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Chapter 1

Introduction

Literasy includes bﬁth the sbiiity to read and to spell, Vet until reﬁenhly, and despite its
importaucé. there hes bees Jess research on spelling than en reading. Perhaps this was
because writing es a linguistic slill was considered in a marginel way as secandary to, and
derivative from, speech, It was conceptuslised as a photograph of apoken language (dé
Saussure, 1916}, or as a codo of t;ransci'iption {Laria, 1970} with spelling presumed to be
based on inner pronunciatics «f t1 2 phonic (sound) forms of the spoken language. Cognitive
reseatchers were slow to recognise that written language is neither a complete isomorph of the
spoken language (Gelb, 1963), nor & process of reading-in-reverse (Bradley and Bryaht,_ 1970;
Bradiey, 1983}, but rather, is a complex and antonomous systern of representation, hoth of
the deeper lexical-murphémic levels of language (Venesky, 1970; Ellis, 1982), as well as of
the mappings of phonology, As such, spelling proficlency is a highly complex intellectual
achievement in its own right, and is worthy of psychulinguistic interest in the same way
as other langusge-based skills, such as speech perception, speech production and reading
comprehension. .

Because of the limited attention to spelling, much about the cognitive pro. sss remains to
be addressed, This research aims to give attention to some of the issues arising. To begih. 14
deseribe the background from which the research impetus of the last ten years springs, Recent,
advances in knewledge of the spelling process were motivated by work from two quarters:
linguistic snalyses of writing systems out of which developed the conslderation of spelling
as a language-based skill with developmenta) stages, and case studies of neurclogical deficits

in cognitive p:ocessing which seriously challenged the heretofore assumptions. Thua, firstly,
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relovant considerations of the writing system will be outlined, followed by a description of
ai:elling develapment s undersiood from educational research with children. Secondly, the
evidence from neurqpsychological studies will be presented. Next, I turn to a theoretical
review of the current models of the spefling process and identify the focus of the present

study,
1.1 Writing Systems

The writing systems of the world are divided into three types: logographic writing, such
as Clinese, where each symbo) represents a different spoken word; sylinbic systems, such
us Jnpaness Kana, where each symbol represents one syllable of the spoken language; and
alpﬁa.hétic'writ.ing. such us English, where in principle euch graphic symbal represents a-
pastieular phoneme (distinetive sound) of speech (Ellis, 1982),

Theve ara limitations in each of these systems (Harrs and Coltheart, 1086}, For example,
in a logagraplie system, one cannot write o word il one has never actually been Laught iis
corresponding representatirnal symbol; and in using a syllalary, it would be diffieult to learn
each symbol for each 'syllable' in & languape such o8 English, whith conteing a grest many
different syllables. The versatility of the alphebetic syste:n obviates both these limitations,
since the humber of different graphemic combinations pessible approximates the number of
permissible phonemic combinations. However, the aystem is franght with difflcultice of ita
own. While some language ecommunities, such as Finnish, Italian, and Hawaiizn, have shallow
orthographies that closely appronch the ideal alphabetic system, in which a single phoneme
1s always matchad by a.-slngle graphesme, othets, sueh as. English, possess & deep orthogeaphy
thot bears a complex correspondence between spelling and speech (Hanna, Hanns, Hodges
and Rudolf, 1966},

1.1.1 Ehglish Orthography and Spelling

In the English slphabetic system, several orthographie features serve to complisnte the alpha-
betie principle (Hanna et al,, 1068}, A graphems, the written representation of a phonene, is
- not necessarily reprosented by one letter, For example, the phoneme Jol in the word though

is represented by the four-letter graphemic option <ough>. In addition, some graphemes



represent bwo or more phonetnes, snch as <ea> in head, beai and break, for example. Further
complication arises in that the same phoneme may be represented hy different grapliemes,
for example, /t/ in the worda {o and {wo, There are also many borrowed words from other
languages, and since thejr incorporated written form is not based upon the same underlying
phoneme-gfapheme relationship, they dlsobey the normal correspondence, for exampla, choir,
Another complicating feature is that the relatlanship between spelllng and phonetic repre-
sentations is often sacrificed to preserve morphnlogical. syntactic, and semantic information
(Chomsky and aud Halle, 1668). For example, althcmrh fed/ is pronounced differently in
Jrayed, landed and kssed, the spellings of these ‘words preserve inforniation about their com-
mon eyntactic structure; simifarly, although the pronunciation of <g> in sign and signature
differ, their spellings preserve their common derivation. .

Given these complicaﬁons and inconsistencies in the rolationship between pronunsiation
and orthography, it wes reslised aceurate spelling cannot be accomf:lished sul'ely'by means of
access to o system spacifying phonemesgrapheme conversion rules, as the traditional phonie
mediation theories agsumed, Iﬁ order to gpell all English worﬂa aceurately, there must also
be access to a lexical system containing whole-word apelling reprezentations (Elis, 1832),
Mureover, to stop with this cheervation is to oversimplify the difficulties of spelling. Fischer,
Shankweiler and Liebermun (1985) indicate it is more aceurnate to view orthography as a ra-
tional system dhat requires linguistic sensitivily whereby the regularitios of ward strucitre at
various levels of linguisite representation sre implicitly apprehended and utilised by ordinary
gpellers.! They oniline three lovels of linguistic representation: o basic level of phoneme-
grapheme cotreapondences; & morphemic level, that requires learning morphemes and the
conventions for combining morphemes to form new words; and an advanced Jevol, which
requires knowledge of phonologicnl ruleé thes map underlying morphophonemic segments to
thetr surface phonetic form, for exampie Aeal and heelth (Flischer ot al, 1985)

In their examination of callege students, Fischer et ul (1885) found correstness of apelling
to be related to accupagy In ahalysing written words juto thelr component morphames, all

of which hiad been represented by both good and poor spellers, Several other studies with

LThis approach ia consonant with the view of emerget Hieracy (Teale and Bulaby, 1886) which sees chlldemn
o5 neelve partlclpants in the process, as dynamie kearners who genseate hypotheaen about thair environment
and constqountly about print, ncludlng productive written text,




youny childeen have shown that pattern sbstraction occurs as part of spelling acquisition.
Schwartz and Dpehring (1977) denonstrated that speiling ability is assuc.ated with an orderly
a¢quisition of morphological and erthographic patterns, They found good &pellers to be in
sdvance of poor spellera in the mastery of these patterns, Rubin (1988) showed that children
in both kindergarten and first grade vary considerably in their implicit and explicit knowledge
of morpliology and that this variability reflected in earl, writing ability,

In #pite of the complexities, most children become proficient spellers, and it has been
demonstrated that by the third year in primary school young children have phonologieal,
orthographic, morphologisal and visunl knowledge of words, and both good and poor speliers
attempt to use all of these sources of knowledge in spelling (Waters, Bruck, and Malus-
Abramowitz, 1688). Any model of the spelllng process must, then, take into aecount both
the mupping of the written langunge and the internal mental representations derived from the

primary lingulstic activities of listening and spenking and the secondary aetivity of reading,
1.1.2 English Orthography and Development of Spelling

The iuteraction of the structure of English orthography with the emeryging process capacity
of childten results in & developmental patiern involving & number of stages through which
children progress ag they masier the consistent use of correct epelling (Henderson and Heers,
1980; Marsh, Ftiniman, Welch and Desburg, 1980; Seymour, 1987, 1090)

These stages of learning to spell have b, . n found to proceed as follows, irrespoctive of the
method of instruckion (Henderson, 1980),

1. The pre, honetic or logrgraphic stage, in which children start to represent speech
sounde with letters of Lu  shubet, but they achleve partia] representation ouly,
They use the first letter to stand for the whole word {for example, B for back), ot

they write the flest and lagt consonont (for example, BC for hack, FT for feat).

2. The phonelic or elphabetic stage where children foiriy telinbly use & lettetsnarne
strategy to provile a total mapping of the phonological patiern of ench word. Not
otily are firat and ast consunants used but also vowels appeae (for example, haek
= hat} A common misepelling of ahoﬂ vowel sounids at this stage invelves using

the letter-name of u vowel spoken from n simitar articulatory nlace in the mouth

1



(for example, fish ~ fes) (Read, 1971),

3. In the transitional or orthographic stage, the spoh- 7 increasingly uses visual and
morphologicel representations, instead of sole reliance on a phonological strategy.
Also, short vowel forms are represented correctly (for example, stick — stik), and
long vowels are given a marker (for example, feet -+ fote). This tepresents &
breakthrough in conceptualisation becausa children can then g + beyond the one-
to-one sound-lotter stratepy and use o group or pattern of lettess to represent a
Euund (that ig, use phoneme-to-grapheme mappings). They cannoi yet use the

. correct spelling correspondences, though.

4, The fourth stage of competent spelling is attained when children are able to apell
words correctly, using consonant blends (for example, flip), digraphs {for exarnple,

chop) and vowel markers {for exﬁmple. came) approprlntely,

Seymour {1987) points out thet the boundaries of these stages are not necessarily mutually
exclusive, and that progress through the stages neod I;IOI‘. ba pirictly successive or independent, _
‘Thelr theory differs from othets in suggesting that Jogographic development coexista with
alphabetic/orthographic development. Alao, theirs is the only theoty whicls places the model
of apelling development within a bruader theory of litetnsy development.

This study wiil invesiignte sons of the tranaitional aspects of the orthograﬁhic stage, Few
people will not admit to the diffictlties of learning to spell, and few teachers will not admit
to the difficulties in teaching apelling. An understunding of the pattetns of transition will

inform hiow better to facilitate learning to spell,

1.2 Evidence from Studies of Acquired Disorders in
Writing .

HNeuropsychological studies have subseguently provided evidenes in support both of the idea

that traditional theories ate flawed, and that indecd two writing processes exist (Ellis and

Young, 1088). Reports of putlents who can still apell words although they cannﬁt relrieve

these words orally ftom memory {Levine, Calvan’; and Popovies, 1982: Bub and Kartess,

1982; Ellls, Miller and Sin, 1083; Carratnazas, Miceli and Villa, 1686}, validate the first-



stated observation. Further, using the distinetion between a phonelogieal dysgraphie patient
{one who can write words but not non-words) (Shallice, 1881), nd & surface dysgraphic
patient {one who ¢an write ﬁonwords and regular words, hut not irregularly spelled words)
(Beatvois and Dérousné, 1081), as evidence of a double dissotiation, separate phonological

and lexical weiting processes have beon demonstrated,
1.2.1 The Dissociation Between Speech and Writing

Agcording to the traditional view, the writing system was assumed to be associated wit.h the
spesch system so thab spelling wes held to have obligatory dependence upon phonological
mediation or inner speech. Oﬁe reason for the perpetuntion of this view stemmed from
the aasociation of writing disorders with particular forma of aphasia, particularly Wernicke’s
aphasin, However, it is now realised that Wernicke's aphasia does not necessarily specify
a corresponding writing disorder {Shallice, 1081) &'md. that the normal association hetween
writing ant speaking in Wernicke’s sphasla might well be a consequence of the lesions inveived
being of.lmge sive, thereby affecting multiple functional ayaterns (Hier and Mohr, 1977).

Purthermore, if the argument for solely phanological mediation in spelling were correct,
then & patlent who appears to have no inner speech, that, is, who has no capacity to generate
the spoken forms of words internally, will be unable to write. Yet, patient EB (Levine et
al, 1982) who was just such a patient, had well proserved writing ability. His spesch was
redreed to inarticulate sounds, there wes no evidence of any internal aecesa to the sounds
of the words he ;ould write, ye his spelling of real words was excellens, atid his spontaneous
writing was unimpaired._ _

Likewise the anomic patient MH, (Bub and Kertess, 1082), whose fluent speech was
circumlocutory and virtually devoid of content words, She had great dfficuity in naming
pietures of ehjects, and in one task she managed only one out of 30. Nonetheless, she conld
write the names. of abjeets and performed 15 out of 20 correctly. Her perfortnance on difterent
naminy taaks showed no inner knowledge of the sounds of words, and analysiz of the errors
" on a spelling-to-dictation task indicate her ahility to write was not based on & strategy of
assembling spellings, Her errors were either morphologically related to the target word {for

example, ACQUIRE for acquisition) or were visually similar (for example, COMPREHEN-



STION for apprehension), while other errors showed partial knowledge of irregulsr spollings
{for example, ORCHATRIA for orchestra), '

Additional corroborating evidence js provided by patients JS (Caramazza et al, 1983) and
RD (Ellis ¢" al, 1983}, wha were neologistis jargonaphasics. Their speach was full of distorted,
incorrect attempts at words, yet both were able to spell correctly words they could not say
correctly. For exumple, in an orel and written naraing t#si:, RD called 2 penguin & “senstenz”
but then immedistely wrote itz name correctly, If writing were based oh inner pronunciation,
then the apellings of patients liké RD and J8 would reproduce their misprenunciations, yet
they do nat.

1.2.2 'The Theoretical Significance of Phonological Dysgraphia

If the argument Tor obligatory phonoiogical mediation in spelling were correét., then a patient
who cannot transform phonemic information in.to its graphic foiﬁ will be unable to write.
However, Shallice (1981) describes a patient, PR, who had a severe deficit in phoneme-
grapheme transformation whereas his ability to write words remained remarkably spaved.

PR, presented with only very shipght diﬁlcult.y in Qpeiling w&rds. He was able fo write
correctly over 807 of a set of comunon words dictated to him, In addition, the regularity of
& word did pot aflect his spelling of the word, PR’ errors were mostly morphologiesl (for
example, “navigation” written as NAVIGATOR) or sirocturally similar real words which
often sounded like the targel word (for example, “eustom” misspelled az CUSTARD).

Tn direet, contrast to hi sbility tospell words, PR had a atriking inzbility to write invented
nonwords. The significance of nonwords lies in that they function ap possible words one
has never met Lefore, so they provide a clear menns of testing S. person's ability to spell
using the phéneme—graplmnw conversion strategy (Ellis and Young, 1963). Hia ability to
repent nonwords suggesis that his deficit was due neither to a perceptual problem with
nonwords, nor to an inability to hold the nonword sufficiently well in ordér to transform it
to its graphemic representetion, since he could even repaat the nonword after his attempt af
spelling it. Intercstingly, his strategy in spelling nonwords was to use & word as a mediator,
For example, lie spelied "sim” a8 "sym", mediating from "symbol”, and he apetied "sult” ss

"ault”, mediating from " assanlt”. It can be secn, however, that onee the medlation word was



obtained, PR was unable to use phonology effectively to provide the eppropriate modification,
Indeed, although PR was able to write down a letter when told ita letter-name, {for
example, K for “key”; H foru"ait.ch”), it is clear that he was unable i tranaform phonemes
into graphemes in that he was unable to write down & letter when dietated its letter-sound,
{for example, K for "kul”; H for “huh"). Concerning segmentation skills, PR, was unable
to gsound oul & word, for example, cat - */&/... a0/ .../.t/’;, or to decide whether underlined
letters sound the same in two visually similar words, for example, siage, fig. .
The case of PR i3 Isigniﬂcant. because apart from adding to the converging evidence that
contradiots the traditional assumption of writiﬂg being dependent upon apeech and an oblig-
atory phonic mediation, i provides evidence in support of the existence of a lexical route
which does not involve phonema-grapheme transformation (Ellis and Young, 1988), Ol fuy-
ther significance, Beauvois and Dérougné ( 1981) describe & French patient (R() whose writing.

defieit i the opposite of the wiiting dissociation in PR.
1.2.3 The Theoretical Significance of Surface Dysgraphia

In writing nonwords to dictation, RG performed perfoctly. Most of the words (71%) were
written in the most economical w:z.y..(for example, fo/ was most often written "o" and not
*ean”), Beauvois and Dérousnd differentiated ambiguous words {which are written in atcor-
dance with phoneme-grapheme couversion rules, but which can he written in saveral ways)
and irregular words (where the phoneme-graphems mapping is exceptional) from regular,
predictably-spelled words. RG spolled correctly less than 40% of embiguous and irregulas
words, but over B0% of reguiar words, Errora were mainly phonle in that the misspellings
sounded like the target word,

The results are consonant with the argument that becouse the spellings of words such &z
those in the former group cannot be predicied with confldence from their pronunciations, the
suceessful speller muat store the spellings of familiar such words in memory, not pssemble

them from seund.



obtained, PR was unable to use phonology effectively to provide the appropriate modification,

Indeed, although PR was able to write down a letter when told its letier-name, (for
example, K for “ksy”; H for “aitch™), it is clear thai he was unable to transforn phonemes
into gréphemea in that he was unable to write down s letter when dictated its letber-sound,
(for example, K for “kuh”; H for *huh"). Concerning segmentation skills, PR was nnable
to gound onl a..word, for example, cat - %/k/.../as/..ft/", or to décide whether underlined
letters sound the same in two visually similar words, for vxample, stage, fig.

The case of PR is éigniﬁcam; because apart, from adding to the converging evidence that
contradicts the traditional assumiption of writing being depe.ident upon speech and an oblig-
atory phonie mediation, it provides evidence in suppo}h of tie existenez of a lexical route
which does not involve phoneme-grapheme transformation (Elfi» und Young, 1988), Of fur- .
ther significance, Beanvois and Dérousné {1681} deseribe a French patient (RG) whese writing

defieit is the opposite of the writing dissociation in PR,
1.2.3 The Theoretical Significance of Surface Dysgraphia

In writing nonwords to dictation, RG performed perfectly. Most of the words (T1%) were
written in the most economical way, (for example, /6/ was most often written Yo" and not
“eau”). Beauvois and Dérousné differentiated ambiguous words {which a.re.written in accor
danece with phoneme-gfapheme cobiversion rules, but which ¢an be written in several ways)
and irregular words {where the phoneme-graplieme mapping ls exceptional) from regul_nr,
predictably-spelled wards, RG spelled correctly less than 40% of ambiguous and frregular
words, but over 90% of regular words. Ervors were malnly phonic in that the misepellings
sounded like the target word.

The results are consonant with the axgument that because the spellings of words such as
those in the former group cannot be predicied with confidence from their pronunciations, the
successful apeller must store the spellings of familiar puch words in memory, nat assemble

them frome sound,



In all then, there is evidence that the writing system ia not an isomorph of the speech syétern,
although there may be an overlap, aud that cognitive precesses exdst which are specific to
spelling and do not jnvolve spoken-word forms. Moreover, auccessful spelling is achieved
through two processing routes, a lexical route and a phonological toute, Having postulated
this system, further interesting questions armse, and as investigations proceeded, growing

specification of the writing system has resulted,

1.3 Contemporary Models of Spelling

During the last ten years an increasing number of investigations into acquived spelling dis-
erders have been conducted within the framewoek of infotmution processing {Caramazza,
Micel: and Villa, 1988). Accarding to this approach a detailed model which reflects the dis-
crete stages thought to be involved in the particular internul cognitive process, as well s the
order in which they come into play, is developed {Harris and Coltheart, 1986). The model is
expressed in termns of specifle processing components, such a5 anditory recognition of wofds,
segmentation of verbal sounds into phonemes, and working memory uniis with specific buffer
functions. The patterns of dysgraphia reported in this way have been used to formulate some
of the major features of the writing ptocess, The rationale pulding this method of devaloping
models turng on two interlocking assumptions: that a patticular form of dysgraphia gerves
as empirical evidence for a m.del of spelling if the ohserved pattern of errors in spelling per-
formance can be explained in terms of damage to one or more componants of the postilated
mode) {Caramazza, Miceli, Villa and Romani, 1887); and that any systematic variation in
the type of factors that infiuence word speiling ability is a refiection .of the organisational
principles of the spelling system (Goodman aﬁd Caramazza, 1988).

By focuesing in this way on the relationship between th.e pattern of spelling errors in
patients with a neuralogical defleit and the cognitive mechanisms that give rise to thege er-
ror patterns, a fairly detalled model of the spelling procesy has been mapped (Nolan and
Caramaaza, 1983; Matgolin, 1084; Caramasza et al., 1086; Goodman and Caramesza, 1986s;

Goodman and Caramaesza, 1988h; Caramazza, et ok, 1987; Goodman-Schulman and Cara-
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Figure 1.1: Schematic diagram of the spelling process.

mazze, 1987). A schematic representation of the process is presented in Figure 1.1, The unit
of analyses provided by these components, and their hierarchical structue, yields a powerful
and coherent framework within which to investigate and explicate several theoretical and
applied issues related to the process by which normal users of a language spell, yet little em-
pirical reseatch on normat subjects has been undertaken using this framework, Stuch research
is Important betause sevetal afgorithmic aspects related to the procesa by which normal
language users spell can never be explicated through investigations of dysgraphic patients,
and the final specification of a cognitive system must be consonant with performance of nor-
tnal children and adults. In addition, the developmental aﬁp:oaefa inherent in the notion of
spelling as a language-based skill presumes spelling competence invelves a qualitative as well

2 & quantitative difference between children and adults (Marsh et 2], 1980). My research
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addresges some of these issues. -
To this end, the compnnenté of central processing will be described below, in order to

establish the hase from which this investigation will spring.

1.4 The Functional Organisation of the Spelling Pro-
cess

The model represented in Figure 1.1 can be summarily described thus: (1) the abstract
representation of a spoken word is accessed in the phonological input lexicon; before the word
is spelled it may or may not pass through the lexical-semantic system, whereby the meaning
of the word is accessed; the abstract representation of the written word is then accessed
in the graphemic output lexicon, from where It is stored in the graphernic buffer, until the
processes of written spelling {vis the allographic conversion mechanism) or oral spelling (via '
the letter-name conversion mechenism) takes place; (2) alternatively, if a.--‘wurd does not
have a wheole word representation in the .gra.phemic output lexicon (suﬁh a¢ an unknown
word or a nonword) an abstract phonological representation is assembled in the phonelogical
output lexicon, from where it is stored in the phonalogical buffer until it is converted into a
graphemic representation vis the phone:ne-graphéme conversion mechanism; (3) further, it
is postulated that after auditory/phonetic analysis, au auditory input may proceed directly

to the phaonological buffer, shortentting the processes described abave,
1.4.1 The Grapheme Output Lexicon

The evidence from previously mentioned patients EB, MH, JS, RD, a.ﬁd PR {see Section
1.2) suggest they attempted to retrieve the spellings of familtar words from some internal
long-term memory store of whole-word representations, referred to as the graphemie cutput
lexicon. ? Simply stated, it is proposed that the spelling of each new word is caded and stored
in the graphemic output lexieon; subsequently, every time the word is required to be written,
that representation will be activated, thereby making available its spelling. Detalls of the
soutce of activation and questions regarding the representational format in the graphetmic

output lexicon, are considered below.

