as they marked ‘them with the chxpsu__d .
_ four tralmng tnads were presented once, thendrepeated ohee *lif neczssary, v J‘
(1 e., a poss1ble total of 24 word segmentazlor‘as tramlng) and any Chlld h
who stlll could not segment spontaneously was given a score of zero. The

~ test session procedure was th&me as the trials except that there was no

correctlon or feedback, k no 1nd1cat10n was given to the children as to

’, . whether they had segmented the words accordmg to the experimenter,
expectation, or not). When chlldren seemed to faler in the task or in cated
a loss of 1nterest remmders were gnven of what they should be doi (1 e’

”tappmg o%t sounds although there was no retraimng) and an in 1catlon

| | was made as to how many words remamed At tlmes the puppet was used "

-  to re- stlmulate mterest - o I g .

The pmcedure for the ngh School stude;nts-was s1m11ar, although

they were mmply asked to state the number of umts in each word _ and to

say the word slowly, pausmg to separate the urpts The task was explamed

hardlstl “task first, since jt. was known from other studles that the phoneme countmg k

would be more, difficult than the syllable countmg Since performanae on the sub-syllablc
unit counting was of primary interest in this study, the risk of effects due to blocked

_presentation was taken, The results of a post—test wzth unblocked presentat:on justified -

- this procedure since there was no dlﬁ'erence in the order- of dxfﬁculty found (see also note’

" ) A . ‘-
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&
as a counting task of different sound units, and the experimenter d1v1ded
the first fwo or three example triads (as necessary) until the students could
do the segmentations. correctly on thelr own. For the hlgh school students

o
the three lists were pr nted“m one session in the .order syllable, sub;

_ syllablc and phoneme 'I,‘h'e Qtudehts were encouraged to count out the ’

LY

umts on thexr ﬁngers Mi
g & W Rt
ERINE w e ey ) ""ﬁs i
gﬁh\‘ : »“Lpa o 3' - . B :
" ‘ Analyses. The nu "pf chips selected was noted 6r, in the case of

the High School studenél-zz number given, as welY as apparent boundary

[ N

10catlons where possi‘cl;i 'éor the syllable and phoneme lists, the number
correct was calculate
9

c‘eordmg to trad1t10nal analyses of syllables and

, phonemes vl}th:éosbvacahc glides treated as part of the vowel (Derwing,
1973) The s‘ub 'blc umt list was scored three different ways in order to
~ al*ﬁ‘dded numbers that related most closely to-

empirical umt counts The thrw anal‘yses were onset-rhyme (‘rhyme )

.\’ .

) onset vowel coda (‘vowel) andcpnset-nucleus ceda (nucleus’) (The

vocalic /r/ and /n/ in the nucleus rather than as part of the coda see’ Table

[N

41.2 for counts that would be considered correct according to vanous o

: cnterla and see Appendlx A for the complete word list.) Because of the \
onset- based criterion used for the trammg, cntena based on the structural
models and the core-#aﬁix model were. not used to score the sub- -syllabic
list, but individual compansons were made between words with dhd
without appendlces and affixes. As part of the battery of tests.for the
children, 1.Q. (Stanford-Blnet,,, Terman & Merrill, 1,973) and WRAT

- ~



reading scores (reading subtest of Wide Ranée Achievement Test, Jastak

et al., 1978) were determined. - ‘
g  Restilts N I
- . . ; f"}

-

All the children and High S¢hool students reached critefiorax on the

' training trials and went gn to the test session. Because there was no

:significant difference in'perfort@hce ‘between' males (n=27) and females

(n=37) on any of the measures, the results were collapsed across sex.

Overall, there was significantly better performance‘on syllable counting

N )
.~ (70%) than on any other measure<the means for sub-syllabic counting with

i

-/

the three di_ffe'rent analyses were rhyme=38%, nucleus;35%,,and |

vowel—28%) Theré was signiﬁcantly lower performance on, phoneme

C.countmg (22%) than on all other measures except the score on sub- syllablc |

-4

counting using the vowel criterion: All compansous were palred sample
t-tests using the Bonferrom t(63)>3. 35 for k=7 tests, p=.01 (see Myers,
1979). The overall means and group means for percentage correct are

glven in Table 41.3.

Mean percentage correct for each typq of countmg and analyms (n—1 6)

Children ’ 61 36 24 30 - 12
.~ Kindergarten ) B 5 U a 7
Younger Grade One a 3 D 12
Older Grade One & K 3 K B ’
High School 96 -45 40 51 51
Mean 7 38 .28 35 22
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To i:ompare the different analyses of the sub-syllabic counting, sign
tests (Woods, Fletcher, & Hughes 1986) were carried out comparing the
.sub syllablc scores under each cntEnon Overall, both the. rhyme and the
nucleue criteria were better than the vowel cr:tenon (Z=2. 77 p=.01 and
Z=5, 40 p=.001, respgctively) and not sxgmﬁcantly dlfferent from each
other: For the three older groups (younger Grade One, older Grade One, ‘
ngh School) the ng.xcleus anal,ysw scorﬁ were conswtently hlgher than the

vo wel scores (p< 05) although the rhyme scores d1d not differ from the

1 other tyyo analyses The Kmdergarten chlldren dlffered from the other |

groups in that thelr.‘scores with the rhyme analysls were signific :
better than with «aither the nucleus, analysis or the vowel ahélysis, .
nucleus analys1s scores were - sxgmﬁcantly better thap’jﬁmth the vowel S

analys1s (p<.002). 0 A : -

Partially repeated measures anélyses of variance (ANOVA) were

. ~ carriéd out separately for each of the three sub-s_yllabic anal)%es with the |

raw gcores on each of the counting tasks (syllable, sub- syllabic, and *
phoneme) as a w1th1n sub_]ects factor (3:1evels), and with group 4 levels) as

the between sub_]ects fact
Y
1f'rh Nabic li ‘. ’A ‘.
Wlth the rhyme analys‘i's for the sub- syllablc counting task there was
‘a s1gmﬁcant subject group effect (F(3 60)=45.41, p< 0001), & significant

_effect of type of countmg (F(2,120)=115.63, p<. 0001), and a mémﬁcant

1nteract10n (F(6, 120) 3 29, p<.01). The scores on syllable countmg were -
best overall, then sub syllabic counting, and Ibwest was the phoneme

countmg (all t(15)>4 OO Q 2.0002).5 The ngh School students did

5'I‘ukey HSD tests were used for all the between sub_]ect comparlsofxs in the analyses’

-
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- significantly better on the syllable and ph‘dneme counting tasks than the
other groups did (Tukey t(60)‘>3.74, p<.05), dlthough there was no
difference between groups_' on the sub-syllabic counting sco‘rels., This pattern
held for all three groups of children, bu.t for the High School students only
the syllable counting score was significantly better than the other two
(using Bonferroni's criterion t(15)>4.28 for k-12 tests and p=.01; see

K]

Flgure 41 1) " | v

Mean percentage correct for syllable, sub-sy;llabic (with the rhyme, vowel,
and nucleus analyses), and phon‘eme‘coun_bir‘lg (n=16 per group)
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The ANOVA with the vowel ana‘lyms fBr tﬁe sub syllablc countmg also
showed s;gmﬁc% effects of subject group (F(3 60)-28 59, p<.0001), and o
Q  typeof countmg (F(2,120)=173. 53 p<. 0001) and at a lower level of ! /

* o,



signiﬁbance, a signiﬁoant interaction (F(6,120)=3.11, p<.02). The High
Schooll students did not differ. from either Grade One group in their
penformance on sub- syllabxc list counting usmg she vowel analysis but both |
‘the High School and older Grade One students performed significantly |
better than the Klndergarten children (Tukey t(60)>3. 74 p<.05). For the
Kmdergarten youfger Grade One, and High School studen\s, |
performance on syllable counting was 51gn1ﬁcantly better than that on the
sub- syllablc countmg angd phoneme counting, whlch were not significantly
dlfterent from one anrﬁher (Although the phoneme countlng score was
gugher than the sub- syﬁablc vowel score for the ngh School students and'
lower for the children's  groups, these dlfferences were not 531gn1ﬁcant .) On
the other hand% the older Gradg One students scores on the syllable and
| sub syllab1c vowel countllmg d'ld not differ mgmﬁcantly, hut both Were

higher than the phoneme scores (using the same Bonferroni #(15)>4. 28 for

- The nucleus analygis for sub- syllabic counting yxelded yet another
pattern for the four groups. The-group and counting type effects were b(ath
- significant G(3,60)=39.11, p<.0001; F({20)=170.78, p<,0001, |
gespectwely) althohgh the 1nteract1on w.as ngt’ (F'(B 120)—2 22). Recall that |

= {1 5 Qe 'oﬂ}, st'ﬁ‘fdents performed sxgm _.'f"liftlmhétter than the ot‘lxer ’

AT .8
&3 '. ”fg}‘oups -on syllable d phoneme courttmg *They also performed

’u-.

;v . better }han the younger Grade One and Kmdergarten c.nldren on sub-
\' ; sylladlc countmg, using the nucleus analysxs The older Grade \One

A B chlldreh were also sxgmﬁcantly better than the Kmdergarten ch11dren \

b 4 < .
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‘ (Tukey t(60)>3 74 p<.05). The pattern across counting types dxffered for the

four groups and from the other two sub- syllabrc analyseo discussed. The

!

.Klndergarten, younger-@rade One and ‘High School groups had

significantly better scores on syllahle countrng than on sub-syllabic

countin‘g with the nucleus analysis, but the older Grade One children did
not. Sy]lable counting scores were sig:niﬁcantly higher than the phoneme
counting scores for all four groups. The three young gr_oups ad )
'significantly higher scores on the sub-syllabi‘o counting than phoneme
counting, but the Hiéh Sohéol students did not (although the difference

was in the same direction; all Bonferroni t(1 5)>4.28 for k=12 tests and

p=.01; ghe Figure 41.1). -

rrelation

There were no significant correlations for any of the groups between

-performance dn the syllable counting and any of the sub-syllabic analyses

. . . 4 . :
- scores or phoneme countlng scores. The correlatlons between performance

A
" with the vowel analysrs for sub- syllabu;countmg and t.hat of phoneme

L3

, countlng were slgmﬁcant for all four groupsfl &, r(1 6)>.64, p<. 01) 'I‘he

scores vnth the nucleus- analyS1s were s’lgmﬁcantly correl'ated with the

. phoneme 5cores for all four grOups (i.e., r(1 6)> 54, p<.05), and the

phoneme and rhyme analyS1s scores were: negatwely correlated for the two

older gro'aps (t§e~olde% Grade One’ and ngh School students 1 6)>-— 62;

p<ﬁi\ " Lo | ) | |
The correlatlon between tradmonal phoneme c'oun'ts (see Appendlx A) :
and the mean number of phonemes given for each word by the High Schoal -
group was hig_hly signiﬁcant (r,—,.QS, p'<.001 ). Con:espo’nding eorrelations

el
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| were not calculated for the chlldren groups because the mean phoneme
\ . }counts were very close to one 'with very httle vanance o
- \ ‘ ._” For the clnldren, both L Q:x and WRAT scores. were obtamed'!nd
. correlatmns were calculated for a vanety of measures IQ was S
L mgmﬁcantly\c\rrelated w1th"WRAT scores only for the Kmdergarten ‘
' . ." Lchlldren (r-. 68 p< 005) and wfth phoneme scores only for the younger o
) ‘ - Grade Ongchlkken (r=. 79 p< 001). Although WRAT scores were -
‘s1gmﬁcantly correlated w1th the vowel and nucleus analyses and phoneme
N “hst collapsmg across the three young groups (r=. 56 r=:>51, r=. 38, el
_regpecblvely, D<. 01), the only correlatlons \mth WRAT that were ' l
'.srgmﬁcant at ,the 1nd1v1dual grmg)' level were for the younger Grade One

‘-f'ch1ldren w1th vowel (r- 7 3,p< 005) and nucleus (r_ .80, p< 001) analyses

A 11n1 1 e L AR L
JSacoy To test the predlctlons of specrﬁc model@ the mean nurnbers of umt‘g .
grven in the sub- syllabw hst for words that had dlfferent analyses were : L
k comp‘ared (usmg palred comparison tftests and Bonferrom 8 cntenon of |
£(63)> 4 _59 fot k-'9 tests and p- 05‘9 None of the words whlch could be ’ |
| a ' analysed as havmg append1ces (accordmg to Selklrk s 1984 model) were o
- treated dlfferently from those words w1th the same canonlcal syllable
" ‘shape wh1ch d1d not have syllable ﬁnal coronal obstruents (1 e., the means
- for. words \mth appendlces [in 1tahcs}§nd w1thout them were sp1t-2 02 vs |
. ‘break=2.05; art—l 91 vs. ink=1.72; spend=2.17 vs. ‘drink=2. oo dnft~2 14
¥ vs ‘graSp 2. 30) Although the tralmng trlals reqmred an onset-sbased
v analys1s the words that ﬁt the deﬁmtlon for COre+afﬁx syllables were

' compared to core- only words ‘There were no s1gmﬁcant dxff'erences L

Fmall/y to test Vennemann 5 (m press) and Iverson & Wheeler 8 (1 987)

S
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clalms that syllables consxst of heads and cod t e counts for syllables of

the form VCC (mean=1.75). were compared to\tlbse for CCV syllables
(mean—l 89) Thls dlfference was also not sxgmﬁcant

N
/
/A

'Discussion A e

The advantage 6f syllables# over other types (\f countxng was expected l/
ﬁ'om prev10us w<Tk (e.g., L1be§an et al 1974 Fox & Routhrl‘.§75 ‘

Blachman f1 984) and wamorﬁrmed here The mean score ‘for syllahle
euntlng for the Kmdergarten cluldre ‘was 58% and for the Grade One
. chlldren 63% (compared to Blachman s 56% and 69%, reSpectlvely) That
Call groups could count syllables relatlvely well supports the notlon that the
s syllable is a natural umt Phoneme countmg, On the other‘ hand, was not

E _.,.,._—\/— C——

very good The chlldren were t sted at the begmmng -of the school year

e - before much readlng 1nstruc§/ion had occurred or ablhty had developed so

1t 1s not surpnsmg that the Grade One chﬁten were not s1gn1ﬁcantly .
better than the Kmdergarten chlldren at countlng phonemes What is
"l‘lterestmg is that the older Grade One chlldren did not d1ffers1gn1ﬁcantly :
' from the younger Grade One children oy the Kmdergarten chlldren ThJs -
argues agamst the notlon'that\phonemlc awareness is sunply
developmental su{ce there was a mean of 19 months' dlfference in age
between the older and younger Grade One cﬁ‘ildren and of 12 months' L
'between the ol‘der Grade One and Kmdergarten chlldren A year's .
. :.dlfference sk fould show some d1fferenee in ablhty, if such an ablhty is
: ,‘related to maturatlon, although 1t may have been below threshold for the o '\
'present /expenment R - ,‘1 ; O
The relatlvely poor performance of the ngh School students on the

o . 2

-

. /‘.-' .
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‘phoneme hst was a Surpnsmg result since phonemes have been assumed

to be access1ble to hterate Mdoes not seem hkely that the data were |

blased smce the hlgh correlatxon of mean phoneme counts for each word

Aand tradltlonal phoneme counts for the ngh School group is in hne w1th

prevmus results (e g,, Dow, 1981 Derwmg & Nearey, 1986) Other stud1es ’

 with adults (e.g., Penn 1983) have found that people ca} count phonemes =

relatwely well i in short words but that accuracy decreases w1t11 the. length
of the word The app§rent contradlctlon between the thh correlatlon and : 5

low s.pore for phonérhe countmg in the present’ study may have been

‘ '_because long words were mcluded (up to ﬁve phonemes) wh1ch were

o consistently underestlmated A sign test companson between percentage

.correct for the h1gh 5chool students on short words (two- and three-
ﬂphoneme mean—64%) and long words (four- and ﬁve phoneme, I

| mean_43%) proved to be slgmﬁcant (Z-.2 58, p:-. 007), .which- supports thls

underest1mat10n explanatlon for the low phoneme scores L

The mean score for phoneme countlngfor the children was much .

lower t;rhan that repor'ged by Blathman for her G\r\afde One group a 984

48%). However, she used only one, two, andghree segment words for her

phoneme countlng task, whereas the maJont of words.in the present

| study were longer The chlldren here gave mbstly one's, two 8 and three 8

-

as responses in the phoneme countlng task. It may have been that the
Y

- ch11dren were counﬁng phoneme clusters or sub-syllablc units mstead of

\.

phonemes In fact the. nucleus (mean—31%) and rhyme criteria

: '(mean—38%) proved to be mgmﬁcaﬂtly better predlctors (usmg the 81gn test,

o Z>4 6, p<.001) of the chlldren 8 responses on the phoneme c0untmg hst »

\a

than the phoneme criterion (mean-12%) 7

ks

el
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Of the three analyses for the sub syllablc countmg, the rhyme a‘nalys1s
‘. (36%) accounted for the results best overall especlally for the three young |
groups (versus 30% for the nucleus analysxs and 24% for the vowel |
analysxs) Th15 i8 perhaps not surpnsmg, smce rhyme 1s 1mportant in i
English’ song and poetry and children. are taught’ rhyrhe at home when‘ |
‘they learn nursery rhymes Recall however that all of the tralmng words
for sub syllablc countlng had open syllables wh1ch would allow for either a
' rhyme analyms or an analysis dividing the rhyme 1nto a vowel nucleus
bvplus coda for the test words with codas The rhyme scare is 31m11ar to the
syllable and phoneme scores 1r(1 that there are no group dlfferences for the
young chlldrerl and it falls between the two in terms of tlie number
correct. The'syllable and rhyme scores are also s1m11ar in that ne1ther are '

-

| sigmﬁcantly correlated to WRAT or I Q scores, whereas sojmegof the other 6
scores are Interestlngly, the ngh Schovol students did not dxffer from the

| chlldren in performance us1ng the rhyme cntenon ThlS could 81mply

—mean that rhyme was used as the criterion whenever a sub syllablc ’
analysis was requxred (dependent on task demands)

‘s on the three types of counting with the rhyme

| & ) tmg m1ght lead to the suggestxon that ‘lhat is -
, -portrayed is s1mplythfimc§‘easmg dxfiiculty of maklng ﬁner d1st15xct1ons
- Syllables are largest and most sahent ‘sub- syllablc units next, and - -

. '. phonemes smallest. Thrsvrew 1gnores the fact that the categones can

v overlap, such that a syllable can be a sm/gle phoneme, or a single sub- .

syllablc unit (a- rhyme) Thus students mlght be srmply\countmg syllables
in e case. Th18\ would predlct a maximum score of seven on the sub- o 4

(QB ' S R S S T
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o . ﬁ syllablc countlng task because there are only ?eyen 1tegxs in whxg:h the
. number of syllablc:?\atched the nux‘ber of sub«syllablc umts anda

Y

" maximum score of zeroon the phoneme chuntmg task smce no 1tem had

the same number of phonemes and syllables .

AR
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" To test whether the scores for sub- syllablc countlng could be explaxned

’ by carry-over of the syllablc cntenon ‘the responses to the sub-syllablc

couritmg task were Also scored w1th a syllabic criterion. The mean score

§ . for the Kmdergar chlldren was hlgher than w1th any pf the sub syllab:c .

analyses (51%), as was that for the younger‘ Grade One chlldren (38%) but

_. the mean score for the older Grad_e One chll.dren was

) the cthernanalyses (_24%),‘:as wasfthat ) igh School students (21 %).

There is thus some evidence that the syllabic cnterxon from th'e first task - .

-

' m1ght have carned over to the sub syllablc countlng task, a least‘k)r the
K1ndergarten hnd younger Grade One children. The fact that none of the
sub- syllablc scores of the phoneme score correlated sxgmﬁcantly w1th the

syllable score for‘tmy of the groups though suggests that performance on

, t?hese’tasks was fairly independent in general. .

v e

- ﬂThe results are even more mterestmg When the scores for the vowel
analysis of the sub- syllablc countmg are exammed There isa clear
difference between the groups here w1th the m%tgxpenence&oldest

: (older Grade One and ngh School) groups performance significantly
lugher than the least expenenced/youngest (Kmdergarten) group 8.
| Although the means suggest a progression (K1ndergarten-14%, you(xger

Grade One-_25%, older Grade One=35%, High School=40%), the,dlﬁ/'erences

we than on any of *

®
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between adJacent means were not sxgmﬁcant There was no dxﬁ'erence

o~ between the subrsyllabw countmg scores w1th the vowel analysls and the

<

,phoneme acores for the Kmdergarten, Xounger Qrade One and ngh ? f / -

School students, bl.lt for the older Grade One chlldren the séere w1th the
vowel analyms was' dlfferent from the score on phoneme countmg but not
from syllable countlng There was some parallel pattermng, that is, an
mcrease 1n score,s §'with age for the phoneme countxng and vowel ana1y81s
and thxs was reﬂecte‘&vhn the mgmﬁcant correlatlons between phone’me '
SCores and vowel analys1s scores for all four groups

The ‘suggestion’ ttf}t the pattem of scores for the vowel analyms \

- reﬂects leamlng to make 1ncreas1ngly finer phonologlcal d1st1nct10ns is

)

suppo}ted By the slgmﬁcant correlatlon between WRAT and vowel analysm
scores for the younger Grade One group. One cduld argue tha,t

Kindergarten ch1ldren could net dlscmmnate below the syllable level (no

dlf'ference in- performance betWeen vowel analys1s and phoneme countlng,
but SCOI‘eS as hlgh as those of the other two ch11dren groups on syllable
countlng) younger Grade One chﬂdren were learmng to make ﬁner
dlstlnctlons poss1bly from learnmg about reading (hlgh correlation of
vowel analysm scores thh WRAT) and older Grade One chlldren were

already maklng these dlstlnctmns (since the vowel analys1s sc01 25 were

" not. significantly dlfferent from syllable cou”“ﬁng scores but were

s1gnﬁcantly higher then the phoneme countxng scores) However, the ngh
School students' scores for the vowel analys1s were not s1gmﬁcantly ) ,
different from thexr phoneme countmg scores or from the Grade One

chlldren s scores. Both of these results conﬂlct w1th the not1on of

‘ mcreasmgly finer dlscnmmatlons with. age - o . .