1 Altermative labels are the graphemic output logogen syatem {Ellls, 1882; Movton, 1980}, the orthographic
loxicon (Allport and Funnell, 1881}, and the graphemic word produetion system (Ellis, 1084},

11



T'wo sourees of input, which normally work in tandem, have been demonstrated La activate

entries in the graphemic output lexicon:

1.

Activation comes from the lexical-semantic system. When asked to write 20 con-
crete and 20 abstract nouns of roughly equat length and frequency, JC (Bub and

Kertess, 1082b) correctly wrote 17 out of 20 concrets nouns but only 9 out of

" 20 abstract nouns. Performance was not influenced by whether a word required

regular correspondences or not, but there was a grmxlhatical word clags effect,
in that she was fairly poor at writing function words {only 6/20 correct), despite
their being the most common words in the langusge. Many of JO's etrors wers
semantic errots, for example, she wrote *time” as CLQCK, “sky” as SUN. JC
was also very poor at writing nonwords (6/37 correct), Iividence suggests, then,

jmpairment to & direct connection between the lexical-semantic component and

the graphemic output lexicon,

‘There is input that bypasses the semantic system (Patterson, 1986; Goodman _
and Caramazza, 1986a; Lesser, 1989), that E, there is & lexical-phonalogical input
system direetly from the phonological input lexicon to the graphemic ontput lexi-
con. For example, Patterson’s patient, GE, ¢rnld neither write apontanesusly, nor
write the names of objects, but rotid writed.  .ted words, spelling them corractly
despile ne understanding of their meaning, His apelling performanes showed no ef-
fact of regularity, imageability or grammatical word class, which together suggests
while he could still address entries in the graphemic output lexicon, a clear dis-
conmection uxists between the lexical-semsniic system cnd the graphemic output
lexicon. This indicates astivation via luxical-phonological input. An allernative
but less ,ursimonious explanation of the semztic bypass is given by Hatfield and
Patterson (1983) to aceount for homophone confusion errors. They suggest the
semantic bypass includes involvement of the phonological cutput lexicon, that
ig, from the phonological input lexicon to the graphemic output lexicon via the
phonelogical output lexicon, Although they admit the evidence is weak, Ellia and

Young (1988) consider this would also account for slip-of-the-pen errors such as
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SURCE for “senrel and COULD for “good”.

There are several conceptions of the représentntionnl format of information stored in the

graphemic output lexicon. Each has important implications for how the process Is chatac-
terised, One conception is that it .is & visoal memory, in which spellings are coded with
information about the visual configuration of words {Barren, 1.930). Spellers were found to
have greater atcuracy when they visuslised alternatizes rather than when théy thought o
.solitary output (Tshney, 1080), Hence the jdea of accessed visupl information js considered
useful in that it allows for a checking-selection process. A second conception is that spellings
may be stored as serial lists of letters, Wing and Baddeley (1080) found the probabiliiy of g
spelling errar is greatest in the middle of the word, and decreases townrd the ends, similar to
Y how-ahape& serdal !iét recall curve. The misspellings of some pﬁtients, such ag previously
mentioned J§ and RD, do not follow this bow-shaped distribution pattern, though, Their
errore show partial lexical kmowledge; it fs known they were able to access the words from
the graphemic ouiput lexicon, becsuse paris of their incorrect spellings contained the cor-
rect idiosyneratic mappings of the words in question, for example, RD wrote BICESSE for
“geigaors”, mnd JS wrote PYMINIA for “pyramid”, This pactial representation is commonly
apparen: in patients, across many forms of aphaia or dysgrephia (Ellia and Young, 1988).
Such «~rors ace sometimes seen in ﬁormal spellers too, and this type of partinl spelling knowl-
edge ia also found in beginners, 3 It hes been auggested that the graphemic output lexicon
" contains only the liregular portions of irragular words (for example, Dodd, 1930; Frith, 1980).
However, there ia evidence to the contrary from PR, who spelled lexically, but who had access
to the complete gpellings of both regular and irregulor words,

Hillis and Caramazza (1989) have vsed both ideas to elaborate a conceptualisation of an
activated representation as having the quality of at abstract image on an fnner sereen, which
ia read oul (in controst to the notion of being mieused) from tlﬁs lexicon. Thus, for hygh-
frequency short worde, sallent infortnation In this sereen pertalning to orthographic patterns
acems to be {nitial letter, presence of double letters and lengih, However, it would be sim-

plistic to assume that the grapheinic output lexicon funetions merely to specifiy the ordered

21t ls uneful to know the source of this type of error, becouss 1t wht bo possible to ssparaie them from
other ervor- types when dolng a Boor-grained analysis.
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sequence of graphemes that comprize a word. That would imiply that the developmen: of
the lexicon involves passive storage of words, Indeed, Coramanza and his colleagues pro-
vide interesting ovidence that these sereened nbstract images hold additional graphotaﬁtic
streture, In the form of morphemic units (Badecker, Hillis and Caramnzza, 1990; Miceli
and Cazamazza, 1088 as citled in Badecker et ol 1990). Importantly, the implication that
coding occurs which abatracls regularities of morphologival patierns is consonant with the
ideas arising from educational resench (sce Section 1.1.1). _

Thug the graphermic output lextcon can be seen to develop qualitatively ns well 8s quan-
titatively. Seymour's (1§90} developmental mode] deseribes how this may come ahout. He
proposes that thé organiaational structure that defines such graphotactie characterlstics, and
in terms of which information I5 processed, is derive& front & foundational agslem of phone-
logical awareness of both speerh segments and language structure, including the infernal
" organisation of the syllable. Elaboration of the structure is progressive, heginning with the
developruent of an elemetary core structure which is systematically angmented by fnclusion
of more complex forms, In this way, apelling obility drawa on a varicty of linguistic abilities
which continue to develop witl; maturation and experience, even into adatescence {Fischer et
al, 1088),

E it has been demonstrated that frequency of words plays a role in the accessing of rep-
resentatlons from the graphemic output lexicon. Goodman and Camnmasu (1955b) report
their patient, MW, lost the ability to successfully address low-frequency words, Many of
the symptoms in the speech of Wornicke's aphasies ean be accounted for in termw of the
selective loss of all but high-frequency words {Marshall, 1977, as cited in Ellls, 1982), and it
would appesr that such a selective loss is also possible for written words (Ells, 1082}, Stice
activation via the lexical-phenological systern is based sole'y an word sound, its effectivencss
would presumubly be related to the nmmber of ime: the association lisg besn made, Thus,
the word (requency effect is thought to be assaciated with the lexical-phonological ayatem,
and can be used as a reseorch index.

The infosmation read out from the graphumie satpub lexicon is a string of graphemes,
that I, an abutract deacription of the lotter sequence, albelt in morphemis units, which can be

autput as print, handwriting, typing, or oral spelling (Ellis and Young, 1988), This graphic
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representation Is temporarily stored in the graphemic buffer for conversion Into specific Jottor

ghapes,
1.4.2 The Graphemic Buffer
Caramazza et al, proposs that

n working memory systemn should be postulated whenever the computational ﬁnits
in a processing component ate incommensurate with - that is, smaller or larger
than ~ the repreéentations that sorve as input to the processing component it;
question {1087:63),

The processing component in question here is the allographic Eonveraion mechanism and
the letter-name eonversion mechanism, whose units of analysis are single graphemes or letters,
The input to these mechaniams orises both from representation genorated by the graphemie
output legleon and from phoneme-geapheme conversion, whose units of analysis range from
whole-word units to single Jetters, So, a sceries of grapheme representations ave temporarily
stored in the graphemic buffer while they are being converted into forms which can be used
to guide the peripheral motor processes of writing, The graphemic buffer, then, hes  central
role, for it interposes between output and the two strategies of processing,
 Caramazse et ol {1987:68, 75) hove outlined the dingnostie implications of seloctive dam- ‘

agie to this contponent for spelling performance :
» errors will be made on both fumiliar and novel words;

» crrorg will oceur independently of hoth the modality of lnpub (that is, writing to dicta~
tion, delayed copy, written naming, or spontancons writing) and the modality of outpui

{that is, orsl or written spelling or typing);

= singe the units of annlysis in this component are grophemic representations, errors will
be characterised by graphemic degradation, and lexical (for example, grammatical word

clnss) « 1d phonologieal factors will not play a role;

= owing to ita storing function, spelling difficulties will become increasingly severs with

longer stimuii,
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Pationts FV (Micell et ul,, 1987), LB (Carmnezza et al, 1987}, DH and ML (Hillls a.nci
Jaramazen, 1989) have been described whose speiling performances were indaed charace
terised by the specificetions outlined above. Spelling ervors consisted of additions (GAMRE
for “gome”}, delotions (MOSE for “mouse”}, substitutions (DAT for “eat”), and transpo-
sitions (PALY for “ploy"). In the cose of LS, deletions were nssocisted with long words
and trﬁnspmitions with short words, It is argued that graphemie representation of longer
stine-t boromes s¢ deformed ag to be rendered unusable for gulding the solection of spenfic
¢ . On the other hand, while graphemie fopreaenbation of shorter gtimuli jo suffis
ntly - o eantain information about specific graphemes, .aeir respective order is not
setained. 1n addition, while errors by F'V occurred with roughly equal probability across
all word positinns, for LB mute ertotd oceurred for the medial positions than for the initial
A ﬁnnl flantang pesitions. This Indieates that informntion from this aystem may not be
hm-lbgeneouuiy necesaible, Tlow pertinent this factor is bn tle acquiring of spelling proficiency
of normnl children i not known, It iy possible that some learner spellers may have puoorly
de.vclopod'gmphemic buffer functions. In thie regard, It is of particular intereat thut Hiilis
and Caramazza argue the poasibility that the epposing pattern found in the distribuiton of
vrrors of DH and ML refleet modulation of performauce by sttentiosn] defieits ot this Jevel
of internal apatial representations of the « =he-spelled word in the graphemic bﬁﬂ'er.
The specific characterisations of spelling performance related to the graphemic buffer is
very relevant to this study, Merformance srrors arising it the graphemic buf™r could mask
factors of spelling compelence related to stages in the process that procade the graphemic

bufler stoge. Tn an aualyeir, ohie would need to geparate this effest.
1.4,3 The Phoneme-Grapheme Conversion Mechanism

The apellings of wotds not stored in the graphemic output kexieon can be crented by using the
phonermic form of the words in order to arrive at their graphetnic and ultimately orthographic
forms via necess to o syatomn of rules speeifylng which geaphemls units to nssign to plionemes,
Childrens, wha preswmably have yet to build up a lorge store of entries in the graphemic
output lexieon, may rely heavily on this stopgap strategy (Ellis and Young, 1988), The

procedure invalves the breakdawn or sagmentation of the phonological form of the ward into
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phonemes or phoneme elusters in the phonological oubput lexleon. These are held in the
phonolb.v,icnl buffer ready for the replacement of each phoneme by the appropriate letter or
letters aveording to correspondence rules of phoneme-grapheme t::m\remicu.n,‘l the resnltant
pbatract letter gbring being stored in the graphemic buffer ns it is created,

Patients RG (Bemuvois end Dérousnd, 1981), TP (Hatfisld und Patterson, 1088) and

. KT (Baxter and Warrington, 1087) all have impuirments that affect the retrieval of lexical
representations of words from the graphemic output lexicon. Because they have recourse to
the alternative strategy of nssembling spellings, they ave able to produce plausible spellings for
nonwords, they can etill spell many régular words carrectly, and their ercors are misspellings
which, when pronounced sound like the target word, (for example, CASSEL for “eagtle"),
-that is, they are phonologically plausible errops (Caramazza, Miceli and Villa, 1986). This
pattern of spelling performance, t.o_geth'er with a sysiematic knowledge of the inconsistencies
of phoneme-grapheme relationships (Hanna, Hanna, Hodges and Rudorf, 1066), informs us
of how to describe the algorithm operating this mechanism.

Correspondence rules are thought, to be based on sbatraction of phoneme-grapheme pairs
from spelling patterns of known words (Barry and Seymour, 1988; Goodman-Sehulmen and
Cuaramaszza, 1087). The alternative torrespondence mappings for cach pound are graded from

- most to least frequently oceurring according to a probability relationship between phoneme
and grapheme. The sssumption is phonemes will activate all their corresponding spelling -
patterns according to rules of synaptic weighting demonstrated in biological systems. In
these teﬁm, » phoneme-grapheme conversion mechanism espable of generating o plausible
spelling for s word would be more effective for words conalsting of frequently cecurring, rather
than irfrequent, phoneme-grapheme cartespondence mappings, Ity other words, this grading
reflects what has variously been termed regulovity, embiguity, mepping probalility (Goodrman-
Schulman et al, 1087; Goodman-Schuiman, 1088}, or sound-to-spelli- contingency (Barry
and Seymour, 1988). |

Verifiention for these ideas comes from several sonress, Goodman and Caramasza (1068),

#Whis thers In genoral agrooment that thoas phonologleal procesaes wark at a subword laval, nob sl
theorlsts accept that graphomes can ho sssigned to plisnema segments using the alexieal correspondence
riles of ploneme graphsme converslon. Some poslt o lexleal method of retrleving Informatlon sbout the
spelibng of guch segmaonts by nnology with known wards {Gluakke, 1670; Maveel, 1980; Compbell, 1983),
Howover, mounting svidence from peseavch Jends certain volidity to the netlon of the conversion mecionism
bulng nonlexiesl.
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describe patient MW, who had difficulty accesving whole-word representation of low-frequency
words in the graphemic output lexicon. Assuming that these words were spelled via the
phoneme-grapheme conversion, they investigated the pattern of the errors in terms of the
probability relationship between plioneme snd grapheme, based on the Hanna et al {1066)
listing of probability estimates, Their analysis showed the expected effact of probability
weighting, In addition, Goodman-Schulman and Caramazza (1987), have exnmined the per-
formance of two patients, JG and MO, fn similar terms, Bath patients had & defielt to the
lexical mechanism, and were matched on level of averall spalling ability. ‘Their performance
on o set of words that varied necording to whether they were eomposed of frequently or infre.
quently occurring phoneme-grapheme mappings, was comparable {76% for JG and 71% for
MO). However their performance conteasted in that JG, who could apall nonlexically, made
Trequent nse of phoneme-graphome mapping options and was sensitive to the correspondence
distribution (90% of words contnining frequent-raappings were spelled cortectly, compared
to 70% correct for thuse. of infrequent-mappings); whils MO, who had an additional daficit
in the noﬁlexical protess, sﬁowed no effect of the probebility relationship, (63% and 74% of
each type was spelled correctly).

In u study based on similar principles, Barry and Seymonr (1988) distinguish both botween
high contingendy (commonly oceurring) and low contingeney (rarely vceurting) phonemes
geapheme sorrespondences, and between the most common and the sscond moat common
spelling pattern within the high contingency correspondences, Thay found significant effects
of sound-spelling contingency upon nermal subjscts’ nonword spalling in both & free-spelling
task, in which only nonwords were presentad, and o lexical priming tosk, in which nonwords
were preceded by thyming words that contained slternative mapping opiions (fot example,
“lane” ~ ftein/ versus “brain” « /ftein/). In both tasks, high rather than low contingency
spelling patierns were produced. In addition, subjects were more likely to produce the most
romman rather than the second most common spelling pattern,

Goodman-Schulman and Caramuzza (1987:145), characterise the nature of the phoneme-
geapheme conversion mechaniem as a passive component. It i congeived as a resident davice,
like the receiver in a.radlo - as lbng tg it is tuned in correctly it will transmit a clear

signal. Indeed, conceptuslisation of the mechanism is annlogous to s signael processing filter
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83 described in simple numerical modelling ternis (Widrow and Stearns, 1986), Thus, the
input sighal is a phoneme which activates an array of appropriate grapheme options, each of
which is eoded with & weight vector {Tor whicli mapping option prdba.bilities serve ag indices).
The phoneme is processed in terms of a numerical algorithm by which the best option is
selected Bs the output signal, the derived spelling of that phoneme. As such, it is, as Leaser
(1990) supgests, more exact to call the component the phonagrapheme-fo-letler conversion
mechenism. A phonographeme {s accessed and converted into an abstract rapreaenta.l:inﬁ ofa
letiter/letters. Accepting this conceptualisation, two major jssues can be addressed, Firstly,
the question of how functional phoneme-geapheme mappings come o be established (Barry,
1088). This will most appropriately be addressed by investigating the spelling process in
young children, particularly since use of the phonographeme-to-latter conversion is thaught
to be a dominant strategy. Phonologicolly plausible errors are commen in childeen, yet thore
has been lictle formal investigation into the pattern of these errors that they make.
Secondly, while by definition the conversivn algorit! .1 is non.deterministic (Simon and
Simon, 1977), one hes to considei- if it is necessarily of a simple type, which i implied by
the preseription that conversion procedures will always result in the most-frequent mapping

being used. This question gains added weight in the light of the following evid=ee, Both KT

(Baxter and Warrington, 1987) and the majority of normal subjects reported hy Barry and

Seymour (1988) produced more second-most common than most common eorrespondences
for the vawels /ei/ and /au/. Barry (1988) explored the possibility that the crucial factor is
the distribution in terms of the token measure (the mean rreﬁuency of oecurrence of words
conthining each spelling pa.l:tern.} rather than thet of the type measure (how many words exist
with ench spelling pattern) upon whizh their analyses were based. He found this re-analysis
made na difference to the results. Goodman-Schulman (1988) points out that fréquency
distribution estlmntes change with syllable position; and suggests thag re-a.na.lyais of the
data in these torme may weil yield results that are not anomalous.

However, in our study of the spelling of primary school children (Doctor and Antoine,
in preparation), we nlso report unexpected results with regard to the spelling of the Jaw/
phoneme, along with several others. Of interest, we found the comimon factor in these

phonemes was the even spresd in sheir probability frequency/weight distributions, Using the

19

Y.



Hannn et al (1966) probability estimates, we noted some sounds have frequency distributions
where ote Jetter is clearly more probable than the rest, Far example, the sound / it/ hos only
one high contingency correspondence, <e>, and 84 it's probability welghting is high (69.54%).
The second-most coﬁmon correspondence for this sound, <eex, hes o probebility weighting
that is considerably lower {9.81%). In conirast, faw/ has three high contingency cortespon.
denices, <o, <a> and <au>, of lessar weight (40.87%, 21.61% and 10.03% respectively),
with the spread in probabitity distribution frequencies being more even. Whan the probabil-
ity weightings of the most common gl;aphemeé corresponding with a particular phonermne are
similar, then their aveilability becomes equiprobable, and this acts as a cenfounding factor
in the ¢onversion process, This begs the quesﬁon,'if thien we are seaing errors arising because
of simple non-deterministic conversion, is the limitation in this instance related to stage of
development? Not enough fs known nbout how spelling procficiency develops ta be a,blé to
address thls question. ' _

It can, nonetheless, be balanced against the proposition that correspondence activation
is influenced by applicétioﬁ of context-gensitivity rules (Bacry, 1988; Goodman-Schulman
and Caramaszza, 1887). For exampls, alexical rules of local constraint accompany syllable
position {Goodman-Schiulman, 1988), and conditional rules are applied, such as I before
E except afier ¢ (Barry, 1088). These influonces cuuld be interpreted as the body system
of a sophisiticated non-deterministic algorithm (as suggested by Simon and Simon, 1977),
However, the way that these unction is underspecified, and nor is there agreement about their
place in the process. Seymour (1987, 1990) suggests they function as address medifications
lodged in the phonological output, fexicon. (Perhaps thought in this matter is being hindered
by the sntrenched idea that distinguishes the two routes along lines of nonlexical/lexical,
synonomous with phonological/whole-word, A less inhibiting and sufficient distinetion, and
one that 1 think may serve the purpose mora fruitfully, is that of assembled /accessed spelling.)
This aside, an alternative conceptunlisation of these influentes has been offered by B#xter
and Warrington (1087), In order to explain their data obtained fram K'T, they explared the
possibility that the conversion mechanism may use multi-phoneme, as well as uni-phoneme
correap'ondenms. For example, KT spelled words of low cantingency pattorn, such as “word”

and “world” correctly, nppearing in ench case to treat the two targetted phonemes na a single
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MAPPING AMBIGUITY
figh Intermediate Low
fi/ fiv/ 12/
i wiggle u fusion | of oit
¥y myth u-s  uge oy toyal
i pive ew mews |oke voice
a-e  senate eu  feud oy-2  gergoyle
ey donkey ue value '
je  mischief ui suit
uwi  build jow  view
al  captain eau  beauty
ei  forfeit fen  Hew
e¢  been | ev-e  deuce
e pretty ew-g  awe
a spinach '
ia-e marriage
u busy
uw-e minute
e¢  privelege
en  pulnes
je-e sleve
] women
y-¢  epocalypse

Table 1.1: List of graphetne couespo.lldences for three phonames, each showing a different
level of mapping ambiguity. .

unit and using the most cormimon spelling of that unit. Barry (1988) argues it i3 auperfluous
to postulate higher-order correspondence units, since KT’ processing can equally well he

gaid to reflect the operation of context sensitivity riles. The issue rémaine open.
1.4.4 The Theoretical Significance of the Ambiguity Effect

Doctor and Antoine (in preparation} and Scholnick (1888) investigated another aspect of the
relationship between phoneme and grapheme, The effect on gpelling of increaged number of
graphemes per phoneme was evaluated, uging level of mapping ambiguity as an indicator,
Thus, while same sounds may be represented by only a few different graphemes, tndicating
low correspondence mapping ambignity, other sounds can be repregsented by many differant
grophemes, indicating & high correspondence mapping ambiguity (see Table 1.1), Scholnick

found in secénda,ry school cliildren there was u constant pattern of increased ambigulty leading
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to inereased error rate, though differential for vowels and for consonanta, The same was found
in young spellers, although the ambignity affect was not linear becanse most errors occurred
on words in the moderate rather than in the high ambiguity category,

Baxter and Watrington (1887} are disparaging about this method of defining ambignity.
They find it insufficient for their purpose because it does not include account of corvespon-
dence contingr.. =, Hoﬁever, use of thie index has served to elueidate n crucial point, While
the idea of separate routes for accessed or assembled spelling is well established in essence, the
degree of their autonomy is not resolved and the extent and nature of interaction between
these two systems is a matter of cthect.ure {Miceli et al., 1886; Nolan et al,, 1983; Ellis,

.1882). Daoes the spelling of a word depend on parallel pracessing? Or do the routes process
a épelling independently in an on/off system? Somie have argued that the phonographere-
to-letter conversion system plays no role in the skilled spelling of known words (Shallice,
1981) Others assume use of this strategy is at least partially necessary (Mafsh et al, 1980).
Scholnick {1088) suggested if the spelling of familiar words reqiires the parallel operation of
both reutes, then there will be a pluneme-grapheme correspondence effect on the spelling of
words, Using the ambiguity index, her investigation found support for the hypathesis that
both routes contribute in the processing of familiar real words. In a follow-up stud», Doctor,
Anteine and Scholﬁick (1088) found additional evidence in the spellings of primary school
children, This indicates the phonographeme-to-letter conversion mechanism is more than a
stopgap strategy. Thus, while we can reject the classiesl model of apelling which proposes
that spelling is totally reliant an speech, their intuitive assumption that spelling is assisted
by speech is psychologically valid, In addition, Bairy and Seyrour, (1888) found a lexical
priming effect in the spelling of nonwords, which again suggests an interaction of the two
routes, '

Caramazza and his collengues {1983, 1985) have attempted to specify more fully the
naiure of the interaction, by enlerging on the central role played in the spelliﬁg procesa by
the graphemic buffer, They propose interaction is necessary for the purpose of maintaining
the contents of the grephemic buffer, Thus, concurrent with the read-out from the graphensis
outpuit lexicon into the graphemic huffer, 4 cortesponding phonological form is selected and

plated in the phonological buffsr, so that both the graphemie and phonetnic forms of the word
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become available simuitaneously. Assuming that the information in a buffer is subject to
decay unless refreshment occurs and accepting that the contents of the phono_logica.l buffer is
better maintained than those of the graphemic buffer, (because rehearsal in the phonological
buffer via the phonological output lexicon is easier than rehearse] between the graphemic
buffer and the graphemic output lexicon); then it is possible that a necessary input oeeurs
from the phonological buffer via the conversion mechanism to refresh the rap'dly decaying
contents of the graphemic. buffer. However, Caramazza ¢t al. (1986) suggeat the degree
to which the conversion mechanism is used in this way may depend on langusge. In a
lapguage such as Italisn, where there is & nedr perfect correspondence beiween phonetnes
and graphemes, its contribution could. be significans, but it may be of limited utility in a

‘langnage such as English,
1.5 Aims and Objectives

In summary, then, there are at least two ways in which a word can be spelled. Either the
whole-word representation is accessed directly, or spelling is assembled by analysing the word

into phonemic segments and converting them to graphemes using specific rules of phoneme-
. to-grapheme correspondence. It has been assumed the access strategy is the default route
in a normal, proficient speller, and only when words cannot be located in the graphemic
output lexicon is there recourse to a strategy of assembling spelling (Ellis and Young, 1988).
However, even if the skilled writer has become able to spell words using alphabetic writing
as if it were logographic, how this lexical proficiency is established is not known, Research is
required to evniua.te the relative contribution of each route in the process of learting spelling
by normal users of the language., Previous vesearch has indicated phoneme-to-grapherne
corteapondences are indispengible for the child during the learning process (Seymour, 1987;
Bradley, 1985) and that by the end of their third year in primary school, children have
well established phanem-graphéme correspondences which they use in spelitng, in addition
to drawing on the lexical knowledge which they have acquired (Waters et al, 1988; Doctor
et al, 1989). Presumably, phoneme-to-grapheme correspondences help the beginner writer
ta spell new or insufficiently familiar words, therefore assisting in the task of acquiring a

store of lexical representations. Yet how they become established and how autonomeusly
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they operate is uot known. The purpose of tﬁis study is to empirically investigate the éarly
stages of spelling acquisition in young chilren with the aim of explicating the rale phoneme-
grapheme correspondences may play in this process.

The units of analysis provided by the functional delineation of the processing components
involved in spelling yields a powerful tool with which to invesl;ikat.e some of the issues related
to the process by which normal usets of a language spefl, Using as variakies the factors incii—
cated as relevant to the specific components ju the spelling process, that {s, word frequency,
ambiguity, mapping option probability frequency, grammatical word class, and conereteness,
my study will examine some aspects of childrens’ spelling development, _

While the model suggests that children and adults use both strategies in spelling, the
nature of phonographeme-to-letter conversion in the spelling of familiar words is yet reia-
tively underspecified. In particular, there is & need to investigate further the relationship
between phoneme and grapheme with respect to mapping frequency distributions and am-
biguity in familiar words; and to evaleate the extent to which different performance factors
infiuence spelling, My study sets out to do this. To this end, the fullowing hypotheses will

be investigated.

1, There will be a difference in the number of gpelling errora nmd;; with words in
whiclt & particular phoneme maps onto one of many different graphemes (high
" e wiguity) compared to words in which a partieuler phonenie maps onto one of a
inoderately few different graphemes (moderate ambiguity) ﬁomp#red to words in

which & particular phoneme maps onta one of very fow grapkemes {low ambiguity).

L

There will be a difference in the number of errors made ot phonemes where the cor-
responding grapherne is of infrequent mapping distribution compared to phonemes

where the corresponding grapheme is of frequent mapping distribution.

&3

There will be a difference in errors due to word frequency.

-

There will be a difference in errors on words due to letter type (consonants and

vowels).

5. There will be o difference in the number of srrors due to developméntal difference.

In terms of the model, some predictions sbout; the autcome can be made, as follows.
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# If number-of-graphemes-per-phoneme is an influentinl criterion, then there is a likelis

hood of mote etrors being miade ag the number of available alternatives increascs,

o [{ an even distribution spread in Mapping Frequencies increases the likelihood of errors,
" then the above-mentioned effect of Ambiguity might be amplified in the moderate and
high ambiguity categories because the frequencies for somne of the phonemes in these

tategories have un even distribution spread.

s Conversion rules are less successfu) for phoneme-gropheme corraspondences which do
not have a high probability of oecurring, so young childeen should make more ervors on

shonemes with Infrequente commpared to frequent-mapping options,

« Further, if the converslon process i » simple non-deterministic one, then errets on
phonemes with infraguent-mappings should olways be regularisstions weing the most-

common graphems correspondence.

» Ambiguity and Mopping Frequency cffects shounld be less avident in children wha are

apelling lexirally

» Previeus atudies have focussed muinly on vowels, and consonants have not been ne
thoroughly investigated. owever, vowels are oxpected to be more diffieult to spell
than consonants, slnce few lettars are used in many graphemie combinations, with the
s lotter-pair ofton representing severnl difforent phonemes. The contrast is ampiy
demonstrated by an analysis df the modified Iatina ot al {1068 ligt, While 26 lotters
are used to represeat 30 consonsnt phonemes, only 10 letters or used to represent 26
vowe] phonemes, Also, many infrequent gropheme correspondences for vowels on very

obscure.

Tn addition, vowels have o higher incidence in the moderate-ambiguity eategory of
phanemes where the corresponding grapbemie options have on oven apread in probabil-
ity frequency distribution. If this foature jncroascs the likelihood of ervors, then mout

errors overall will oceur on vewels in the noderate-ambiguily category.



Chapter 2

Method

2.1 Subjects

The subjects wore 80 childten who attend an Euglish-spenking primary school in o middie-
elons wren in Johannesburg, From the totel sample tested, 30 childran witheut learning
disabilitles and whose native lnnguoge i¢ Buglish, were randomly selected from each of Grade
2, Standard 1 and Standard 3. '

2.2 DeSign
In order to assess the variety of performance factors known b influcnce spelling accurney,
n Multivariabe Analysis design wos adopted, using os stimulii & list of words which was

cotnpiled to incorporate the followlng paychiolinguistic dimenstons ag categoricnl variables for

manipulation and control.
2.2.1  Paycholinguistic Factors as Variables
Lavels of Ambigulty |

Ambiguity has been defined in relation to phoneme-grapheme corvespondences so that as
the number of correaponding graphemes increase, the phonenie is defined na mere ambiguons
{Roeltgan and Heilman, 1984). In» hrevious study (Doctor et ab, 1986) the Hanna, Henne,
Hodges and Ruder{ (1066) list of phonemes with thelr corresponding graphemes was modified
to aeeount for the diflerent pronuneiation used in this country, The phonemes were ranked

hierarchically according to thelr number of corresponding graphemes, Uslng this list (see

20



Ambiguity: HIGH MOBR, LoW

No., of corresponding :
graphemes per phoneme...18 17]1@'15 144-12 ll.ri—O]Q B-1-6 sma 2

Table =. ambiguity categories, showing bands of number-of-corresponding graphemes.

AMBIGUITY LEVEL || CONSONANTS | VOWELS |
/] wish fw/  boot

High Jk/  golt feif  play
fof  gelf [in/ ecubg

Moderate ft/  talk fes/  bear

_ ' /:J:/_ water
/df  doll fat/  qut

Low /sl leg " plan
fif long foif ol

Table 2,2: The phoneimes used to represent each Ambiguity level,

Appendix A), bands of phonemes of high-, modernte- and low-ambiguity can be identified,
taking those that clﬁster around the 16:], 1001 and 4;] correspondence categories respectively,
as jlluatrated in Table 2.1), The specific phonemes used to represent, each level are shown in
Table 2.2,

Mapping Frequency

The Hanna ¢t al, corréspondence fist includes the caleulated probability of pecurrence of each
phoneme-grapheme option according ta its within-syllable position. Referring to the same
modified list as above, graphemes with 2 >20% mapping option probability were categorised
& being of frequent-mapping, and graphemes with o <158% mapping option probabillty were
categorised as beit ¢ of infrequent-mapping. Using this distinction, words with graphenes of
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both frequenst (ranging from 21%-07%, %=65.14) and indrequent (ranging from 0.1%-16.86%,
¥=7.66) mappings were sclacted to represent targetbed phonemes (see Appendix B).

Word Frequency

Trequeney measures were abtained from norms for children provided by Carroll, Davies and
Richman (1971). Based on the range and diatribution of frequencies within the U distribution
of the norms, and following Geedmun et al. (1086), the high-frequency range for nouns and
verbs was restricted to words oeetreing between 51 and 313 times per riliion (#=161) and
the Jow-frequency range waa restricted to words occurring between 0.5 and 25 times per

million (F=7),

Lutier-Type

An equal number of consonants and vowels were targebled,

Abstractnoss-Concretensss

Concrete words 4sve been defined as words referring to “tangible objects, materinls., or
yersons which can be 'easlly perceived with the senses™; abstract words have been defined as
words referring to “sbstract concepla which ave not casily objectified or perceived” (Friendly,
Tronklin, Hoffman and Rubin, 1982:376-_377}. Meaaures wara obtained for nouns primorily
{rom norms provided by Gilhooly and Logie (1980). For some warde not Included on thelr
list, moasutes were cbtained from TFriendly, Frankfin, Hoffman and Huabin (1982) and from
Paivlo, Yuille and Madigen {1968}, They all use a 1-7 rating scale, with 1 representing the
greatest degtes of a.hst.mctnes#, and 7 the greatest degree of concretencss, Based on these
distributions, words selected as abstract ranged from 2.5 to 4.8 {F = 4.2) and words selected

an conerete vanged from 5.7 to 7.0 (% = 0.8) (ace Appondix C),
2.2.2 Outline of the Design.

i order to track the development of spelling ability, & tepeated mensures design was used,
The dependent varfable was aceuracy of spelling the target segtont it o word, A target sy

ment is the aelected phoneme within a word, the selection of which it predicated by the cate-
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Vs LEVELS
S0 Standardy
Time . Timen
LT . consonAnts

[WF “Tow i high '
AMB law ~moderate high low moderate | high
M frey | infreq [ freq | infreq | fveq | infreq | freq | infreq | freq | infreq | freq | infrey

[T7% LEVELS

STD Standard,

Time s _ Timen

LT “vowels _

WF™ o Tgh _

AMB low moderate | . high “low moderate high

| MF__|[freq [ Inireq [ freq | infreq | freq | iiveq | freq | infreq | iteq | infreq | freq | inireq

Table 2.3: St.udy. deslgn, {IV's = Independent Variables, LT = Letter-Type, WF = Word
Frequency, AMB = Ambiguity, MF = Mapping Frequency, freq = frequent, infteq = infre-
gquent.) _ '

gorical considerations of the research design. As shown in Table 2.3, the categories conslsted
of gix independeﬁt variables: Standard, Time, Letter-Type, Ambiguity, Word Frequency and
Mapping Frequency, Standard had three lavels, being Grade 2, Standard 1 and Standard 2;
Tive had three levels, each being 6ne of three thres-monthly test adminiitravions; Lettar-
Type had two levels, that of consonants and vowels; Word Fraquency had twe levels, that of
high-frequency and low-frequency wards; Ambiguity had three levals, that 2, ., moderata
or low; and Mapping Frequeney had two levels, that of fraquent- and infrequent-mapping,

2.3 Materials
2.3.1 Word list

A list of worda was compiled to test spelling with uge-npprry- testing «f Drawing on words
that contain the phonemes selected to represant the diffurent wve™. of ambigulty, a list of 48
words was compiled (see Appendis D), The words wete equally divided neeording to Word
Irequency, Letter-Type, Mapping Frequency and Ambigulty. An equal number were nouns
and verbs, OF the nowns, 1§ were concrote and 11 were abstract, Only monosyllabic, fout- or
five-lottered words were ured, each containing three or four phonemes, As shiown in ‘Tables

2.4 and 2.5, they were counterbalanced for lognormal Word Frequeney,
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{r) High-Frequency Words: Consonants.

T ot

GWC | MP AMBIGUITY hotmal
High Modurate Low freq,

freq | ghir 2.2 )tube 1B [legs 22
nouns 21
infrey [ stick 2.0 { spage 24 |egrs 2.1

freq | fish 24 |baze 22 |hole 1.9
verbe 2.1
' infreq Y talk . 2.3 | drese 1.8 [sell 1.9

T log . - total?
normal freq 2.2 L2l 20 =911
median = 2,15; 0 = 0.22,

(h) High-Frequency Words: Vowels,

\ % log
GWC MF AMBIGUITY _ normal
: High Moderate Low ~ - freq.

freq || moan 2.8 | tabe 1.8 | cloud LT
nouns 2.1
infreq || tail 2.0 | bear 2.0 house 2.8

Breq |[pave 2.4 [talk 23 |plan 2.1
verba _ 2,2
infreq || grew 2.2 | cause 10 | vojee 2.3

— -  ———
F log _ [total 7
norrae! freq 2.2 2,0 22 =121

median = 9,18; 51 = 1,20,
Tablo 2.4: Crasstabulation analysis of the selected high-frequency words, showing they are

counterbalenced for log normel Word Frequency across the dimensions of Gremmatical Word
Class (GWC), Mapping Frequency (MF) and Ambiguity,
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{a) Low-Frequency Words: Consonants,

. . Z log
GWC MF AMBIGUITY normal
High Moderate Low freq.

frog fl hugh 0.9 | gelf 0.8 [lords 08
ROURS 0.82

infreg || stagk 0.8 | grace 08 odds 0.8

freq f ghield 0.8 [ bites 0.8 | hall 08 :
verbs 0.83
infreq f chalk 0.9 | kiss 08 |yell 0.9

T log = . Total ¥ |
nortnal freq 0.85 0.80 0.85 [| = 0483
median = 0.80; SD =018,

{b) Low-Frequency Wotds: Vowels.

GWC MF _ AMBIGUITY normal
Elgh ] ggderat.eﬂ_ Low . freq.

freq [[bost 0.8 |cube 10| clows 08
noUDE ' 0.93
infreq || hail 0.8 | pear 0.8 | mpuee 1.4

freq f fade 0.8 |chalk 0.9 fap 0.7
varba 0.78
infreq || chew 0.0 [ draws 0.9 | axe 0.3

‘ T log B . total &
normal freq | 083 0.88 088 || =0.88

median = 0.85; 5D = 0.2,

Table 2.5: Crosstabulation analysis of the selected low-frequency words, showing they are
counterbalanced for log normel Wotd Frequency scross the dimensions of (rammatical Word
Class (GWC), Mapping Frequency (MF) and Ambiguity.
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AMB | LOW MODERATE HiGH

MF " Frequent Infraquent Frequent Infrequent Frequent Infrequent
Wt | Hikh  Low | High  Low | Bigh Low | High Low | High Low [ High Tow

legg  lords | eg odds | tube gell | spage grage | ship  shield | stick stack
bole  Raif { sel yeil | bage | hltes | dress Mg | fish  hugh | talk  chalk

tail

clod clgwn | bpuse mouse | tubs cube | bear  pear boat
fde | argw

olan  Rap | voieg axe | talk chalk | cause draws

w g
B @
|§1§

Table 2.8: Showing how, within each Atnbiguity (AMB) category, words with phonemes ot
frequent- and infrequant-mapping were pairwise-matched across Word Frequency (WF) on
targetted phoneme, within-syliable position of that phoneme, and number-of-phonemes. (MF
= Mapping Freguency)

‘Within sach Ambiguity cavegory, worda with targetied phonemes of frequent- and infrequents

mapping were, In most Instances, pairwise-matched across Word Frequency on the targetted
phoneme, the within-syllsble position of that phoneme, and also the number-of-phonemes,

" {see Table 2.6).
Additionally, the pairwise-matched words with targetied voweis were balanced acrose
Mapping Frequency for sounds whose distribution frequency weightings are evenly spread,

and those whose weightinga have a diseontinuous spread (Doctor ot al,, 1688). The words

were controlled for consonantal strength by consiating of predominantly obutruent sounds

(Stuart and Coltheart, 1988),

With the selected words controlled and counterbalanced in this way, these stimull were
used to pasess the variety of performance factors known to influence spelling securncy, In addi.
tion, development of apelling abillty will be tracked by repeated assessment at thiee-monthly
intervals, The wotds were randomiy ordered for ench of the three test administrations (see

Appendix E).
2,3.2 Working Memory-Counting Task

This task was designed 'y Case et al, (1982), It involves counting yellow dots from a field

of blue and yellow dots arranged in a randomly determined irregular patéern a0 a b x 8-inch

index card, The cards are ptesented in sets of 2, 3; 4, or b, 'and the task is to recall the eounty .

for each set in the correct order. The task v pgraded into levels, there being three trinls each
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of two- three- four- and five-card sets,

2.3.3 Response Sheets

For both the spelling test and the working memory-counting task, each subject was presented

with a blank answer shieet which included space for demoygraphic data (see Appendix F),

2.4 Procedure

Subjects were group-tested in their classrooms snd each class .was given identical instructions
(see Appendix G),

Prior to the main experiment, the children were given 2 working memory-counting task
{Case, Kurland and Goldberg, 1982). Since poot performance on this task correlates highly
with learning-disabled children (both those who have reading andfor arithmetic deficits) |
between the ages of seven and 13 years old {Siegal and Ryan, 1880}, this tés& gerved to
indicate subjects who ate possibly learring disabled, and their responses to the spelling test
were not, included in the inain analysis, '

The spelling tesh was administered, consisting of a kst of 44 words (four stimuli were
duplicate words presented only once). Each word was read first in isolation, then embedded
in a sentence, and then repeated in isolation {see Appendix E). The children were then
allowed time to write the word. The list was administered in one session.

This procedure was rapented three times, at three-monthly intervals. The dates of data
collection were 26 March, 26 June and 17 September, 1990.
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Chapter 3

Results

Spelling errors that children make are used to evaluate aspects of the process by which nor-

mal children speli. The nature and distribution of the errors are analysed in terms of the

performance factors relevant to specific components in the Caramazza model, Tn this way

results will serve to elucidate the extent o which various factors, namely Letter-Type, At

higuity, Word Frequency and Mapping Frequeney, influence spelling performance, Further,

coneatinating the varisbles of Standard anci Tirme provides an index of developmental trend. _
Using this new variable, Development, will serve to assens the way in which thesa performance

factors influence learning to spell. '

The children's errors on targetted segments of words only, were analysed, Tables 3.1
and 8.2 contain the basic date on errora made an the target consonant and vowel segments
respectively. Preliminary examination of the distribution of errors within category cells show
enarmalous results in one cell, that of moderate-ambiguity consonants with frequent-mapping
in in high-frequency words (/a/ or /t/)(see asterisked column Table 3.1) Responses ta both
stimuli were not consonant with the dateset and were likely to hiave an influential rele of
high leverage, there .y binrring the pattern of results. Unlike the trend in any of the other 23
cells, the number of errore increased, instead of decreased, with age, In addition, contrary to
expectations, the number of errors wag inordinately greater than those of the same category
but of low-frequency words,

Investigation into alternative stimuli for this category emonget the regponse data con-
firmed the anomaly, Statistical date analysis therefore proeeeded with & revised dataset,

using the error responses to two substituted stimuli for that category. Table 8.8 contains the
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AMB __LOW MODERATEY | HICH

[ MF frequent | Infrequent | Frequent® | Infrequent | Freguent | Infrequent
WF_ | High Low High Low | High* Low High Low | Bigh Low High Low
Gr. 2| 17 18 21 4 17 2 60 83 0 1 b8 &9
Sidt| 4 B 113 22 1 23 2% 1 ] 28 45
Std2] 2 9 1 20 31 1 6 8 ] ] 4 36

‘Table 3.1: Basic data on crrors Me on the target consonant segments, Abbreviations AMB,
MF and WF represent Ambiguity, Mapping Frequency, and Word Frequency respectively

AMB

LOW

MODERATE

HIGH

"MF

Frequent | Infrequent

Frequent | Infrequent

Freanent | Infrequent

|

M
W

High Low High Low

Migh Low High Low

High Low High Low

Gy, 2
Sid 1
Std 2

i6 17 8 1
7 3 30 38

T o1 94 95
31 47 2 40

19 3 15 18

12 43 3l 12

3 % #1297
1 1B 3 59
1 23 46 48

Table 3.2: Basic data on errots made on the target vowel segments. Abbreviat.iom.a AMB,
MF and WE represent Ambiguity, Mapping Frequency and Word Frequency respectivaly.