-



K,An explanatmn of i mcreasmg discrimination w1th ége is appropnate

' ‘only if the nucleus analysls is used for the sub- syllablc countmg The

nucleus analyms was con‘hs@ntly better than the vowel analysls as a

predlctor of scores on the sub-syllablc count.lng f‘or all four g'roups In; ‘

addxtlon ’thelugh school students were bett ¢ than the children at all three

types of counting (syllable, sub-syllablc Wl the nucleus analysxs, and _ |

' .phoneme) and-the three young groups performed better at nucleus m\-

: analys1s than phonemic analysis (as did the ngh School group, although

. the difference between nucleus and phoneme scores was not significant for

4 them). "I‘vh‘e‘older Grade One children's performence on the syllable list .
was not'signiﬁcantly diﬁ'erent from the nucleus analysis scOre, but this
apparent eqmvalent naturalness of syllable and nucleus analysxs was not\

found in any other group (mcludmg the H1gh Schoq.l group, whlch was

2 obkusly performmg at g very hlgh level s;nce they achieved over 96%

A

correct en the syllable hst) ‘ B SRR
The younger Grade One chlldrens scores on\n\leus anulysm for

‘sub- syllablc counting were si 1ﬁcantly ‘correlated wit readmg level (as

' A measured by the WRAT), sugestlng some kind of discrimination
‘rmprovement as a conco;mtant of learmng to read (l.e., learning that

' -,WMlysed into component letters may guide chi'.ldren to the

- reali tlon that words Jlave component sounds) The nucleus scores were
1ot elgtéd to phoneme séores, 80 it i is unhkely that it was merely leamxng ‘

l one would have expected parallel 1ncreases in phoneme counting ablhty

The i mcrease across groups for the nucleus analysis contrasted with the
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. rhyme analysis, which showed minimal variation across groups. -

+
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?»; + Significant correlbtio 3 have been'reported betwee ﬁerformanceQ
(bercent corr,act) on phoﬁe{ne and syllable countmg (Treiman & Baron,

|
i

- 1981, Blachm'an, 1984)"and between phoneme countl 2.8

Routh, 1975) but similar correlatlons were not sig
_"study Thls might have been because the phoneme countmg scores here

s

were very low, W1th 5O lltd/exvanaltﬁon that the validity of the correlatlons is
‘questlonable The c}uldren in the present study were simply unabie to
. count phonemes. Although Trelman and Baron reported that WRAT
scores correlated signiﬁcantly with syllable counting for their Grade One
g'roup, no s1gmﬁcant correlation was found here It is not clear what to
 make of this dxscrepency, although the non- s1%'mﬁcance of the correlat1on
-inf the present study was not unexpected, since s?'llables seemed to be
accessible even to the youngest chlldren (i.e., the Kmdergarten group)

It would be worthwhlle to do a post—test with these chlldren one year
later Because,gof the unique populatlon (same age, dlfferent school
expenence) ‘some interesting predlctlons can be made at this point. If
syllable and rhyme6 are avmlable to chﬂdrgn before Klndergarten then
testmg a year later should reveal n erences, even if that year 1ncluded}
traxmng in readlng If the ab111ty to count sub- syllablc umts such as

- vowel/nucleus and coda results from learmng to make ﬁner dlSCl'lm.l-
‘n‘ahons, one mlghtexpect‘a developmental trend, w1th a simple eleyatlon a
of scores on sub-‘syllabic countingusing the VOwel or nucleu’s analysis

because the chxldren would be a year older, thus these scores. should

G'I‘he"‘i'hyme analysxs for the sub-syllabic counting reﬂects thxs .
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approach the syllable countlng scores (depressed from 100% because of .
boredom carelessnesd' fatlgue, etc) The phoneme countmg scores should

" therefdre shew the'] greatest dlfference among groups a year later because
the Klndergarten children would have had no trammg in reading as yet

- (thought to be related to phonennc awareness), whereas the other two.
groups would have had a\year s traxmng by then. The present group of
Kmdergarten cl‘u{d-ren should therefore obtain much lower scores on
phoneme coﬁntxng than the other two groups.’ ’): |

- Even mthout such a post-test, it is pdsmble to evaluate the models

'dlscussed in the‘ prekus chapters in light of the present results. The
¢laim- that syllables are easily accessible units is certainly_ supported Some ‘
types of sub- syllablc umts also seemed to be fairly accessible, although 1t is
not immediately apparent what kmd of sub- syllablc analysis was bexng )
done The very low scores on the phoneme hst suggest at least that subJects :
did not perform a phonemic analysm. The rhyme ana_lysm seems to be thea
best predictoy overall (38%), but does not seem as good when one realizes
that the (inappropriate) syllablc cntenon for the sub- syllabic hst yxelded

,only a shghtly lower ovérall mean (34%)

TThe post-test phase of the study that Dr. F. Morrison carried out used slightly different
' methodology and had different subjects than in this study, so that no comparisons are
possible. However, for the subjects he tested, the syllable scores a year later were not
much different (pre=65% s post=60%), the sub-syllablc scores-(using the nucleus
- analysis) improved somewhat {pre=33% vs post=41%), and the phoneme scores
improved- dramatxcally (pre-l_l% vs post=38%). The post-test phoneme scores for the
.Grade One students were as high as the sub-syllabic scores (phoneme=45% vs sub-
syllabic=42%), although the Kindergarten children's post-test scoré’s for the‘ph‘_oneme list
(24%) were lower, and roughly equal to the older Grade One's pre-test scores (17%). As
far as theéy can be trusted these results thus seem to support the predxctxons suggested
above. e
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" The si‘é*niﬁcant group“d‘ifferences for*the vowel and nutleus analyses
*for sub-syllabic counting'(ss opposed to the rhyme analysis, whioh did not
* differ among g'roups) and the trend to mcreasmg scores with age arid/or
experxenCe suggest that these analyses are worth examun;ng in further ‘
detaxl Th‘vowel analysxs here happens to make predl.ctigns identical to -
those of the metncal model suggested by Giegerxch (19’85}&vho poslted an
onset rHyme, and extrametncal ﬁnal consonant (not luﬂxted to Selkirk's
[1 984] narrower notxon of an appendxx asa syllabl\e-ﬁnal obstruent), yet
was a poorer predictor of performanee'-than either the rh}'me or nucleus
analyses The: performance\ on sub- syllabic countmg usmg elther the
rhyme or nucleus analysm was not very dlfferent, ‘which suggests that
further work is necessary to discriminate between them. None of the
| comparison pairs designed to test the predictions of Selkirk's theory of
ex'tra-sylla.bic appendices proved to be sifnificantly different. Due to the
nature .of the experiment (with trdining trials presentedv ﬁrst)‘ the sub- ' .
syllablc counting was biased to some kind of onset-oriented model. Thus,
neither the core+affix model proposed by Fujimura (1975; 1976) nor the
head and coda models propos_ed by Iverson and Wheeler (1987) and .
'Vennemann (in press) could be adequately assessed here, olthough the
tests made of specific cases showed no_evidence of tiﬁ’ use of either of these
analyses. In'the foiiowing seotion's'some'new \tests are described which
were mtended to overcome some of these 11m1tat10ns of the unit countmg

procedure



' ' ) | Expel{ment 2 . , " ’
‘ - De‘etxon-by‘ -Analogy Task’ ' .
" The counting technique of the previous experiment; though
prominent in the litereture on phonemic awareness, proved td have ogly
‘linjited application to the case at hand‘ largely because of. uncertainty as to
- what units the subJects were actually counting. It~was assumed from  ——01u
subjects’ correct responses that they were operatmg w1th the criteria.
presented in the examplgs, and their scoreg were taken as an_mdxcatxon_ of
how consistently or well they could do this. A technique that more clearly
shows what unlts are being accessed is the deletion task ﬁrst reported in
Bruce (1964) and later formahzed by Rosner and Simon @ 971) to predict
° ‘readmg d1fﬁcult1es The test requires children to repeat a glven word, then _
to say ite‘gain, omitti“ng a specified ;phonological unit (e.g., deletion of /s/
from s_pj_n leaves pin). .

In both of the above-mentloned studies, it was found that deletion of
med1a1 umts, whether syllables or phonemes was more difficult than
~ deletion of non- med1a1 units. Content, Kolinsky, Morais, and Bertelson
(1986) ‘foun‘d that young natlve French speakers could delete initial-and
final consonants from CVC sleables equally well (about 35% correct). The
advantage of initial and final p_h'onemes' over' medial'pho_nemes found in
the English studies (medial phonemes meant vowels or parts of consonant
clusters in these studi‘e:s)l has also been noted for tip of the tongue " ‘
phenomena (Browman, 1978; 1980) and‘slips of the tongue (Garnes & Bond,
1980; Shattuck-Hufnagel, 1983). Syllables are rarely mentioned in this ‘

context; however, the~disadvantage for medial syllables in Rosner and
. ) )
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Simon’s ‘(R&S, 1?71) test may'have‘ occurred because most of the medial )
syllables in their word list were unstressed reduced syllables (or- -perhaps .
not even present, as a word such as Qmu:mg can be thought of as bi- rather
than tri- syllablc) They found that deletion of a whole consonant cluster

was easle_r than deletion of only part of a cluster, but there was only one
example of this type in their test. \ '

It was decided to use a task smnlar to R&S’s to contrast the units
dlscuﬁm&r (e.g., onset, rhyme, nucleus, coda ‘head, appendix, affix)
with incomp]ete units (sucli as paris of consonant clusters and parts of:
vowel nuclei), which have no oonsistent status in any of the models. A few
changes were in order, however,.before the R&S\teethue could be used
here. First of all, the R&S list did not .inqlude enough instances of complex -
syllable structure to test these, so a new list had to be deslgned. Other
changes were required to make the task easier to administer and carry
out. In the original version, for exainple, the experimenter had to try to
articulate isolated phonemes accurately (impossible in the caSe of stops),

leavmg the children to recog'mze the desired unit;, somehow: isolate it in the'|
stlmulus and then pronounce the word with that unit left.out -
A new techmque, called deletlon-by-analogy, was therefore .
proposed that involved identifying the unit to be deleted more indirectly by
analogy (e.g., ﬂat:at:spin:iri). Theoretical considerations then dictated the
“type of stimuli to employ'.bA model of syllables as 'stringsof phonemes
would predict no dif_'ferences in difficulty based on position in the syllable.
Deletion of clneters .of phonexnes, though, would presumably be considered o

'r_nore difficult than single deletions, since two or more phonemes would

IThanks to Dr. B. L. Derwing for this snggestion.
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-heve to be recognized, isolated, and deleted‘, vins’tead of only one. A model of
syllabic structure that posited intermediate uhite (such as onset, rhyme,
| nucleus and coda) would prpdict that complete unit deletions would be
\ easier thah ‘in:complete unit deletions, rega'rdless of the number of phon-
emes involved. Units comprised of both cluster and single .pl'lonemes were
included in the stimu]us list to discriminate among‘these possibilities,

-If" cnset-’rhyme is a syllabic division learx‘:d before,Kindergarteu,L we
would expect no difference between Kindergarten and Grade One children
in their ability to delete onsets. If a sub;syllabic structure with codas
becomes evident around the time of beginnihg Grade One (as suggested by

Experiment 1), then the coda should be accessible to children in Grade
One, but not to those in Kindergarten. Incomplete unit deletions should be
difficult for preliterate children, as pilot studies with adults suggested that
deletion of incomplete units was accomplished by using a spelling strategy.
(People reported that they first imagined the spelling of the word and then
1mag1ned the sequence of letters with the requested deletion.)

\ The’errors made in carrying out the deletions might also provide an--
indication of what was being manipulated. Suppose the task was
'performed by deleting the most appropriate unit accessible and producing
~ what was left, (or, alternatively, just producing the most salient part of the
stimulus word)v If an onset-rhyme structure is the appropriate one to
describe syllables the rhyme portion of the word would most likely be
produced as an error, since onsets are dlflicult to produce in isolation (and
those with pre-vocalic stops are impossible to produce without, for [
exemple, a fdllowihg s:chWa), but rhymes are word-like. If the sub-syllabic

. R 14
structure is onset-nucleus-coda, any of the three might be produced as

- \
¢ .
.
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o errors (although agaxn, onsets and codas W1thout vowels are dlfﬁcult to .

possxble posxtlons ‘

A

/s

| then the errors oughft to have httle relatlon to any of these categorles and

should be dlstrlbu{/d in essentlally random fashlon among the vanous “’

v 7“‘ .
5

; C S_u.b.legts The same 16 Kmdergarten chlldren (7 glrls 9 boys, mean

“v vv

f S age of 5 years 8 months) 16 younger Grade One chlldren (10 glrls, 6 boys,

‘ . | mean age of 5 years 10 months) and 16 older Grade One cthdren (11 glrls,

s | desxgned for each of onset coda, and inco

5 boys, mean age of' 6 years, 8 mon.ths) who took part in Expenment 1 alsp

g performed the deletlon task 2 The stuﬂy was explamed to parents and

- 'permlssmn was obtamed before testmg began The chrldren wefe all natlve'-

i speakers of Enghsh enrolled in the Edmonton Pubhc School System ‘The 16

ngh School students frorn the Amerlcan School in lechberg, Sw1 :

\‘
'land

: v,who took part m Expenment 1 also performed thrs task All were natlve

Uween 16 and 18 years ofage e SV N

'speakers of Amencan (n—l 0) Bntlsh (n-5) or Canadlan Enghsh (n.-1)

<
s R
e . ?

Mat_enals Ten sets of analogy pa1rs ij fourffsets of tnal palrs were .

lete umt deletlons, such that

v .the deletlon Qf the targét umt from the ﬁrst word of each pa.lr resulted in_

. another reﬁl’) Enghsh word Each analogy set cons1sted of a sample pa1r

o 2Thanks to MargoLee Hom for helpmg \mth theﬁata collectlon

demonstratlng the analogy and a stlmulus word wh1ch the Chlld was :

-';)expected & change to the target word by deletlon of the apprOpnate s




, elemenﬂ There were five sets mth smgle consonant deletlons 1n each 2
: : ‘category and ﬁve sets wrth cluster deletlons Of the mcomplete unit d&le--i’ -
t1ons, there were ﬁve deletions mvolvmg external” segments Q. e word-. v
o 1n1t1al or ﬁnal) an;i ﬁveg.nvolvmg word—mternal segments The four tnal o
_sets had smgle and cluster deletlons W1th the same phoneme(s) deleted m
. the example and target All words (example and target words) were of a L
" frequency of more than one: occurrence ina mxlhon tokens (w1th standard "
o frequency mdex (SFI) values of 40 or over from the Carroll et al 1971 H
B fraquency hst) The onset coda and mcomplete umt hsts Were prepared by
randomly ordenng the ten sets of analogy palrs (see Table 4 2 1).. |
| Plctures were us'ed to train: the ch11dren on the: task There were -
: tA ‘_ plctures of a COWboy, a:cow, a boy, a toothbrush a tooth and a brush The |

‘ puppet used in Expen-ment 1 was agam avallable to entertam the chlldren .

’betweenhsts e e S T et e Ty

T

P_o_ge_d_t,l_e The ch:ldren/\ére tested 1nd1v1dually ina qu1et room ’m /

o 't‘1e1r school bulldmg The ﬁrst step of the procedure was a prescreen for
o \the general ablhty to deal w1th hngulstlc analogies The expenmen ér .,
e 'show ed the cowboy plcture labelled it, \then sald “If I say part of ?Aﬂmx,l 3

» “ ﬁa(m (or th) ” ’I‘he analogy[;?é conmsted of the presentatlon /of the | |

- rtoothbrush plctu‘re, the requ 5t for the chlld to name it, and then to choose B
. between the plctures of a tooth and a brush to. match the example parr The X

:tralmng Was repeated w1th vanous combmatlons of exarnple and analogy ;

\ pairs (e;g;f?‘mmmmmah mmmnx] Mrm mmmh

R

[LQ.ch]) A mlmmum of two sets was presented and any chlldren who were‘

i ,' not"successful in choosmg the correct plcture after four pr”esentatxons were

excluded from the expenment i o I e

@,
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2 Stixn‘hli for the‘ 'deletion-byeanalogy task

"Training Items:

’ ‘ .

1. smile:aisle = 1. makesimay - . 1. sprangirang

. . smatt:(art) © rocks:(raw)* - spread:(red)

" 2. legregg . 2. beetbee . 2.. desk:deck

“lovei(of) - R hate:(hay) . taski(tack)

3. spoil:oil . 5 3. seedsisee B x 3. “smell:sell
. spout: (out) - : tides:(tie) " * - smash: (sash)

4. cough:off " E— 4. choose: chew . 4, trend: tread

" cod:(edd). . lies:(lie) . - \‘bend (bed)‘ ,

" Test Items (excluding analogy'pairs):** - ‘

1.m°]d\;(old) ' 1. ~tease:(tee)7

2. can:(an) -3 bese:(hay_) 5

7. tar:(are) 5. grate:(gray) - ST

8. both:(oath) 6. juice:(Jew) 8 raily -~ i

10. meat:(eat) - ./ 8. keep:(key) 9_,-,_~~p1¢ase peh‘s)' W
3. .flow:fowe)- 2. loft:(law) 1 sprmg:(smg) ’
4. break:(ache) . 4. toast:(toe) 2. sixthi(sick) e
5. split: t) 7. tracedi(tray) 4. strange:range)

6. spin:(in) . 9. ‘most:(mow), v. . 5. splash:(lash)

9. 0. ’grouped (grew) .- 10. “strip:(sip). -

trend (end) S |

, o . | N ,
"‘Same vowel in lo‘rl dlalect ' - ~ ’ " W '

**Numbers refer the order in whlch the palrs were presentéd

The test sessmn cons1sted of three hsts of ten analogy sets, each . h J :

preceded by four relevant tralmng tnals (see Table 4 2.1 for detalls), always

presented in the order onset coda mcomplete unTi}t deletlons 3 Feedback

 3The lists were presented m blocked order to prevent the young chlldren from becommg
: dxscouraged early m the testlng. It was known from other studies that onsets were
accessible, whereas it was not known whether codas and. mcomplete umts would be. The
o results’ of a rephcatlon with the- ngh School students with completely randomlzed
: ._presentatlon showed no dlﬁ'erences from the blocked presentation. - '



5

was prov1ded for each of the training trials and, whether a child was
successful or not the test tnals were then presented. .

. Each analogy word pan' was presented to- the ch1ld for companson’
* and theh the stlmulus word in th{a form of a game (eg., “If I say part of
ﬂ_a_t | get at If you say part of gpin, you get [inl”). If the child failed to
' respond to an 1tem \ht wag repeated If there was stlll no response from the
| child, a null response was recorded for the item. After ﬁve consecutlve sets
in a list w1th no response the list was dxscontmued (with null responses )
recorded for all non-presented items). A short break was taken after each .‘
list before the tnal sets for the next deletloﬂnﬁhst were presented Each list
" was preceded by the cautlon that it was a new game and the child would
have to do somethlng a httl dxfferent The puppet was somet1mes used to
\ ;'explaln the new game The procedure for the ngh School students was |
- essentlally the same except that the cowboy and tQ_chbmsh examples were"

a explaxned wflthout usmg the pictures.

A_alm The overall number correct for each of the onset, coda, and
x 1ncomplete unit deletlons was. determmed ‘with. separate tabulatlons for |
the cluster and s1ngle phoneme deletmns Errors were coded either as a '
,null response, an 1nappropnate deletlon (1 e., deletlon of somethmg other

than what was 1ntended) a rhyn\e (wluch can also be thought of as an i

onset substltutxon) or as. some other change (e. g repetltlon of the word or .

| . the productlon of an unrelated word). As part of the battery of tests glven to
the ch11dren I. Q (Stanford—Blnet Terman & Memll 1973) and WRAT
~ scores (readmg subtest of Wide Range Achlevement Test Jastak et al

- 1978) were also determmed o



o | \‘ Results
The proportion correct was calculated for each subJect by deletion size |
and type Because there were no s1gmﬁcant dlfferences between males and
| N females on an'; of the hsts or sub- hsts, results were collapsed across sex.
eA part1a11y repeated measures analys1s of vanance (AN OVA) was
carned out ‘on the acéuracy scores (proportlon correct)? with group (4
levels) as the mdependent factor and type-of deletion (¢nset, coda, .
: mcomplete unit) and size of deletlon (single phoneme or cluste,r) aﬁ the
- repeated w1th1n subJect factors (see means, Table 4.2. 2 the means f' \t
individual pairs can be found in Appendlx C). The effect of group was) |
mgmﬁcant (F(3,60) =64.27, p< 0001) because the High School group was
significantly better than- the three young groups, _wh1ch did not d.1ﬁ‘er
: v31gn1ﬁcantly from each other on any of the dependent measures (all ¢- tests
less than the critical Tukey HSD #(60)=3.74 for p=.05).% The type of
deletion was also s1gmﬁcant (F(2, 120)_44 28, p<. 0001) w1th onsets highest |
overall (54% correct), then codas (33%) then mcomplete umts (21%). S1ze of
deletlon was also 51gmﬁcant FQa 60)-14 31, p<. 0004), w1th single
deletlons more often correct (39%) than cluster deletlons (33%)
| The 1nteract10n of type by group was s1gn1ﬁcant (F(6 120)=4. 25
p< 002) since the groups differed in their ab111ty to perform tlaxe\de1etmn
types (see Flgure 4. 2. 1) Kmdergarten children d1d onset deletlbns

; 4Although proportional scores can have a blmodal distribution; a wolatxon “of the
: normahty assumption of ANOVA, Myers (1979) suggests that the mean Square ratio (and:
‘Type I error rate) is little affected. o : y

5All between subject group compansons were done usmg Tukey s HSD cntenon C
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R mgmﬁcantly better than exther coda or mcomplete umt deletlons Wth .
were not significantly dlfferen't from each other Although that pattern
also held for the younger (érade One children, the dxfferences were not

significant, and for the‘ older Grade One ch11dren, the only slgmﬁcant ‘

" difference was that the score fer onset deletions ‘was signiﬁéantly ghe v
than that for mcomplete unit deletlons ‘For the ngh School students, cdda .
deletlons were slightly better than onsets, althou@ not sxgmﬁcantly 80, ,'

- and both - were significantly better than 1Pcomplete unit deletxons (all
51gmﬁcant dlfferences were based on Boriferrom st 5)>4 27 for k 12 tests
and p=. 01; see Myers, 197 9) ) '

-

Mean percentage c0rrect by group, deletlon type and size (n-—l 6/group) ( )

Deletmn Type . Qnset o  Coda } Incomplete Umt
.Deletion Size: =~ Cl S Mean . Cl S Mean cl+ S Meanv
Childre . 42 42 42 11 14 12 .6, 8»-' - 7 l
Kinder arten ¢} ¥ -8 3 1 2 5 . 63 ,
Younger Grade One 3 -4 89 -~ 18 A 2 - 5 8
_ Older GradeOne 8 © 48 3 18 M 9 - 10 9
. High Sghool =~ 78 100 89 = 93 96 94, 46 & 63
- Mean o 5: 67 564 31 34 33 6 36 21

Cl=Clugter deletion S=Singie phoneme deletion

+ [The interaction 'ot‘ size by group ;Nas also significant (F(3,6_(_))=$8v.4f7,
! Dp<. 00v1), since only the High School group showed a signiﬁcant advantage
of g g’le_‘deletionsﬁ(92% cbrrect)’ over chx_ste’r deletions (72%;.t(l5);5.72,"
s .(;)’0'01). The interaction of type by _e;ize by quﬁp was also'sign'iﬁcant

_L(~3-,120)"=3.10v, p<.05, see Figure 4.2.2). qu the I\(_i'ndergartex';'ngroup the

8



; .
only sxgmﬁ ant dlfferences in the pairwise compansons«'\‘vere‘between the-

~ cluster onset and both the cluster and. smgle incomplete unit . deletmns and

" the cluster andomgle ?_coda deletlons. There were no mgmﬁoant d_lﬁ‘orences
for the' younger Grade One childfen Fof the older Grade One ohildr\en'only,,
\ the differences between smgle onset deletlons and smgle and cluster
mcomplete unit delet'ons were significant, and for the ngh School.
students the cluster incomplete un;t (ieletlons score was lower than all of

| fe/others and the smgle incomplete unit deletlons score was fower than

“that of single onset deletlons (all pa1rw1se compansons were S1gn1ﬁcant

'usmg Bonferf;m 8 t(15)>4 41 for k=60 tests and p=. 05) . - B
Fi 191

Percentage correct.for each group by deletion type

. .

100

.Deletion Type. - °
1 I Onset
‘B Coda
B Incomplete Unit .

o
I

Mean Percentage Correct

Kindergarten - Younger .- Older pibn School
' Grade One Gréde One - ,
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Percentage correct for each group by.size and type ‘of deletion

*100

80

Detetion

Onset Cluster
Onset Phoneme
Coda Cluster
Coda Phonems
Incompiete Clus
Incomplete Phon

8

60 ~

40 -

DIEIHEII

- Mean Percentage Correct

N R AN A NS

20.

AN

Kindergarten.  Younger Older High School
L Grade One Grade One ' '

&

Q.szglgtjggs o - ' o |
To examlne the poss1ble relatlonshlp between I Q and WRAT scores
and each type of deletion, correlatlons were calculated for the chlldren by
group and comblned.6 The overall correlations we~r‘8 significant between
+Q. and onset deletlon scores (r(48)- 336) and between 1.Q. and coda
deletion scores (r(48)- 340), both at the .05 level. These were not sngm,ﬁcant
for the Kmdergarten chlldren For the younger Grade One children only
the 1.Q. and coda deletxon scores were s1gmﬁcantly correlated (r(16)=. 614)
| and for the older Grade One. chlldren only the I Q and onset deletlon
ores were (r(16)=. 681)

6I‘heWRAT and Stanford Binet were admlmstered to the children as part of a battery of
tests but were not admlmstered to the ngh School y.udents

P



Errors

Incorrect resppnses were classified as one of four error types (see

Tab‘le «f 2.3) and a number of planhed cornparisons were undertaken

= between dlfferent error types. For example for an intended coda deletion

(e.g., tease tea) there might be no response (null response), there mxght be

_an mappropnate deletlon (e. g tease ease), a rhymmg word mlght be

' produced (e g., tease fees) or there rmght be some other change made

(e.g., tease: dog) Of the total number of; requnses, mgmﬁcantly more were

rhyme errors (26%) than null\responses (10%, 1(63)=5.65, p< 0001) and

| other changes ( 3% t(63)=3.85, p<.0003), but not mappropnate deletions

(15%). Coni'parxsons were also made for each hst (All tests were paired ¢-

tests using Bonferrom s criterion of £(63)>3. 39 for \k—36 tests and p=, 05)

& .
a s (52 iy

wFor onset deletlons there were 51gmﬁcantly more rhyme errors than null
responses, mappropnate deletlons, and other changes and 51gmﬁcantly
more other changes than null responses None of the errors for coda
deletions were significantly different from one another, and for the

incomplete unit list the only significant differences were that there were -

more 1nappropr1ate deletmgls and rhyme errors than null respo’hses

There were significantly more null responses for coda deletlons than -

either onset or incomplete unit deletlons There were significantly fewer -

mappropnate deletlons with onset deletlons than with coda deletlons or

incomplete umt deletlons and mgmﬁcantly fewer rhyme errors. W1th the '
codas ‘than with either onsets or mcomplete umts No other compansons
were s1gmﬁcant “

The inappropriate deletlon category was actually a combmatmn of

nset and coda deletlon errors for the ch11dren, of which the maJonty were
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" onset deletions (14%) rgther than coda deletions (1%). These wer)

" distributed between‘the coda and incomplete unit deletion lists. Kor t.héj '

High School students, onst and coda deletion errors wére quite re (3%

and 1%, respectively) but inappfopriate partial onset and coda-d -. ations.

were quite common (11%), especially for the incomplete unit de¥d 1 list. It

was as thaugh the students knew that'a partial deletion was req 5 v

the incomplete unit deletion list b;lt wefe unable to s} p

Table 4.2.3

Mean\pércentage of each response type for each delétion type "
(n=64 subjects)

Error: Null Inappropriate Other Rhyme Correct
Deletion Type: Response Deletion -~ Change '
Onset 0 4- . & B4
Coda 2 15 ! 13 18 k<]

‘ Incomplete Unit 8 » 16 -] 24

- Mean 10 5 13 26 36

Discussion :

Although the children could perform the deletion task, it was
certainly dif‘f‘icﬁlt for all of them. The High School students had no
difficulty with'»the onset and coda delétions, but their’performancé with the
inconipl_et;e unit deletions was significantly lowér than with the other two _
types. That onset Heletion\s were most often performed correctly overall fits
with the notion of a feadily accessible onset-rhyme strﬁcture. The
hypothesis discus_sed in Experiment 1 théﬁ Kindergartenl children éa’n only.

do onset-rhyme analysis but Grade One children can do finer anélysis

*
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predicts some differences in coda scores between these two groups. The

Kindergarten children’s scores for coda 'deletion.s were as low as for
incomplete unit deletions, whereas both Grade One groups had higher
coda deletion scores than incomplete unit scores_(although these °

differences were not significant).

A possible explanation for the unexpectedi? low scores for the coda i

.

deletions for the Grade One groups is a carry-over of the onset task from -
the ﬁrst list (since the three deletion lists were always presented in the
same order of onset coda, incomplete unit). There were significantly more
,’ inappropriate deletions with codas than with onsets (simply incorrect
deletions). It could also be argued that there was a carry-over of both the
onset and the coda criteria to the mcomplete unit hst since the niimber of
inappropriate deletion_s was highest for this list (although not srgmﬁcantly
diﬁ'erent from the coda list).

The proBlem with a criterion carry-over expianation for the coda list is
that the most common error-Was a null response - the children 'si.mply did
not produce a response. This happened significantly more often With the
_coda deletion list than with the other two lists, It seemed that chlldren did
- fiot know what to do with this list, but thelr failure to respond suggests that
they recognized that it was not snnply onset deletions that were required.
The task was designed go that making the intended deletion would result
- .in an English word, but this was not necessanly true w1th an incorrect
deletlon It may be that word awareness combined ?lth failure avoidance

contnbuted to the increased number of null responses for\the coda hst In

. other words, if the children determmed that tl'}e game wes to produce part
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J . .
of the word and still have a word, but did not have access to the coda, then

ther\e would have been little possibility of sueeess with the coda deletion list,
so they said nothing. Wlth the incomplete umt deletion list, however, it
happened that a dlfferent deletlon than the intended one often still resulted
" in a real worct (e.g., the response for gpring:sing (intended) was sometimes
the inappropriate zing),,_which ;night account for why there were more
inappropriate deletions and ‘feWer null r‘e’s'pons‘ee' for the 1incomplete unitﬁ
deletion list than for the coda deletion list. O/

~The High School students could not do the incomplete unit delet:ons
| very well, thpugh they performed almest perfectly on the onset and coda
delet‘ions.‘It did not seem that the problem was with the location of the
tieletiox;e perfse G.e., wo;d-ini-tia‘l or -final vé. word-internal segments)
since the performance with word-initial incomplete deletions (77%) was
lower than complete onsets (89%) and not mugh better than word-internal
deletions (62%), and the ‘performance with wo",r'd-ffl‘nal incomplete unit
deletions (19%) wes much lower than with complete codas (94%).

One problem with the desigr; of thie task was that the delevti-ons were
presented in orde;ed blocks, as indicated above. This was done to minimize
confusion i_n'the“'yotmg children, b\},t it ‘may have-biased the results,
because the incotnpleté unit list was always presented last. Thus, the low
performanee on the incomplete unit list may have been eatxsed, at least in
part, bj} lagging: attentien or c_arry-ever of the onset and/or coda criteria.
The kﬁ(éfl xiumber of 'ineorrect partial deletion errors on this list made by
the High School students suggested that they realized that a new criterion
was in effect, but the possibility still exists that order contributed to their

poorer /perfomiance. Of more concern, however, is that\tghe incomplete unkt
/ : L B
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- list included ‘partial deletions of both the coda ena the onset, so the
students’ attention had to shift from one part of the syllable to another with
each analogy palr ‘

To determine whether order of presentation could have affected the
results, an additionel group of High School students from the same school
at Kilchberg, Ziirich (n=16) was tested. They were trained with the same
exa'mple, sets‘ as in thje study, but all examples (onset, coda, and
incomplete unit deletions) were given before any test items, and the test
peirs were ﬁresented in a‘different random order for each student. There
were no significant differences between the blo‘cked presentation and ,

| ;andom presentation groups on any of the dependent measures (using
independent.¢-tests and }arvx‘} alphe level of .05), which provides more
‘support for the claim that the incomplete unit deletions were the most
difficult because they were unnatural chunks of the syllable.

Effect of size of deleti

The significant difference between single and clugter deletions _
seemed to be due only to the Hggh School group, which suggests that the
dlfﬁculty with phonemlc awarene;;?ot younger children results not from
the sne.of the unit per se but from the role .that_ unit plays in the syllable.
The apparent disadvantage of phon‘eme‘-sized deleéions found in other.
studies (e.g., Rosner & Simon, 1971; Bruc>e, 1964; may have resulted
becauee these were '-sometimes also incomplete units (e.g., deletion of /ﬁ/
from hand disrupts either -t\he complex nucleus or »cluster ceda, depeﬁdir;g |
on the structural analysis,._v&;hereas dhon of /h/ should.be eaey, since it

. i8 a complete onset‘unit). These other stﬁdies dﬁed medial deletions as

more difficult ‘then i_nitial or final, but in all.cases the deletions ihvolved

r .
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were smaller than a éyllable; what they called medial deletions, therefére.
would be treated here as incomplete urixlit. deletions (parts of initial or final
consonant clusters or the nucleus), which are predicted to be more difficult
because they do not relate to any syllable structure constituent. -

The question of why the High School students performed better with
sinéle phogsme deletions than cluster deletions is difficult to answer in
light of the clear evidence for the psychological reality of sub-syllaﬁfc' units,
Unless it is argued that the High\Students used a spelling gtrategy*and.the ,
advantage of single phoneme deletions simply reflects a lower processing
load relative to cluster deletions, th( result provides support for the
psychological reality of phonemes for literate speakers. N

} S

As further suppoﬁ for the primacy of an onset-rhyme sub-sylblabic
ﬂapalysis, the most frequent error type was production of a: rhyme. These
- errors did nof involve a-simple deletion, since deletion eﬁors resulting in a
rhyme were classified as iﬁappropriate deletions. It can be argued that
pro'ductiqn of a rhyming word involves a more difficult analysis than -
simple deletion,.since the onset must first be isolated, then replace(i with
another to_profiuée a new word. More likely, however, sin.ée rhyme errors
were produced by the children as frequently as correct responses for the
onset list, production of rhyme is familiar to the children and is the default
strategy for a task requiring onset-rhyme anal‘ysis. Pe}haps words are
) leﬁcally accessible i;1 rhyming sets; or perhaps mém'pulation of rhyme is
learned so f}rly that it becomes virtually gutomatic and is used whenever

a task demands sub-syllabic dnit manipulation (although sometimes

=g ) . ~



'+ children simply tefused:to do the task, as for the coda deletions).

The sxgmﬁcant over“all correlatmn of I Q score W1th onset and coda E

G 1 deletlon scores for the chlldren may have been related to the d1fﬁculty of th,e

b 'task 1tée1f’ Ch11dren w1th h1gher I. Q 8 were probably able to do the o

"v.'_deletlon-by-analogy task better 51mply because 1t was a new mtellectual

A actxvxty and they learned 1t more ; mckly The overall correlatxons are not

T ,_‘ correlatlons less than 40% of the‘&gnance was accounted for, so 1t is

o f'dlfﬁcult to make strong cIalms about these relatlonshlps

. partlcularly mteres g how ve}' smce they were on.ly on. the order of B
re. 34 accountmg for less than 12% of the vanance The 1nd1v1dual group
correlatmns 1solated the reIatlve contrlbutlons ‘The younger Grade One
chlldren s I Q scores were related to coda scores whereas the older o

i ‘group 5 I Q scores were related to onset delet10ns Even w1th these hlgher
l

In terms of :the models of syllable structure the results of the present |
' vexpenment support a maJor d1v1s1on or weak bond between onset and
o .rhyme Nelther a secondary branch between the nucleus and the coda nor{
' ‘ta bond between the onset and the vowel nucleus (V ennemann s ‘body
bond) were supported by~the results for the three groups of ch1ldren (as _
) 'demonstrated by the low scores for the coda deletlon hst), although both the
r"'onset and coda seemed equally accesslble to the ngh School students Even

T ‘for preschool chlldren therefore, we have found support for the 1dea that a -

e ',syllable does not consrst of a mere strmg of phonemlc segments but

e contams constltuents of a hlgher order, s1nce s1ngle phonemes and

| .,clusters dxd not dlffer 51gmﬁcantly for the ch11dren but onset and /

;i fmcomplete umt deletlons de

E=Y
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Testlng these chﬂdren after they lea;m ﬂgo read and wnte would be o ‘
&nterestmg Just as Rosner and Simon (197]:,) t‘ound that their test predxcted ,
readlng dlfﬁcultles, one would expect that chlldren 's performance on thls

task would 1mprove after they become hterate If leamgaé}to read results in.
the ab1hty to make "ﬁner dlscnmmatlons, then codas should become more
acces51ble and chlldren should be able to- perform lguch better on the coda
deletlon task Perform\ance on onset deletlons shiuld also 1mprove, mmply

. because of 1ncreased attentlon w1th age and mtellectual matunty The

‘ 1ncomplete umt deletlons should remam dlf'ﬁcult however, smce they
'reqture breaklng up natural constltuents Thus the. predlcted patters

"‘ would be (m order of decreasmg pext'formance) onset coda mcom;,&ete i *nt |
deletlons There should be a group dlfference between Grade One chu‘dren |

" (both younger and older groups) and K1ndergarten chlldren, with the |

K1ndergarten ch11dren st111 unable to do e1ther coda or 1ncomﬁlete umt

deletlons very well 7

:v‘: ) " o ‘e

"The prot:edure and subJec"tsvln thpe.post-test phase of Dr, Morrison ‘s study were

. somewhat different than’ the present study (the lists were presented in dlﬁ'erent orders
. for each subJect and there were dxﬁ'erent subJects) so reliable compgrlsons were not "
S possxble His subJects tested a year later showed gome unprovement with the onset -

. deletions (pre—48% vs. post-57%) and the mcomplete unit deletmns (pre=8% vs.

o post—12%) and as predlcted here, showed cons:derable 1mprovement with the coda s

deletions (pre=12% vs. post_35%) ‘The Kmdergarten children were not as good as the -
‘two Grade One groups. w1th coda deletions in the post-test (Kmdergarten:lQ% vs. ‘Grade
One—43%) but were as good as the Grade One chlldren had been on the pre test (1 7%)



7 _or language games like P1g Latm Most adults can perfectly carry out

m

Expenment 3 :

Subst1tut1on-by-Analogy Task

“In order to clai'm that sub-syllabic units are psychologic;ally }re’al, it
mustbe pOSsiblelto demonstrate that the uni'ts discuSsed 80 far are access-

1ble 1n a vanety of mampulatlons Examples of these are rhyme act1V1t1es

| requests to rhyme words or move word-initial consonant clusters to the end

E of words 'S0 there is httle pomt in askmg them to do so, A mampulatlon
that is not common 1n trad1t10nal language activities but shich has been
used successfully as a readlng dJagnostxc is deletlon of parts “of words tov

' form new words (Bruce, 1964 Rosner & Slmon, 1971) However, adults
seemto find a 51mple deletlon task too easy to: promde 1nvest1gators W1th
much 1nformat10n about syllable structure In. trlal runs adults could do

- even the least likely deletlons relatlvely qulckly and well. Tt seemed that
they rehed ona spelhng strategy, spelhng the words to themselves, ‘
4remov1ng the letter(s) correspondlng to the target deletlon and then
areadlng off the remalmng sequence of letters The deletlon by-analogy

 task. of the prevmus expenment (Expenment 2) may have mmumzed the
use of th1s strategy since the. focus of the task was dlrected to phonemes or .

. letters. Nonetheless it was stlll relatlvely easy for the h1gh school students

“(who achJeved an overall score of 82% correct) It is. 1mportant to evaluate |

| adults ablhtles with a task that reqmres some cognitive processmg in ’
order tq avoid such ceiling eﬁ'ect_s.\ Treiman (1983; 1985a, 1986) found that :

‘the onset and rhyme, and %o a lesser extent, the .cotda emerged as units in v'

. novel word ‘games. One difficulty with using her results to argue strongly
o :l': . . o



for a ,particular‘model of syllable_ stru‘cture; however, is that the tasks and -
" subjects varied across' studjes, which meant that the relative access‘ibility
of various sub- syllablc units was, not dlrectly compared in a single study.

: t1on-by-analogy task was proposed as a mampulatxon that

rmght prove taxmg enough to prevent people from maklng the relevant

changes by spelhng out the words and whxch could be used to test all
| poss1b1e proposed sub—syllablc umts w1thout focussmg attentlon on the
phonologlcal units under study (the focus, rather became the identifi- - ,.
~cation and production.of a pattern) 1 SubJects were presented thh two |
_.pairs of words demonstratlng the sut(stltutlon of one sub-syllablc umt by
another (e.g., subst1tut1on of any onset by /pl_/), and then were glven a’
“ number of stlmulus words in which to make th-"same substltutlon
tfhemselve?. Pilot testing showed that this task was poss1ble but not easy,
~ could be set up to test all combxnatlons ‘of possible units, and was not
- transparent as to 1ts ‘purpose. The people tested in the pilot phase (mostly
graduate students in lmgulstxcs) more often thought 1t was an mtelhgence
: test (s1rmlar to Mlller Analogles, for mstance) rather than a language :

o task On the assumptlon that the pre-vocahc consonant cluster, the vocahé

nucleus (consxstmg of a vowel or dlphthong) and the post—vocahc

consonant cluster were reasonable umts to ananipulate, the 81x types of
substitutions that were. tested were onset nucleus, coda, ‘head (onset plus
‘nucleus), rhyme (nucleus plus coda) and margms (onset plus coda; see

' Flgure431)

UThe analogy task was suggested by Dr B.L, Derwmg as a way to assess the -
 relative acce551b111ty of phonologxcal units. It was used here for substitutions and in
Expenment 2 for deletxons (whlch can be thought of as substxtutlon by null).-



113
: . .
4 ‘ | N E . » I 3]

Types of umts 1ncluded in. the substltutlon-by-analogy task

e

| . |—'—— Onset————l r Nucleus—-l r————— Coda _—_I

Pre-Vocalic Consonant Cluster | |Vowel/Diphthong| | Post-Vocalic Consonant Cluster, | -

Iﬂ e ‘ He_ad' ‘ e I B

L - L —— — Margins — — —

-

The model of syllables as indivrisible wholes w,ould‘predict no differen- |
ces in ease of mani'pulating vari'ous units, since noneé would be psychologi4
cally motivated (in fact, it"woultl predict that the task was {mpossible).
Alternatively‘, a model of the syllable as a string of equally weighted

, phonemes rmght predlct that one segment ought to be just as easy tc |
: mampulate as another, but that groups of segments might present added - _
| dlfﬁcultles in proportlon to the number of segments 1nvolved The models
of syllable structure with. sub syllablc units would predict d1fferences in the
| maniptilability of the various umts dependmg on what the partrcular |
' umts are, ‘where their boundanes occur, and how they are thought to be ‘
orgamzed within the syllable For example, the model of the syllable w1th a
“single 1nterrned1ate level of equally wexghted constltuents would predJct
'that there wtld be no differences in ease of manipulating the sub- syllab1c
. units (although the questlon of interest would then become whxch units
| comprise the syllable, for 1nstance, onset nucleus, coda is one pos51b111ty)
) | The rhyme model proposed w1th1n metrical phonology (e.g., L1berman 2 .-
& Prince, 1977; McCarthy, 1979; Selkirk, 1980; 1984; Hayes, 1981) would

"

e . . ’
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branch separates the onset and vowel; nor are the marglns,\whlch are not

S 114
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|

_ predict that onset and rhymé Wbuld be most easily manipulted, since

accessing the nucleus or coda would require gomg deeper into the

structure. The head umt is not descnbed by th1s model at’ all smce a major

>

only discontiguous but separated by bofh a major and minor branch. Thus |

- margins and head s'hould be. éheleast accessible units In the case of a left-
" branchmg model, the major branch would be between the head and the
‘coda, making them the most acceSS1ble Wxthm the head the onset and the
vowel nucleus would be the next most accessible, presumably both at the

- same level at the end of minor bfanches_. This structure has no provision

for rhyme, since a major branch separates the nucleus and coda, nor for

margins, since there would be a major and minor brarich between them,

~ [

*s0 both rhymeand ma_rgins would be prédicted to be unnatural units.

The model }prOposed by Vennemann (in press)’allows relevant pre-.

_ dictions based on bonds and afﬁmtles There are afﬁmtles among contlgu-
: ous segments of the onsets and oﬁ‘sets (codas) and an onset bond that

results in greater cohesion in the head (onset plus nucleus). It 1 is not clear

from Vennemann’s description whether the onset bond would need to be

broken to allow access to either the onset or the nucleus. If so, the head and

coda (offset) would be most accessible, thenbonset, nucieus, and/ or

- margins (since there is nothing to predict that it would be harder to access |

both the onset and ¢6d4 than just the onset once the onset bond is bljoken),

and finally rhyme, since there iis.little to tie the nucieus and coda together. '
A number of controls were built into the present study to ensure that "

any d;ﬁ‘erences found among the unit substltutlons were not caused by the

number or relatlve sahency of the phonemes mvolved in the substltutlons

coA
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Method |

K}

S_ubj_e_c_ts Forty native English speakers took part in the study (20
. women and 20 men). All were umvermty students or graduates and none

had any specialized tralmng 1n phonology beyond 1ntroductory courses.
? .

o

¥

..Twenty. sets of subst_tutlon analog1es were dev1sed In each
set there were two example pairs demonstra ng the analogy, followed by
four to six stlmulus words. There, were six different types of substltutl_on...

onset, nucleus*"(s'impl(é vowel or diphthong), coda, hlead (onset and

nucleus), rhyme (nucleus and coda), margins (ons t and coda). There
were three sets each of onset, nucleus head ‘and rhyme, and four of coda
‘and margins.2 \bhthm each set, there were two spellmg match targets,
'where-the spelhng of the, response word (¢ cept,' 0 ~for the'
;'substitution) matched the'v spelling of the stimulus word (e.g.\ -p_lm |
for a ﬁ?l / onset substltutxon) a szmatch ‘target, where the spelhng of the
parts of the words not ;lnvolved m the substitution d1d not match (e.g. s
fgugh_t_-_pmz)3, and a nonsense target, where the correct response was a
nonsense word (e.g., ‘s_tm:le_s-/plonz/).‘4 'The substitution types with an
: example of each, the example pairs (which. were alvgays"'s'pe'lling matches,
for clarity)s the stimulus words,‘and intendedﬁt\argets can be found in Tahle o

4.3.1 (the complete list of stimuli’used can be fOund in Appendix D);5

2I‘he additional coda and margm sets werg introduced to allow for direct companson

" of phonemes in different posxtlons r

3There is no /3/ - /a/ contrast in the local dxalect except before /r/, so these words rhyme.

4Due to an oversight one of the rhyme sets had an extra match target and no mismatch.

. 5Al the stimulus words were real words except for one rhyme set, in which the first
spellmg match stimulug was madvertantly the nonsense word p_e_sk See note 6 in the

Results section. :
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Table 4,3,].,

-

e

Substltutlon types with an-example set of each (mclu%mg example pan's,
‘ stlmulus words, and targets)

C

Onset Istre/ cling-string - bride:stride ’ - Match .
: Jbeam-stream * _ duck:struck . Mateh
: slate:straight - Mismatch
coach:/strotf/| Nofibetise
Nucleus = /_€_/ . braid-bread - =~ - steam:stem Match =
dusk-desk mint:meant \ Match™ *
, " size:says \  Mismatch o
. \ look:/lER/ ~ Nonsense
Coda - /_nts/ blimp-blintz tempt.tense/tents - V.Match
| " ‘ fai\th.-faints past:pants * Match ‘
- hop:haunts Mismatch :
love:/lA nts/ . Nonsense
Head floss-crass . - stink:crank Mat,ch
“drift-craft blush:crash Match
' chic:crack Mismatch
snail:/ krael/ Nonsense
Rhyme ' basﬁe-bold : monk:mold Match
: strict-strolled scant:scold Match
- . kept:cold " Mismatch
" chomp: /thld/ Nonsense
Margins bathe-stake glimpse:stick Match
a plug-stuck fast:stack Match
taught:stock Mismatch
dread:/stek/ - Nonsense
The substltutlon targets were chosen 50 as to have at least one smgle P

and one cluster phoneme substltaltlon per type. The stimulus words
--contamed a vanety of consonant clusters and vowels, with the constralnt

that the number of changes for onset and coda substitutions was equal (for

-



- asterisks in _Appendix C).
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each type of substitution. a total of 22 phonemes . was substituted by a total of

24 phonemes) -as was the number for head and rhyme substitutions (for

| each a total.of 34 phonemes substituted by 32 phonemes) Specific control
items were also 1ncluded to allow comparison of 1dent1cal phonemes in

' dlf‘ferent posltrons (/le [/ el/ /pl_t:/ lplifp_1/: /1_p/ /sk& // &eks/, /sk_/

to /pl_ / /_ sk/ to /_lp/, /k_s/ to 1_p/, /s_k/ to p_V,; these 1tems are marked
with an astensk in Appendxx D). In addltlon to the 80 stlmulus words of

pnmary interest, there were extra items, bringing the total-number of

stimulus words (those ‘requiring a response by the subject) to 92. The

additional 12 items included seven cases of pre-vocalic glides, three cases

W of vowel nuclei which could be analysed either as syllabic /t/ or /nr/, and .

two other cases of post-vocalic /r/ (these items are marked with double

AN

' ngedm The -subj'ects','were tested individually in a quiet room. They

were told théy would playing a word game similar to Pig Latin and that

"th'e-y would be asked to make a new word or nonsénse word by substituting '

sounds in-the words given by the expenmenter The expenmenter
expﬁ’ned that she would say two palrs of example words that
demonstrated the desn'ed substitution analogy and then would give four to
six stlmulus words individually, pausing "after each for the subJect’
answers. SubJects could have the example pairs.repeated but were asked to
keep such requests te-a minimum. They were told that each substitution
set was completely dlfferent froma the others. |

Sample sets were ngen before the session began, two to demonstrate

what was meant by substitution (different sounds in ¢at can be substltuted

to get rat, coat or cap; wﬁhlle similar substitutions for dog give dog-fog, dog-
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dig, d.QEd.QlD', en('i‘ one to demonstrate analogy using deleti'h-by-"analogy.