T LOW

MODERATE

HiGH

 Frequent | Infrequent

Frequent | Infrequent

" Frequent [ Infrequent

High Low High Low

High Low High Low

High Low High low

1T 190 a1 40
4 8 13

2 4 1N 20

6 2 80 &3
I 1 23 2%

o__1 6 8

¢ 1 56 89
1 0 28 45
Q 0 4 34

Table 3.3: Revised basic data on errors made on the target consonant segments. Abbrevis

ations AMB, MF and WF represent Ambiguity, Mapping Frequency, and Word Frequency

respectively,

revised datyset for targetied consimant segments.!

The revised data were subjected to analysis of variance, with item means as usits, uging

standard saltware (SAS Institute Ine., 1985). Plauned comparisons were carried out via i

teats.

1See Appendix H for tliv revised balanced and enunterbalanced tables.
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[ FACTOR LEVEL | MEAN
Letter-Type Conscnants 0.14
Vowels - 0.83
Ambiguity Low 0.19
Mnderate 0.28
High 0.26
Word Frequency High . 0.21
Low 0.26
Mapping Frequency | Frequent - 013
Inirequent o 0.34
Development Grade 2,' Time 1 0.46
Grade 2, Time 2 0.40
Grade 2, Time § 0.36
Standard 1, Time 1 | 0.23
Standard 1, Time 2 [ 0,16
Svandard 1, Time 3 | 0.14
Standard 2, Time 1 | 0.17
Standard 2, Time 2 | 0.18
Standard 2, Time 3 | 0.0%

Table 3.4: Mean error scores for Letter-Type, Ambiguity, Mapping Frequency, Word Fre-
quency and Development

3.1 Quantitative Analysis

A B-way analysis of variance was run on the dats. ‘The error means are shown in ‘Table 3.4,

Rernlts show that responses varied as a function of Letter-Type [F(1.8424) = 807.86,p <
{001]. As can be seen in Table 3.4, the error mean was higher {or vowels than for conso-
nants. There was also a main effect of Ambiguity [F(2,8424) = 54.96,p < .001]. More
errors were made at the moderate- than at the high-umbiguity level, while least errors oc-
curred at the lo\v;-ambiguity level, A main effect of Mapping Frequency was also found
[F(1,8424) = 740,60,p < .001). There were mrore errors on words spelled with infrequent-
mappings than those with frequent-mappings. In addition, there was & main effect of Word
Frequency [F('1.8424) = 38.56,p < 001, The numhber of errors was greater on low- than

on high-frequency words, The analysis of variance also found a main effect of Development

B3]
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DEVELOPMENT
nOT1 GTY 2T SITT 49T1 S1T2 SITS 53T S2T3
I, I TR S DS U N U S S

Table 3.5: Results of the ¢ Tests (Least Squares Difference) for significant groupings of the
error imeans in Development. Any two of more meand with a common underscore are not
significuntly different (# < .08). Abbreviations G, 5, ond T reptesent Grade, Standard and
Time-interval, reapectively.

[#(8, 8424) = 13?-72.11. < ,008]. The rosult of the post boe analysis is shown in Table 3.5,
In each case, the factor's effect on the response depended on the ather factors, and there

were four fourth-order [nterpetions:

e Lotter-Type, Ambiguity, Word Frequency and Mapping Frequency [#{2, 8424) = 16.02,p <
001

¢ Development, Letter-Type, Ambignity and Mapping Frequeney [F(16, 8424) = 8.31,p <
.001] - |

» Development, LetterType, Word Frequency and Mapping Frequency [F(8,84%4) =
3.9¢,p < 001}

s Development, Letter'Type, Ambignity nnd Word Frequency {P(10,8494) = 1.8,p <
03],

In erder to provide a elear and parsimonious chiaracteriaation of the interactions, & strategy

of analydis {Freeman, 1987) was adopted o9 follows,

1. Hinee LetterType was present in each of e fourth-order interactions, the paeori
ation between the factors and the error reaponses was eonsidered na heterogencous

for vowels and consonants, and were looked at separately.

2. The Development speclrum waa analysed, seporately [or consenants and for vow.
cls, In terms of the pattern of associntion of the other two varinbles in cath par-
ticular interaction modet, '

3. Word Frequency and Mapping Froquency were collapsed into 2 single Frequency

eatugory, giving four levels, namely lowsfrequency words with infrequent-mappings,
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PFigure 3.1: Graphic representotion of the intetactions betwoen coneonants, Ambiguity, Word
Frequency and Mapping Freguency.
high-frequency words with infrequent-mappings, low-frequeney words with frequent-
meppings and bigh-frequency words with frequent-mappings.

8,1.1 Letter-Type, Ambiguity, Word Frequency and Mapping Fre-
gquency Interaction

Consonants

- Figure 3.1 illustratea for consonants the interactions in the LetterType, Ambiguity, Word
Fraquency and Mopping Frequency analysis, Analysis of the effect of Frequency at each level
of Ambiguity shows performance lollowed the same pattern at the high and modernte lovels,
with most errots made on low-frequency words with infrequent-mappings [low-infrequent
compared to: high-infrequent, H{8424) = .02, p » 01, £(8424) =2 2.80,p > . 4; low-lrequent,
t(8424) = 15.0,p > 01, ¢(8424) = 12.31,p » 01; and high-frequent, {B424) = 15.77,p >
{1, 1(8424) = 12.80,p > 013 for high- ond moderate-aiabignity respeetively], few on both
low~ sud high-frequency words with frequent-mappings, and an intermediate umber on
high-frequency words with infrequent~-mappings [high-infrequent compared to: loav-freg wmt,
1(B424) = 8.08,p > .01, 1(8424) = 8.62,p » 0L and high-frequent, (8424} = R&h,p >
D, 1(8484) = 9.62.1: > 05 fi* high= and moderate-amblguity respectively]. The pattery
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of performonce ot the low-ambiguity level was similar [low-lufrsquent compated to: high-
infroquent, 2(8424) = 3.46,p > .01; low-frequent, {{8424) = 4.23,p > .01; snd high-frequent,
(8424} = 5.0, p > .01}, except the number of etrors on high-frequency words with infrequente
mappings dld not difler from those on low. and high-frequency words with frequent-mappings.

Analysls of the pattern of Ambiguity eflect at ench level of Froquency reveals that of the
tow-Irequency words with infrequent-mappings, more errors occurred in the high-ormbiguicy
category iban in both the moderate- {H{8424) = 3,08,p > 01] and low-ambiguity categoriey
[1(8424) = S.bs.p > 01), and in furn more errors oceurred in the moderate- than the low-
anbiguity category [{{8424) = 5.0, p > .01]. This expected pattern of resuits did not replicate
within {he othér Frequency categories, however, Of the hish—l‘r_equanr:y worde with infrequent-
mappings, while fewer ecrors oveurted in the low- compared to both the high- [i(8424) =
4.0%,p » 01} and moderate-mnbiguity categories [H(B424) = 8.77,p > .01], there wos po
difference between performance on igh- and moderate-ambiguities. In both low« and high-
frequency words with frequent-muopplings, most erroes oceurred in the low-ambiguity cotepory
while theze wos almost none in the other two categories. [low- compared to high-ambignity,
1(8424) = 29.60,p > .01 for both Word Frequeney comparisons; low- compared to moderate
amhigui.ty, 1{8424) = 3.08,p > .01 and {(8424) = 2.31,p > .00 respectively],

Annlysis of the effect of Word Frequency within the calegory of Maﬁping Frequency
{sce Figure A.2), shows there was a Word Frequency effect on infrequent~-mappinga at alt
levels ol Ambigrity, with less crrors made on ‘high~ that on lowfrequency words [highs
ambiguity, ¢(B424) = §,92, p > .01 moderate-ambignity ({R424) = 2.60,p > .01; low ambigu-
ity, t{8424) = 3.46,p > 01). Thie effect was more marked in the high-ambigﬁity category than
in the ather two, which resulted in the same number of errors occurring on high-frequency
wotds at the high- and moderate-ambliguliy levels, |

Analysis of the effect of Mapping Frequency al each level of Word Trequency (see Figure
3.3) showa there wns a marked and constant <ffect of Mapping Frequency on both low. and
high-frequency words in both the moderates and high-ambiguity categoricas [low-frequency,
1(8424) = 12.42,p > .01 und 1{8424) = 16.0,p > .01 respectively; high-frequency, 1(8424) =
8.85,p » 01 and 1(8424) = 0.62,p > .01 respectively], In eacl ease fewer errora were made

on frequent- then on infrequent-moppings. In the low- ambiguity category, there was un
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Flgure 3.4: Graphic veprasontation of the interastions hetween vowels, Ambiguity, Ward
Frequency and Mapping Lrequency,

effect on low-feequency words only [t(8424) = 4,23, p > .01], Ercors in this instance were less
effecv. by Mapping Frequency than those in the other ambiguity catogorics, to the extent
that mare erporr ~rcurced on low-frequency words with frequent-mappings In this sategosy
than in the oth. being a crose-over rom the pattern in low- frequency words with

infrequent-mappings.

Vowels

The curves in Figure 3.4 show the erfor reaponse on vowels, In terms of Ambiguity, Word
Frequency and Mapping Frequency. Results show performance ot each Ambiguity Jevel difs
dered in the pattern of response to the Frrquency variable. At the high-ambiguity level, the
patiern followed the expected trend, with most errors made on low-frequency words with
inﬁequeﬁt-mappings [low-infrequent. compared to: high-iufrequent, {8424) = 3.46, p > 0i;
low- frequent, 1(8424) = 15.0,p > .01; and high-frequent, {(8424) = 10.93,p > .01), lenst
errwa on high-frequency words with frequent-mappings [high-frequent comp;.red to: high-
infrequent, ¥(8424) = 15.77,p > 01; and low-frequent, #(8424) = 4.23,p > .01], and in-

termediately, more errore made on high-froquency words with infrequent-mappings than



on low-frequency words with frequent-mappings [((8424) = 1£.64,p > .01]. However, in
the moderate-ambiguity category, low-frequency words with frequent- mappings accounted
for most errors [low-frequent compared to: low-infrequent, £(8424) = 3.46,p > 0%; high-
infrequent, 1(8424) = 3.46,» > .01; and high-frequént. 1(8424) = 6.54,p > .Oi!, while least
ercors oceursed on high-frequency words with frequent-mappings [high-frequent compared to
low-infrequent and high infrequent, £(8424) = 3.08,p > .01 for both], and an equal amount
were made on low-and high-frequeney words with infrequent- mappings. In the low-ambiguity
category, conversely, low- frequency words with fr.equenbmappings acconted for least ere
rors [lowsfrequent compared to: low-infrequent, 3(8424) = 11,15,p > .01; high-infrequent,
1(8424) = 10.77,p > 01, and high~ rrequeﬁt. t(84'24) = 7.09,p > .01], while an equally high
“amount of errors were made on low- and lligh~ﬁ6q11ency wotds with Infrequent-mappings
[low-infrequent compared to high-frequent, {(B424) = 3406,p > 01; high-infrequent com-
pured ta high~ frequont, {(8424} = 8.08,p > 01), so that an intermediate number occurred
on high-frequency words with frequent mappings. _
Analysis of the pattern of Ambigulty effect at each tevel of Frequency shows, for buhﬁ
low- and high-frequency words with infrequent-muppings, the expected pottern resulted, with
move erros occurtiug it the high- than in both the moderate- [1(8424) = 8.15,p > 01 and
1{8424) = 2.60,p > ,01 respectively] and low-smbiguity categories [{8424) = 2.3L,p > .05
and {8424} &= 2.0, p 5 01 respectively], and in tur more eprors ceeurring in the moderate-
~than in the low-amblguity category [4(8424) = B.48,p > .01 aud {(8424) = 5.30,p > 01
respeetively].  Of the low-Irequency worde with fmquenbmappings. however, more orrors
aceutred in the moderate- than in hoth the high- [H{8424) = 12.31,p > .01] and low-arobiguity
cateparios [H{8494) = 18.02,p > .01], while in turn, mote errors oceurred in the high- than
in the low-ambiguily category [t(8424) = 4.62,p > 01]. Finally, of the high«frequency words
with frequent-mappings, while more errors oceurred in the moderato- than in Loth the high-
[t(8424) = 10.0,p > .01] nd lowambiguity catogories [H(8424) = 2.08,p > .01], fower crvors
occurred in the high- than in the low-ambigoity eategory [£{8424) = 7,31, p > 81).
Anolysis of the cifect of Word Frequency within the category of Mapping Freyuency (sco
Figure 3.6Y, shows there was an effect in the high-nmbiguity category, on both infrequent-

[1{8424) = 240,p > .01] and frequent-niappings [£(8424) = 4.23,p > .01), such that fawer
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Figure 3.5: Graphic representation of the interactions between vowels, Ambiguity, Word
Frequency and Mapping Frequency, showing perfotmance in terms of Ambmulty. at each
level of Mnpping Fraquency, separately for low- and high-frequency words,

erors were made on high- than on low-frequency words, There wus also an effect on spellings
with frequent-mappings in both the low. [¢(8424) = 7.69,p > .01] snd moderate-ambiguity
categories [1(8424) = 6.54,p > .01], but not on infrequent-mappings. In the low-ambiguity
category this eifect was in a negative direction, with rnore errors made on high-.than on
low-frequency wotds, _

Analysia of the eifect of Mapping Frequency ot each level of Word requency (see Figure
2.8), showed an offeet on both lows é.nd high-frequency words at all Ambiguity lavels {high-
ambiguity, ${8424) = 15.0,p > .01 and #{8424}) = 15.77,p » .00 respectively: moderate-
ambiguity, 1(8424) = 3.46,p > 01 and (8424} = 3.08,p > 01 r pectively; low-ambiguity,
(8424} = 11.16,p » 01 and ¢(8424) = 3.08,p > .01 respectively]. In nli but one instance,
fowsr errors were made vn frequent- than on infrequent-mappings. The excaption was on lyw-
frequency words in the moderate-ambiguity category, where the effect was in the opposite
direction, With high-frequency words, the Mapping Frequency effect was more marked in the
high- than in both the low- and moderate-ambiguity sategories. With lowsfrequency words,
the effect was very strong in botn the high~ and moderate-ambiguity levels, and was more

matked than the negative effoct in the low-ambiguity category.
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Frequency snd Mapping Frequency, showing petformance in terms of Ambiguity, at each
lavel of Word Frequency, separatoly for frequent- and infrequent-mappings.

3.1.2 Development, Letter-Type, Ambiguity and Mapping Fre-
gquency Interactions

Consonants

"The eutves in Figure 3.7 ahow the performance oh conscnants along the Development opee-
trum, in terma of Ambiguity and Mapping Frequeticy. The profiles show the different patterns
of response to spellings with frequent- and infrequent-mappings at each Ambiguity level. Per-
formance on spéllings with infrequent-mappings show a similar trend at all Ambiguity levels,
where, within the general trend of a steady dectease in the oceurrence of errors from Grade 2,
Time 1, -zre was an ahomalous peak in the Grade 2 errot responses at the third timesinterval
[Grade 2, Time 2 compared to Grade 2, Time 3: high, ¢(8424) = 2.67,p > 0L moderate,
{(8424) = 1.90,p > .05; low, 1{8424) = 3.39, p » 01). 'The low-ambiguity profils differed from
the other two in that there was also an increased occurrence of errors in Standard 2 at the see-
ond interval [Standard 2, Time 2 compared to Standard 1, Time 3, {(8424) = 2.14,p > .08),
with the resuli that, contrary to expectations, more errors were made it the low- than in the
moderate-ambiguity entegory by the Standard 2's [#(8424) = 2,14, p > .08].
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Figure 3.7: Performance profiles along the Uevelopment spectrura for consonants, in terms
of Ambiguity and Mapping Frequency, coded to show how Ambiguity effected responses at
each level of Mapping Frequeney,

Along the spectrum, the pattern of Ambiguity effect on spellings with infrequent-mappings
was variable, Performance differed markedly at each Ambiguity level in Grade 2, Time 1,
and more errora weze made in the mederate than in both the high [¢(8424) = 5.18p > .0i]
nﬁd iow categories [({8424) = 10,00, p > .01}, and in turn there were more ecrors in the high
than in the low category [£(8424) = 4.82,p > 01]. However, this pattern of effect did not
hold, and &t the second and third intervals in Geade 2, and at the firat interval in Standard
1, fower errors oceutred In the low than in both the high and maderate categories [Girade
2, Time 3: £(8424) = 4.46,p > .01 and £(8424) = 5.36,p > 01, respectively; Grade 2, Time
3: 4(8424) = 3.75,p > .01 and H{8424) = 3.93,p > .01, respectively; Standard 1, Time 1
1{8424) = 4.11,p > .01 and {(8424) = 3.04,p > .01]. The pattern differed again at the second
interval in Standard I, where more errars were made in the high than ln both the moderate
(1(8424) = 2.86p > .01)] and the low categories [¢{8424) = 4.64,p > .01], but there was no
difference between the errora made in the moderate and low categories. The ouly significant
difference in performance (in terms of Ambiguity) at the third interval in Standard 1 was
between the high and low ambiguity categories, with more errors made in the high than the

low category [¢(8424) == 2.68,p > .01], At the second interval in Standard 2, fewer errors
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.Figure 3.8: Performance profiles along the Development spectrum for consonatits, in terms

of Ambiguity and Mapping Frequency, coded Lo show how Mapping requency effecr.ed re-
sponses at each level of Ambiguity.

were made in the moderate than in both the high [¢(8424) = 3.04, p > .01] and low categories
[t(8424) = 2.14, p > .0B]. There was no effect of Ambiguity at the first and third intervals in
Standard 2,

For spellings with frequent-mappings, the pefformance profiles were flat along the spec-
trum at both the moderate- and high-ambigulty.lavela, and except for the response patiern
in the first two intervaly in Grade 2, there wia no Ambiguity effact, The paktern of the effect

in Grade 2 was consistent, with more errors aceurring in the low than in both the high and

moderate categories [Grade 2, Time 1: {(8424) = 5.36,p > .01 for both comparisons; Grude
9, Time % 1{8424) = 2.32,p > .0 for both comphrisons].

The curves in Figure 3.8 are coded to enhance how Mapping Frequency effected résponses
at each level of Ambiguity, Analysls along the spectrum shows a consistent pattern of effect
at the high- and moderate-ambiguity levels, where most errors were made on spellings with
infrequent-mappings. This effect war time-dependent, being marked in Grade 2, [for example,
at the third interval, (8424} = 10,71, > 01 and 4{8424) = 10.89,p > 0L for high« and
moderate-ambiguitles respectively], and asbsent in Standard 2, (at the first time-interval for

the me derate level and at the third time-interval for the high level), with a gradual decline
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Figure 3.9: Performance profiles along the Development spectrum for vowels, in terms of Am-
biguity and Mapping Frequency, coded to show how Mapping Frequency effectod responscs
at gach level of Ambiguity.

in strengih inbetween [for example, at Standard 1, Time 2, 1{8424) = 5.54,p > 0} and
1{8424) = 2.68,p > .01 for high- and moderate-ambiguities respectively],

The pattern of response to Mapping Frequency in the low-ambiguity category was vari-
able, and the profiles do not ahow the characteristic time-dep- ndency behaviour. The_re were
only three instances where Mapping Frequency had an effect on responses. There was a
negative effect at the first interval in Grade 2, wilth more errors occurring on spellings with
frequent-mappinga [1(8424) = 2.14,p > 08]. At both the third interval in Grade 2, and the
gecond in Standard 2, few errors oceurred on spellings with frequent-mappings, while signifi-
cantly more erzors were made .n spellings with infrequent-mappings {{(8424) = 5.89,p > .01
and ${8424) = 3.21, p > .01 respectively].

Vowels

The curves In Figure 3.9 show the performance on vowels along the Development spectrum,
in terms of Ambiguity and Mapping Frequency, They are coded to facilitate analysis of how
Mapping Frequency effected reaponses at each level of Ambiguity. Analysis of the proflles

shows a consistent patetn of effect in the high- and low-ambiguity categories, Most oreots.
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oy .
oceurred on spellings with infrequent-mappings, and the effect was time-depender.®, with

progressive weakeniug of the effect along the spectrum from being tnarked at the beginning
of Grade 2, [for example, at the second interval: high, 1{8424) = 13.93,p > .01; low, #(B424) =
4.46,p > 01], to absent in the high-ambiguity category at the third interval of Standaxd 2,
and in the low-ambiguity at the third interval of Standard 1.

The pattern of response to Mapping Frequeney in.the moderate-ambiguity leﬁl contrazted
‘gharply, As shown by the common grouping of the profiles in Figure 3.9, performance on
both levels wus characteristically time-dependent, and unlike in the other two categories,
‘the performance on spellings with frequent-mapypings differed little in Grade 2 snd Standard
1 from that an infrequent-mappings. The natuze of the effect was erratic along the entire
spectrum, both in it pressnce and It's direction, In Grade 2, Times 2 and 3, there were
more ertors on spefiings with infrequent- than with frequant-mappings [£{8424) = 2.5,p > ._05
and $(8424) = 4.11,p > .01 respectively], The directiou vi the effect on .respunses chauged in
Standard 1, Titnes 1 and 2, where more ercors were made on spellings with {raquent- than
with infrequent-mappinys [{{8424, = 2.14,p >» .06 for both comparisons]. A simil.r negative
effect was present in the responses of Standard 2, Time 2 {{(8424) = 2,32,y > .05].

The curves In Figore 3,10 are coded to enhance the different patterns of response to
spellings with frequeni- and infrequent-mappings at each level of Amblauily,. While the
profiles for spellings with infrequent-m:pings were grouped logether along the specirum
and followed the same general trend, with more errors made by the Grade 2's than by the
Standards, they differed in detail at each Armbiguity level, In the low-ambiguity category, -
there wes s significant drop in errors at the second interval of Standard 1 [1{8424) = 4.20,p >
.01}, The profile pattern for the moderate-ambiguity category ws similar, However, the
shw.p drop in errors occurred earlier, at the first interval in Standard 1, and was more
considerable [1(8424) = 7.6,p > .01]. In addition, a aceand drop-off in the number of errors
occiirred at Standard 2, Time 2 [t{8424) = 2.5,p > (08]. In the high-ambiguity category, the
characteristic drop-off in ervors aceurred at the thivd interval of Grade 2 [t{8424) = 7.6,p >
(01], this being earlier than that in the other two Ambiguity categnries. The character of
the high-ambiguity profile differed from the other two, with an incresse in errors ab the frst

interval in Standard 2 ({{(8424) = 3.57, p > .01], so that the same amaunt of errors tvere made
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Figute 3.00: Performance profiles along the Development specttum for vowels, in terms of
Ambiguity and Mapping Frequency, cod~d to show how Ambiguity effected responses at each
level of Mapping Frequency. _ .

a8 by the Standurd 1's, Time 1. Howaver, 88 in the moderate-ambiguity, a second significant
decrease occurre&, in this instance at the third interval of Standard 2 f1{8424) = 3.83, p » 01].
Along the gpectrum, the pattern of Ambiguity effect on spellings with infrequent-mappings
was variable. In Grade 2, Time L, less arrors were made in the low category than in both
the high [t(8424) = 4.20p > .0]] anid the modeiate categories [1(8424) = 3.30,» > .01]. At
the second interval in Grade 2, while fewer errors oceurred in the low than i A the high
and moderate categories [1(8424) = 5.56,p > .01 and {(8424) = 3.39,p > 01, respectively],
most ercors occhrred in the high category [¢(8424) = LB6,p > .05). The pattern differed
again at the third interval in Grade 2. More orrors were made in the moderate than in both
the high [£(8424) = 4.20p > .01] and low categories [{(8424) = 3.39,p > 01]. In contrast,
at the firat interval in Standard 1, fewer errors were made in the modetate than in both the
high [6(8424) = 3.39,p > .01] aud low categories [1(8424) = 2.5,p > .05). Iu the response
pattern at the second intervals of both Stendard 1 and Stendard 2, more errors oceurred in
the high than in both the moderate and low categories [Standard 1: [H{8424) = 3.57,p > .01
and (8424) = 3.93,p > 01 respectively; Standard 9: £(8424) = 6.36,p > .01 and {(8424) =
G.18,p > .01 respectively]. The oul, aignlﬁéa.nt. difference in performance (in terms of Am- -
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biguity} at the third interval in Standard 1 was between the high and low categories, with
more errors made in the high than the low category [¢(8424) = 2.32,p > 05]. A similar
pattern occurred at the third interval in Standard 2, where there was. a difference between
the nutnber of errors in the high and moderate categories [1(8424) = 2.14,p >I 0h], with more
errors occurring in the high than the moderate category. At the first intetval in Standard
2, fewer errors were made in the low than in both the high {1(8424) = 5.80.p > ..01} and
moderate categories [1(8424) = 1.90,p > .08), and more errors oceured in the high than the
moderate category [H{8424) = 3.83,p > 01]. '

The performance profiles for spellings with frequent-muappings differad at each ambiguity
level, too. While the profiles were low and relatively fiat in both the high- and low-ambiguity
categories, there were geveral diétinguishing {eatures, In the low-ambiguity categary there .
was an anomalous peak in the Grade 2 etror responace at the second interval, In the highe
amhiguity ca.te[;';oty, inore arrors occurréd at Grade 2, Time 1 then anywhere else along the
gpectrum, which was similar to the overall trend in performance on spellings with infrequent-
‘mappings. Similarly, there was the characteristic drop-off in errora, where half as many errors
pecurred at the second campared ta the fivst interval, Grade 8. This occasioned earlier in the
spectrum compnred to the other instances, however. The profile for moderate-ambiguity was
similar in character to those for spellings on infrequent-mappings, with the difference being
thete was a significont gradient along most of the curve instend of the characteristic single
ar fual drop-off in errors,

Along the epectrum, the pattern of Ambiguity effect on apelling with frequent~mappings
wad congistent, with most errors made in the moderote category. This effeet was time.
dependest, heing marked in Grade 2, [for example, at the fiest interval, £(8424) = .40, p > .01
and £(8424) = 12.14,p » 01 for high and low categories respectively], and absent at the
third interval in Standard 2, with a geadual decrease in strength inbetween [for example,
(8424} = §.18,p > ,01 and #{8424) = 4.46,p > .01 for high and low categorics respectively.
st the second interval, Standard 1]. There were three fustancea where the response to low
and high categories also differed: at the flrat two intervals of Grade 2, and the first interval
in Standard 1. The expected patiern oceurred fn the first instance, with more orrors in the

high thon low category {f(8424) = 2.08,p > .01}, In the other two instances, the sifect was
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Flgure 3.11: The performance prohles along the Development spectrum for consonants, in
terms of Frequency,

in a negolive direction [#(8424) = 4.11,p > .01 and #(8424) = 1 96 p > 05, respectively].

3.1.3 Development, Letter-Type, Word Frequency and Mapping
Frequency Interaction

Consonants

The curves in Figure 3.11 show the perlormnnce on consonants along the Davelopment specs
trum, in terms of Frequency. Analysis of the profiles show there was n consistent pat-
tern of Mapping Frequency effect, where, in both high- and low-frequency words, most
errors were made on spellings with infrequent-mappings, with the highest oceurrence at
the third interval in Grade 2. This effect was time.dependemt, baing marked in Grade 2,
[Time 1¢ low, ${8424) = 7.61,p > .01 and high, #(8424) = 8.04p > 0L Time 2: low,
(8424} = 0.18,p > 0! ami high, ¢{8424} = 4.67p > .01; Time &: low, ¢(8424) = 18.26,p > .01
and ' high, 18424) = 8.81p > 01, kltd ahsent by the third interval, Standard 2, in low-
frequency words, and by the third interval, Standard 1, in high-frequency words, Perfer
mance on high-frequency words deviated from the general pattern' with an anomalous low
ocenrrence of srrors on spellings with 'infrequent-mappiuga at the sceond interval in Grade
2 [Time * compared to Time 1, ¢(B42d) = 13.7,p > .01 Time 2 compared to Time 3,
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Figure 3.12: The performance profiles along the Develonment spectrum for vowels, in terms
of Frequency.

1(8424) = 4.13 p > 01].

Analysis of the responses to low- and high-Frequency words at each level of Mapping
Frequency shows, in apeltings with infrequent-mappings, there was n difference in performance
between high- and law-frequency words at the second and third intervals in Grade 2 [#{8424) =
5.44..33 > 01 and (8424) = 3.7p > .01, respectively], and at the first and second intervals in
Standard 2, (t{8424) = 3.04,p > 01 and ¢(8424) = 3.7, p > 01, respectively]. There was no
Word Frequency effect on spellings with frequent-mappings,

Vowals

The curves in Figure 3.12 show the performance on vowels along the Development spaetrnm,
in termg of Frequency. Analysis of the profiles show that up te Standnrd 1, Time 1, there was
a constont Mapping Frequency effect, with move errors made on spellings with infrequent-
than with (requant-mappings, for both low- [i(8424) = 6.86,p > .01 H{8434) = 9.35.;1 >
015 1{3424) = §.52,p > .0l {8424) = B.IOB.p = 01; for Grade 2, Times 1, 2, and 3,
and Standard 1, Time 1 respectively] and high-frequency words [t(8424) = 6.74,p > .01;
HB424) = T.83,p > 01 {(B8424) = 652, p > 0L {(8424) = 3.04,p > .01; for Grade 2,
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Times 1, 2, and ;. and St:aderd 1. Time 1 respectively]. Alsa, at each leve]l of Mapping
Frequency there was no diffc-ence {n performance in terrns of Word Fréquency, This pat.tein
changed in Standard 1 nt ihe latter two intervals, wheve Mapping Frequency nad an effect
on low;frequency words only, so that most ervors were made on low-frequency words with
infrequent-mappings [¢(8424) = 3.7,p > .01 é.nd (8424) = 3.0,p > .01, for Times 2 and 3
respectively]. _

In Standard 9, the pattern of performance was different again, At the firat interval
there was & Mapping Frequency eﬂ‘ecﬁ on high-frequency words only [¢{8424) = §.62,p »
1], auch that most errors were made on high-frequency words with infrequent-mappings
[high-infrequent compared to: high-frequent, 1(8424) = 8.62,p > 013 lo\ir-frequent and low.
infrequent, {(8424) = 2,17, p > .05 for both}, least were made on high-frequency words with
frequent-mappings and an equal amount were made intermediately on low-frequenicy words
with frequent-and tnfrequent-mappings [low-frequent and low-infrequent sompared to high-
frequent, ¢(8424) = 4.36,p > .01 for both]. In addition, there was also a Word Frequency
effect at both levels of Mapping Frequency., With frequent-tnappings, more errors were ma.cle.
on low-than on high-frequency words [£(8424) = 4.35,p > .01). However, with infrequent-
mappings the effect was in a negative direction, and mote errors occurred on high- than on
low-frequency words [t(8424) = 317, p > '.05]. The pattern of performance at the second
interval was similar, but the Word Frequency effect was on spellings with frequent-mappings
only [((8424) = §.91,p > .08], so that least errors were made on high-frequency words
with frequent-mappings, and there way no difference in performnnee on the other levely of
Prequency [high-frequent compared to: high-Infrequent,£(8424) = 3.81, p > .01; low-frequent,
(8424} = 1.96,p > .05; low-inlreguent, {(8424) = 3.7,p > .01}, At the third interval there
was neither a Mapping Frequency nor a Word Frequency effeet, the number of errors made

at ench Prequency level being aimilar,
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Figure 3.13: The performa.ncé profiles along the Devalopmerit. spectrum for consohant.a, in
terms of Ambiguity and Word Frequency, coded to show how Word Frequency effected re-
sponses nt each level of Ambiguity.

8.1.4 Development, Letter~Type, Ambiguity and Word Frequency
Interaction

Gonsonnni:s

The curves in Figure 3,13 ahow tie performance on consonants along the Development spec-
trum, in terms of Ambiguity and Word Frequeney. The profiles show the separate perfor-
manees on high- and low-frequency words at each level of Ambiguity. The closé grouping
of the profiles shows there was & relatively even distribution of error responses over the cat-
egory levels. The apparent Natness of the profiles indicates the response pattern was not
time-dependent,

- 'The curves in Figure 3,13 are coded to facilitate analysis of how Word Frequencey effected
responses ot each level of Ambiguity. The effect of Word Frequency within each of the
Ambiguity luvels was sporadic along the specttum, It was evident in performance on high-
ambiguity worda by child.rt:n in Standard 1, Time 2, and in Standard 2, Times 1 and 2

[e(8424) = 1.98,p > .06; 4(8424) = 3.21,p > 013 4(8424) = 3.57,p > .01; respectively], with

more errors occurring on low- than on kigh- frequency words, In the moderate-ambignity
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Figurs 3.14; The performance profiles alang the Development spectrum for consonant.s, in
terms of Ambiguity and Word Frequency, coded to show how Ambiguity effected responses
at each level of Word Frequeney, .

category, a similar Word Frequency effect oceurred in Grade 2, Time 2, [t(3424) = 3.75,p >
01] and in Standard L, Time 1 {t{8424} = 1.98,p > .06]. Similatly, in the low-ambiguity
~ category, there was an effect at the first two intervels In Grade 2 (¢(8424) = 2.14,p > 06 in
both instances], A notable feature of the results was the absence of Word Frequency effect
at all levels of ambiguity ai the third interval in each of the Grade/Standards.

Fignre 3.14 s coded to enhante the different patterns of response in high- and low-
frequency words to Ambiguity. Analysis of the effect of Ambignity on law-frequency words
showed performance differed in terms of Ambiguity level in four instences. In Grade 2 at
the second interval, more errors were made on words in the moderates than in the low-
ambiguity category [t{8424) = 2.3%,p > .05]. In Standard i, at the secand interval, more
errors were mode in ihe high- than in both the moderate- and low.ambigulty eategories
[2(8424) = 2.68, p > .01 and {{8424) = 2.86,p > .0} resper._tively]. In Standﬁrd 2, at both the
flras vnd second intervals, there were mors ercors in the high- than in the moderate-ambigoity
category {1{8424) = 2.32,p > 05 and {(8424) = 3.39, p > .01 reapectively),

Within high-frequency words, the only instance in which thers was a diiference in perfor-

mance In terms  © Ambiguily wax 2t the first interval in Grade 2, where more errots occurred
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Figure 3.15; The performance profiles along the Development spectrum for vowels, in terms
of Ambiguity and Word Frequency, coded to show how Word Frequency effected responses
at sach level of Ambiguity,

in the moderate-ambiguity category than in the other two [1{8424) = 1.57,p > 01 for both).

Vowels

The curves in Figure 3,15 show the performance on vowels along the Development spectrum,

in terms of Ambiguity and Ward Frequency. The profiles are coded o 'fa_eilitate analysis of
how Word Freqﬁancy effected responses at each level of Ambiguity. Results show an effect -
was prevalent in the high-ambiguity category, with more errors pecurring on low- than on
high-fraquency words, It was evident in the performance of children at each titne-interval
frori the third tn Grade 2, through to and including the firat in Standard 2, and again at the
third in Standard 2 [{8424) = 2.2, p > ,05; §(8424) = 3.04,p > .01; {{B424) = 1.06, p »- .05;
08424} = 2.5, p > .06; ¢{8424) = 2,14,p > .05; {(B424) =.1.96,p > 06 respectively]. In the
moderate-ambiguity category, a similar Word Frequency effact occurred in Grade 2, 'Time 3,
[¢(B424) = 2.32,p > .05) and in Standard 1, Time 2 [H(8424) = 4.48,p > .05). Tn the low-
ambignity category, there was an effect at each interval in Grade 2 [1(8424) = 3.93,p > .01;
t(8424) = 2.14,p > .05 and {{8424) = 2.68.p > .01 respectively]. However, this effect was in

a negative direction, with n'ore errora occurring on high- than on low-frequency wopds,
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Figure 3.16; ‘The performance profiles along the Development spectrum for vowels, in tevms
of Ambiguity and Word Frequency, coded to show how A mbiguity effected respanses at each
level of qud Frequency,
The curves in Figure 3.16 are coded to enhance the different patterns of responss in
wards of low- and high-frequency to Ambiguity, Analysis of the effect of Ambiguity on low-
frequency words showed performance differed in terms of Ambiguity level, particularly at
the early part of the apectrum, At the firat interval in Geade 2, more errors were made in
| the moderate-category than in both the high- [¢(8424) = 5.00p > .01] and the low-ambiguity
categories jt{B424) = 10,36, p > .0f], and in turn there were more errors in the high- than in
the low-smbiguity category (¢(8424) = 5.36,p > .01]. There was a similar pattern of effect
at the second In.erval [¢(B424} = 3.30,p > .01; 1{B424) = 5.36,p > .01; 1(8424) = 1.96p >
{05; respectively|. Similarly, at the third Interval, mﬁre arrors were made in the moderate-
category than in both the high. [t(8424) = 6.36p > .01] and the low-ambiguity categories
[2(8424) = 6.79, p > .01], but there was no difference between the errors made in the high- and
low-ambiguity categories. In Standard 1, at the first time-interval, more errora were made in
the moderate- than in the low-ambiguity category {(8424) = 2.32,p > (06). At the second
interval, more errors oceurred in the moderate than in hoth the high- [¢{8424) = 1.96p > .C5]
and low-ambiguity categories [{(8424) = 5.36,p > .01), and In turn there were more errors

in bl_le.hish- than in the low-ambignity category [{R424) = 3.3%,2 > 015, At the hird
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interval in Standard 1 and in the first two intervals of Standard 2, the pattern was the same. '
Fewer ervors occurred in the low than in both the high and moderate categories [Standard 1,
Time 3: £(8424) = 2.32,p > .05 and (8424) = 3.04, p > .01, respectively; Standard 2, Time
1: 48424) = 482,p > 01 and #(8424) = 411,5 > 0L, respectively; Stendard 2, Time %
1(8424) = 2.86,p > .01 for both comparisons]. At the third interval in Standard 2, more errors
oceurred in the high than in both the moderate and low categories [{(8424) .= 2.32,p> 05
and $(8424) = .88, p > .01 reapectively]. ' :

Ambiguity had an effect on high-frequency words which wae characteristically time-
dependent, in that it was evident in the early part of the apecirum only. At the first
and second interval in Grade 2, significantly more errors c_lccurrgad in th= moderate- than
in both the high- and low-ambiguity categories [Grade 2, Time 1; 1(8424) = 3.30,p > .01
and 4(8424) = 5.00,p > .01 respectively; Grade 2, Time 2: £(8424) = 4.20,p > .01 and
1(8424) = 3.3%,p > .01 respectively]. At both the third interval in Grade 2 and the
first interval in Standard 1, significantly fewer errors oceurred in the high eategory than
in both the moderats and low eategories [Grade 2, Time 3: 1{8424) = b36,p > 0I and
1(8424) = 3.57,p > .01 respectively; Standerd 1, Time 2: ¥(8424) _-—..2.5, g > .06 and
£(8424) = 2,68, p > .01 respectively},

3.2 Qualitative Analyses

The qué.ntita.tive a.n#lysis of children's spelllng competence focused on gross features of perfor-
mance, being concerned with the distribution of errots as a funetion of Development, Letter-
Type, Ambiguity, Word Frequency and Mapping Frequency. Results will inform the extent to
which these different factors influence speliing. A consideration of the fype of spelling errors
produced by the children will provide an additionsl data base for further speculation firstly,
about the strategies children use, and secondly, about the nature of the phonographeme-to-
letter conversion mechanism in terms of the relationship between phoneme and grapheme
with respect to both mapping probability distributions and ambiguity. To thia end all the
spellings in which errors occurred on the target segment were analysaﬂ. Within the frame- .
work of the established categories, the error- types were classified, at both & macro and micro

lavel, to serve ~ach of the above-stated putposes, respactively.

58



The functional organisation of the spelling process is sufficiently explicit to speeify the
type of spelling errors that arn expecied to result as a consequence of the strategy used. Ercors
arising from assembled spelliug will be either alphabetic (where sound-letter correspondences
are used} or phonologieally plausible (where phoneme-graphems correspondences are used),
while those arising from accessed spelling will be visual. A cri_t'.ica.l gpecification concerns the
type of errors that bre expected to result us a consequence of perfurbations in the Graphemie
Buffer, sinée these are performanca errors that mask the aspects of competence that are at
issue. ‘These are errors of substitution and deletion of letters (associnted with fong words),

and of insertion and trensposition of letters {associated with short wards).
3.2.1 Macro Leve! Exrror Analysis

The core system of classification categorised errors according to levels of written language:
a.lpha.betié {sound-te-letéer spelling), phenological (phonologically plausible}, and lexical (vi-
sual). Three other catogories were added for the classification of anemalies: perturbation
{performance error which does not reflect lack of knowledge of the spelling, but reflects factors
such as neglect arising in the graplemic buffer or other atientional deficits due to tiredness,
nervousness, or emation), idiosyncratic {(where the graphetne used is not associated with the
target phoneme, or is a bizarre invention) and misinformation (incorrect phonological input
analysis). Examples of each of these types of errors are shown in Table 3.8. Noie it is not
alwaye clear how to categorise a gpelling, and the procedure is inherently subjective. For
example, chgik as chark can be classified as visual, idivsyneratic or perturbation. (In the
context of other errors, I have opted for idiosyncratic in this instance,)
The distribution of errors acrogs these classes is shown in Tables 3.7 und 3.8, for consonants
ad vowels respectively, As can be readily seen, the errors on consonants were predominantly
phenologica], and only a smell proportion eould be classified as lexical. Interestingly, the
incidence of the latter was limited to the low and moderate ambiguity eategories of high-
frequency words with infrequent-mappings. Two other aspects of the data on consonants
are worth noting, Firatly, the coincidence of alphabetic and perturbation errors oceurring in
the low-a.'mhiguity. category oﬁlf. with exceptioﬁ of an additional cecurrence of perturhation

errors in high- and low- frequency words with infrequent-mapping in the high-ambiguity

9



ERRON-TYPE | EXAMPLES FROM CORPUS
Alphabetic eube-s-eyoob - tail-s-tael
sell->-sela yell--yl
_ hail-=~hasll cube->cucowh
Phﬁnolqgical shick-+-stik ' space-»-5pas
Erase-finds tallg>-tork -
seli->-sel Rret --Eroow
Lexieal gell--sals chalk-3-challk
digwe--cirews  Rrew->-grow
Perturbation
transpositions | voice--vioce bear-~bera
insertions mouse--monese  talk->-talek
deletions house-»huze ¢lown-~clon
substitutions | dress--drees callse- -Couse
Idiosyncratic | voleg->-vose ' yell- »-yalew
kigg->kixe chalk-s-chark
grew--grawe cloud-¢loild
Misinformation | lords-»-laws tube-»-choob
chew--true chew-»-tuoo .
bites-»bides ca1se-»calls