In the latter case, two examples 'vgefe' given (_tr_oyghegﬁ, flow-owe) and then
the subjects. i&ere asked to make the analogous deletions for smart, bresk,
mold, and {ry). For the latter set’ the instructions and example pairs were
repeated if the sub_]ect d1d not get the ﬁrst target (smart-art) correct. All

" subjects were able to do th1s~sample set after ane repetition of the
V‘.1nstruct10ns |

| The 20 substltutlon sets were presented in a dlﬁ‘erent random order

for each subject (i.e., a subject might get an onset first, then a'head, then a
_'rhyme substitution, etc), but within each set the ofder Was always two
exaxgple pairs followed by 'two. stimulus words that required spelling
match respohses a word that reqhivred a spelling mismatch'response and
a word which requlred a nonsense word response. The rate of presentatxon
was determmed by the subject. There was a short pause after each set to
make it clear to the subJect that a new set was starting. The complete test -
generally tooh 20 to 30 Imnutes (range 10-45 minutes). The participants |
were asked for thelr comments afteg'wards and were provided with a brief ’
explanatien of the purpose ef the study. The sessions were taped ari-d
subjects were told that this was in order to check the accuracy of the

transcriptions. Noanere informed that reaction time was of interest.

S_q-&mlg 'Responses were marked as correct (metching -the- target) or-
as one of seven types of error: incerrect substitution of ({nset, vowel, coda,
head, rhyme, margins, or other change. For example, if the response after
the example pairs might-plight; dmnk_p]_ank (onset substitution ef /pl_/)
for scum was plum, it was considered correct;-if the response was gcuff, a
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~ coda substitution error was involved; if bum, an onset substitution error; if
plank, an other change error. Reaction times were measured from the
tape recordings with mstopwatch to the nearest tenth of a second from the
time of the completxon of the ugterance of the stimulus word by the

experimenter to the beginning of the response by the sub_]ect

“Results
:I "; ‘w l ‘ .
a) Analyses by type of sub,stituticrl;

All of the subjects produced at least ‘some correct responses (the range
was 5 to 74 correct out of 80, mean=38.13). Because there was no significant
dilference in propcrtion correc&l;{e}:ween men (.50) Aan‘gl women (.46), all
subsequent analyses were «collapsed across Sex. The proportion correct for
each substitution type was calculated for each type of response (spelhng ‘
match spelling mlsmatch nonsense Word) In addltlon, since the spelling
match response type included both the first and second stimulps word for
each set (the order of presentation was always spelling match 1,l spelling

'match 2, spelling mislndtch, nonsense response), each of these was
calculated sépai'ately The mean proportion correct for each case can be
found in Table 4.3.2 (the complete list of stlmuh with proportion correct can
be found in Appendix D).6

6The nonsense word pesk which was used inadvertantly in the first example of one of the
' rhyme sets probably caused the low scores in that set relative to the other rhyme sets. This
did not effect the advant,age for rhyme substitutions, however, since rhyme was the best
overall. :
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Table 4.3.2

Feg ? ,
Mean proportion correct for substitution type by response type and position -
(n=40) - .

" Substitution: ~ Onset Nucleus Coda Heéad Rhyme Margins

~ Pos Response: AN . |
1  Spelling Match 1 .76 .63 54 24 .80 .33
‘2 SpellingMatch2 .68 63 ' 52 23 81 .29
Mean Match 72 63 .53 .23 80 31
3 Mismatch 60 65 49 18 74 21
4 Nonsense - .55 47 31 15 7223
Overall .65 .59 47 - .20 J7 .26

A repeated measures analysis of variance (AN QVA) with subsﬁitution
type (6 tyf)es) and response type (Spelling m’étqh, spelling mismatch, |
nonsense word response) as the within subject factors showedthat both
" ‘'main effects were signiﬁcani (substitution type F(5,195)=48.40, p<..0())01;
response type F(2,78)=48.56, p<.0001), as was the interaction )
(F(10,390)=3.94, p<.0004). Rhyme scores were signiﬁcantly higher overall
than all other types except onset substitution scores. Onset and nucleus
substitution scores did not differ and both we;e significantly higher than
coda, margins, and head substitution scores. Coda substitution scores
weret higher than the scores for margins and head substitutions, which
did not diﬁ‘er'signiﬁcantly from each other (see Table 4.3:2; all pairwise
coxhpaﬁsons betweenscofes on different, types of substitution were paired
sample t-tc;sts, using the B_onfeﬁ-oni criterion of £(39)>3.18 for k=15 tests
and p<.05; Myers, 1979). |

_. The same order of difficulty generally held for the individual response
types, although there were more:aajace-nt mégns which were not '
Y

EN

1

S
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significantly different (because paired comparison tests were done both for
the three response types and six substitution types; th‘e statistic here was |
t(39)>3.61 for k=45 tests and p<.05). For the mean spelling match, rhyme,
onset ana nucleus substitutions, nucleqs and coda substitutions, and head
and margins substitutions did not differ from ohe another. For the
mi;match respon‘sé cases, rhyme, nucleus, and onset substitutions did not
differ from one another, onset and coda substitutions did not diffef, and
again, margins and héad substitutions did not. For the nonsense word | v
. response, rhyme ‘anci onset substitutions, onset and nucleus substitutions,

nucleus and ¢oda subJsti.tutidns, and c'c:}a, margins, and head substitution
score differences were not significant (t_;ee ngure 4.3.2). |

Figure 4.3.2

Mean proportion correct for each response type by substitution type (means
within a circle are not significantly different ¢(39)<3.61)"
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The interaction arose because the adviantage of mean spelling match .

over the other two response typesidid not hold for every substitution type

(see Figure 4.3.3). Spelling match was significantly better than spelling
mismatch only for ‘the onset and margin-s substitutiqgs&gn;f;:antly better

than nonsense word responses only for ogset, nucleus and c
: 1

~ substitutions, and spelling mismatch was significantly better than

. nonsense word respo:nse only for nucleus and coda substitution types (all

pairwise comparisons were Bonferroni ¢-tests for paired samples with

. t(39)>3.70, k= 63 tests and p<.05).

2\ ' Figwedds
F’roportion correct for mean spelling match, mismatch, and nonsense
response types (means within a circle are not significantly different;

t(39)<3.70). : ‘ : » . -
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BN To determme whether the shght advantage of mean spelhng matgh
| over spellmg mxsmatch mlght have been the result of a pnm#y eﬁ‘ect
(smce the ﬁrst and the second stlmulus words within each set were both
spelhng matches) another repeated measures ANOVA (6x3) was carned
out on. proportlon correct with substltutlon type and response type as.
_::_L,'_ - w1th1n sub_yect factors Response type in th1s case was with the second
spellmg match spelllng mlsmatch and nonsense Word rather than w1th
the mean ppelhng match Agam, there was a mgniﬁcant effect of
i ,‘f iR subst!t‘ﬁtlon type (F(5 195)-46 63, p<. 0001) and of response type

- (F @, 78)‘34 80 p<. 0001), and a mgmﬁcant 1nteract1on (F(10 390)—-3 43,  ®

y b< 002) but there was no advantage of spellmg match over spellmg
rmsmatch The only mgmﬁcant deferences (w1th t(39)>3 70, k-63 tests and(

) ,7 p< 05) were between spelhng msmatch and nonsense word respOnses for

SRS nucleus substltutlons -and between both spelhng match and tmsmatch and

%nsense word reSponses for coda substltutlons (see Flgure 4 3 4) The only
drﬁ"erence betWeen the second spelhng match and the mean spelhng;

: match analyses was. that ,onset was not mgmﬁcantly dlfferent from coda 1n \:

the second spelhng match analys1s but 1t was ;n the mean match ana}ys1s ,' ,.

(see Fxgure 4 3. 2) /Q o . "'-j o 8
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‘Proportlon co ect for second spellmg mqtch mlsmatch and nonsense_
_-response types (means wrthm a c1rc1e are not mgmﬁ&antly dlfferen’c
t(39)<3 70) S e :
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The presentatlon order for dlfftrent résponse types was mvanant so
Just as the advantage of mean spellmg match over spelhng mr\smatch
& - m1ght bé thought of as s a pnmacy éffect 80 m1ght the dxsadvantage for
v nonsense word responses be cons1dereo an ordenng effect Therefore,
iy another repeated measures AN OVA was- camed out W1th substltutlon type
(6 types) and order of presentatlon (4 posmons) as the w1th1n sub’ect
factors. Bothwmam factors were sxgmﬁcant (substltutron type -

F(5 195)-49 37 p< 0001 order F@3 1]&)-39 06 p< 0001) as was the
mteractlon (F§15 385)_2 64, p<. 007 ). Desplte the s1gmﬁcant order effect

:éif?

and the appearanCe (see Flgure 4. 3 5) of a decrease in proportlon correct
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'mlsmatch_pOSB nonsense-pos4)

. With or’der,% the only significant differences (t(39)>3 90’f';o'r k=96 'tests,

~ p<.05) were between posmon 4 and posmon 1 for onset substltutlons, -

posmon 4 and posmon 3 for nucleus substltutlons pos1t10n 4 and the other

e "}three positions for coda substltutlons, and posmons 3 and 1 for margms |

' subst:tutxons The order of vdlfﬁculty for the substltutmn types was

: generally the same for posrtlons 1 and 2, except that onset substltutlon

: ‘scores were mgmﬁcantly higher than coda substltutlon scores in pos1t10n 1:

but not in position 2.(see Flgure 4.3. 2 matchl —posl match2—pos2

_’_____,_.,4

-t

Figure4.35
Proportxon correct for substltutlon type by response order (means within a
v'c1rc1e are not mgmﬁcantly dlfferent t(39)<3 90)
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N To determine whether the'disadvantage of the nonsense/position 4
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e »response was due to type or'order, a post hoc companson was made of the

‘ ’coda substltutxon types 7 There were two coda cases where the mlsmatch
response was in pos1txon 3 and the nonsense response m po

tion 4, and _

n4 and the

“two other cases where the mismatch response was in pomt

- nonsense response 1n posmon o. If there was a response effext;the

_ proportlon correct for nonsense should have been- lower than mlsmatch

| regardless of the posxtlon AIternatwely, if there was an order effect the
proportm'l co e for position 4 should have been equal regardless of
whether pos ion 4 was a mlsmatch or a nonsense response The means
forthe mismatch cases -(pos3-.49, pos4=.49) were equal andvthe nonsense ’

cages ‘(p'os4"=l33 pos 5=.30) were not significantly different. However, the

!
R

[ T
i

. 'test 0 whether the two position cases were dlﬁ‘erent proved to be sxgmﬁcant.
(¢(1)=8.89, p<.05), since the mean proportaon correct for pos4/m1smatch
@ 49) was greater than pos4/nonsense (. 33) supportmg im that the

" effect was due to response type rather tlpan order of pre!

- b) Analyses by size of substitation. I o |

tion.

It miéht.be'argued that one type of substltution_ls more difficult than
an_other beCause proportiona'tel‘y more of the syllvabvle_hasj to.be Substituted;
for some'sub-Syllabic units than for others. To check' for evidence for this
size argument, the proportion correct wavs determined for each subject by
size of:substitution unit where onset, nﬁcieué, and coda substitu‘tions" were =

‘ conSIdered to be s1ngle umt substltutlons and head, rhyme and margms '

' subst1tut1ons to be double umt substltutlons (smce each of these units. can "

TThis companson was possxble because some of the 12 extraitems mcluded to study the
queshon of ghdes in vowel nucle1 occurred before the mismatch targets
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be. descnbed as contammg two of the single umts i.e.,

st, rhyme-nucleus+coda and marg1ns-—onset+coda) 8
A repeated sures ANOVA (3x2) for proportlon correct with mean

spellmg match, spelhng mlsmatch and nonsense word responses versus

1t s1ze showed single umt substltutwns were correct significantly more -

otten tha double umt substltutlons (F(l 39)_33 06, p<. 0001) ReSponse

type was sxgmﬁchﬁt (F(2 78) =61.29, p<.0001), as was the interaction

(F(2 78)—19 13, p<. 0001, see Table 4.3.3). 'I‘he dxfference between single
“and double unit substltutlons was sxgmﬁcant for mean spelhng match
(t(39) =5. 55) and spelhng mlsmatch (t(39)-—7 02) but not for nonsense word
responses.9 Although‘ proportion correct was grea»test overall for mean
‘spelling ‘match' the differenée'between mean spelling match and spelling

‘mismatch was mgmﬁcant only for double unit substltutlons (t(39)—3 30,

p< 05) Nonsense word response scores were significantly lower than

‘ mean spelhng match scores. for both smgle (t(39)-‘-8 49) and double unit |

' substltutlons (t(39)=5 47) as well as lower than spelhng mpmatch scores

~ for smgle umt substltutlons (t(39) 6 05). . e

;

~ BNote that size here does not refer to the number of phonemes involved in substitutions

~ per se (that is, single segments vs clusters), since a head“u{h\stitution of /le _/ vinvolves '

two phonemes Just as the.onset substitution /pl_/ does. .
9Agam, Bonferroni t-tests were used throughout these palred compansons ‘'of means (for
k=6, t(§9)>3 46 and p=. 01)

i !
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Mean’proportlon correct for unit size and response type (n=40)

Subptltatiqn Slze: : o Smgle Umt Double Um’t
Pos1 Spelling Match 1 63 - - 45
‘Pos 2 - Spelling Match 2 B 60 46

- Mean Spelling Match - 62 45

- Pos3 Spelling Mismatch 57 : 31 -7
Pos4 Nonsense S 43 © 85

Overall | .56 .39

¢) Analyses of special cases

The pholnemes /p/ and /l/ were included as substitution types'in a

‘ variety ‘of p.ositions (onset, coda, and margins) to cornpare these

substitution types directly. There was no différente between;substitutions

- w1th these phonen:&es as onset (/pl_/ mean correct—72%) and coda (/ lp/
' 63%)\ar between dffferent orderings- as marglns (/p_l{ 33%, N p/ 29%),

although all comparisons of e1ther onset or coda with e1ther of the margms ‘
Vo _

cases ‘were significant (t(39)>4 31 p< 0001) Comparisons were also made

_controlling for what was substltuted In one case of each of the onset, coda,

and margins substltutlons 1nvolv1ng /p/ and /l/, the phonemes /s/ and /k/
were the stlmulus phonemes This pattern was a subcase of the overall
proportlon correct the order was onset (/sk _/ to /pl /,83% correct) coda
- (/ sk/5to/ 1p/, 60%) margins substltutxons (/s k/ to /p_l/ 48%:; /k s/ to
N_p/, 38% coxj'ect) o ‘ |

Another set of compansons mvolved the phonemes /e/ and /1/, as head
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and rhyine. Substitutfng these f)honeme's,as a rh&_me was signiﬁcantly
mote often correct than as a head (/__el/ 89%; Ne_/ 20%; t(39)=12.18,

‘ | p<. 0001). A fairly direct comparisonthat was part of this ‘eet invol;red the 0
‘ ) phonemes /s/, /k/, and /&/ 10 The rhyme substltutxon (/_eeks) to / el/) had -

: a much higher proportlon correct (85%) than the head substltutlon (/sk‘/
tndle _/; 16%). One companson which was less direct, but did involve the
“same nucleus, was the rhyme substitution /ruf/ to /eel/ (95% correct)

versus the head subst1tutlon of /sud/ to led/ (25% correct). -

There were 12 extra stlmulus items containing pre-vocalic glides and
nOSt-vqcalrc /r/. The _pre:vocahc glides were treated as ‘part of the onset |
Signiﬁcantly rndre*often (77%) tha_n_ as part of the vbw‘el. nucleus (13%;'
t(6)'—4 43, b< 005) irreSpecti've of whether the glide was fepresented
orthographlcally by a consonant ora vowel (e. g swift vs. quest). The
‘ post—vocahc /r/ was treated as part of the vowel nucleus significantly more
of’ten (47%) than as part of the coda (16%, -t(4)=2.65,~ p<.05). The difference -

“ \ for the /'Ar/ cases alone was Yeven larger (nucleus 53% versus ,cdda 3%),

L H2)=12.75,p<005)1 . .

‘d).Reaction Time .Analysis‘

~ Only reaction timeg(RT) for correct responses were considered
because it is difficult to attach any meaningfulpess to the length of time it
~ takes to do. somethi_ng incorrectly. The pool of responses for this analysis

‘was thereby limited and was further restricted by the decision to use only

1(Unf‘orl:unately, there was no dn'ect companson pair mcluded in the list (such as tail and .
hn,g Howevgr, the effect is so large for the close comparxson that it probably does not °
matter. . : : : .

11Som,e of the responses for these cases could not be classiﬁe‘d as part of the margin or the

. nucleus, so the sum of the proportion of nucleus and coda responses did not equal one. o

s
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A
'

those subjects with at least two correct responses per substitution type.

This resulted in a sample size of 16 (nine men and seven women). A ‘

repeated measures AN OVAL(ZXG.) with aex as the between subjects and

: substitution type as the within subject fa’ctor showed a significant effect

| only of substitutiovn type (F(5,70)=4.93, p<.02). Collapstng across sex

increased the: sxgmﬁcance of the type effect (F(5,75)=8.95, p< 002). Palred

compansons of mean reaction time for each substltutlon type (for k=15

" tests, usmg Bonferroni's ¢(15)>3.48 with p<.05) showed that rhyme

substltutlons (1 .8 sec.) did not differ 51gruﬁcantly from onset substitutions
(2 1 sec.) but were faster than nucleus (2 6 sec.; t(1 5)=3. 85), coda (3.1 sec.;
1(15)=4. 24) and head substltutlons (4:6 sec.; £(15)=5. 23) None of the
substitution types differed mgmﬁcantly from margins substitutions (4.1

'secv.t.): probably bec”auSe of the relati\‘r'ely greater variance associated with

the reaction times for margins substitutions (more than twice that of the ‘

next highest and 50 times that of the loweést RT) Onset substitutions were

~ gignificantly faster than head substltutlons Q1 5) 4.56), as were nucleus
(t(l 5)=5.05), and coda substltutlons (t(15)=4.55). 3
' ]

A paJred samples test of mean reaction time for different sized umt
showed that slngle umt substltutlons were mgmﬁcantly faster than double
unit substltutlons (2.6 sec. versus 3.5 sec respectively; t(15) 3.79,
p<. 002) wh1ch parallels the result of the accuracy measure. |

Emn_aaa&m |

Errors were coded in terms of seven possible error types

"(inappropriate substitution of onset, nucleus, coda, head, rhyme, margins, |

)

and other chan'ge) for each intended substitution. In three cases (for onset,
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coda, and rhyme eubstitutions) the entry on the diagonal was:close to half ‘
of the total number of errors for that type (see Teble 4.3.4). This is exactly
whet one might predict if each substitution is considered to have. two parts |
(where the substltutlo\l was and what it was). For example, onset errthé

for onset substitutions were the result of only the what being wropg, not

" the where, and the other errors were distributed across the rest of the .
substitution type possibilities (although it is by no means clear that these

~ two types of errors are equally probeble ahg there are vat'ious other -
predlctxons which could have been made). In contrast, the entry on the
.,dlagonal for each of the head and margms substltutlons was low relatlve to .
total errors for that type; most of the errors for these two targets were onset

substltutlons.
- Table 4,3.4

‘Matrix of number of errors per substitution type (n=40 subjects; entries on
the diagonal are underlined). '

Error: Onset Nucleus Coda Head Rhyme' ‘Margins - Other Total

: Target:. . . | : e ‘

Onset 131 1 0 | 4 n .oon 2 170
Nucleus 10 49 4 8 119 0 * 6 196
Coda 4 6 154 0 147 10 20 342
' Head ©" 190 43 13 29 50 29 a 885
Rhyme 10 ‘29 9 0 49 0 13 110
Margins 19 %5 48 1 B 8 49 472
TOTAL 544 . 168 - 228 52 435 181 122 . 1675,

Mean_ 136 41 57 - 13 109 = 33 3.1

| The mean nux_nher of onset errors (13.6) wa'sfri_ot sig'niﬁcantly different
" from the number of rhyme errors (10.9), but ‘was signiﬁcantly.highef than
the coda (5.7; #(39)=5.81), nucleus (4.1, #(39)26.79), margins (3.3,

N
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. (39)=17.08), other change (3.1, £(39)=7.03), and head errors (1.3, _

lt(39)‘=8.54). There were significantly more rhyme errors than nucleus,. - ¥
mergins, other change, and head errors (all £(39)>5.43), but not coda

"errors; and both coda and other change errors were significantly more

frequent than head errors (t(‘.39)=5r.55, £(39)=4.09, respectively).12
| : .

" The order of all three measures (proportion correct, reaction time,

'-A'.“_'A and error preference) did not differ much (see Table 4.3.5). For each, onset

-_"‘and rhyme substltut‘mns were not mgmﬁcantly different from each other

and_were the hlghest (proportlon correct), fastest (reaction tlme)_, and ,
preferred (error), and, marg?ns and head éul;gstitutions were the:i‘owest_a
ranked and were also net‘eigniﬁcantly different frpm each other. Nucleus

and eogié substitutions fell m the middle, also not distincf from,eac§1 other.