Table 3.6: Examples of the yaricus error-types,

o0




CATCGORY LEVELS || NQ. E_ROR TYPE !m percentages)
FREQ | AME STD ALPHA | PHONO PERT | IDL MISIN
Low Gr. 2 17 6 g8 - O ] 0 ]
Sid 1 4 ] 100 0 o{ - 0 0
Std 2 2 0 100 0 1} 0 0
HF Moderate | Gr, 2 0 i} 0 i} 0 0 0
Std 1 i i} 100 [} D 0 0
Std 2 0 [\ 0 0 0 0 0
High | Gr 2 0 0 0 0 ] 0y 0
Std 1 1 0 100 0 0 0 0
Sid 2 t 0 ] 0 0 0 i
Low Gr, 2 34 21 68 ] 1l 0l ]
| Sta 1 8 %6 80 0 25 0 0
Std 2 4 ] 25 0 al 25 0
LF | Mocderate | Gr, 2 4 1] b0 0 1 0 60
Sid1 1 ] 100 ] 0 0 100
Std 2 1 ¢ 0 0 0 0 100
Wigh [GoI 1 D 100 0 N ]
Sid 1 0 0 0 0 [ 0 H]
Sid2 0 0 0 0 0 1] 1]
Low ur, 2 21 10 w0 14 0 i}
Std 1 11 18 T3 0 9 0 D
_ Skd 2 11 § 82 0 g9 0 {
i Moderate | Gr. 2 ) 0 ar 3 1 [i} 0
Std 1 23 0 oe 4 Ivj ] ]
szl 8 D 83| 17 0 0 0
Wigh [Gr. 2| 60 i) 11T IR 1 IR T
Std 1 28 0 P3 0 7 0 ]
Std2 | 4 0 100 0 0| o 0
Low Gr. 2 40 b g3 ] 2 [i} ]
Stdl | 13 8 g2 0 0 0 0
Std 7 20 10 70 0 10 19 0
LI Moderate | Gr. 2 [ 853 0 949 1} 0 1 1]
Std 1 28 0 100 0 0 0 0
Sid 2 ] 0 100 0 {0 0 0
High [Gr. 2] 69 g 166 0 i 0 i)
Std 1 45 0 98 0 2 0 0
Sid 2 1] ] ot 0 3 Q 0

Table 4,7¢ Macto Level Error Analysis of Consonants. (FREQ = Word/Mapping Frequeney,
AMB = Ambiguity, STD = Grade/Standard, ALPHA = Alphabetic, PHONO = Phonolagi-
eal, LEXT = Lexical, PERT = Perturbation, IDIO = Idiosyneratie, MISIN = Misinformation)
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CATEGORY LEVELS NO. _ERROR-TYPE (in percentages) _
FREQ | AMB | STD | J ALPHA | PHONO | LEXI | PERT | IDIO | MSIN |
. ] '
Low |Gr 2] 48 o2 57 0 15 28 |
- 0 85 0 7 7 0
Std2 i 19 1] 79 ] 18 5 |
HF | Moderate [Qe, 2 [ 72 i3 30 o 9 16 3
std1ll 81 7 a4 0 7 67 7
sede )| 12 0 53 0 14 50 0
High [GeT] 2T 0 13 0 [ B )
std 1 { 0 100 0 0 at 0
| std 2 1 9 0| o0 100 1] 0
Low | Gr 2§ i7 8 11 7] 42 3 ]
Std 1 3 0 100 ] ] N} 0
5id 2 3 0 86 6 0 34 0
LF Moderate | Gr, 2 g1 14 RT] D 14 a6 1
stdl ] 47 i1 49 0 6 KD 9
Std2 | 43 16 42 0| ¢ 40 0
Bigh [Gr 2| 26 L) ET i] 0 15 0
Sud1ll 15 0 [ 0 0 3 0
std2 ! 23 0 a7 0 0 13 0
Low |Gr. z | &5 ] 30 0 96| 41 0
sedrff 30 0 30 0 24 46 0
Siddq 18 0 28 0 13 33 8
HI | Moderate [ Gr. 2 [ 94 0 63 af a0 18 0
Sedl | 22 0 59 g 18 18 5
Sdo ) 8t 0 2l 0 3 3 10
High [Gr 21 92 p) i ] ™1 3 1
Sdif 37 3 Tl 4 5 8 0
Sw2 || 46 0 67 28 2l 2 0
Tow |Gr.2] 70 3 56 i 1t ih 1
Stdl | 39 ] - 88 ) 14 3 0
sdef 18 { i 0 12 10 ]
LI | Moderate [ Gr. 2 [ 85 i 71 ] 14 [ 0
I sdl] 40 0 0 13 2% 9 0
adef 12 0 50 29 kd 14 0
High [Gr.2[ o7 ] 81 ] ) U T
Sidi | 59 14 71 0 0 13 )]
Std2 [ 48 4 83 ] 2 3 g

Table 3.8: Mucro Level Error Analysis of Yowels _
= Ambiguity, STD = Grade/Standard, ALPHA = Alphabetie, PHONO = Phonological,
LEXI = _Lexical. PERT = Perturbation, IDIO = Idissyneratle, MISIN = Misinfnnation)
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categories. Secondly, the relative absence of idivsyncratic errors, 'I‘hl.s_ controsts with the
distribution of errors in vowels, where idiosyneratic (and perturbatioh) errors cecurred in
most categories,

Despite the greater diatribution of errats seross the classes for vowels, pllouologica;l errors
were agoin provalent. Exception to this pattern oceurred with both high- and low-frequency
words of frequent-mapping at the moderate level, whete evrors occurred in all classes but the
lexical, and the proportion of Idiosyncratic errors was equal to or greater than phanolagical
errors. Another exception was Grade 2 errors on low-frecuency words of freguent-mapping at
the low ambiguity level, where most were evenly distributed beiween the parturbation and
idiosyneratic classes. Further exeeption occurred with high-frequency worda of infrequent
mapping. At the low ambiguily level, and in Standard 2 ot the moderate level, thers was
& relatively even spread of ervors hetween the phonologieal, perturbation, and jdiosyncratic
clagses, Lastly, the distribution pattern of Standards 1 aud 2 at the moderate ambignity
level in the low-frequency, infrequent-mapping category wos anomalous tog. It differed in
that only 0% of the erros were phanologienl, while the rest were spread between lexical,
petuchation and idiosyncratic,

Twa other agpects of the data on vowels dre notable, Firstly, there were fow lexicnl errovs,
and their incidence was imited to two vategories: those of high- and low-frequency words
with infrequent-mappings, at the high .and moderate ambiguity levels, respectively, Sceondly,
with words of frequent-mapping there was o pattern of alphabetic errors oecurrin'g at both
the low. and mndera.te-ambiguit,? eategories, while with words of infrequent-mappings they

oteurred at the Jow- and high-ambiguity categories.
3.2,2 Micro Level of Error Analysis

Within the classifieation presenied above, phonological etrors were further distingrished Into
two different types: regulerisations, where the grapheme vsed hes n higher mapping probe
ohility than the target grapheme, and repiucements, where the graplieme used ling a lower
mapping probability than the tatget grapheme, Perturbations were alao distlaguishied into
different types, o8 shown previcusly in Table 8.6: deletions, substitutions, nsertions and

tranapositions,
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Ihe results of this annlysis are shown in tie form of pie churts iu Figures 3.17 to 5.24,
‘The diameters of the charts show the relative proportionality, and the contents of gach are

sorted in an anticlockwise direction, in order of d"minishing proportiors,

Frequent-mapping Consonants,

{Figures 3.17 and 3.18)

In both high-and low-frequency words, most errors occuered at the low awbiguity level,
and involved replacements (for example, hole — holl, lega — légy}. Although there were few
of them, it is interesting to note thut perturbation errors were manifested as deletions (for
example,. lords — Jors), This type of erroris agsociated with long words and was not expected
to ogeur. Two othet ubservations are worthy of note, Firstly, there were no alphabetic errors
in the Standard ¢ error disttibution. Secondly, misinformation errors oceurred in low-but

not {n high- frequency words.

Infrequent-mapping Consonants.

{Figures 3.19 and 3.20)

Ag can be tlearly seen, most errors were regularisations, and thers was little difference
in the distribution pattern between high-nnd luw-fre:iuency words. There were, however,
subtle differences between the embiguity levels in the nature of the few exceptions, Thus,

‘phabetic errcrs ocsurred in the low ambiguity catepories only, replacement errorg in the
mederate ambiguity catégory only, (space — spass and grace - grass) and insertion errors
in the high amblguity eategory only {ialk — talek). One other interesting agpect of the data
is the manifestntion of perturbation in the form of gubstitutions, This error-type odenrred
mainly in high-frequency worda, (there is one instance of it in low-frequency words), and
consisted of an inaccuracy in representing the dowble consonant, for example, dress ~» drees
and engs — eogs, Theso are intoresting, becavge substitviion errors, like deletions, are not

expected to occur on short words,
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Low Amblguity

Moderata Amblguity

rer oy

Sig t

High Ambigulty

ron 0ol

S 1

Figure 3.17: Micro level error analysis of phonemes with frequent-mapping consonants in
high-frequency words, (rep = replacernent, del = deletion, shd = slphabetir)
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Low Amblguity

Moderate Amblauity

P A0%

tugt m%@' '
aua SO% Sid 1 aua m@
Crade 2 5ty 2
High Ambiguity
ap 100&
Grade 2

Figure 3.18: Miero level ertor analysis of phonemes with frequent- mappitig consonants in low-
frequency words. (rep = replarement, and = alphabetic, del = deletion, tren = transposition,
id = idiosyneratic, aud = auditory)
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Low Ambiguity

- re¢ 70 gl rag 82% '
gnd 1% aub £% a::: :x

T up Aad Std 1 Sz’
Grada 2

Moderate Ambiguity

rog tax S rag 3%
= sun 7%
L]

Std 2

Grade 2

High Ambiguity

rag ‘mtﬂo

Sta 2

vmp oo [N

5id 4

Grage 2

Figure 3.19: Micro level error analysis of plionemes with infrequent-mapping consonants n
high-fraquency words. (reg = regularisation, rep = replu.cement, ¢nd = alphabetle, sub =
substitution, ins = insertion)
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Low Ambiguity

rag 92%
and 8%

Std 1

Grade 2

Moderate Ambiguity

o o3 reg an% .
S ‘u
N rgp 4%

Grade 2
High Ambiguity

. ey 67 8
rag 100% B rog 68% ng 2% .

Sid 2

S
- Grads 2

Figure 3.20: Micro Jevel error analysis of phonemes with infrequent-mapping consonanis
in low-frequency words. (reg = regularisation, rep = replacement, del = deletion, sub =
substitution, tran = transposition, ins = insertion, id = idicsyncratic, and = alphabetic, aud

= auditory,)
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Frequent-mapping Vowels,

(Figures 3.21 and 3.22)

The pattern of ervor distribution for these vowels was not dominated by replacsment
ertors in the same way 85 with consonants, and except far the high amaiguity categories,
there was little similarity between that of high- and low-fréquency words, that is, there is &
qualitative diference, Also, there ig a qualitative dift'eren.r.e between the ambiguity levels.

With high'-frequency words, phonological errars were manifested as both regularisations
{tall — tork and tube — tub) and replacements (lalk — took and ixbe —~ tewb). There were
excephions, and they related to Standards 1 and 2: at the Jow ambiguity level, phonological
srrors were replacements only, and at the high ambiguity level, the single Standard 1 error was
B ieplacement (moon -- mone), Idiosyncratic ertors, such as lﬁbe — thoob, ocenrred st every
Standard level, (except where only one error oceurred), and they were particularly prevalent
at the nioderate ambiguity level, Indeed, it is notable that, with regard to phonological
and idiosyncratic etrors, the distribution pattern of Standard 1 and 2 at this level differed
little from that of Grade 2, unlike at the other two ambiguity levels, A small number of
alphabitic errars were also evident, and are most noticeable.'with Grade 2 ab th& moderate -
ambiguity level. The oceutrence of perturbations are interesting both in the nature of their
manifestation and in their distribution, There was & difference between ambiguity level in
tie type of perturbation. Deletions accurred at the low lavel only {eloud — clod or clud),
and transpostions occurred at the moderate Jevel (fube — tueb ar teab) and also at the high
lavel in Grade 2 {geve — gaev), Several insertion errors were also made by Grade 2 at the
moderate level (fube — toube).

With low-frequency words, phonalogical errors were also manifested as both regulariza-
tions {elown — cloun and chalk — chork) and replacements (chalt — chook and cube —
queb), although with exception, Standard 1 phonological ervors .at the hizh ambiguity level
were replacements enly, (fade ~» faid), while at the low ambiguity level they were regulari-
sations unly (elown — cloun), Also at the low ambiguity level, Grade 2 made replacement
errore only, and these were limited to just several errors on one word, namely flap — flape.

The distribution pattern for errora by Grade 3 at fhis low ambiguity level is excoptional
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in other ways too, and overall, is unlike any other pattern. Idiosyneratic (clown — clone) and
perturbation errars predominated, the latter taking the form of insertions (efown ~+ tlouwn)
ay well as deletions (¢lown — clon}.

The pattern at the moderate ambignity level was similar to that of high-frequency words,
in that idiosyncratic errors were prevaleat, such as chalk — choack or chark, and cube —
coob or eynab. Also, a notable number of siphabetic errors were evident in this ambiguity
level, but while this could be said only of the Grade 2 distribution in high- frequency words,
* with low-frequency words this was true of all three lavels of Standard.

Perturbations, in the form of insertions and deletions, were also evident at the moderate
level, though to a considerably lesser degree than those by Grade 2 in the Jow a.mbigqity
level. There wes a difference compared to those in the moderate level of high-frequency
words, where transpositions occurred instead of deletions. There we.2 1o perturbations at

the high ambiguity level,

Infrequant-mapping Vowaels.

(Figures 3.23 and 3.24)

As with frequent mapping vowels, there was little similarity in the distribution pattern
between high- and low-frequency words (except for the phonological ertor patiern in the high
ambigitity categories), and between the smbiguily levels, Also, there was a more variable
patiern betwean Standards.

With high-frequency words, phonological errors were manifeated as both regularisations
{voice — voys and grew — groow) and replacements (voice — voyse and grew — grou), with
excaption of Standard 2 at both the low and moderate ambiguity levels, where they were
regularisations only, Indeed, the presence of regularisations and the within-ambiguity distri-
butfon of them, js the most consistent aspect of the overail distribution pattern. However,
it must be noted that unlike the general trend, many Incidents of regularisation did not wse
the most frequent mapping, Le. voys, hale and {ele are all second-moat frequent.

Idiosyncratic errors, such bs voice — vos or voos, were prevalent ab every Standard level
of both low and moderate ambiguity levels. They als2 occurred, in smaller proportion, at

the high smbiguity level. Perturbations, too, were prevalent and the diversity of their mani-
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Low Ambiguity

Grade 2

" Moderate Ambiguity

3 4B%

BN E
Grade 2

High Ambigulty

rep m@ st ‘m@

Sid 1 Sic 2

Figure 3,21; Micro level error analysis of phonemes with frequent-mapping vowels in high-
frequency words. {reg = regularisation, rep = replacement, del = deletion, sub = substititting,
tran = trangposition, ins = insertion, id = idissyncratic, and = alphabetic, aud = auditory.)
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Low Ambiguity

Grade 2

Moderate Ambiguity

rac/34% T

Grade 2

Figure 3.22: Micro level error analysis of phonemes with frequent-mapping vowels in low-
frequency words, {reg = regularisation, rep = replacement, del = deletion, sub = substitution,
tran = transposition, ins = invertion, id = idiosyneratic, snd = alphabetic, aud = nuditory.)
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Low Ambiguity

o e

Grade 2
High Ambiguity

rag ?355 '

tep 14%
Grede 2

Figure 3.23: Micra level error analysis of phonemes with infrequent-mapping vowels in high-
frequency words. (reg = regularisation, rep = replacement, del = delation, sub = substitution,
tran = transposition, ing = insertion, I = idiosyncratic, snd = alphabetie, aud = anditory,
lex = lexical.)
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Low Ambiguity

[

1 18%
Graoe 2

Moderate Amblguity

Girade 2
High Amblguity

Figure 3.24: Micra level error analyels of phonemes with infrequent-mapping vowels in low-
frequency words, (reg = regularlsation, rep = replacement, del = deletion, sub = substitution,
tran = transpogition, ins = insertion, id = idicsyneratic, snd = alphabetic, sud = audilory,
lex = laxienl.) ' : :
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festation is notable. Deletions, substitutions, insertions and tranapositions oceurred. At the
low ambiguity level, deletions by grade 2, {veice — vose and house — hose), subsiitutions
by Standard 1 (voice — vouee) , and transpoations by Stenderd 2 (house — houes or huoes)
were patticularly evident. At the modersie Jevel, substitution errors occurved at gach Ston-
dard level, and aceounted for one third of the errors made by Standard 2. They related to
one word in particular, namely caxse — couse. At the high amblguity level, the presence of
perturbations were not notable, Of eonsiderable ihterest‘ though, ia the oceurrence at this
level of lexical arvors, in the form of grew — grow. The proportion of these errors increased
with each Standard level, aud in Standard 2 they accounted for fust over one quarter of their
errors, Lastly, a small number of alphabltic errors ware also evident, mainly with Grade 2 at
the low atbiguity level, ' _
With low-fraquency wotds, phouological errors were also manifested as both regularives
tions {draws ~— dros and chew — choow) and replacements (penr —» per), although with
exception at the low ambiguity level, where only rogulavisatiune occurred. Indeed, regu-
larisation errors overwhelmed the distribution pattern at both the low and high ambiguity
‘levels, where they accounted for more than 70% of the errors at cach Standard level, At the
moderate ambiguity level, the distribution was evenly spread between the two types in bath
Grade 2 and Standord 1, while in Standard 2 the proportion of replacements wag meore than
double that of regulerisations, (This relates to pear — per which could posalbly be evidones
of deletion rather than replacement - & mute point),
A amnll proportion of errors at ench Standoard level were idlosyneratic, accounting on
_average for about 10% in each case, excopt in Grade 2 at the low ambighity leval where
their proporﬁion was double. Perturbations were in evidence, in similar proportion to that of
idicsynuratic, both at the low and moderate ambiguity levels, They manifeated as doletions
{mouge ~ mose) and transpositions (monse «+ moucn or are — acx) al the low lovel, and in
the main as substitutions (dmws — drows) at the moderate lovel, Two other aspects of the
dats are warthy of note, Firatly, lesical ervors were again ih evid'ence; Lhough this thme at
the moderata ambiguity [evel, with instances arising from both stimulil (drews ~— drows and
pear -« pair). Again, the proport'on of these errors iﬁcreased with cach Stardard level, and

In Standard 2 they sceounted for nearly oue third of their errors, Secondly, a smad) number
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of alphabetic erroes wore evident in cach Standard level at the high ambigulty level,
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Chapter 4

Discussion

In t._his study, a multivariate design using eatagorical data was used {o gxamine the speliing
ability of groups of children each in their aecond, third and fourth year at school, The aim
wag 10 assess the nature and digtribution of the target ertors childran make, and ascertaln
how this pattern of resulis con be meaningfully interpreied in terms of the curtent model
of sﬁelling. pnrt.icuiar'ly with regard to the role which phoneme-gmphem.e carrespondence
may play in this process. Four major hypotheses were investigated. First, there would be
a difference in the number of errors made with ﬁords ir. which a particular phoneme is of
high-atubiguity compared to both thase of modetate- and low.embiguity, and in turn, there
#ou!d be & difference in the number of errc rs made on words in which a particular phoneme
iz of moderate- compared to low-ambiguity, Second, there would be a difference between the
number of errors made on phonemes where the corresponding grapheme is an infrequent-
compared Lo a frequent-mapping option. Third, thure would be a differente between the
nurnber of exrors inade on high- and low-frequency worrla, Lastly, thore would be a difference
in the number of ertars made due to Letter-Type. A Durther bypothesis was that there would
be & developmental difference in the number of ervors.

Results provide ovidence in support of these hypothoses, and lso of the predictions, oa

follows,

1. There is an Ambiguity eifect, with least crrors made on phonemes of low-ambiguity,
and mort made on those of moderate-ambiguity. The pattern of this effect repli-

cates those of a previous study,
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9, There 15 3 Word Frequency effect, with more errors made on low- than on high-

frequency words.

3. There in a Mapping Frequency effect, with move errors made on phonemes with

infrequent- compared to frequent-mappings.
4, There is a Lotter-Type effect, with more errors made on vowels than on consonants.

B. There is & developmental difference, with the error means diminishing with esch
sample up to the second sample in Standard 1, where this trend levels off. There

ie farther diminishing of the ervor means with the last sample in Standard 2.

The effect of ench factor on the response is interdependent, and there is o complex pattern
of interacting influences which is different for consonants and vowels, The overall response
‘patterns ace supunarised below in order to provide the broad picture of how childrens’ apelling
performarice veries In terms of these factors, This overview serves to earmark several pointa

of interest for the developmental analysis which follows.

4.1 Global Response Patterns

4,1.1 Consonants

The pattern of factorial effeet in childrens’ spelling of consonants was composed of a Word
Frequency eflact in the responaes to infrequent-mapping phonemes only, at all tevels of Am-
hignity, and a Mapping Frequency effect with bath high- and tow-frequency words eontaining
phonemes of maderate- and high-ambiguity, In combination, these resulted in the following -

regponse patterns,

Infrogquent correspondonces

With low-frequency worde, there was a linear progression of incrensing errots with increasing
Ambiguity, This pattern reflects the additive effects of Mapping Frequency together with a
stronger Word Frequency effzet when phonemes are of high-ambiguity. With high-frequency
words, a siniilar number of errors were made on phonemes of high- and moderato-ambiguity.
'I‘l_m qualitative analysis shows erters with both high- and low-frequaney words wors predom-

inantly phonological regulatisations. A few poerturbation error in the form of substituiious
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oceurred on phonemes of low- and moderate-ambiguity in high-Trequency ﬁrords, where the
target segments were double consonants, These are interesting on several counts. Firstly,
they are uﬁexpected, because the stimuli are not long words, Secondly, of the errors on
phonemes of moderate ambiguity, their proportion increases with Standatd. Thivdly, despite
stmilar stimali in low-frequency words, substitutions do not occur on these, except, notably,

in Standard 2 responses on the low-ambignity phonermes,

Frequent correspondences -

With both low- and high-lfrequency words, few ertors wete made on frequent-mapping phonemes '
of iigh~ and moderate-nmbiguity. Unexpectedly, most ocenrred on phonemes of low-ambiguity,
owing to & minimal Mapping Frequency effect. The qualitetive analysis shows errors with
high-frequency words were predominantly phonological, consisting of replacement of the sin-
gle consonant with » double, while thasa. with low-frequency words were mors varjable in
type ~ in addition to phonological replacementa, there wore alpﬁn.hetic errors in Girade 2 and
Stoundard 1 responses, an_d aleo deletion errors. The latter, wliiﬁh oceurred with lords, are
interesting because, fike eubstitutions, they nre not expected \ » ocour since the stimulus is

net & long word, It is notable, though, that the target is in the muddle of o consonant clugter,
4.1.2 'Vowels

The pattern of factorial effect in childrens® apelling of vowels was governed by o global Map-
ping Frequency effeet, Alac their spelling of frequent-mapping phonemes was sensitive to
‘Word Frequency regardless of magping-ambiguity, while of infrequent-mapping phonemes,
only those with high-ambiguity were effected. With high frequency words, the spelling
of high-ambiguity phonemes was particularly seneitive to Mapplng Frequency; with low-
frequency words, the apelling of both high- +nd moderate-ambiguity phonemes waa strougly
effectad, though that of the latter was in an inverse direetion, Another irregularity compli-
cates the pattern further: the effuct of Word Frequency on ¢hildvens spelling of low-ambiguity

phonemes wag in an inverse direetion,
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Infraquent correspondences

In combination, these influences resulted in a pattern of periormance where, with bigh- and
low-fiequency words in which target phonemes are spetled with infrequent correspondences,

there was a linear progression of increasing errors with increasing ambiguity.

Froquent correspondences

Of the responses to phonemes with frequent correspondences, the pattern of performance

-on low-frequency worda followed t._hat of the main effect, with masl errors on phonemes of
moderate-ambiguity and least on thoss of low-ambiguity. However, the influencen that givé
vise to this patiern are not as expected, The inverse Word Frequency effect is reflected in
there béing few errors on low-ambigaity phonemes, while the large number of errors made
. on phonemes of maderate-ambiguity is because of the inverse Mapping'l"requehcy effect.

The effect of Ambiguity in the performante on phonemes with frequent correapondences
in ltigh-frequency words was anomalous, in that while most errors oceurred on phonemes of
moderate-ambiguity, there were few on those of high-ambignity. Childrens' performance on
moderate-ambiguity phonemes was not influenced by Mapping Frequency, and so most errors
occurred on words in this categary. {Notobly, Word Frequenty also made no difference to
the number of errors wade; they were equally difficult and most errors, overall, oeeurred on
this eategory.) The unexpected higher number of errors on phonemes of low- than of high-
ambiguity veflects the negative Word Frequtency effect on low-ambigueity phonemes (such that
more errors ocurred ot these high-frequency words),

While the complexities of these results can be broken down in terms of developmental
differeﬁces, it is obvious, though, that of the three fourth-order interactions that include
Dévelopmeut, that of Development, Letter-Type, Word Frequency and Mapping Frequency
is limited in its usefulness, due to both Word and Mapping Frequency being collapsed over
Ambiguity, Becanse of the anomalous performence with low-ambiguity phonemes in terms
of Word Frequency, and with moderate-ambiguity phenemes in terms of both Word and

Mapping Frequency, there is masking of any meaningful response patters,

80



4.2 The Strategies Children Use

ﬁ .
Analysia of how these response patterns breakdown in terme of the Development factor is very
instructive towards elaborating several features of how children acquire spelling proficiency,

particularly with regard to the stretegios they use.
4,2.1 Consonants

To begin, children rely on & strategy of assembling apelling, and therefore their spelling
of wordz with ambiguous phonemes are sensitive to Mapping Frequency. The four-way in-
teraction with Devslopment, Letter-type, Ambiguity and Mapping F‘requeqcy (see Figure
3.7) shows the Mapping Frequency effect in their spelling of high~ and moderate-ambiguity
phonemes is time-dependent, b.elng marked in Grade 2 responses, and sbsent in those of
Standard 2, with gradual diminishing in strength inbetween, The effect is such that from
the cnset children made virtually no errors on phonemes spelled with frequent-mappings.
Their atrors were on phonemes spelled with infrequent-mappings, and in terms of numeyical
modelling (Widrow and Stearns, 1085) the developmental spectrum confomﬁ to & normal
learning curve, sit¢h that the responses of St&ndard 2 children by the third quarter ware sen-
gitive neither to Ambiguity nor Mapping Frequency (see Figure 4.1). Interestingly, though,
their errors are still predominantly phonalogical, indicating a strategy of assembled spelling,

If we ate to think of the conversion mechanism as being like n signal processing filter
this time-varying, nonliﬁear feature i indicative of an adaptive ﬁl_e.ez, meaning it has a self-
learning algorithm. By learning I refer to a numerical process whereby balance in the option
weightings is adapted aver time according to feedbaclk on performanes, in such a way that
the errot value approaches zero (sce TFigure 4.2). Results, then, provide evidence of well
established phoneme-graplieme correspondences in use by this stage, By well eslablished,
1 refer to the status in the setiing up of option weightings. So, for these categories of
phonemes it would seemn the frequent-mapping option is initially clearly founded and in the
ensuing process of establishing option weightings it is ratified ag such, Further, older children
hegin to implement address modifieations, and sa are able to assemble a correct spelling of
infrequent~-mapping phonemes,

While phonological spelling is impartant, its influence is moderated by word-specifle infor-
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Figure 4.1: A normal learning cutve

mation, which develops sooner for high-frequency words, This is evident in the four-way in-
t?ruﬁan with Development, Letter-Type, Word Frequency and Mapping Frequency, Firstly,
there is a stronger Mapping Frequency effect with low- than with high-frequency words, so
that most errors occurted on phonemes with infrequent correspondences in low-frequency
words, This differential affect was significa.. in the responses of both Grade 2 and Standard
2 subjects, in such a way their performance on phonemes spelled with infrequent-mappings
differs in terms of Word Frequency. In the performance of Standard 1 subjects, this trend
did not attain significance. Perhaps this could be attributed to the influencs of coneurrent
spelling instruction at school, which require# rote memotisation of lists of words, categorised
Into sets of so_und-fatrﬁiies. Secondly, childrens' spelling of high-frequency words is oo longer
sensitive to Mapping Frequency by the third quarter of the Sta.ndard.l_ year, while their
spelling of low-frequency words eontinues to be effected by Mapping Frequency until the last
quarter of the Standard 2 year, ' '

Similarly, as shown in the four-way interaction with Development, Letter-Type, Ambigu-
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weighting until etror = 0. Efficiency is demonstrated by there being few iterations before the
signal steadies at zero,



ity and Word Frequency, the effect of Ambiguity is prevalent in childrens’ spelling of low- but
not in high-frequency words. This ia because word-specifie information is more availahle for
high-frequency weads, Further, the effect of Word Frequency is most evident in the responses
by Standards 1 and 2 children to high-ambiguity phonemes,

Taken together, the evidence from these two interactions indicates that while children in
Grade 2 rely totally on a strategy of assembling apell’ng, both for known as well as unknown
words, s memory-hefore-rules strategy cumes to be adopted by older children when ambiguity
is high. Therefore,the spelling of high-Trequency words with high-ambiguity phonemes are
accessed, Since low-freduﬂncy words are less accessable in _t.he lexicon, these are re-routed
and their spelling assembled,

In comparison, mastery in the mapping of phonemes with low-ambiguity is acquired
differently. Ifnexpect.edly.- an initial setting-up of the frequent-mapping optinn fails to occar,
Hence, there were random Mapping Frequency effects in Grade 2 responses, and none in
Standard 1. Asg indicated above, consonants were often doubled when thesr should have been
single, and conversely, nnt doubled when they should hai{e been. It is only in Standard 2 that
the frequent-mappings are established as such, Fvidence suggests word-specific knnwle&ge
or the awareness of conditional rules are nesessary in order to spell these consonant sounds

aceurately,
4.2.2 Vowels

The sensitivity i+ -.ildrens’ spelling of high- and low- ambiguity phonemes to Mapping
Freuuency is .ov-dependent, as shown in the four-way intera.ctioﬁ with Development, Letter-
type, Amb'g ity a_md Mapping Frequency (see Figure 3.9), with progresaive weakening of the
cffect along the spectrum from being marked ab the beginuing of Grade 2 to absent in
the apelling of low-ambiguity phonemes by the third quarter of the Standard 1 yesr and
in the spelling of high-ambiguity phonemes by the third quarter of the Standsrd 2 year.
The effect is such that, except for the firat half of the Grade 2 year, phonemes spelled
with frequent-mappings elicited few errors, while for those spelled with infrequent-mappings
the developmental profile of performance on low-ambiguity phonemes conforms to a normat

learning curve, as previously illustrated in Figurs 4.1, For high-ambiguity phonemes, the
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‘earning proec. 3 nppeata protracted. If ane thinks of the conversion mechanism as though
it were an adaptive filter, the learning process of esiablishing weightings can be sald to
be complete, but address modifications take longer to comne inte operation. However, by the
third quarter of the Standord 2 year, errors no longer show aena.iti\rir.y to Mapping Frequency,
Because word-specific memory becotnes available sooner for high-frequency words, Ambi-
wuity consed to effect childrens’ apelling after the flesi quarter of the Standard 1 year, whereas
their spelling of low-frequency words was effected hy Ambiguity up to the third quarter of
the Standard 1 year (see the four-way interaction with Development, Ietter-Type, Ambiguity
anil Word Frequency), Specifieally, there iz o developmental shift from purely phouological
spelling of high-ambiguity phonemes to an increasing use of word-specifle memery, The four-
way internction with T velopment, Letter-Type, Ambignity and Word Frequency shows the
elfect of Word Frequency has gréntcr prevalence whei target phonemes are of high-ambiguity,
being a consiatent influence in the childreny’ spelling from the thivd quarter of Grade 2 on-
wards, ' _ _
Details gained from the gualitative anatysis setve to further inform. Thete were fow
errors in high-frequency words on phonernes of high-ambiguity that are spelled with frequent -
correspondences, Those thai 23 vevuir wWere mode by Grade 2 subjects, and eonsist of
both types of phonolegical errors. Results are indicative of efficient learning with time,
The pattern of errors on those gpelled with infrequent currespondences can be interproted
ko indicate the nature of this learning. Phonological regularlsations were predominant in
Grade 2 errore, bul their proporiion decrensed with each Standard, in conjunction with an
inerease in lexicu.l errors. This trend corresponds with the poat-Grade 2 Word Frequency
effect. An observation that adds further intercst in this pattern of eprots Is that it was
not the most-frequent wapping that was always used in the phonelogical regularisations of
Grade 2 children. In terms of the mechanism being like an adoptive filter, this gives evidence
to an ecarly stage In the establishing of frequency weightings. Because spelling of highly
ambignicus phonames using conversién rulen yields & high error-rate, older children adopt
a momory-holotesrules strotegy. Low-frequency words are iess ngcessible in the lexicon and
they are re-routed and their apellings are assembled. Henco, most of their crrors on phionemes

with frequent correspondences are replacements, and with infrequent cotrespondences are
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phonological regularisutions. Ay with high-Irequency words, it was not the moat-frequent
option that was lways used in the phonological regularisations.

The spelling strategy that children develop with phonemes of Jow-ambiguity is different.
While the spelling of high-nmbiguity phonemes by older chlildren is sensitive to Word Fie-
quency, with Jow-ambiguity phonemes, it is the speiling of Grade 2 children which is senstive
o this factor, and the effact is in an inverse direction, with most errors occaring on high-
frequency words. Again, details in the qualitative analysis ate helpful lowards informing an
interpretation. Ciearly, lowdrequency words are processed phonologleally. High-frequency
wotde are not. Evidence sugpests as soon oz word-specific memory develops, a memory-
hefore-rules strategy is favoured, and since word-specific information is more readily avallable
for high-frequency words, thelr épellingn are nocessed, Thhe, ervors by Gradé' 2 children on
phonemes with frequent cofreapondences in high frequency words are of a random pattern,
consinting of regularisations os well as replauememé and also & fair proportion of idiosyn-
eratie errors, while with phonemes spelled with infrequent correspondences, idiosyncratic,
phonalogical regularisation and o varlely of pertarbation errors oceur in equal propertions.
In low-frequency words, evidence of efficient learning of the frequent-mapping options ia
demonstrated in thejr ertors o infrecuent corvespondences, which sre phonological regular-
iuntions, while almost all errors on frequém-mapping phonemes are in reaponse to the word
clown, and oeeur moinly as idiosyncratic and perturbation errors, the lutter in the form of
deletions and additions. .

With older children, efficient learning of Trequent correspondences fo evident, In that
thoy made few errors with low-frequency words, compared to Grade 2 children, and their
error responses oh infroquent correspondences are phionological regularisations, It iy eurious,
then, that their errors on frequent-mapping phonemes In high-frequency words are mainly
replacements, These cannot be grising from plionological processing. 1t could bo that becayss
they hove oceess to partisl representation only, they resort to a different stalagy Lo achiove
spelling of the high-frequency word, There is evidence of this aliernative strategy in their
spellings of moderate-smblguity phonomes, too.

Mastery in the mapping of modernte-ambiguity plionemes takes a different conrse. Leapns

ing oceurs, yet, there is neither a Mapping Frequency effect nor, as the four-way interaction
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with Developmient, Letter-Type, Ambiguity and Word Frequency shiows, Is there a Word/ fre-
quency effect In the response pattern. Also, the nature of childrens’ erl.;ors is unlike those of
the other ambiguity levels. The incidence of misinformetion errors with low-Iraquency words
suggests that mestery in mapping these phonemes may be delayed by a dévelopmental lag
in proficiency of auditoty perception with regard to theae sounds, Hence, the presence, too,
of alphabetit errors, which indicntes an immature strategy of assembling spellinge used by
¢hildren in the absence of appropriate elaboration in the phonographerne-to-letter conversion
mechanism. In addition .. - henemes themselves being diffloult, the graphenmic totrespon-
dencea have a number of frequent-mapping options with similar weightings, so leaming in
tertng of sorting out the weightings cf these mapping options Is confounded, and qualltatively
there is little developmental change in the childrens’ errors, Further, this indeterminateness
of the frequeni-mapping option weightings can be credited with increasing leverage of the
moderating input that young children use from word-specific information. Thue the high pro-
portion of idiosyncratie errors, particularly with high-frequency words, Apprmdrnatei_v hall
the crrore on frequent coryespondences in high-frequency words wers idicasyncratic and one
quarter were regularisations. Perturbations occtirred as mainly transpositions, and their pro-
portion increased with Standard. The pattern of errors on low-frequency words was similar,
in that they were idicsyncratic and regularlsaiion eﬂnrs. although the distribution of each
type was more even than those in high-frequency worda. Alsc, of the responses to phonemes
with infrequent corresponenses, phonological exrrors accounted for moat of the errors made on
low-lrequency words by Grade 2 children, but for obily hialf the total of both Statdards. Many
of the yrrors by Standard 1 chlldren were substitutions, and by Standard 2 were loxical, Of
interest, phonalagical errors were manifested 28 both regularisations and replacemants, and
those by Grade 2 and Standuard 1 subjects were evenly distributed between the two types, In
other words their phonologieal errors are of a random nature, With high-frequency words,
the same pattern of random phonclogiesl errors accounted for two thirdg of thelr errors.
This randoin responss pattern can ba aitributed to the confounding factor inherent in these
phonetnes.

The predominance overall of idiosyneratlc errovs, together with the presence of gome trans.

position etrors, can be viewed ud symptomatic of another difficulty these phonemes prosent,
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in that their graphemic representations are abscure, Becauze of this obstacle to achieving ac-
curate accessad spelling of words that contain these phonemes, older children resort to using
an alternative strategy. ‘This is why the reaponses of Standard 2 children are not satisfactorily
interprated in terms of thelr using either an assembled or an messe.d' stratogy, Thus, of their
phonological errors on infrequent-mapping phonemes in low-frequency words, the proportion
of replacoments was, surprisingly, more than double that of regularisations. Perhnps this
is because the welghtinge have yet to be correetly established, or it could be evidence of a
cognitive sirategy that signifies a preliminary stage in the development of conditional rules,
for example, of local constraint, However, the pattern of their errats on infvequent-mapping
phonemes in high-frequency words are also inconsistent, with expectations. They consisted of
idinsyneratie, substitution and regularisation errors, nmdé in equal proportion. It is puzzling
that there are no lexical ervors on these high-lrequency words, since they are expected to be
more readily available from word-spaeific memory" n are low-frequency words,

In this regard, the eommon incidencs of perturbations in the form of deletions and eub-
atitutions ia particulatly interesting, on two sceounts, Firstly, with one exeeption, they are
* prevalent in larger proportion in the Standards, particulatly in Standard 2. (The exception
was with low-frequency words with frequent-mappings of low ambiguity.) Teken in conjune-
tioﬁ with the evidence of increasing use of the lexical strategy, it would seem the highor
proportion of these type of errors in the older children spanks of their haing assacinted with
accested rother than assembled spelling, (By corollaey, are additlons and transpositions then
associated with ssaembled spelling?) Secondly, these type of perfurbation ercors are not ex-
peeted to ocour on short worda. While the words in question are not long, if consldered in
terms of onset and rime, they do have Jong segments. For example, hoxge — h-ouse, mouse
ws Meoit8e, and canse ~ c-nuse, compared to clown - chown and stick — gi-ick, The longer
rime conld be giving rise to these type of perturbation errors. {in other words perturbas
tion errors are indicative of the diffloulty encountered by beginner spellers when accessing
spellings from word-specific menray.} Accopting this {s the cass, then results support the
iden that beginner spel_lers segloent words into onset and rime (Treiman and Zukowski, 1088),

and that the elementary structural organisation of the lexicon s established in these terms
ab this early stage. -
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"This aspect of how daia in the lexicon is processed becomes parl;ieul_arly pertinent when
considering what kappens when there are obbtacles both to efficlent Jearning in the phonographeme-
to-letter Eonversion system, and also to successful access of word-specific information, as Is
the case with vowel phonemes of moderate- and low-ambiguity. Children resort to an alter-
native spelling strategy that gives rise to replacement errors by older children, the source
of which s not phonological. These replacement errors can be explained by suggesting use
of an analogy strategry, by which is meant a system of spelling where the onset of a word
is assembled while the rime is accessed, Thus, in the absence of word-specifi¢ information,
children may he farced ta tely on what sbstractions they do have in opder to spell; » speller
may address sound/structure-information (which is organised in terms of onset and rime)
to aceess an analogous whole-word, then transform the onset of the model word to arrive
at the spelling for the target. word. ‘This explanation iz appealing because it also ¢ ccounts
for the anowaly in the original dataset, where erroneous responses to the mode. ate ambi-
pulty phonetse, fe/ with frequent-mapping <z in a high-frequency. ward, base, increased
with age and the number was inordinately greater than those with the same stimulus in o

lowdrequency word, The srror- typs was consistently replacement of b-aee with b+ ace,
4.2.8

Using the inaights gained from this analysis of the strategies children use to acquire spelling

proficiency, a developmental model of the processes ehildren use to apell can be enumerated.

4.3 Model of How Children Learn to Spell

During the early stages of lsarning to spell, young children are taught the simplest sound-
Intter correspondences and this induces o nonlexical spelling stategy. Development of the
phonographeme-to-letter conversion mechaniam ia autunomous, and to begin with it fanatiens
g8 the primary routine by which spelling is achieved. Phoneme.grapheme v . spord- ,.ous
are tauglt by exposing the child to many exsGiples from word families which . mre o “arget
pound, The most common correspondences nre taught fiest. A. the child w exposed to
more word families, the grapheme correspondence options for each phoneme are graduelly

abstracted. In so for as the phonographeme-to-fetter convereion mechanism is ike an adaptive
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processor, there is evidence of aystematic compiling of options together with the setting up
of their fraquency/weightings. Learning consists of adaptaiion of the weightings nhcording to
feadback from.the errors made such that, with tirme, errors are minimised. Rlaboration of the
conversion echanism ¢an be deseribed in simple numerieal modslling terms ag belug achieved
by means of 4 closed-loop adaptation algorithm (Widrow and Stearns, 1985), s shown In
Figure 4,3, . The figure represents the perlormance feedback process, and shows how the
desited signal, d, being the correct grapheme representation of a phoneme, is approximated,
The input signal is called phoneme 2, The error signal, £, is the difference between the desived
putput signal (the correct spelling} and the actual output signal (derived spelling}, y of the
conversion mechenlsm, Using the etior signal, an adaptive algorithm adjusty the balance in
the waightings of the grapheme option array, thus altering ita responge ciaracterisities by
minimising some measuve of the erroz.

As guch, the conversion mechanism cannot be called a passive component, ss Goodman-

Sehulman and Cararrazza (1987) have suggestad. While with adults it may appear as passive,
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DISTRIBUTION TYPE
DCONTINGDUS. . 1. EVEN ]
[Phoneme Gorr, Grapheme MOP | Phoneme Corr, Grapheme MOP
fif 0 e . 0964 | faif 0 e 37.48
02 ee 0.8t 02 i 3741
03 ¢n 0.65 _ 0y 14,26
04 - e-e 2,44 04 igh 5,94
05 e 173 06 e 1.76
05 i 1.49 06  ye 1.55
07 e 1.30 07T ey-e 0.47
08  eae 1.18 08 e 0.40
0 ie-e 090 ;- 09 a 0.20
10 el 0.83 10 «igh 0.20
11 eee 036 [ - 11 uy 0,20
12 eie 0.23 12 saie . 0,08
13 ey 0.23 13 ae 0.06
14 ae 0.1%
16 oe .19
18 eo 0.07

_‘Tabla 4.1: Types of mappitig option probability (MOP) frequency distributions,

it is shmply that the learning process bas been achieved; the adaptive filter, though dynamie,
is stabilised. Further, it appencs that in the abasnce of address modifications the mechanism
is shown to operate as a simple non-deterministic algorithm, in that it slways outputs the
option .wit.h the heaviest weighting.