\

sy

. ;
y ERAN
f . A

)

.12A11 significant differences (i.e., t(39)>3.98).were set\w:th Bonferroni's criterion for
k—21 comparisons and slgmficance at the 01 alpha vel overall.
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Table 435

Rank order for each measure by substitution type.(n=40 for accuracy and
errors, n=16 for reaction time). ‘

Accuracy Reaction Time Preferred Errors
(Proportion Correct) .(Seconds) . (Number) _
" Rhyme = .77 Rhyme 1.8, Onset 13.6
Onset 65 Onset 21 Rhyme - 109 .
Nucleus .59 ° Nucleus 2.6 Coda 5.7
Coda 47 Coda 31 Nucleus 41
Margins .26 Margins 4.1 Margins 33
"Head . . 20 Head 46 Other - 31
Head 1.3
 Discussion

. - The results clearly support a model of syllable structure with a major
break between the onset and rhyme and a minor one between the nucleus
and coda The performance onmnset and rhyme substitutions was not
* significantly different either in proportlon correct or reaction time.
Although there was some overlap in performance on nucleus and coda -
substitutibns the;?a itwo were generally lower than ‘onset and rhyme
substitutions, with nucleus better than coda substltutlons Smce the vowel
~ is generally thought of as the syllablc peak, carries stress, and can stand -
alone, it is not surpnsmg that the nucleus_ was more sahent than the coda.
‘This result suggests that a simple free etmcture for the syllable with equal _
" end nodes wouid have to be adjusted to give more weight to the yowel. A
| right-branching structure for-syllables predicts a,di_sadvantage for head

and margins substitutions, which was supported. The discontinuous
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margins were slightli easier to access than the hehd, perhaps because of
the saliency of the vowel (i.e., substituting margins may also}fe thought of
as substltutmg the stimulus nucleus into a target shell), v(hereas the hez?d
1s not a predicted unit in tlus model and the leftover G.e., the\coda) is not as
salient as other umts (i.e., the onset and the rhyme) ' .
. Despite controls on the number of pl{\onemes involved in substxtutxons.
head substitutions were s:gmﬁcantly more difficult than rhyme
substitutions. Thus, no support‘?was found for the head unit ‘of the left-
branching hierarchical model proposed by Iverson & Wheeler (1987), nor
for that of Vennemann’s (in press) description of bonds and afﬁnities .
Without the special body bond proposed to bind the opset and nucleus,
Vennemann's model might be a useful alternative to a hrerarchlcal model
It may be that bonds are language dependent Based on the present results,
a rhyme bond (between the nucleus and coda) would be more appropriate
than a body bond to describe English. -

A non-hierarchical model with a rhyme bond would pl'esumably"
make the aame predictions as a right-branching structure, except that
diﬁ‘erent_ial aﬁ'lnities could account for why the nucleus appeared to be

"more accessible than the.coda. If the coda is weakly bonded within itself
(more weakly than the rh'yme bond) and there is a segm“ental bond fof the.
nucleus (to bind the vowel with off-glides), then one would predict that a |
CC coda would be less tightly bound than a vowel diphthong nucleus.
There should be no difference between simple vowel nuclei and single
segment codas, because there would be no affinities to play a role beyond
the rhyme bond. An inspection of the data revealed that although the |

| diphthongs were more often correct (53%) than coda clusters (45%), the test
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case of simple vowel and simple coda were not equal (71% and 50%,

respectively). However, the vowel diphthongs were approximately equal to

" the simple coda. The preceding means were based, in some cases, on only

one set of substitutions, however, and are therefore inconclusive. Further
elaboration and testing of these affinities should be carried out (see
Chapter 5 for a discussion). . |

The other models of syllable structure that can be rejected based on the

results of this task are the ‘flat’ model of the syllable as a string of equally

welghted phonemes and the model of the syllable as a smgle 1nd1v151ble
unit. Despite controls on the numbers of phonemes involved in
substitutions (e g, onset vs. coda substltutlons rhyme vs. head
substltutlons) there were significant dlfferences between\substltutmn
scores with these sub-syllabic umts If syllables are treated as non-
analysable wholes by native speakers then one Would predict no

differences in the ability to access and to make substitutions with different
N . ”~

-sub-syllabic units (i.e., all would present major difficulties). Neither the

core plus affix model nor the metrical model including appendices was _
tested here. ;

The questi'on of whether people were relying on a spelling strategy to
pérform this task or, more generally, whether spelling plays a role in
phonological manipulation, was not completely reso d in this study.
There was no difference between spelling matches and mismatches with
the substitution type analysis (i.e., with the six different types of .
substitutions analysed separately). However, a comparison of single unit
substltutlons (.e., onset nucleus coda) with double unit substitutions (i.e.,

head rhyme, margms) showed a 51gmﬁcant advantage for spelling match

-
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targets for the double umts over mismatch targets (although there was no .
dlfference for the single unit substitutions). There was httle in common
phonologu:ally or orthographxcally between the stimulus and target for
double unit substltutlons with a spelling mlsmatch since the only unit

that did not change phonologically (i.e., which was not part of the
‘substitution) was different orth;graphicaIISI. Under these ootimal

- conditions the effect of orthography did emerge, with the spelling

mismatch targets significantly more difficult than the match targets. This

result serves as yet another cauti

hat one cannot ignore the influence of
awareness of spelling in phono' tasks, since spelling that matched
obviously made the task easmr. |
‘Although at first glance the general pattern for the substitution type
by order analysis appeared to indicate decreasing performance with
distance from example pairs (i.e., the results for onset and head,' Figare
435), the relatjonship was not strictly linear,~ because there was a large
difference in .pe;formance between nonsense word responses and other ’
type‘s for the vowel apd coda substitutions. The low performance for'the\
positionv.4/honsense word response may have been caused in part by
forgetting the exarﬁple,:‘tanalogy, but there was certainly a tendency for the
subjects to pause before giving a nonsense word response, despite having
been assured at the start of the experimerrt that some of the appropriate
responses would be nonsense words. There seemed to be a sense of
._confirmation gi.ving' a real word response thatv was lacking with a
‘nonsense word response. In fact, the majority of errors given for the
position 4/nonsense items were rgll words that were phonologically

similar to the target nonsense word response. Obvmusly, though, the effect -

LS

LS B
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: of dlfferent substxtutron‘types was stlll stronger than thlS word blas, smce Lo
the nonsense word response pattern paralleled that ‘of the spelhng match
: and spellmg mlsmatch responses R e ‘ ‘3‘ 1
o It was easier to substltute a smgle umt (e g tmset nucleus coda) o
_ than a double umt (head rhyme, margms) w‘hlch wonld suggest that the_' "
RO _factor deterrmmng dlfﬁculty was s1mply what proport1on of the syllableo
*”changed Th1s explanaj:xon works for certam compansons (e. g }Jhen the' :
two phonemes /p/ and I/ compnsed an onset or coda performance was’
B Amuch bettef than when they compnsed margms) but it does not account
. __,for the advantage of rhyme (a double umt) substltutlon over nucleus and )
__coda (smgle umts) subst1tut1ons Nor does a 81mple number explanatmn
o acc:ount for the\dlfferences in results W1th 1dentlcal phonemes 1n dlfferent
| 'posmons The phonemes WV and /e/) were treated very dlfferently
‘ ‘%’ dependlng on whether they compnsedﬁhe rhyme or the head Wlth the
| clear advantage for rhyme substltutlons supportmg the reahty of a nght— -

\,j-.“

branchlng syllable structure’ for Enghsh ,)

>

J

.vocahc /r/ supported the suggestlon that post—vocahc but not pre-vocahc o 2
E "ghdes should be descnbed as part of the vowel nucleus’i in Enghsh The *

. ghde /y/ before /u/ was found to be treated as part of the nucleus in at least

some speech errérs (Shattuck-Hufnagel 1986) although those f%su.lts were-

. : A
2 fa1rly amblguous between the onset and the nucleus In the present study, '

f ."post-vocahc but not pre-vocahc, /r/’s and g*hdes were treated as part of the

'nucleus 13 The questlon of what should be 1ncluded in ‘the nucleus and

‘ 1 o
13Post-vocahc nasals andJV were treated as part of“ the coda, a declslo/n;h

o Justxﬁed by the present results smce there was no dlﬁ'erence in the performance w1th
stimuli 1nvolvmg post-vocahc Aty nasals, and obstruents (see Appendlx C for means)
These segments were treated dxfferently in Expenment 4 See Chapter 5 for further
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mdeed the syllable (1 e., appendlces, as suggested by Vennemann, in
; -press Selkrrk 1984 and Glegench 1985 among others) remains f
unresolved PO R w - :
Tt 1s encouraglng that the pattern for preferred errors was very
r v_sumlar to those-of proportlon correct and reactlon- tlme If -onset and rhyme
: are somehow more natural umts than the others tested, this is exactly .

Y what one would expect. It. seems reasonable that the most natural strategy | P
when deahng w1th an overly dlfﬁcult task would be to resort to the T =
subst1tut1on type that was most read11y accessible (1 e., onset or rhy-me) In

. contrast to rhyrde (26% of the total number of errors) and onset errors (32%
of the total) head errors were almost non-existent (3% of' the total) and ’

: 1
- marg‘ms erTors were also rare. (8%@ of the total).

{
Ttis. d1fﬁcult to claim that the dlfferentral resu.lts for substltutlon types

'Were sunply a functlon of task demands, since examples were provided f”or'
each set' t*h sets were randomly ordered for each subject and there was -

ll/the substltutlon types If tralmng is used as an argument

then margl,n‘ ‘{Jnd coda substltutxons shodld have been preferred, smce

; ther‘e wef:, four sets of eaéh of thesef,substltutlon types in the test and only ‘

| ,t."-three of each of the others There is gnother possrble explanatlon for the . L

2 advantage of onset “and- rhyme however that 1nvolves prior learmng

::ts1de of the expenmental" settmg These two umts may be more
— accessxble because of real- 11fe expenence Alhteratlon (onset reduphcatlon) .
and rhyme are frequently used poetlc devrces 1n Enghsh and the ease of

‘access found i in this study may srmply reﬂect fam111an’"ty w1th these types of'

manlpulatlons RN O
‘ dxscussxon of the question of the make-up of the nucleus. = B ’;}
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- One way to counteract the prlor learning eﬁ'ect might.be to train
. ' people on each type of substxtutlon untll they could perform all types and
~then test to see ‘which. substltutxon réhulted in more errors or slower L
reactlon times. A problem w1th thls approaeh is that it would be d1fﬁcult \
S (1mpossxble‘7) to match all the prior expenence of rhyme and onset and to
vequate many years of language expenence w1th a tralmng session of' a few
Nmmutes or even days or Weeks If people could not be tramed ona
partlcular subst1tut10n type, then no data would be obtamed of the sort
| desired.14 Trials to cntenon would have to be measured in that case, but
thls would not ehmmate the problem of pnor exposure to onset and rhyme L
| Although the cnt1c1sm of pnor expenence w1th mampulatmg onsets
and rhymes mlght be apphed to the results of the present study and the |
- previous two, it is dlﬂicult to do the same for a task which reqmres -

perceptual Judgm@)nts rather than language productlon or mampulatlon
ThlS was part of the mot1vat10n for the phonetlc s1m11a»nty task: of |

‘Expenment4 Vo L Co <
. ‘ N

[9ts .
N

9 ot

. ~».\,‘w‘ :

1444 very hkely that cntenon would not’ always be reached for margms and head ,
substltutxons, since some people in the pxlot test could not do these @ aﬁ,er they had been
gwen detalled explanatlons of what was reqmred

..
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:Experimen_t 4 |
' Phonetic Slnxilal'ity'Judgment Task
2 < i e
The precedmg expenments all mvolved language productxon tasks;
none uneqmvocally mvolved language perceptlon alone. The case that has

been made so far for tHe psyqlialiigisal reahty of sub-syllabxc units is only

valid for the mode that wa; .. _J“;estabhsh it. It isalso necessary to o
estabhsh the reahty of sub- syllablc umts for perception, or else it could be

| argued that the reahty of the ﬁrst expenments was partly an artifact of
productlon task demands (i.e., language strategles used in. artlﬁcxal ,
sltuaftlons) and had little relatlonslnp to general linguage knowledge

Judgmg the phonet1c s1rmlar1ty of pa1rs of stimuli is a task whlch

reqmres access to phonolog1cal perceptlon Features, phonemes or groups “
of phonemes (e g those relatmg to onsets codas, etc ) can be systematlcal-
. ly varied to compare the effect of phonetlc changes at. vanous levels of
phonolog1ca1 orgamzatlon Phonetlc s1m11anty Judgments (DSJs) were
used by Nelson and Nelson (1970) to compare the eﬁ'ects of Zimal’ |
(orthographlc) and aeoustlc (sound) smnlanty in palrs of ‘words. They
found 51gn1ﬁcant effects for both factors, as well as an' 1nteractlon between |
them V1tz and kaler a 973) repllcated the Nelson and Nelson study but
~ argued that the v1sual presentatlon techmque the latter had used
1ncreased the mﬂuence of orthographlc 51mllar1ty Vltz and kaler ﬁrst
asked subjects to make PSJs of aurally presented pairs of words and they
{ then compared these Judgments to- scores based on the phonemlc dlstance |

of comparlson words to target ‘words (p)redlcted phonemxc dlstance or

PPD) They found yery hlgh correlatxons between their predlctlon measure ‘
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and the PSds (on the order of r=.9). = : :
| Derwmg (1976) used the PSJ techmque to assess the relatlve |
contnbutions of orthographlc and phonologxcal 51m11ar1ty and concluded
‘that th honetic dlmensmn was more 1mportant a result wh1ch Derwmg
and N earey,LlQﬁB).conﬁrmed using aural, rather than wntten . |
p'resentatlon Nearey (1981) used the Pg’»J techmque to 1nvest1gate whether
: stops followmg syllable-lmtlal /s/ were percelved as more 51m1lar to the
voiced. or to the ‘voiceless phoneme (i. e, b_l spill vs pill: s_m_l_) 1 Derwing -
| “and’'N earey a 986)  also v used the PSJ techmque and predlctmns from:
.L;‘.'phonemlc dlstance ‘metrics to address certam questlons of phonemlc
theory+(for example, the phOnemxc status of vowel hupl: pa'rtlcularly
f dlphthongs stops after syllable-m’ltfral /s/, and the velar nasal) and found
- in general that a 81mp1e phonexﬁxc model seemed to be a fairly r\easonable
predlctor of these phonetlc s1m11ar1ty Judgments
However, there were some d1ﬁ"erences in the PSJ&;geported by

‘ Derwmg and Nearey (1986) whlch the phonemic model could not account ‘@
- for Both the degree and the lg_cy_s of difference had an ‘effect (see Flgure '
.4.4.1). _Multlple feature changes wlthm the same segment had more of an
: effect on judgments than single feature change’s (e.g., a change of Voice,
: place and manner in the final segment was much more senous than just
one change compare /hIp-hIz/ with /pIt-pId/) There was also an
E enhanced effect of dlfferences in word- ﬁnal consonants as compared to
'word-lmtlal consonants (e.g., the three feature change of /hIp-hI z/

‘lowered the 81m11ar1ty Judgments ‘much more than the equlvalent }:hange .

.~ ,,/

1The study was also dlrected to other questxons, such as the role of orthography in
makmg these PSds, but’ the pomt of interest for the present discussion is how the
techmque has been used to mvest:gate stnctly phonologlcal issues.
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in word-lmt1al position /pIp zIp/) A global feature solutxon d1d not work
“either, because two changes d15tr1buted across the syllable (e. g a change

of voice in both initial and final posmon)»had more effect on similarity

- - . @
ratings than three feature changes'in one position.2 S i

Effect of different distribution of feature changes . -

% C v €© £ Vv C

ovee - ‘aplace Bvce - Bplace
is less similar than:

c .v.. €t : € ¥ €
e ‘oavee B - Pvce
' , oplace : _ Bplace

-~

The differential effect of. 1n1t1al and ﬁnal posmon reported by Derwing |
and Nearey (1986) can also be wew/ d-as an, onset—coda dlfference smce |
three phoneme (CVC) words. were used. It is impossible to tell whether the
. p051t10n effect was based on location within the word a. e, 1n1t1a1 or ﬁnal |
: posﬂ:on) or changes in different sub-syllablc units (i.e., onset or coda) Just
~ as there was an effect of degree of difference (i.e., number of features
changed) and locus of dlﬁ'erence (1 e, whether the features changed were
w1thm one segment or dlstnbuted among segments) there might be
different effects based on whxch sub-syllabic unit is changed.-

~ 2Note that this is in line with Vitz and Winkler's (1973) phonemic model, since two
' changes in two positigns would necessanly mvolve two phonemes, w ‘hereas three feature
changes in one posxtxon affects only one phoneme

.
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o The presen ‘ et of experiments wasdesigned to addréss the @estion of .
whether a mo}é‘zf syllable structure mcludmg sub- syllablc units such as
the onset nucleus (1nc1ud1ng post—vocahc hqulds and nasals) and coda
could account for phonetlc sxmllanty -Judgments in, words with consonant
clusters.3 The effect of changes in vanous sub-syllabic units on similarity -
.'Judgments gives an indication of rélative weight. For example, Derw1ng
and Nearey’s (1986) results that changes in the onset (e g., bat:fat) have |
less of an effect t than chang‘es in the coda (e.g., bat:bag) suggests that the ‘

coda or rhyme was welghted more heavﬂy If there is a relatlve effect of for _

' - example, changes in the nucleus and the coda the question of the

e 4
membership of the nucleus can be assessed by companng chané‘ in post-
vocalic glides, hqulds, and nasals with post-vocalic obstruent changes.

- Experiment 4A Number of Features and Units Changed - B

A $pecial set of stimuli was designed to test the rel_ative effect of
-changes‘ in consonant clusters within a single unit (e.g., speak'ble-ak for .
"onsets and bust bugs for codas) and parallel changes thought to cross ‘the .

- nucleus- coda boundary (e.g., peers; peeked) Both consonants of the |
cluster were changed in four-phoneme words leferent combmatrons ‘of
small (one feature change per consonant) and large (more than one‘
feature change per consonant) changes were included to assess the |
Derwing and Nearey (1 98‘6)’predlction that the number of features changed
-affects similarity judgments. A phonexmc metnc based on the proportlon |

- of changed phonemes would predxct no dlfferente in the 81m11anty

3Many thanks to Dr. T.M. Nearey for suggestnons and help with the design of thlS set of
expenmentsr ' -
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' Judgments among the stlmuh, since two out of four phonemes were

,. changed in each case. A metnc whxch treats all consonant clusters as —

Ay

. units (such as Vitz & Winkler’s cluster index, 1973) would also predxct that

all of these cha_nges would have equal eff_ects similarity Judgments.
Although thereare no explicit predictions for similarity judgments’from
‘the models of syllable structure discussed in Chapter 3, the posmbﬂlty ,

' _ ex1sts that\o% sub syllablc umts may contribute more to sound similarity

-

judgments than others. . | T ' . N

4A Methad'
Sj,m]_egts Students enrolled in Introductory Llngmstlcs at the )

University.of Alberta took part in the study dumng the ﬁrst week. of classes.

- All reported that they had normal hearmg and were natlve speakers of
English. They were tested i in two'g"roups (n=29 and n—20) The hstemng
conditions for the latter gréhp.WEre less than ideal, as they were
(umntent;-onally) subJected to background noise perceptible through the

~_sealed windows of the room during the second half of the test l(there was a |

rock group performance in an outdoor area several hundred meters from

the experim'ental room).4

Matgn_aLs Th1rty pau's of real or phonotact1cally posmble Enghsh
"words were de51gned to test the effect of near: mlsmatches (coded here as X,
“a s1ngle feature change) and Iarge m1srnatches (coded here as X, Jmth at
' least a manner change and one other featuye change) 1x@nous units.

,Three combmatlons of near and large: atches for consonant clusters

4 4Even so, there was very httle dlﬂ'erence in performance between the two groups See the
Results section for details. o

y -
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were mcluded (1 e., xX, Xx, XX). Changes in cluster onsets (i.e.,

VCCVC XxVC e.g., /swayp/ /grayp/) and cluster codas (1 e., CVCC: CVXx

e.g., /hIps/ /hIdz/) were compared, as were changes between cluster codas
and those involving complex nuclei (CVRC CVXx, e.g., /pirs/: /plsz
Slngle near xmsmatches in the pre-vocalic and post-vocahc consonant-of
four two-seg'rnent yvords were also compared (e.g., CV:xV A/bae:da’ar vs

VC:Vx /&b:aed/, see Table 4.4.1; and Appendix E for the complete list).

Table 44,1
R
Compansons for onset, coda, and complex nuclems changes (w1th example
word pairs)

CvixV | /bee:de/ ., VC:Vx " /eeb:ed/ VR:Vx /@en:em/
CCVC:XXVC /spik:blik/ CVCC:CVXX /desk:deks/ .CVRC:CVXX /pirz:pikt/
CCVC:xXVC Ispik:rik/ CVCC:CVvxX /wisp:wizd/ CVRC:CVxX /snk:send
7 S . , '
CCVC:XxVC /swayp:grayp/ CVCC:CVXx /hipsthidz/ CVRC:CVXx /pirs:pivz/ -

C=Consonant R=Liquid or nasal of complex nucleus V=Vowel
x=near mismatch . X=zlarge. mismatch, -
The vowel nuclei are underlined.

The 30 word pdirs were randomly ordered along with the 94 pairs
from the following two experiments, with the only constraint being that no-

~ two adjacent pairs contained the same word. At the end of the list, there

were 16 additional word pairs for a total of 140 word pairs. .

Er_o_c_e_duzg The words were recorded by a female native speaker of
Western Canadlan Enghsh using a Sony TC K55H stereo cassette deck on .
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one chanhel and 'a)S'e‘nnheiser microphone.5 To control for the possible
' ef"fect of recency on judgments, each pair of words was said ence, then
repeated in the reverse order with the number of the item followmg (e.g.,
“‘/klaesp/ /kleest/, /klaest/ /kleesp/, number 1”) at a rate of approximately one
word per second. 6. . -
The recordxng was glayed back for subjects ih a classroom usmg the
Séme kind of recorder and two Heco Soundmaster 5 speakers. The test
portlon was preceded by five example paxrs chosen to demonstrate the
_-range of pos51ble }’mlsmétches (from a s1ngle near match in the onset to an’
entire rhyme mlematch) ‘The students were asked to listen the example
pa1rs and were' then asked to note the percelved similarity ofj‘jound of the
test palrs accordmg -to the scale glven at the top of their test ‘eheet _
(reproduced in Flgure 44.2), where 0 1nd1cated the pairs were completely
dlfferent and 10 1ndlcated they were exactly ahke The entire test session

lasted approx1mately 30 minutes.
Figure 4.4.2
Scale used for phonetic similarity judgments

o 1 2 3 4 5 6 7 8 9 10
| . I

‘Completely | Exactly
different ' o :  alike’

\

5Many thanks to Tracey M. Derwmg for recording the words and assxstmg with the
collection of the data. A :
6T'hanks to Dr. T.M. Nearey for this suggestxon See also the DlSCUSSlOI‘l sectlon for.
~ further exp]anatlon "
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4A Results & Discussion

Because of the background noise during the second half of the test for
one group dof subjects, independent t-tests were carried out between the
-.two. subject groups on the mean simi_lerity score for all 140 pairs of stimuli.
Nine tests were significant at the .05 level, as opposed to the seven eipected
purely by chance (i.e., .05 x 140=7); since these were distributed fairly
evenly throughout the session the two groups were combined.
| To determine the effects of type ‘of unit changed and degree of change |
the mean similarity Judgments for each type of four-phoneme word pair
were subjected to a ‘repeated measures analysxs of variance (ANOVA),
with umt (3 levels; cluster onset, cluster coda, and cluster that crossed the’
nucleus coda boundary) and type of change (3 levels; large mismatches for
both consonants_ XX and both combinations of a large mlsmatch‘and a near
mismatch Xx, xX). Both the effect of unit (F(2,96)=45.29, p<.0001) and the
| _interaction (F(4,192)=16.07, p<.0001) were significant, although the effect 4
“of type of change was not.a The means for each combination of unit and size

of change can be found in Table 4.4.2, wh1ch also includes the means for
the comparison pan's for the smgle near mismatch in the onset coda and
" nucleus of two-phoneme ‘words. 'The mean similarity judgments for the

indivi_dual word.pairs can be found in Appéndix E.



Mean similarity judgments for onset, coda, and complex nucleus cases
(standard deviations.in italics) =~ ' l’ﬁf’l
CV:xy 74 16 YC:¥x 64 16 YR Vx 6.8 24

CCYC:XXYC 51 19 CYCC:CYXX 51 12 CYRC:CYXX ~ 3.0 17
CCYC:xXYC 49 17 CYCC:CVxX 4515 CVYRC:CVxX 43 14
CCYC:XxVC 51 19 . CYCC:CVX¥ 52 §5 . CYRC:CVXx 28 17

C=Consonant R=Liquid or nasal of complex nucleus V=Vowel
x=near mismatch X=large mismatch
Vowel nuclei are undetlined.

: Independeritly of the ANOVA analysis, paired comparison t-tests ) .:‘i
were carried out between the onset and coda cases and the coda and
complex nucleus cases in order éx.examme the effect of type of unit, and
' comparisons within each type were done to determine the nature of the
intéraction between unit type and size of chahge_. There was »little
difference between cllanges in onsets‘and codas; the only significant pairedt
comparison t-test for the onset-coda cases was the two-phoneme word
‘comparison (using Borlferroni’s t(48)>3.23 for k=20 tests and p<.05; Myers,
1979) and none of the compansons between different types of changes G.e.,
XX, Xx, xX) were significant for onsets or codas. ' _

. In contrast to the onset-coda comparisons there was a signiﬁcantly :
greater effect of large changes in the complex nucleus compared with the
| coda (i.e., the CYXX-CYXX and the CVXx- CYXx cases; vowel nucle1

underlined in each case, t(48)>9.28). In addition, a large mismatch in the -

B
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.
{
f

poét-vocalic posicion of the complex;f nucleus cases had a sig'niﬁca&tly
greater effect than a near mismatch in that position (i.e., CYXX and CYXx-
were both significantly different om CVxX [£(47)>5.94], but not from each
other). - g S

The CYxX cases, then, did not differ significantly from the simple
huclaus cases but did dilffer, from the other two complex-nucleus cases. The
explanation fer this apparent. anomaly lies‘ in the post-vocalic consonants - |
: involved in the different comparisons. The CYXX and CYXx cases both
involved the pncnemes /r/ and /1/ exchanging with obstruents and nasais,
whereas the CYxX cases involved onfy nasal to nasal changés (ie., for |

reasons of simplicity in /éemgmng the stlmuh the place feature change of\
] _

" nasals was used for the single feature companson) The dlfference

v
between a near and l7lrg,e mismatch in the post—vocahc pos1t1(m of complex

T " v'

nucleus words thus rhay have been caused by the specific phonemes ’*i_‘

'1nvolved rather tha}‘l the size of ehange per sé. The post—vocahc nasa] d1d
: 3 ;

number of features changed (ie., degree of change) since th%g e :

significant dlfferences between the changes in post-vocahc g
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clusters depending on whether or not these involved the complex nucleus.
The first expeﬁment was desiéned to assess the relative effect }of degree |
l'and location of change, but did not vary the number of phonemes affected
within a word. The second experiment was designed to vary both the
number of phonemes affected and the number of sub-syllabic um:ts
inyolved in the change.

e

Experiment 4B Numbe

The second experi.lnent was designed’to examine the effect of si-ngle
feature changes in one :r more phonemes and one or more sub-syllabic
units. Of special interest was the effect of changes in post-vocalic
consonants such as ‘resonants’ (¢oded as' R; speciﬁcally the liquids /1/ and
/r/ and the nasals) which have been treated as part of complex nuelel and
other post—vocahc consonants Single phoneme changes that affected part
or all of a syllabic unit (i e., changing one phﬁxeme in the coda cluster of a 8
CCVCC word or changing the coda of a CCYRC word with the vowel

1

'»-'f«nucleus underhned in each case) and two phoneme ch}jnges wHich

e ~ affected either one or two syllabic units were incldded fo assess the relative

". effects of changes in d1ﬁ“erent syllablc umts\&e g., the onset vs the coda),
the effect of the number of phonemes changed, and the effect of the type of
vowel nucleus. _

’V Also included in this set of stimuli wére specific pairs to test the ~

predictions of two of the models discussed above (Chapter 3), which treat
certain word-final consonantsin spedalways. The nletrical model oy

proposed by Selkirk (1 984) considers all word-final coronal obstruents as

' eppendices separate from the rest of the syllable. The core plgs affix model



SR test the eﬁ”ect of one and two near-seg'rrlent rmsmatches (1 e, °°ded here as

BN
Do

e :pr syllable structu%groposed by FuJ1mura (1 975 1976) and Fu,nmura and
- ‘Lovms (1 978) counts word ﬁnal aplcal consonants as afﬁ'xes if: they agree 1n
4 Yoicing with the precedmg segment (such as the final /d/ oftend butlnot the

.ﬁnal 1t/ of t_entx,éompansons were made to deterrmne whether there was

! a dlfference‘between changmg a consonant that could be descnbed as an R ”
e appendlx or afﬁx and other consonants ..
S PR S ' | A

‘.See‘"Ex‘pveriment A : l

Matenas The stlmuix for th1s second expenment were ‘le51gned to

xg a gngle feature change) in vanous pos1t1ons of ﬁve segment | | .' b
e monosyllablc words, half of wh1ch cou.ld be analysed as cluster o
' onset+51mple nucleus+cluster coda (1 e, CCY_CC CCXCX e.g, '
| f/klasp/ /klést/) and half as cluster onset+complex nucleus+31mple coda X
B (1 e CC}LRC SCYBX, e g /sngt/ /spQ_d/ W1th nuc1e1 underhned) Four ‘
o Enghsh words (1 e, gla_sp flux, blast dnﬂ‘) were used for the sxmple
o -nucleus compansons and four for the complex nucleus compansons
e f(l e. tyy_e]x_e mmb_ed b__u_e_d s_pg_rt) There were four one-segment
| mlsmatch cases and four two segment masma\tch cases’ (the pattern of _
: vc}:anges were those shown 1n Table 4 4 3). The.elght words two levels of ‘ /;H

k ,.mxsmatch and four posmons of the msmatch resulted in’ a total of 64 word \A .

- ?pau‘s for th1s stxmulus set (see Append;x F for the complete hst) 7

a

» heﬁv:fre four word pan‘s whlch were mcluded in the study but not the ana.ys:s .
be' use miore than the appropnate number of changes were made (see Appendlx Ffor . e



-'Simple Nucléus; |
 CCYCC:CeYCx .
- CCYCC:CCYxC -
CCYCC:CxYCC
CCYCC:xCYCC

’ ccsec CC¥xx -
CCYCCCxYxC

CCYCCxCYCx

o ccycc:xizc.c

[‘ C= Consonant

R.Liduid‘ or nasal of 'complex‘nucleus

; /klg_sp/ /kl&st/

/klzsp/: llclmj p/

/klg_sp/ /krmjp/

Jklgsp/i/ glms t/:
/Klgsp/:/trgsp/

. Neat 'phoneme mismatches in various positions. ({g

/l(_lmsp/:/_kre_sp/ S
/klgsp/i/glesp/

»‘/klﬁspfmﬁfff o

9

- Complex: Nucleus

e

_CCYRC:CCYEx -
~ GCYRC:CC¥xC

CCYRC:CxYRC

" ceyRe:cCysx

CCYRC:Cx¥VxC

CCYRC:xCYRx -
. CCYRC:xxYRC

N x=near mlsmatch The vowel nuclei are underlined.’

‘H'f

'4B.~Results & Discussion

© CCYRC:xCYRC

V=Vowe1

- R

/sport/: /spmid/ E

/spg_x:t/ /spg_lt/
/sp_Qr_t/ /skg_r_t/

- Ispartt/ipert/
e

. /sport/i/spold/

Isport/i/stalt/ -
/,spmt/:/lpond/ ‘
“ Isport//itert/

AN

2.

A repeated ‘measures ANOVA (2x2) was carned out on the 51mllanty (\

K
Judgments on t\he 64 pa1rs des1gned to test the effect of near phoneme

o ’.;,‘\mlsmatches in dlfferent sub syllablc umts w1th type of nucleus (mmple or '

complex) and the number of changes (one or two) as the dependent

: repeatedfa orgs (see Append1x F for thé mean sumlanty Judgments for

,, each word pan-) There was a mgmﬁcant eﬁ'ect for type of nucleus '

(F(l 47)—100 60 p< 0001), w1th changes in words w1th 81mp1e nucle1

havmg less effect on 81m11ar1ty scores than changes in words w1th complex ‘ '

. v

. " ﬁ“" ot
g PR

VR

B R

- g nuglel (6 3 vs 5 4, respectlvely) The@ffect oﬁ number of changes was also v
51gmﬁcant overall (F(1 47)-430 88 p<: 0001) w1t}1 ope change havmg less

#
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effect than two (6 8 vs 4. 9) the 1nteract10n of nucleug by number was also -

- W

' mgmﬁcant (F(l 47) 29 36  P<. (5)01) Two changes in complex nucleus

" words had the greatest effect on sumlanty Judgments, although all of the

'means were sxgmﬁcantly different from one another (see Flgure 44.3). The

| means for each type of companson are dlsplayed in Table 4.4.4 to allow for

types of m&clex

-

k)

-Mean similarity-;judgments for number of changes by nucleus type

5 -

.?Z"Me"an Similerity Judgment -

Dne Ch ge

_ X Two Chnn es
Tgpe of Nucleus '

PRUN

L, ».‘

M Simple Nucleus

B Complex Nucleus

, dlrect compansons ‘of the effect c}bhémges between syllablgs with’ dlfferent
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Mean similarity jud'gments for simple and 'complex nucleus cases

" Simple Nucleus : Ccmple,x“Nucleus . “t-tests
1. CCYCC:CC¥Cx ~ 72 - 1. CCYRC:CCY¥Rx = 68 :
/2. CCY¥CECCYxC 70 .2 CCYRC:CCYxC - 5.0 *
. . 3. CCYCC:Cx¥CC 69 3 CCYBC:CxYRC 7.0 ,
4. coyccxcyee 13 7 4 ccy_nc xCYRC 14 ,
o . Mean=17.1 , ; D Mean-65 ~
-+ 5. CCYCC:CC¥xx " - 556 5. CCY_RC:CCY_xx SO X R
6. CCYCC:CxVxC 52 6. CCVRC:Cx¥xC - 33 | *
7. ccycc: xCY¥Cx 5.1 7. CCMRC x,CMBx' 4.2 *,
8. OCYCCxx¥CC 60 8. GCYRC:xxYRC 58 ’
Mean—5 5 - : o .,Mean:ﬂ.'l o

'8 ' T a L L
* ‘indicates a signiﬁc‘ant t-test comparison (£(47)>4.63, p<:0001)
. C=Consonant - R=Liquid or nasal of complex nucleus V=Vowel
‘x=near mismatch: Vowel nu_c_lei are underlined. - : '
. 3 ‘1 |
To examine the mam effect of type of nucleus ‘more closely, pa1red

Mcompansons were made between changes i 1n phonemes in equlvalent
"pos1t10ns relatwe to the vowel in each of the s1mple and complex nuelei

cases The effect“seemed attnbutable pnmanly to changes dlrectly h o

'E' S

" aﬁ'ectmg the nucleus All of the palrw1se compansons between the mmple ]
~_j"‘and complex nucleus palrs involving changes in the post-vecahc posmori
were 31gmﬁcant G.e., pa1r numbers 2 5 a:nd 6 dnd marked with an |

jastensk in Table 4. 4 4; all t(47)>4 63 p<.00 B&lferrom 8 cntenon for the , "

"total number of t-tess carned out for tlusget of da,ta was t(47)>4 32 for
_ k-120 tests and p=. 01). There was one case in whlch the nucleus was not

1nvolved in the change but the pa1rs w'ere mgmﬁc J@! dlfferent from one

Fa



o g - B

_ ' another (the n'ur'nber 7 pairs, which involved» a change in the onset and the .

*’ coda). To test whether this could be because a change in the smgle segment

&Qda of a complex nucleus syllable word counted more than one change of .

-a cluster coda, further compansons were made ‘ .
\

5 Two changes in the mmple nucleus cases had a roughly eqmvalent |
\

'effect on s1m11ar1ty Judgments oregardless of whether those changes

o mvolved two consonants of the onset 0r the coda (1 e., CCKCC CCKxx or

B g CCMCC xxYCC), or one consonant in each of two units (.e.,

©

—l L

| CCXCCaCxXxC and- CCXOC xCMCx) 8 The complex nucleus case w1th

""4-

two cha,nges in. @nset (1. e., CCXEC xx}LBC) was not different from any
of the t\% phgpeme change cases for the simple nucleus. Thifs, two part1a1

“unit changes seemed eqmvalent toa whole unit change (at least’

) companng cluster onsets and codas). However, two changes that resulted

l

in a partlal onset and a complete coda change G.e , the complex nucleus

9 nyRx) recelved s1gnrﬁcantly lox&er snmlanty ratlngs than

the two change cases wi‘th the sxmple nucleus (usmg Bonferrom §
)

‘ cntenon of t(47)>4 32 ﬁox k=120 tests and p=.01).

N agges in the onsat of su;nple nucleus words was equlvalent to coda

| changes 1nwthose words, and onset changes in s1mple and complex

- nucleus words were eqmvalent Changmg the sonorant of a complex -

7.

| vnucleus (& g CCXEC CCy_xQ /spit sp_Qlt/) had a greater effect on

slmllanty‘ Judgments than changl elther the entire onset or coda of

o “simple or ‘omplex nucleus syllables (e.g:, CCYRC:xxVEC, /sport: Jtort/;
: ‘ t(47)>3 57 p< 0008) ThlS effect could not have been due only to the '

8Changmg the complete cluster coda of a suﬁple nucleus syllable had’ a s'hghtly greater 4

' eﬂ‘ect than chang'mg the whole onset but not significantly t(47)=-1. 43). Changing the
coda of a vC syllable also had a greater effect than changmg the onset of a CV syllable '
(means of 6.4 and 7.4 respectively; see previbus section for a discussion.)

oi‘.:



particﬁlar consonants ‘involved in the change (i.e., liquids and nasals),

since .changing‘ pre-vd‘calie /tls was signi’ﬁi:antlyl‘ess important for ..

sltnilaritywjudgments than changing post-vocalic /r/'s (6.9 and 4.6,
'respectlvely, £(48)=11.1, p< 0001) ‘There was a difference between the effect
of changes on nasals (G.e., CCKRC CCMKC /kramd:krand/, mean=6 1) and
llqulds (e.g., /sport:spolt/, mean=4 6; t(48)>5 44, p<.0001)) in-the complex

'nucleus Just as there was a difference between nasals and hqu1ds in the

ﬁrst set of st1muh (see previous sectlon) 9. , ,
To examme the predlctxons suggested by Se1k1rk’s (1984)- metncal
_medel, pairs of stimuli with changes in the syllable-final consonant Whlch

did and did not involve appendlces,were compared. Of tHeCCXRC:CCXBx ;

- set, there were three cases for which both members of the pairs had a ‘

_consonant that would be defined as an appendix (i.e., a coronal obstrﬁen"t, 2

eg., /si)ert:spord/. meah=7.0) bwhic‘h did not dif‘f‘er significantly frdm the

~ one case where neither member of the pa1r had an appendlx (i.e., ;

twelv: twela/ mean=7 0). For the CC}LRC xCXRx set, there were two cases
._.where .the final co_nsonant of both palrs could be classed as an,appendlx

- (e.g., /sport'fpord/ mean—3 B8) anbd one case where neither member of the

pa1r had@n appendlx (e.g., /twelv dwelf/, mean=5.0). The match pairs. o

i (1 e., both with appendlces or nexther with appendlces) did not differ ,

v. ‘s1gmﬁcantly from one ancther. Clearly, a larger and more systematlcally

des1gned list would be reqmred to make any strohg claims about the reallty

4
@

~of the appendlx as an mdependent unit. S 4

Relevant palrs were also chosen to test the pred1ct10ns of the -

9The three PSJ experiments were desxgned together before any was analysed 80 the ‘
nasals were included in the nucleus in this. expeum%nt Expenmen

used nuclei thh
I > S R PV . .
only post-vocahc /r/’s, no /l/'s or nasals A e



core+afﬁx model (Fujlmura 1975 1976). There were three cases from the

'-'_ CCXCC CCKC:@ CC}LRC CCKRx sets whlch involved a change in the

. status of the final consonant (from non-affix to afﬁx an apical consonant

. whlch agrees m voxcmg with the core-final segment, e.g., /kleesp: klaest,(,
7.6) and three cases for whlchﬂb,oth members of the pair had afﬁx :

consonants (e.g., ’/ﬂA'k.?ZﬂA.l;Et/, 6.1). This difference was significant -
(t(47)=4 78, p<. 0001) For the CCVRC'XCMRX set, there were three cases

- with ¢ a change in afﬁx status of the ﬁnal consonant (mean=3.3) and one’

case for wh1ch nelther of the pair had a consonant that quahﬁed as an affix

(mean—5 O) This dlfference was also mgmﬁcant (t(48)= =5. 70, p<. 0001) '
“Gm.rwouldexpect‘that a change in the status of a syllabic unit (i.e., an

afﬁx) would affect s1m11ar1ty Judgments more than changes which d1d not

évidence. - ¥

: type of vowel nucleus Smce ch \

'alter syuable-structure. However, the smgle change cases which mvolved.a

change in the final consonant from an affix to a non-affix were treated as

e

- significantly more similar than those for"Whic‘h both members of the pair

had affixes. For the two change cases ‘the results were exactly the oppos1te '
(although more in line w1th eXpectatlons) Cases 1nvol‘v1ng a change in the

afﬁx status of the word-final consonant were less similar® than these
,-y.
w1thout afﬁxes word finally. These compansons give some 1nd1cat1jm of

L0

_ tt}e reahty of the dlstmctlons these two models make, but a strong case

cann.ot be made for or agamst exther of these models w1thout more e

.s‘ . ‘.

The results of thls set of s.' : M?hus support the 1mportance of the

B greater eﬁ'ect overall ’than changgs i sxmple nucleus words Two changes

.had more effect than sxngle changes, 1ndepend _"t of what uinlts were' »
. o IR RS <RI R
Y : R e R R T R D A R

e s
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: - SR 1

&,




- (codas) were 1nc1uded

~ affected. However, the unit was important since a single change was
,s1gmﬁcantly more 1mportant if it affected the nucleus or the entlre coda
than if it only affected part of the onset, of coda. Combined w1th the results -
of the precqgus set of st1mu11 a hlerarchy has emerged with sub syllabic
.umts as most important, phonemes 1ntermed1ate (in that a two-phoneme
coda was affected drf’ferently from a smgle phoneme coda), and features
(degree of change) as.least_xmportant but still 1nﬂuent1a1. The last
experiment of this set w'asqde“signe‘d to test 'the effect of large feature

changes in d1fferent numbé'r of phonemes and different proportlon of sub-

p Py
L
(R !

syllabic umts

'Experiment 4C Qhauges_m_theﬁhm_e

AY

A simplistic predlctxon of an onset—rhyme syllable model would be that

a change in the rhyme would have a roughly equlvalent effect regardless

" of where it occurred (i.e., whether in the vowel, the post-vocalic consonant

| of the nucleus or the coda) The onset-nucleus coda model, altern;tlvely,
would predict that the location of the change would have an effect, based on’
the relative weight of the rhyme component G.e., nucleus or coda), and the
phoneme model would predlct that solely the number of phonemes affected '
would determ,lne the s1m11ar1ty Judgments A thll‘d set of stimuli was’
therefore included to\,,assess whether a phoneme model, a slmple onset- -
rhyme model or algodelthat separated the rhyme into nucIeus and coda

} best predicted similarity judgments Words with rhyme‘s ranging~ from one .-

- to four phonemes in length with and w1thout ﬁnal consonant clusters -
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4C Method

Subjects & Procedure. See Experiment A.

Ma_t@,_z:iala A set of thi:rty'word pairs was designed to test the
’ predlctlons of phonemlc weight (as per Vitz & Winkler’s PPD, 1973) versus
the weight of sub- syllablc units (specifically nucleus, coda, and rhyme).
' These pairs had large mismatches ina variety of dlfferent combinatlon's in
the rhyme portlon of monosyllablc words. There were vowel changes in ' -
words without codas (i.e., CY:.CX, e. g /bi:ba/), W1thout onséys (i.e, YC:XC,
‘e.g., fit:ot/), and w1th both onsets and codas (i.e., CCVCC:CCXCC, e.g.,

/bist:bo st/) and a variety of changes involving the post- Vocahc sonorant-and -
coda. The sonorant was removed in some cases W1th no change in the coda'
(i.e., CYRCC:CYCC, e.g., /farps:faps/) and with changes in the coda (ie.,
CYRCC:C¥YXX,e.g., /larps: Iagz/) and in one &se the coda was changed
w1th no change in the nucleus (. e., CSLRCC CXRXX e.g., /bardz barft/).

In two add1t10na1 cases the complete rhyme was changed (1 e.,

CYRCC: CKXX e.g., /bardz:bist/; and CMCC CXXX, e. g /blst bavd/ see .,
Appendlx G for the complete list of stimuli). T /\f
'40 Results .&'Discussi()n o

There were slgmﬁcant dlﬁ‘erences in the 81m11ar1ty Judgments for the |

word pmrs set up to test the effect of changes in the rhyme, whmh unple
|

' onset-rhyme syllable madel could not account for. The results’ see’%g \
AR
accounted for by an analys1s based on the sub-syllabic units of ons@t

v,nucleus, and coda (the means can be found in Table 4.4. 5) Célangmg one °

" unit out of two (in thxs case actually changmg one phoneme oﬁt of two; .



1numbers 1 and 2) was significantly dlfferent from making only one change

‘ out of three (numbers 3, 4, and 5), or two out of three (numbers 7 and 8)
although pa1r numlner 6 d1d not differ sxgmﬁcantly from pair numbers 1
and 2. If only one umt out of three was ,changed then the effect was much’
less than if two umts out of three were 9hanged (compare the nucleus plus
coda changes (6 7 8) with the nucleus (3 4) or simple coda (56) changes),
with all palrwise comparisons mgmﬁcant (second and third columns of
Table 44.5; all paxmlxse comparisons fqr thlS set of data were based on
Bonferronl s criterion of t(47)>3. 93 for k=28 tests and p<.01).

A : B

' Mean similarity judgments for dif’ferent unit changes in the rhyme

1 [2 . . » ] QEB . S . 2 : [a .

1. YCXC 84 3. CYCC:CXCC 42 6. CYBCC:CYXX 28
2. CY:.CX 34 4. CYRCC:CYCC 4.6 7. CYRCC:CXXX 1.7 .

5. CYRCC:CVRXX 44 8. CVCC:CCXXX 1.6

C=Consonant - R=/r/ of complex nucleus V=Vowel
X=large mismatch

' ‘None of the one change out of three units cases (l.e., 3, 4, 5) were
'signiﬁcantl}r different, nor were the one change out of tcvo units cases (i.e.,
1 and 2) nor the complete rhyme changes G.e., 7 and 8). Changing a ’
complex nucleus by removing the sonorant \lvas a less serious change-than
completely changing the nucleus (number 6 was sxgmﬁcantly different
from numbers 7 and 8, Table 4. 4.5)10 |

The relative similarity of the payj s in decreasmg order for the
pred1ct10ns from Vitz and Winkler‘s (1973) PPD and the order obtamed in

1OAll complex nuclex for this set of word pairs had post-vocahc /t/'s, not /V/'s or nasals. ~
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- the present study can be found in Table 4. 4.6. The two‘correspond closely,
although some dxfferent predictions can be made. Slnce pair numbers 3, 4,
and 5 have dxfferent numbers of phoneme matches, the Vitz and Winkler ‘
metric predlcted differences between means that the syllabic unit model

~ did not; the lack of a significant deference in the results thus supports the
latter model. Both models predicted no differences between pair numbers 1
and 2 and indeed, there was none;;hoth models fell short, however, in the

. comparison between pair numbers‘ 6 and 7, since neither could account for *
the ‘obse ed diﬁ”erence. The phoneme-based model pre.dicted a 'signiﬁéant
differencjbetween numbers 6 and 8, which was realized, and between 7

and 8, which was not; whereas the umt based model predlcte'ti no

differences. It is difficult to choose one model over the other, solely on the

basis of the results for thlS set of stlmtlh The degree of similarity w1th1n

the unit also seemed to matter. ST
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A

Model predictions for rhyme changes based on phdnemes vs. sub-syllabic
units (mean similarity judgments are also provided)

° , . * - -
: thz & kaler Predlctlons Sub-syllabic Unit ij,edi'ct.ions

‘4. OVRCC:OVCC 15 4.6 / 4. CYRCC:CYCC 46
o ’ 5. CYRCC:CYRXX 13 44

3. cvcc:cxcc 1/4 4.2 ! 3. Cy¥CC:CXCC 4.2

5. CVRCC:CVRXX  2/5 4.4[
1. VC:XC 112 34 1. YCXC Y. Y
2. CV:CX | 3.4 2. CY:.CX o 34
. . , , .
K ’ 5 .

6. CVRCC:CVXX  3/5 2.? 6. CYRCC:CYXX 2.8

7. CVRCC:CXXX .1.7 A 7. CYRCC:CXXX 23 1.7

{ 8. CYCC:CXXX 1.6

8. CVCC:CXXX 34 1 p

C=Consonant R=/r/ of complex ;n-ucleus _V=Vowel,

X=large mismatch ‘

|

{ ¥ !
!

. 14 -
General Discussion

The thx:ee éub-syllabic units of onset; nucleus-, and coda emerged :
unambiguously as units of perceptlon in thls expenment A ph:neme-.
baéed model failed to account for the; patterp of results, as did a model
based on consonant clusters, and t}ie s[/ll-‘;v onset-rhyme syllable model
| was inadequate. In the ﬁr§t, set of compansons (Expenme'nt A), there was
no difference between changes in cluster onsets and c.od_as, but changes in

consonant clusters whic_h rrossed the nucleus-coda boﬁndary had a much’

» ’ | ' @



‘greater effect than ch#nges in simple codas. The‘ second set of comparisons
(Experiment B) sngwed consistent differences between changes in syllabl"'es
with simple and complex nuclei which could not be explained simply in |
terms of the number of changes involved (a phonenlic metl‘ic'), or between
changes in consonapt clusters (a cluster metric). The third set of
comparisons (Experiment.,C) tested'a simple onset-rhyme model, which |
predicted that any changes that affected the rﬁyme would be equal. The
changes had very different.effects based on whether they involved the
‘voWel, the post-vocalic liquid;‘ or the coda, suggesting that the nucleus and
coda are weighted very differently. |

The Complex Nucleus

The results of the present set of exneriments‘ provides strong support
for a syllabic model including a cornplex nucleus of vowel plus liquid.

’ Desp"ite some suggestions (discussed in Chapter 3, above) ‘that the nasal
belongs with the vowel there was little e;ridence of thisrhere Vowel
changes and changes in the post- vocahc hqtud affected similarity
judgments significantly more than changes in post-vocalic nasals and
obstruents or pre-vocahc consonants suggesting that the nucleus is
‘weighted more heavily in the syllable than the onset and the coda. Two
changes across the nucleus-coda boundary had a much greater effect on_
judgments than two changes totally within either the cluster onset or t‘he‘

cluster coda of a simple nucleus word pair. A simple phonemic metric
could not account for this result. Vitz and Winkler {1973) developed a
cluster count to make an alternative set of pred1ct10ns for words involving

consonant‘cluSters, the mam effect of this alteration of their phonemic
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metric was to give proportxonately more weight to the vowel Even usmg

this refinj d versxon, hd&ever, the crucial predictions for the word paxrs

Expen ent B) were the same and did not account for the: complex nucleus

[
difference: ~

Despite some :tlier suggestions that onsets and codas are weight_ed .
. | : .
differently, the om;}y srigniﬁcant difference between changes in the onset
and the coda ,of s1m ‘le nucleus words in thg present study was between

]
CV xy and VC Yx pams of Expenment A, w1th the onset change treated

e "as less 1mportant than the coda change. In all of the dther COmpansbns a

¥

' smgle @hangg 1n the onset was roughly eqmvalent to a single change in the -

cbda, as was the Dompanson of two changey; in the onset or codh. The
\" results then suﬁgkst sthat there is no x&otwatlon to claim that the onsets
and codas of (‘}V’E and CCVCC ‘type syllables have d1fferent wei hts

Th1s 1s not cons1stent. W1th the finding in other PSJ studxes that word-

ﬁ”nal conlsonants functnoned dlﬁ'erently from consonants in other syllable

3

" posn;ions Bei'wmg and Nearey (1 986) reported for example, that marnner

. changes and two or three feature changes in word- ﬁnal consonants
: y

N
LA

£ TR

: aﬁ'ected 51m11ar1ty Judgments more than changes in word 1mt‘hl

*

consonants but .they proposed no explanation for this effect. However

Nearey (personal commumcatlon) has suggested that this could have been

a

fcaused by a recency effect (i.e., more recent changes may affect Judgments

more- than earlier ones).
Yo

To try to eliminate any effect of fcency in the present experiment, a
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control was bullt mto the presentatlon of the wor paJrs i The word paJrs ',‘ g
A wére sald ﬁrst in one order repeated in the oppos1te ord,er, and the\n‘ the '
number of the word penr was glven (corresponding to the number on the o
‘ answer sheet) The 1tem number was mcluded to ft,nctmn as a’ sufﬁx (an
1ntruswe element to recall) ”'Bich has been shown 1n verbal recall studles
(1 e., Crowder & Morton 1969,.Darw1n & Baddeley, 1974) to ehmmate the
resency eﬁ'ect The results here thus support Nearey s suggestron that the |

mmal ﬁnal dlfference reported in De g and Nearey (1986) was as - ’_ L ‘\ ‘

’n—'-v ' DENEET T L : : B i

recency effect e e _‘ e ‘ R ,

The sxmple phonermc metnc proposed by thz and kaler‘ (1 973) |
worked falrly well for the stnnuh (])f Expenment C, but a model that . i ? e .

= mclul!ed sub syllablcvumts ‘was necesSary to account for the pattem of

results m Expe s 'A and B Nelther the append1x model suggested by

| propon?nts of me':, ; cal theory (e g Selk_lrk 1984) n‘dr the core plus afﬁx | .,;g;
: model put forward by Fupnfm/ra (197 5 1976) were strongly supported by the
o present results Further work would be neCessary to test these adequately ih

v There was no ev1dence that any reﬁnement of the hotlon of nucleus Sy F’
v con51st1ng of vowel plus hqurd (1 e., such as the quahﬁcatlon for long e
\ vowels sugg_ested by Clements & Keyser, 1983) 1s necessary, although the
clalm that nasals can be part of the nucleus must be re-evaluated One : ‘: Y

dxfﬁculty w1th the present techmque, however, is that 1t 1s deﬁcult to

.L"
-

N

‘ separate the eﬁ”ects of changes m the post-vocahc hqmds /r/ d /l/ because
the usual near l’eature change was/ﬁ-'/{ one to aﬁ)ther o

i S ‘ : : C. . , o

v .‘ s : . s R ', : g ERE . L



R ,«'predlct th1s pattern In fact '1t is 1mpos51ble to separate the predlctxons of a

. Smmm ; H‘ﬂ” Lo B - B i L ». _: g‘
In general, the results of the phonetlc snmlarlty task support the CCE m**
psychologlcal reallty of the sub syllablc umts of onset complex nucleus, |
- yand coda, and prov1de ewdence for the relatlve welghts :of these umts ,
3 w1thm the syllable The onset and coda are roughly equlvalent in wexght
| '_and the nucleus 1s we1ghted more heav1ly, whether lt is: s1mple or ﬁlomplex v o

3 Both a s1mple structure of sub-syllablc umts dn'ectly subordmate tﬁrﬁhp ' A“*:ﬁ i

o ﬁ.“%

- syllable and a nght—branchlng structure 1nchid1ng a rhyme umt could R

\ '; : hleraz;chmal model from the pred1ct10ns based on relatlve we1ghts of umts e \

A}

Itis cléar that the mmphstlc notlon that sub syllabxc umts can replace *

3 phonemes and features in phonologlcal descrxptlon 1s premature, smce the

.'degree of change (features) the proportlon of phonemes cha ed W1th1n a.
L unkt and the type of sub syllablc umt changed all had 1mportant effects on

e : S8 I%"e ) . . e
‘ ‘\ P the Slmllant);‘,udgmw{f f %qi v" - J y t; e - ‘v &



Ay

R R et . L - o N P O : N R

oo . . RN v.! it
40

CHAP’I‘ER5 CONCLUSIONSANDDIRECTIONS e

FOR FURTHER RESEARCH

: : - v . : BT I W .
2 Y ‘ o » .
. . 1S * - ¥ . . Lt .

g~
.

The prev1o§1&? chapter of expenmental work 1ncluded four expenments

wh1ch tested the' reahty of sound representatmn, 1ntermed1ate between

syllables and phonemes (sub syllablc umts) The results clearly support a

A

- and rhyme and prowde cons1derable supljort fOr a seeondary d1v1s1on or

»h{l:‘.h between the vowel nu,c,leus and t e-coda e

e ﬂgmg way that all groups of subJects could count sub syllabw umts as

a

Cesr Ps

s model of syllable structure W1th a maJor branch or break between the onset'

_The eountlng ta§k (Expenment 1) tésted the dlﬁ'erence in ablhty to .+

| count syllables sub sy)lablc umts, and phonemes Both ch11dren and h,\gh

. school students could count syllables well a finding wh1cli’?its w1th
- dprekus work ( e g L1berman et al 1974 Fox & Routh 1975 etc) A new

| well as or, better than phonemes Of the three analyses of sub- syllab1c

: 'c0unt1ng used in th1s studyfthe rhyme analy51s G.e., that syllables are X
* ‘compnsed of onsets*hymes) accounted for responses best overall

I
(38%) w1th no dlfferences among subJ,ct;ju

‘("reatmg syllables as d1v1ded 1nto onse -WA ?we1~coda) resulted 1n scores

&

}»d

.

,?oups ’I‘he vowel’ analys1s ) d’a

1fferences among the groups The nucleus analys1s (onset-nucleus coda,

' whlch were' lower than the rhyme analysxs (28%) but showed a pattern of ;‘ .

treatmg post-vocalac 11qu1ds and nasals as. part of e nucleus, separate R

. from the coda) ‘on the other hand was almost as h1gh (35%) a§ the rhyme

'analysm and st111 showed a group cffect wrth mcreasmg scores wﬁh age

v . - . . . . L,
. e I . : S [ ) . : i . % .
. e o . . . R . B e . e

Sut g
o B
R el
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s Klndergarten chlldren s responses for sub- syllabm countmg were best
accounted for with an onset—rhyme analysis, but the Grade One cluldren

i 'abd—thcrngh School students responses were best accounted for W1th a
nucleus analysis. In all groups the: .nucleus analysis seemed to be better |
than the vowel analys1s | | '.l ‘

The chlldren were not able to count phonernes very well and there was "

. 1O 31gn1ﬁcant dlfference between the scores of the Kindergarten and Gradc ;o
One students suggestmg that developmental claxms for phonelmc |
'fan,alysm ab111ty sh.ould be re evaluated The low scores (51 %) for- phoneme
countlng for the H1gh SC‘hool stude:nts were: sornewhat_unexpected gince

AP
'.'u

TR be access1bleato hterate adults The hlgh

a-r\\
"N

phonemes have beéen ass bE

but t_ e mean number for longer words (e g CCVCC) Was consmtently a,,? ‘(

lower than the phoneme count Wthh resulted in a hlgh correlatlon but

low accuracy This remforces the suggestlor made earher that |

emnments usmg only stlmulvmth sunple cé.nomcal forms can prov1de, '

at best hm1ted 1nformatxon about the zepresentatxon of sound and may, in

- fact, be msleadmg o o o 1 W SR E
| One of the blggest problems w1th the countmg task was the dlfﬁculty of "

determ1mng what umts people 'were actually countlng, except by 1nference L

. fromi the cons1stency of the response patterns exhlblted The deletlon by-

| analogyﬁgk of the second expenment made 1t more obvmus what umts

' llThe sathe Cautibn should be apphed to the results of Experlment 1 here whfch used few
multmyllablc wonds for the sub- syllﬁbxc and phoneme counting tasks (to keep the num
of phonemes per word w1thm manageable hmxts for the chlldren) P '

‘ oo
s ¢

4
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‘were being accessed Not only were onset deletlons performed best (54%
'correct) the preferred type of error was to g1ve a rhymmg word Coda

deletxons proved to be dlfﬁcult for the children (33% correct overall but only j

o 12% correct for the chlldren) but not for the H1gh Schéol students (94% vs

- 89% correét. for onset deletlons) Incomplete unit deletlons (i.e., part of an
onsét or coda) were performed relatlvely poorly by all of the subJects (21%

correct overall) ,Although one hmxtatwn of the degign of this expenment

_ ,was that the: three deletlon hsts were always, presi:d m the same, order,
oot dkt see;n hkely 'that thls was the cause of the low scores for the .

- . s,’v
inco p te unlt defetlons s)@ce ‘a rephcatlon using random order of
" presentatlon with a drfferent gro&) of ngh School students showed the ‘@ ‘

'same pattern of dlfﬁculty T 'Q‘ S \\ t} 0 | ,
| - For a glven type of deletion there was no : fference 1n performance
_betweén smgle phonemel and cluster deletlons for the ghlldren %h\oug‘ M '
H1gh School stulfents performed better w1th smgle segment deletlons (92%
. bs 72%% Cluster onset. and lncomplete unit deletlons seemed to cause ‘
“problems for these students perhaps because of a. Word strategy, since 1n

$l
most of these cases a wdi'd resulted e1ther when the correct, cluster

deletlon was made or when an mcorrect smgle segrgent deletlon was..
made ThlS result provides ewdence that phonemes are readlly acces51ble
“umts to these older, l{%erate students 1n contrast to the prlmacy of sub- L
e .syllab c umts (that is, onset and rhyme) for chlldren
, " To. investigate the. complete range of possible sub-syllab1c umts (1 e,

) -_.onset nucleus, coda, head, rhyme, margms) for adults a furtlrerwanant »
- ‘of the analogy techmque \«y}s employed called substltutlon-by-analogy The .
| }results were scored 1in terms of accuracy, response latencles, and types of

\" @

’ \’
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error. Rhymes and onsets were the easxest/fastest to mampulate (77% 1. 8

sec. and 65%, 21 sec,, respectlvely) nucle1 and codas next (59%, 2 6 sec.

) .

and 47%, 3. 1 sectgf”respectlvely) and margms and heads by far the most
dlfﬁcult/slowest (26%, 4.1 sec.. an,d 20%, 4.6 sec., respectwely) There was a

strong preference for errors 1nvivmg changes in the onsets or rhymes

. with very few errors of the other types (coda, nucleus, marg 'ns, head

substltutlons (e g, rhyme vs head substltutwns) the . 3y S
for the sub -syllabic :guts “of rhyme onset, nucleus, o L "fh‘e head -
: and margins &uts T%s result : v.,-;_f byt explamed by assummg that

«" only phonemes are real to liter U "‘) L mf‘

» ‘not ne;v (see Trelman 1983;1 : 986) the present Study 1nvest1gated
o 1X d1ﬁ’erent hypothes1zed sub syllabrc units in the same task w1th the -
- same speakers, whlch allowed for direct compansons The . onset rhyme, '

nucleus, ‘and coda emerged unamb1guoUsly }*s sub- syllablc umts (cf

P

T}relman, 1983 but See also Trelman, 1984) bv‘ﬁ"’head and margms umts,
which were relatlvely\jnaccesmble to&ampulatlon The dlfferentxal
. d1fﬁculty 1n mampulatmg the rhyme, onset hucleus, and coda allt>ws us
to. nfake smm\mferences about the structure ‘of the syllable /Onsets and
g _‘lghymes were best overall wh1ch suggests a ma_]or branch or weak bond
’ between the two Perfomlance on vowel nucle1 was generally better than on -
' codas Whlle th1$ is perhap@anot surpnsmg {given - the status of’ the VOwel
- ;as the syllable peﬁand carner of‘ stress) it does suggest that a 81mple tree

., structuré for the's

K]

able W1th equally-welghted end nodes of nucleus and
coda would have to be adJusted to glve more weight to the former -

. ’Pl{é\flrst three expenments prov1de ev1dence that sub syllabxc umts '



o

. arfe accesmble to vanous mampulatmns G.e., countmg, deletlon,

: .éubstltutxgn)nbut they do not unequwocally prov1de ev1dence that these

| “".Judgment taslf (Expenment 4) conﬁrmed the p&zghologlcal reahty of onset

, Abetter than'a model based oh a sthng of mdependent Se.,

i*”»onset-rhyme structure Chang‘?—s m the onsets an,

L g wh o C L B R SR feped "

. FRR ‘ 3 . X
- P . [N

W
i

v* "IL A8

units ape 1nvolved in language perceptlon The phonetws;m:ulanty R @‘

nucleus and coda for’ perceptual Judgvents Predictlons for sm;ulanty o

. Judgments usmg a model of the syllabl"mth these umts were cons1stent1y

nts ora s1mple :
cod.as were'roughlv )

t“h greater effects, y

o\

equlvalent whereas changes 1n,the nucleus had
sugﬁstmg a syllable structure with sumlarly wer ,‘: ted ‘onsets and codas
and more heawly welghted vowel nuclel Changmg pos@vocahc hqmds LA

had a much greater effect on Judgments th‘an qh‘angxng other post-'vocahc

: consonants and as ar effect to changmg the vowel conﬁ at; - !
N L‘%‘ ’ ~"‘ . F
the

. hqulds are treated as part of the vowel nucleus A reﬁnemént of thE notion

¥
of nucleus emerged 1n ‘that post—vocahc nasals Hid not seem to be treated

.. :.. '_dlfferently from other non-hquld consonants. O g

\
a

14

The models of syllable structure that ‘can be deﬁmtwely reJected based
on the results of these LaSkS are the models%f syllables as stnngs of equally
welg/ted/pm mes and-as ll(lelﬁlble umts Despite coﬁrols on the o

R j LNy, . :‘
/number of phonemes in vnrved in substlt:utlons (Expenmhnt 3) and c}@nges .

_(Expenntent 4), there were mgmﬁcant diffetences in the treatment of sub- -

' | syllablc umts The results from the°ﬁrst and second expenments also

""‘_support the pnmacy of sub syllablc units over phonemes, as. th“e}ﬁ‘ch:lldren i

were more successful at countmg and deletmg at least some ,of these. By
T R .
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P the same token, 1f syllables were treated as non-analysable wholes, then

b to count délete,

e‘C

or subst1tute sub-syllablc umts in the way that they dld m"’tli’ese tasks, and

aaaaaa

X

( Lresults of an advantage for onset and rhyme i8 subJect to the cntlclsm of

»

) that changes in various positxons of the syllable would have similar eﬁ'ects

" '«(fx?erson, ‘& Wheeler, 1987) nor Vennemann s (m Rress) des,ej i

.. proposed by Fu

head coda structure, smce there was no reyldence for a he‘_

head, suggestmg that &e fd-rmer has psychologlcal reahty to Englxsh
"speakers tht,

k)

"‘""wetlc s1m*ilanty Judgments '%'et large dlfferences were found for :

':‘;-io‘n ‘of a
St A

Lo

s

dlrect companson of the mampuleabxhty of dlfferent umts (the substit‘htlon- o

@

o -by-analogy task) the rhyme was srgﬁcantly more acces&ble than the g

e,

-'dence was. found to support the core+afﬁx model

ura (1 975; 1976) and Fupmura and Lovins (1978)

The psychologlcal reality of both onset and rhyme units

'strong support from the resul’ts of th.egf'esent eXpenments, smce these two .
' units seemed very, ; access1ble to chlldren (countlng, Experijient 1 deletlon, |
vEgpenment 2) and were most readlly mampulated by adults (Expenment
. 3) CautIon inould be exerclsed before at:ceptmg a sxmple onset-rhyme :
, : 'model of syllable structure howev'er, smce the nucleus and coda also

emerg’ed as psychologlcally v1able sub syllablc units in the expenments . ',

Clmms for a psychologrcal model of syllable structure based solely on the . A.‘«’ _'

cultural mﬂuence, smce alllteratlon (onset reduphcatlon) and rhyme are
fam111ar in Enghsh verse and poetry P ;.

Why thteratlon and rhymé are used 80 frequently as poetlc dev1ces m :

\:" ~ i . s : - .“"" . : ." B | )Y |

. " - . . - : . .-
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English in the first place, howeyer, is unclear, unless the poetic tradition |
is seen as exploiting the units that the language proyide‘s."It appears that
there are three possibilities: |
1) Onset and rhyme are used in Enghsh quite ¥ oy cllancg_gndthelr ‘
adva f'lq the present expenments was simply a rq‘ﬂectlon of
_ this p Flearmng/expenence In this case, testing people N
. completé(ly nalve with réspegt to Enghsh poetry, nursery rhﬁ "

songs,"' ‘ vi ‘ﬁn etc, wo’hld be requlred (It would be difficult to

‘,a

WW*@ 3" 3 "‘.‘ Y e
© s find- SLM igndlwduals y o '

!

et and rhyme in Enghsh (for whatever reason) |

7 1 ucture on Bnglish syllables It may be that accessmg
thls lﬁd’&@d structure resulted in the advantage for onset and

ks "
rhyme, but then one would expect this’ advantage in productmn-
~“ " \ %nented tasks but not in less dlrect tasks
t\ A s' A ‘
3), A 4 and rhyme are part of the more complex syllable structure
4]

wh i 'an 1ntegra1 part of phonologxcal knowledge and its
1nﬂuemabeconfes ,apparent 1n tasks thch reqmre sub- syllablc '
. : analysm\ such as those used in the present study
_ The syllablc model of. onset-vowel/nucleus coda as equally welghted
".sub syllabl,c umts is also too s1mp'hst1c to expla1/11 the results fou,nd in the |
_ present tasks rThxs model) ignores the 1mportance of rhyme espemally for B )
the young chlldren, who demonstrated little awarehess of coda§ @G, e sub-
.. yllablc countmg scores were best accounted for with an onset-rhyme _' =

| analy81s, Expenment 1 deletaon of codas was very poor, Expenment 2).

Further, although onset and coda were sometlmes treated as: though-.they

«
2An example of a less dlrect task is.the phonetic snmlanty Judgment (PSJ) task whxch
- was used in Expenment 4 . . -

~ .
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had equal importance or weight in the syllable G.e., the high school .
students performed equally well on both types of dé’letions, Experiment 2;
phonetlc sxmllﬁnty Judgm)nts were aﬁ‘ected equally by changes in these
unit Expenment 4), there were also differences (i. e., onget substltutlons
" were much easier than coda substltutlons, Expenment 3). |
« To be consistent with the prgsent results, a model c:f syllable structure
_“would have to 1§clude provision f'or onset and rhyme, as well as nucleus
. and coda. A slmple vowg ffstructure for the nucleus did not account for the
_treetment of post-vocahc glides (/y/, /w/) and /r/ i 1n the substitution task, |
‘nor for the effect that Achanges in these elements had on phonetic' similarity
Judgments Although the ;uestlon of what the nucleus consmts of remams
| unresolved (see next section fox a dxscussmn) it is clear that it can Jbe more
complex than a 51mple vowel e
" The right- branchmg model most often discussed for Enghsh syllables
© cohsists ofmset and rhyme on one level and vowel/nucleus and coda as
sub-constituents of the rhyme Th1s model ‘would have te be reﬁned
‘somewhat consxstent with the results re‘ported here; the onset and
(cod" a would be 81m11ar in weight, -with a heavier nucleus (as indicated by
the results of the phonetlc SImllanty Judgment ta:k) Nothmg in the |
' zresults compels a tree structure, such as that discussed liy Selklrk (1984)
and the 1nconclusweness -of tl?e tests for the reality of a separbte appendlx
"maght be taken as an 1ndrcat10n that there are some p_roblems with the
imetric’al model of the syllable. ! | . |
-The model of syllabic structure‘ consi‘sting of bonds axld afﬁnl'ties
' proposed by Vennemann may be a viable alternative to a- hierarchtcal

| model leferentlal afﬁmtles would account for preference of umts, as
4 .
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discussed in Experiment 3, above It would be necessary to formalize the
“ predlctlons from this model in order to adequately assess it. The
substxtutlon by-analogy- techmque could be used with a variety of post-
- ,vocalic consonants to determmev if different affinities could explain the
differences already noted among pbst—’vocalic /r/, I/, and nasals. The
rpresent results most stron'gly support the notion of a major branch or weak
(eas1ly breakable) -bond between the onset and rhyme, w1tb a rhmor Jbranch
for bond be?tweep themucleus a‘i coda but cannot dlscnmmate between a

hlerarchlcal syllable structure and a flat structure based on bonds.

53Snﬁnﬁs_quesum o - , . s | :
n'heavily

Theu!esults from the four experiments support the

RS

weighted syllable nucleus and Provides somégé‘\'ﬁdence as to the ‘mer"r»iber- s

ship of the nucleus. Pdst-vocalic liquids were generally treated as part ofiz . @e«»

the nucleus and pre-vocahc liquids were always part of the onset. The

. vowel /r/ sequences were clearly units although the 3owel N/ sequences, did
not seem 80 strongly bound. The evidence from the phonetic §1mlanty task ‘

- suggests th'at nas are not treated as part of'the yovgel tnote that )
Treiman, 1984, alz:'ound differentjal effects for post-vocalic liquids and
nasals) Po&vocahc glides were clearly part of the vowel nucleus (1//e |
vowel dlphthongs) and pre-vocahc gllde&were generally treated as part of
t.he onset One way to explain these results isin terms of d1fl‘erent1al afﬁmJ

. tles such as those discussed by Vennemann Anot'her is by suggesting that
post—vocahc ghdes and /r/ are actually part of the coré nucleus and that

- and the nasals are treated as part of the complex nucleus if the core is

. mmple (ie. , just a vowel) and as p‘art ot&‘the coda 1f the core is complex

e i

e WU

i



' The status of initial /s/+stop clusters was not resolved because there
was some tendency to treat the /s/+stop clusters as separate units in three-
phoneme onélts (e g., /str/, /sp‘ ) in the deletion-by- analogy task,
suggestmg ‘that these are unit§ within the onset

A thn'd question which hag not been resolved' by the results of the
present experiments is the generalizability of the results to lnultisyllabic_,
words. It is possible that sub-syllabic units emergem the analysis of |
mdnosylla}bic words but that some other units (e.g., syllables, phonemes)

. would emerge with more complex words. kll‘he'problexn of ambisyllabfgity
‘also has not been addressed. The\dnnsmn of syllables into onsets nuclei
(wh1ch is also problematlc see th%.dxscussmn above), and codas becomes

much more complicated with am yllab*c consonants (e.g., the d1v1smn

3.

between the ﬁrst syllable’s coda -and the second syllable s onset in a word

hke Egs_tg_rl example from Kahn, 1478).

In order to truly evaluate whet er the ev1dence for sub- wllablc units
~ found in the present study conﬁrms heir psychologlcal reahty or whether |
4 they are artlfacts of other knowledge l{such as knowledge of spelhng or

| poetry), the tec}_mlgues used in this study wauld have to’be extended toa
_vanety of languages \;?ith dlfferent ortltographlc and poetlc tradltlons At
‘would not be surprlsn(_lf dlfferent languages had different syllable-

. 1nternal structure, and oné: WOuld predJ t that dh’erent units rmght be

'sound representatlon, Japanese (Wthh h‘ s.a syllabary) and Mandann

and Cantonese (mth character systems) w&uld be 1nterest1ng languages to '
B ‘
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¢ study. There is another language (more accessible to the present author;)

" which has no standard orthography’ at all. '

. Swiss Germ‘an is the cover term for German dialects in Switzerland.

. The SWiss speak their di_alect (be it Barndiitsch, Ziritiiitsch, Baseldytsch, é
| etcp) at home, with friends, at work, socializing, and so on, but use a ‘

-standard form of German (Schnftdeutsch) for lectures, formal meetings,

church getvices, and aﬂ;&n}j_e_n_cgmmm Although the d1alect is

sometlmes seen written (e.g., I ads, Mends quotes in the

newspaper) there is no standard wrltten form Swiss German differs from

i standard Genm; in the conjugation of the verbs, the form of verb tenses,  *

some pronounse,:»-cases, morphological affixes, lexical items, and most

noticeably, pronunciation Al‘though“'Keller'(l 979) included Swiss Germa‘n
@
in hlS l{ook of. German dlalects he conmstently referred to it as a language,
g 8 N ¥ -~
not & dalect. Alﬁlough some southern German d1alects are s1m11ar to g

2

. Swiss German and may even be mutually mtelhg1b1e, the Sw1$s tend to

a-ée to-be quite-distinct from German. Germans from

; ,_,\s&.Sconsider their lanj

S other than the uthern*area do not seem to bé able to understand Swiss

N German withouf considerable exposure to it and Swiss Geinan people‘ ’
automatically : 'tch to standard German when ‘speaking to Germans (or,

. ' . Lo - - . Te o ~ .

. S - ¥ .

indeed, to any forelgner') S . Co (
It is therefore 1nterest1né<o stuhy phonologxcal questlons in Sw1ss : ‘Q_

.

a. s

4" standardlzed form to gulde Judgments Not only; is there nq standard Sw1ss
/ German orthography,« a sxgmﬁcant proportlon of the Svnss German '

A\ ]

f' vocabulary is unique, with no apparent relatlonsh.lp to German rdots or



'lexlcal items. If oﬂthography was mﬂuenclng phonemm\Qerceptlons. )

presumably it could only do so if there was some representatxon available,

eng o

such a5 German spelling for words related to German For uniquely Swiss
words, with no standard spellmg, it 18 unhkely an orthographxc represen-
" tatlon is already stored 3 It would thereforé seem a good lqnguage with
Whlch to assess the reasonableness of the model of sound representatton
‘Can Swiss German speakers glyé reliable counts and make similarity
‘, 'judgments for words of their language that relate to the predictions of sub;
syllabic and phoneme models in the sfa'rnle way English speak’ers can?
A group’of university. stud}ents (nfl 6) were ﬁsked to note the number of
" speech sounds "(‘Luuteleme'nte’) in 25 unique'ly Swiss and 25 German-
L ilatemOrds ‘and then (in a second presentatlon of the 50 words) write the
word as if they were writing them in a letter to a fnend The correlatlon

/
between the mean numbe‘p ‘provided by the students and the number with a .

e 4

segmental phoneme representatlon was extremely high (r=. 97) ‘as was

™

the number correct scored w1th the segmental representation counts

(82%) Dﬁsplte \tl;?ngh scores and very conmstent spelhngs, there were -

some proble}n areas Affrxcates (e. g, /kx/ /tf/ Ipfl, /ts/) and asplrated stops

. (whlch aﬁ unusual 1n\the 14nguage', but do occur word-initially) were

./ v treated as s1ngle\segments in the segmental representatlon count ‘but the

o

atudents were Spht in terms of whether these were one segment or two.

.

! ’
3Swiss German speakers seem very a.ware o? umque Swiss words. In learning the

‘ ‘f"tu Iangr!y& @ni_r@questmg repetltxons or explanatxons of certam items, 1 weé mvanahly
" met with laughter and comments to the effect that the item was very unusual or strange
because there was; no German cognate ‘Some of these items are very frequently used .
(e.g., [b2 tAl to shop or [teef] motorevele). - - ; . ’
4The transcriptions were done by the expenment.er and confirmed by Dr. Spérri of .
‘the Phonetisches Labor, Universitat Zirich,

1

’
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The 1nﬂuence\of standard (;erman letter—sound correspondences could not ‘

g ”be'blamed d1rectly, since two of the affncates welre generally represented by
single letters (/k%[-k /ts/-z) one with two letters (/pf/—nﬂ "and one w1th

i four letters (/tl/:tsg_) ~and the velar nasal was unambrguously Qgted as a .“

. smgle segment, although 1t was represented with two letters in the

spellings Q. Zx_}g). . N L o
To asseds the access1b1hty of umts 1ntermed1ate between phonemes

‘.and sylla les, a pxlot study was carneckut in whlch Zunch hlgh school
.} students were asked to note how many chunks of sound (Luutgruppe)
: monosyllab1c Sw1ss German words contalned They were first prov1ded
fvlr:th an example-- word spht in a variety of ways (e.g., /sprints/ [a type of -
| cheese} cov be. d1v1ded into two, /spr-Ints/, /sp- rInts/ \/sprIn -ts/; three
' ;/sp rIn—ts/ /spraInt-s/ /s- -pri- -nts/; or into. four /s pr-In -ts/, /sp-rI- nt-s/
- [sp-rI n-t-s/) Generally, words without onsets (e.g., /arm/) or w1thout
codas (e. g /xh/) rece1ved counts of two, and words w1th both onsets and.
_ codas e. g, /klaft/) recelved counts of three. )lnterestmgly, there was +
ev1dence that post—vocahc hq%s, nasals, and smgle obstruents (1 e., not mf o
.clus‘l,ers) were treated as part o£the nucleus Although diphthongs were :
countefi as two segments by the students in the phoneme countmg study,

-

‘ -they were treated as smgle units here . | |
| The umque status of the nucle’us also emerged in a phonetxc similar-’
ity Judgment task w1th the same students as did a. dlfference between the
.- onset and the coda Changes in the onset (e.g., /gcerps dcerps/ mean-4 4
‘ona scale from 0 to 6) had less effect than changes in the coda (e g oo
/goerps: gcerks/ mean-3 9)- which, in turn had less effect on Judgments ‘
| than changes in the post-vocahc hquld (e.] g /goarps g(elps/ xnean_2 8) :

ThlS general pattern held for all 54 word pairs studled but the ﬁndxngs



2 :
' cannot be taken as concluswe as not all possible compansons were madj

., There are many types of phonologxcal questxons which could be

addressed usmg the techmques of the prese‘ﬂbtudy The apparent sahency
of the nucleus and coda in Smss German con,trast somewhat to the

importance of (rhyrne in Enghsh Interestmgly, seml rhyrhe (where the
vocalic ebement is mampulated w1thout changlng the coda or vice versa) is
often used in Smss German for chlldren s expressmns and songs (e.g., )<blf
baf buf und du bif exr und redhx dus/ 51m11ar to the Enghsh countlng ‘

_ verse /ini mini mayni mg/) wh1ch may be the result of syllable st{ucture .. |
and the cause of the di erentlal res‘ults in the phonetlc similarity Judg-

" ments. The more direct technlque of substltutlon by—analogy could be used .

- to assess the rélative mampulablhty of sub syllablc umts in Smss German .

to contrast them wzth for exa;mpfé, those in Enghsh From the importance -

o

. of vowels 1n German and;Smss German morphology and ev1dence from
14

- pllot studles the }redlctlon can be made that the nucleus will be easily

¥

ampulated as w111 1ts COmplement the margms G.e, substltutlng

margms can also be thought of as leavmg the yowel and vice versa).

Venneman,n ] (1n press) model of the syllable as a head and coda was a

initially apphed to German and may indeed be moré appropnate than a

" | nght branchmg (onset-oﬁented) model for languages closely a.lhed to |
"German Fmdmg that units other than onset and rhyme are not real to -

- speakers of languages other than English &ould not contradlct the claims

of the present study at all. The psychologlcal reahty of sub-syllablc umts i J

Enghsh has been estabhshed and 1t(rema1ns to deterxmne thch units are

| ,. real for vanous languages, rather than assummg that only phonemes and

) syllables are relevant to the descnptlon of language sounds

/ o ' -
/ N . T

/
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Appendlx A

i

, , - .
E_pg_n_m&_t_l_ LlSt of words and counts for each of the analyses used (i) in
all three tasks, (ii) in the sub- syllabic and phoneme counting tasks only,
and (iii) in the syllable counting task only.

Word  Syllable Count |  Sub-Syllabic Count . Phoneme Count «
S . Rhyme  Vowel Nucleus
i,All Counting tasks; L -
ear | 1 B A | 2
dn 1 Y1 20 2
‘spe 1 1. "2, 2 2
ink 1 1 2 2 3
gas - 1 2 3 3 .3
- plan 1 2 3 2 4
glare 1 2. 3 2 4
break 1 2. 3 3 4.
toast 1 .2 3 3 4
drift 1 2 3 3 5
penny 2 4 4 |4 .4
apron - 2 3 4" | 3 5
item 2 3 4 3 4
2 4. 4 4 4-.
. soda’ 2 : 4 4 4 4
ii, Sub-syllabic and Phonem i ly: A
‘art ' ox 1 2 o2 3
(154 1 2 2. 3
ask 1 2 2 3
tar 2 3 2 3
pin 2 3 . .2 3
‘rate. 2 - 3 3 3
pray 2 2 2 3
spit e 2 3 '3 4
fence w2 3 3 4
soft 2. 3 3 4
storm’ 2 3 3 % 5
drink 2 3° 3 5
spend , 2~ 3 3 5
- grasp w o 2 3 3 5
flask ¥ . 2 3 3 5
iii, Syllable 1t nly:” :

Two syllables flutter, private, stupld pressure, climate
Three syllables:benefit, coconut; gravity, delicate, visitor, relatlve, deﬁmte,
) regular typical, popular ., '



Appendix B
Experiment 1, Training triads for the counting tasks
_ . . C

ba-na-na by
he-ro - - stay
Comy: ' eye - ‘

ha-ppi-ly . fri-sk-y  cl-ue
. ca-noe ' . fly . m-y

stay \\ T a o ©a \
po-li-cy . R fr-o-st-y - spry
he-llo w free - Bay
bay o : . owe ' owe
ho-li-day . asgreee . A 0 stay N
co-ffee . ' gray Low. .7

L

eye . . - - uh - eye ¥
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Experiment 2. Percentage correct for individual pairs of words used in the
deletion-by-analogy task (n=64 subjects).

* .

—

. Test Items ‘(exeluding';?anaIOgy pairs):* . |
- Single Phorréme Deletions - * Cluster Deletions

Onset:

1. mold:(old) - 88 3. flow:(owe) - 4
 2.,can:(an); ~* B3 4. break:(ache) 56
7.tar:(are) . .~ 53 5. split:(it) . 4
. 8. both:(oath) - - 56 6. spin:{in) | 53
10. meat:(eat) 64 9. trend:(end) - 59
Coda: -
1. tease:(tea) 39 2. loft:(law) 27
3. base:(bay) - 30 4. toast:(toe) 3B
5. grate:(gray) 3 7. traced:(tray) 33
*6. juice:jew) . 36 9. most:(mow) c.)
8. keep:(key) . 36 “ 10, grouped:(grew) °31
Incomplete Unit» : .
. 8..smack:(sack) 20 1. spring:(sing) - - 17
- 6. shrug:(rug) 36 2. sixth:(sick) ) 8
7. hand:(had) 14 4. strange:(range) 0 -
8. trail:(rail) = 3l 5. splash:(lash) - 17
9. please:(peas) 28 10. strip:(sip) 9

* Numbers refer ‘to\-gil‘er in which the pairs were presented.
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Substltutlon types, example pairs, stimulus words and
targets, type of response, and percentage correct (n=40 subjects)

.+might-plight
drank-plank

cling-string

beam-stream -

frown-gown

tape-gape

glaée-glide
dove-dive

_.Onset /pl_/*
| j///// ‘/str_y.-
/g_/
"
Vowel ./_-ay;/
- 5\_
/_e_/

W [_u_/l

* control items

braid-bread
dusk-desk

~ bath-booth
crown- croon

{

'scum.plum

treat:pleat .
fought:plot
stones:/plonz/

~ choir

bride:stride

duck:struck

" slate:straight

coach:/strot//

splash:gash

. chimp:gimp -

trialiguile
scrooge: / gu:?/

ﬂ sw1ft

fraught:fright
hoist:heist

j stoolistyle . 4
‘breath: /bray()/
jSQuar

cute

steam:stem
mint:meant

.size:says
look:/lek/

rust:roost
stowed:stewed.
blaze:blues
laughed:/! uft/

: perch

** gpecific companson pairs

%.
‘Match 83
Match 68
Mismatch 68 |
« Nonsense 70
Glide** ‘ «
Match = . 78
' Match 63
-Mismadtch 48
. Npgsense 830
Match 68
Match \73
Mismatch 5
Nonsense - 43
Glide**
Match 48
Match - 55
Mismatch = 63

‘Glide, Nu'cleus;*;"
- Glide**

Match ‘B
Match 73
Mismatch 75.
Nonsense &0
. Match 6
‘Match 60
Mismatch ' 58
Nonsense . 48 °
. Nucleus**



B |

Substitutions  Examples  Stimulustorget  Tepe

Coda /_m/

)
[

/_kts/
/_ks/*

ot

I/

- Head /kreae_/

/le_/*

811y

tote-tome -
clasp-clam

Blimp-iﬂin‘tz
faith-faints

stripe;strikes '
- fond-fox

heck-help
gust-gulp
e

floss-crass’
drift-craft

broke-lake
freeze-laze

~ trap-slip
- bonk-slink

shank:sham

_prince:prim
" socked:psalm
- ‘meld:/mem /

jerk
tears

R tempt:tense '

pastipants
hop:haunts

o lov‘e:/l/\ nts/

“milk:mix

slapped:slacks*

‘hedgeihex
* claim:/kleks/

learn

- port

ask:alp*
yen:yelp .
wedge:whelp
tint:/t1lp/

_ stink:crank

blush:crash.
chic:icrack
sn'ail: [krael/

price:lace
soothe:lathe* .
scat:late*
gruff: /lef/.

fret:slit
strong:sling
tomb:slim _
brusque:/sl1sk/

* control items  ** specific comparison pairs -

. Match-
Match
Mismatch

Nonsense °

Nucleus**

Nucleus**

~ Match
Match
" Mismatch
* "Nonsense

Match
Match
“ Mismatch
" Nonsense
Nucleus**

Nucleus** -

Match

Match [ * |
Mismatch

Nonsens

Match.
Match

~ Mismatch
Nonsense
Match .
Match

Mismateh
Nonsense

£

Match
Match
- Mismatch
.~ Nonsense

199

Ha88

sooe BR®E .

5338

- 15

15
10

15
18

18
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Substitutions

Rhyme /_el/*

/_Ant/

/ old/

- Margins /l_p/*
o

> lp_l/*

/b_t/

Ist_k/

“* control items

Examples
mos,t-ma{l |

stun-stale -

freak-front
stealth-stgnt-

baste-bold -
strict-strolled

stoke-lope

gagh--lap

sheen—peél
dozed-pole

strife-bite
tentllfbet

bathe-stake
plug-stuck

N

Stimulustarget ~ Type

roof:rail*
pound:pail
flax:flail
spite:/ spel/

| quest

pesk:punt ‘

groups:.grunt .

-wreath:runt

crimps: /krant/

monk:mold
scant:scold
kept:cold

chomp: /tfold'/

kiss:lip*
teach;legp

brought:lop . .

chunk: /I p‘/

mute

sick:pill
ride:pile
good:prll /
'vest:/pel/
gloom:boot
mouse:bout
niece:beet
crook:/ bUt/
swap

‘ glimpse:stick '

fast:stack:
taught:stock
.dread:/stek/

** specific comparison pairs

Match
Match
‘Match
Nonsense
Glide**

" Match

Match
Mismatch
Nonsense

Match

Match |
Mismatch
Nonsense,

Match
Match

" Mismatch

Nonsense
Glide**

: Ma}:ch
Match
‘Mismatch

‘Nonsense

Match
Match
Mismatch

/ Nonsense
QAlide**

Match
Match™ .
Mismatch

Nonsense .

o

RERE SBBS BHHHK

BRRR K R

SHREE Bebb

ERBE
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—_ Experiment 4. -Words used in the comparisons of onset coda. and nucleus

changes with mean P8J for each (30 word pairs).

L4

Onset Changes:
CV:xV .

CCVC:XXVC

CCVC:xXVC

CCVC(C:XxVC

Coda Changes:
VC:Vx '
CVCC:CVXX

'CVCC:CViX

- CVCC:CVXx

Q@ﬂ_&mmr

VR:Vx
CVRC:CVXX

'CVRC:CVxX

CVRC:CVXx

"nw:m'ie

be:de
spik:blik
skut brut
ngp snip
kyud:glud
kyud:prud
spik:Jrik

swayp:grayp

swam:glam
slIm:grIim

aeb:aed

nst:bagz’

~ desk:deks

kaps:kasp

~yIsp:wIzd
ft:livz

Rips:hidz
tabz:taks
kasp:kapt

&m:aen
kald:kaps
pirz:pikt
rild:rimz
senk:send
leemp:leend
leemp:laebz

h1ilz:hips, ~

drlz:dimd
pirs:pivz

6.4
3.8
5.5
6.1
49
4.2
6.3
4.8

45

2.8
3.2

29
45.

4.7
338

35,

24
25

C=Consonant V=Vowel R=resonant of complex nicleus x=small change X=large change
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Experiment 4. Stimuli for the comparisons of near phoneme mismatches -
in various positions with mean PSJ for each (64 word pairs). '

CCYCx klaesp:klest 76  CCYRx twelv:tweld 7.0
fiaks:flakt 6.0 ' kramd:kramz - 6.8
. bleest:blesk 79 sport:spord 7.2
 driftdrifs 72 . blerd:blert 6.2
CCYxC  klesp:klefp . 62 CCVYxC twelv:twerv 4.1
- flaks:flats 70 ¢ kramd:krand - 6.1
. bleest:bleeft 60 sport:spolt 5.0
drift:drift 8.9 blerd:bleld 4.6
xCYCC  klesp:glaesp 74 xCYRC  twelvidwelv =~ 7.5
fiaks:slaks ~ 6.9 (kramd:glamd) *
. bleest:pleest 7.2 , sport:fport ° 7.1
driftitrift - 7.6 ' bler;d}lerd 7.5
Cx¥CC klesp:kresp 73 . CxYRC twelvitrely = 7.2
fiaks:ifraks 6.2 kramd:klamd © 7.2
bleest:brest 7.1 ‘'sport:skort 6.9
: drift.dwift 7.0 _ blerd:brerd 6.6
CCY klesp:kleft 51 CC¥Vxx  ~twelv:itwerf 3.8
¢ Xr( fiaks:flagz. 58 ' kramd:krant 4.0
bteest:blaefk ‘56 ~ sport:spold 3.3

o drift:drivd = 59 - blerd:blelt = 3.4
CxVxC  klesp:krefp. 51  CxVxC ~ (twelv:trerf) *
flaks:frats - 51 - kramd:kland 4.8
blaest:braft. 42 sport:stolt = 1.9
| drift.dwiet 64 : blerd:breld 3.1
- xC¥Cx klesp:gleest = 52 xCYRx twelvidwelf - - 5.0
' (flaks:0rakt) * . (kramd:giamp) - *

blaest:glaesp 5.8 - sport:fpord 45
- drifttrifp 46 o - blerd:plert 3.1
xxYCC kleesp:traesp 6.0 xxVRC twelv.drelv 6.2
’ " flaks:vraks . 647 - kramd:plamd 6.2
blest:dreest 58" * . sport:ftort 5.3
driftitwift 5.1 -~ blerd:drerd 5.5

* Not included in analyses because changes were ?)o, large.

A4 0



Appendix G

Experiment 4. Stimuli for the comparisons of rhyme changes w1th mean

PSJ for each (30 word pairs).

Qnunmmnf_mﬂhanggd
VC:XC it:ot
ist:ost

~ edind
L/ eks:aks

CVCC:CXCC bist:bost

ﬂ , krist:krost

> . ' sleks:slaks
peks:paks

CVR‘QC:CVRXX pATSt:pArvZ
bardz:barft
turz:turp
forst:fordz

i f thr

CVRCC:CVXX forts:fozd
pirst:pivz

[arps:fagz

lordz:lofs
CVCC:CXXX bist:bavd
- prks:pezd

31
4.0

2.8 .

3.7

4.0
4.2
5.3

34

44
41

40

4.9

24
2.9
2.6

31
17
1.6 °

Cv:CX

"CVRCC:CVCC

t

e

CVRCC:CXXX

C=Consonant V=Vowel ‘R=/r/ X=large mismatch

>

bi:ba

+ kritkra

pe:pA
sle:slA

:Jarps:faps

birdz:bidz
porks:poks
forst:fost

. bardz:bist.
porks:paept
farps:fivd

birdz:boft

3.3
3.8
3.1
3.6

5.3

- 4.0

4.1
4.7

1.9
1.5
2.2

14