The essentinl feature in closed-loop adaptation i3 the feedback signal, in this instance
~ being the desired correct spelling, the source of which is the orthographic lexicon for reading.
Therefore; progress fowards elaboration of the phonographemesto-letter conversion niecha-
‘nism depends on availability of an orthographic lexicon for reading. Thia assertion is in
keeping with the developmental modal put forward by Frith {1980) nﬁd by Seymour (1987}
in which the orthographic stage for reading is shown as preceding, and leading to, an ortho-
graphic st:;ge in gpelling, Pucther, efficiency of learning in this mechanism depends on the
distribution of the mapping option probability frequencies. Two types of distributions are
~ shown in Table 4.1, When there Is a discontinuous spread, as is found in most high-smbiguity
consonant phonemes, the learning process is efficient because the weighting of the frequent

mapping correspondence s clearly determinate. When the spread is so even that several
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frequent-mapping options have similar probability weightings, the systetn is confounded, in
that learning continues without nchieving & balance of the weightings such that error = 0,
because they are indetemﬁnat.e._

Whila initially phonographeme-to-letter conversion is achieved by means of & simple type
nondsterministic algorithm, its structure bacomes ela.bbraté. i that address modifications
da come to be implemented. 1t is debatable as to whether or not these are lodged in the
p)innological’ output lexiton, s Seymour (1987) suggests, which would mean they enter the
system ag input with the desired response signal, d (see Figure 4.3). Modelled adaptive filters
are shown by Widrew and Steatns (1985) to be capaine m vousderable sohpistication, and
it i Just as likely that the nddress modificstions hecome programmed into the struclure of
the adaptive processor itaelf,

Mot of the words which beginners are taught to speil are aiready familiai to them an-
tally and through reading, During dictation, the phenological representation is retrieved
from the phonclogical cutpud lexicon and automatically stored in the phonological buffur,
Beginnets will parse the item into its individual phanemes and a grapheme will be assigned
to ench phohene, the abateuct representation of which is held in the greptemic buffer, Rep-
resentations of worde ars entered into the grapheme output lexicon from the phonologlical
output lexicon via the phonograpleme-to-lattar conversion mechanism and from the ortho-
graphic input lexicun, since children learn to spell from printed lia.s often withoyt attentiow
to meaning.

As expected, initial development in the protessing capucity of the two routes is very
rapid. At each qguarter of the Grade 2 year and the fivst in Standard 1, there is & qualitative
elaboration in skill as well as & quantitative improvement, A consolidation period follows
until the middle of the Standard 2 year, afterwhich new developments occur, Elaboration of
processing ability is also nstoundingly aystematic. In order to deseribe tlis growth of ability,
the details of what children are able to do as they progress through from their second to
fourth year at school is organised in & series of developmental models (see Figures 4.4 - 4.9).

Figure 4.4 shows the development status of children in the first guarter of their second
year at echool. By this stage, simple phoneme-grapheme correspondences huve been set-up,

being the frequent-mapping option for high- and moderate-ambiguity consonants and for
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low-ambiguity vowels, A very small store of whole-words are in the grapheme outpus lexicon
and the spelling of some high-frequency words with low-ambigu‘?ty consopant phonemes are
accessable from memory, Ab this early stage of writing development, the buffer is a newly
acquired specialisation of shori-term memory, and possibly it only functions to hold the
sequence of abstract representations in prepsration for output processing, By the second
guarter of the Grade 2 year (see Figure 4.8), children have also established frequent-mapping
corréspondences for high—amhiguit;y vowel phonemes, In addition, they are able to read out
to the graphemi.:: buffer from the graplieme output lexicon partie) representations of high-
frequency worda, and becausé they can now use this partial lexieﬁl information in the buffer
as moderating input to the assembled spelling, they are more likely to spgll accurately high-
fraquency words that contain these type of phonemes. (In tﬁe Figures, this moderaling inpul
is indicated by the broken lines.) As shown in Figure 4.6, by the time children raach the
third quarter of their Grade: 2 yenr, frequent-mapping correspandences for low- ambiguity
consonant phonemes ave nsed in addition to those of moderate- and high-ambiguity. The
correspondences for mederate-ambignity vowels ave not established, thougl, As a result of
the partisl word-specific information of high-frequency words that is rend into the buffer and
tsed as moderating Input to the derived spelling, more high- than low-frequency words with
infrequent-mapping options are spelled correctly, So, for exarmple, children can assemble afigk
bl not siaek, which is a low-Trequency word,

A pattern of progressive development in the phonographeme-to-letter conversion mecha-
nism is apparent, Also, there is evidenee of a systematic process of lexical abstractiom which
leads from and is subsequent to this sequential development of aperational conversion proce-
dures. With consonant phonemes, there is an ordered effect of Word Frequency on Ambigity
which is linked to a developmental progression. In the first half of the Grade  yoar the effect
relates to low-ambiguity phonemes only; in the second quarter of the Grade 2 and the firat
of Standard 1 it relates to moderate-ambiguity phonemes only; while in the second quarter
of the Standard 1 year and the first half of Standard 2 it relates to high-ambiguity phonemes
only, ‘This aspect of the results could be an artelact of the coneurrent instruction programme
at school. However, a gsimilat pattern ia ieplicated with vowel phonemes. Tn the first half of

the Grade 2 year the effect relates to low;-amhiguity phonemes only; in their third quarter
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Figure 4.4: Model of speiling processes, showing development status of children in the first
quarter of their Grade 2 year, (LT = Letter-Type, CORR = correspondence, Cons = con-
eonants, FM = frequent-mapping, IM = infrequent-mapping, HA = high-ambiguity, MA =
maderatesambiguity, LA = low-smbiguity)
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Figure 4.5: Model of sp: '.ug processes, showing development status of children in the sec-
and quarter of their Graae 7 ysar. {LT = Leiler<Type, CORR = correspondence, Cons =
consonants, FM = frequent-mapping, IM = infrequent-mapping, HA = high-ambiguity, MA
= moderate-ambiguaity, LA = low-ambiguity)
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Figure 4.8: Mod.l of spelling protesses, showing development status of children in the third
quarter of their Grade 2 year, (LT = Letter-Type, CORR = correspondence, Cons = con-
sonants, FM = {requent-mapping, IM = infrequent~-mapping, HA = high-ambiguity, MA =

moderate-z mbignity, LA = low-ambiguity)
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and the second of the Standard 1 year it relates to moderate-ambiguity phonemes; while from
the third quarter of the Grade % yenr onwards, except for the second guarter of the Stan-
dard 2 year, it relates to high-ambiguity phonemes, Since this progression occurs with both
consonants and vowels, it is unlikely that it is ap aretefact. Cloarly phonographeme-to-letier
cofversion assigts in consolidating the store of lexical represerietions in tha grephetme out-
put lexicon, Results then support she assertion by Frith (1980) and by Seymour {1087) that
establishment of an orthographic lexicen for spelling production depends on the availability
of a foundation of simple phoneme-grapheme nssociations as well as on tle availability of an
orthographi¢ lexicon for reading. It could be that this systematic lexica] ahstraction reflects
voding protesses with word-specifle infornation in the lexicon in terms of the developing
strﬁctural arganisation of onset and rime,

While heginner spelling reflects phonological knowledge, results do not support the ides
that young childrens’ spelling is achieved wholly by use of the asserbled spelling atrategy. If
they did, this wéuld sugygest & model It which the routes cperate independently in an on/foff
systen. Instead, results are better accomodated by dual-process interactive models in which
both lexical and non-lexical routines contribute (Nolan and Caramazza, 1083; Burden, 1980).
Anslysis in the foregoing section of the strategies children use revenls both Ambiguily and
the ¢haracter of mapping option probability distributions is fundamental to the dynamivs of
this interactive process in a developmantnl context: the cognitive response by children to the
difficulties encéuutcred in terms of these facors influences the relative contribution of each
proeessing route. |

The wmteraction that ie set up by this copnitive response 13 diffienlt to eapture in & dia
grammatic forinat. To summarlse, results provide evidence of the phonographeme-to-letter
eonversion meehanhﬁ becoming well established and effectively used for high- and moderate
arbiguity consonant phonemes, eo that the phonological route is dominant despite shuultane.
ous lexicol processing which does yield a moderating input from the grapheme cutput lesticon
(seo Figures 4.4 - 4.7). With high-nmblguity phonemes, though, & memory-before-rules strute
cgy comies to be ndopted by children n Standard 2 because of the fallibility inheront in the
early system of assemibling spelling for words containing infrequent-mappings (sve Figures 4.8

and 4.9}, Spelting of high-amhiguity vowel phonemes alsa begins with the development of the
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phenographeme-to-letter conversion mechaaism, bul it sakes Jonger for th soy weight-

ings to become correcily eatablished because of the less determinate character of their map-
ping option prabability distributions. As \\'iﬂl consonant phonemes, though perhaps sooner,
a momory-Leforesrules strategy comes to be adopted. Severul features of vowel phonemes
of moderate-atnbiguity confound efficient desrning in the phonographeme-to-letter conversion
system and also make accurate eccessed spelling difficult, and so an slternative strategy of
spelling by analogy is developed by older children in respcnee to these obstacles.

Of low-ambigrity photiemes, there is evidence that although the correspondence options
for consonsnte have been compiled at the onset, Eheir waightings do not become established,

and word-specifie knowledge or the awareness of conditional rules are demonstrated BS Net~

essary in order to spell these eonsonant gounds accurately. In the flvst quarter of Standard

1, word-specifie information js used for the spelling by snalogy of words containing low~
anblguity conaonaﬁts. 1t could be thn.ﬁ the analogy strategy provides the mesns by which
atdress morifieations, such oa rules of local eonstraint, are developed in ordar t;:: disambiguate
fraquency weightings of the mapping options for a problem phoneme, _hhemby oifecting a more
sophisticated non-deterministic algorithm. Progresa shown in older children (see Figure 4 8)
with rogard 10 the correct 1w embling of high- and moderate-ambiguity consonant . honemes
are indicative of this development, It secum when the weightinga are cleorly detorminate
this developmant proveeds early. Tt w  * 1 interustiog to further explore this aspect. in the
spelling of children in higher primbry sthivol,

With vowel pho_nemes, the frequent-mapping correapondence options sre ghown to be coms
piled early in the learning process, and thefr relative weightings are quickly established. How-
ever, 48 soon as wordsspecilte memory develops, a memory-hefore-rules stralegy is favoured,
and further develapmént of the phonographetne-to-letter conversion mechnnisi, in tetins of
cornpiling & fult list of the correspondence options, seema halted. Further, becanse word:
specific memory is confounded by the complex rime some words with these phonemes liave,
clder children resort to using an nnslogy steategy 1o devive the spelling of Wighefrequency
words.

An implication of this interacilve model jo that it amplifles the central role in the spolling

process of the graphemic buffer, More than the holding function for which it is so well
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recognised, it cleatly functions as the seratchpad that nllows for interactive dual-processing,
Perhaps, boo, alder children are more adept at using the buffer in this way. It conld be that
with development of ateuctural organisation in the graphemic output lexicon, eficiency of the
sctratchpad function is enhanced. Certainly, during the period of consolidation, as illusirated
in Figure 4.8, the grapheme ouput lexicon becomes sufficiently well elaborated, both in terms
of quantity of information and quality of information (czganised coding), for the spellings of
high-frequency words to be spelled directly using whole-word information, (It the Figurs,
this direct aecess is indicated by the solid output lines from the grapheme output lesiccn.)
Low- fraquency words still have to be sssembled, though. As mentioned above, an anafogy
gtrategy is used to genorate spelling of wo_rda wilh moderate« ond low-ambiguity vowels.
Sotrie address modifications bécome implemented for low-and moderate-ambignity consonent
phionemes which result in infrequentmapping phonemes being accurately assembled. The
conversion mechaniam is becoming moee sophisticated, '
By the time children ave in the third quurter of thelr fourth yenr at school, word-specific
information for lows as well as high-frequoncy words is accessible from the graplieme output
lexieon, and spelling is achieved primarily by nee of the Jaxieal strategy. Low-fraquency words
containing high-ambiguity vowcls.' though, are assembled. In addition to those of low- and
moderate-ambiguity, words with infrequont-mapping consonnnts of high-amhiguity, too, ¢an
be correctly assembled. The phonographeme-to-letter conversion mechanism is appronching
optimum funetionality. AN that remaing is for the correspondences of moderato-ambiguity
vowels, to becotne established, It s interesting to nobe that the avernge age of children at this
atage js 10 ysars old, by which nge moat children have moved inte the fourth and flual stage

of reading development, being that of erthographie reading (Harrls and Colthenrt, 1986).
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Chapter b

Conclusion

This study set out to investigate the extent to which several paycholinguistle factors influence
the spelling of young children, with & view firstly, to examine the strategies childven uge to
- sequire spelling proﬁcle_ncy émcl secondly, to consider the nature of the phonographeme-to-
letter conversion mechanlsm in terms of how phoneme-grapheme carrespondences bacome

established. The lollowing general conclusions are proposed,

"1. The spelling of younp children is achieved by interactive parallel procesaing. To
begin with, the phonological route is dominant, although simultaneous lexieal pro-
cossing does yield & moderating input. However, children begin to favour words
spacifle memory and this sirategy quickly becomes the default route in thet ite
outpuf to the graphieme buffer hias higher leverage. An anology strategy is resorted
to as an alternative gstem for acquiring spelling proficiency when there are obsta-
cles both to fearning in the phonographemesto-lotter conversion mechanism and
to seeurate word-gpecific infnnﬁation. Mapping Frequency, Ambiguity and Word
Prequency are fundaraental inllnences to the dynamics of interplay between the

two routes in thelr relative contribution to the spelling of a word,

2. Conceptualisation of the phonographeme-to-letter conversion mechanism ns though
it were o signal processing filter is very vseful for describing how plioneme-grapheme
mrmaﬁondenees are learned. The conversion mechanlem can be said t6 contain an
adaptive proceasor, An array of grapheme options ave compiled for each phoneme

and fearnsng ronsisls of setting-up and establishing frequency fweightings for the
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options by means of a ¢losed-loop adaptation algorithm, whereby' the weightings
are adjusted ascording to feedback from the errors made such that, with time, er-
rors are riinimised, Efficiency of lesrning in the phonogiapheme-to-lotter conver
sion mechanism depends on the determinateness of the frequent-mapping options,
When they are indeterminate, as Is the case wﬁth many vowel phonemes of moder-
ate ambiguity, the system is confounded and learning does not-oceur without the

assistance of address modifications,

Ambiguity and Mapping Frequency are fundamental influences to the dynaﬁﬁcs
of interplay between the two routes In their relative contribution to acquisitidn_ of
spelling proficiency. The interaction arises from the cognitive response by children

to the limitations, in terms of these factars, of ench processing route,

. The spelling processes that children develop and use can be accomodated within

the framewark of models as developed from studies with brain-damaged suhjécta
and with adults, It is evident, though, that the phonographetne-to-letter conver-
sion methanism is a dynamic compenent betause it contuits an adeplive (self
adjusting) facility. Also, this study of spelling which iz achieved with the process.
ing routes working in tandam, highlights the dynamic scratchpad function of the

graphemic buffer,

Future rosearch into this ares of study is recommended, especinlly with regard to jnves-
tigating the nature of the phenographerme-to-lecter conversion mechansim in terms of héiug
an adaptive gignal processor, with & view to elaborating the architecture of the slgorlthm,
Tt wonld be usefu] to repll:_:ntg this atudy with children in higher primary school in order to
assess the way in which address modifications come into operation in terma of such a sys-
tem. Several questions arise th * would be interesting to pursue, Does the analogy strategy
oparate to set up address modications, such e rules of local constraint? Information from
this sludy pertaining to these issues is limited because analysis of errors was of the target
segment only. A separate additional analysis is requived of errors on words where the. target
segment g incorrect and there is at least one other error in the word. In addition, it might

becomie important to have a measure of spelling lalencies.
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It is worth noting that the within-Standard information of childrens’ de\?eloping spéllm.g
ability gained from data sampling at three-monthly intervals adds valuable insight, 1f the
analysis had been based on just one mid-year sample, it is possible that the 'spelling ability of
Standard I children may misleadingly have appeared as not differing from that of Standard
2 childsen,

Results of this study suggest onset-rime segmentation would be bel.leﬁ.d in teaching
chideen to speli at this stage, not simply because the elementary structural organisetion of the
grapheme output lexicon is in terms of onset-rime units, but also becanse these units facilitate
nge of the analogy strategy snd thereby, pertiaps, development foo of address modifications,
In addition, it is possible that coded Information enhances efficiency in the graphemic buffer

‘of the seratchpad function whick it so essential to accomplishing spelling proficiency. A
suggestion then, for example, is lists of word families that are organised in terms of thrgettad
sounds could also be organised in ferms of rime-onset units. Such teaching programmmes
cauld also take cognisance of the influence mapping option probability distributions have, by
ensﬁring that frequent-mapping options, especially those for vowels, ave sonsolidated first,
~ This would disambiguate phonographerme-to-letter conversion proﬁeases and thereby facilitate
development of the mechan{sm, .
This developmental analysis of how spelling processes ave acquired will also assist in
- reflning dlagnosite features of & E:ognitive paycholinguistic assesament of spelling, becauge the
sim of such an assessment is to evaluate not so much what the child knows as how he/she
knows, For example, results of this study suggest use of an analogy strateg, with some
categories of words is appropriate by children in Standard 1 and 2. However, if uge of this
strategy were pervasive. it would be indjcative of obstacles to learning, and this eould be
a\;aluated. Of consid -rable practical value, results demonstrate it is possible tv gain & wealth
of insight into the sjelling ability of a child by assessing performance or just a small sample
of words, Use of th: ambiguity index to entegorise phonemes into tliree levels of Ambiguity
is upheld as a vulic basis for selective sampling of test stimuli.
In conelusion, his study ia firmly rooted in a tradition of cognitive neurolinguistic studies,

and mekes a useful contribution to the established bady of knowledge.
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APPENDIX A
TABLE OT PHONEME-GRAPHEME CORRESPONDENCES

CORR. = Correspondence, .

FREQ. refers to the frequency with whieh the grapheme maps onto s particular phoneme
in Engiish. Hanua et -al. frequencies were used primarily, and those of Lee have beun
fncorporated when necessary.

MOP = Mapping Option Probability, and refers to the probability of occurtence of each cor-
respondence, It is the distribution percentage of within-correspondance-category Frequendien
(FREQ).

PHONEME AMBIGUITY CORR. GRAPHEME EXAMPLE FREQ MOP

INDEX NO.

18/ Y 01 er eoldier - 1969 23.01
02 o idiom 1811 1954
03 n canvas 1438 1727
04 . i scissors 1240 17.97
05 e mineral Y63  6.16
08 ou pious 336 104
o7 n niediurm 207 3.87
08 ar anarchist 171 2,05
08 ar acisgory 183 1.98
10 weg ascience 101 121
1 ¥ gyyup 28 028
12 fe mischievous 22 020
18 DB - weleome .31 018
14 ut Saturday 12 014
16 o0 pigeon 16 0.1%
16 at certain 9 ou

17 eou COUTRZEOUS 8 0.1
18 i-e engine 6 007
18 we capture 4 0.0
20 e pirate 4 0,06
21 eh sergeant 3 004
22 el foreign 3 004
28 ole tortoise 2 0.0%2
# in parllarment 2 002
25 an apaulet 2 002
26 ir elixir 1 001
27 re tonoeuyre 1 001



PHONEME AMBIGUI'Y CORL. GRAPHEME EXAMPLE FREQ MOP

INDEX _ NC,

fi/ 20 o i wiggle 5345 48842
02 y myth 1801 23.05
05 f-e give 339 483
04 a-e senate 187 - 2.39
4] ey tlonkey 40 0.1
0g ie yaischief 28 037
07 u build 8 02
08 B captain 15 019
09 el o forfeit 11 014
10 ee heen 6 0.08
13 e pretéy B 0.06
12 a - gpinach 4 006
13 jn~e marriage i 004
4 a. busy 3 004
15 u-e minute I 04
18 ¢ privelege 1 0,
17 ea guinea 1 001
18 je-e sleve 1 001
J 0 wonien 1 001
20 ye aputalypse 1 o0

Jeif 18 01 b angel 1002  44.53
(1} peg  ape 70 3611
03 al daily 208 024
04 8y clay 131 bha?
06 - aho pralue 18 0.08
06 eigh weigh 18  0.08
07 8 regime 16 omn
08 e break 14 0.62
09 ei vein 14 0.02
10 ey they 14 002
11 ot berat g 040
12 e Tete 6 027
8 algh steaight 4 018
14 el-e Seina 2 00
16 e matince 1 o0
16 e gauge 1 004
17 ay-e aye 1 004
18 pe Israeli 1 o4




PHONEME AMBIGUITY CORR. GRAPHEME EXAMPLE FREQ MOP

INDEX NO.
/i 18 01 e enormots 1765  69.54
: 02 ge feed . 249 881
N3 ¢u beat 246 9,65
04 g scene 62 244
05 i-e naive 44 178
08 i ' oki 8 149
07 fe chief 33 130
08 en-8 please 30 118
0D je-g plece 21 080
it el celling 18 0,83
11 e feese ' 9. 0.8
12 el-e seige 86 023
13 ey key 6 033
14 ae algae 8 018
16 oe amoehn b 010
18 e people 2 o7
fusf 10 01 oo school 173 38.27
02 n truth 93 20,68
03 o two ar 819
04 uep rude 34 752
1] oy soup 20§42
06 ow threw 22 487
07 ne blue 16 3.54
0& L choose 12 2.8
ng o8 Tose 12 2.0
10 ui fruit 6 133
11 eu gleuth 4 080
12 0a shoe 4 089
13 ui-e Juice 4 089
14 OU-8 ronta - 3 087
16 augh through 2 044
16 oo manoeuvre 1 022



PHONEME AMBIGUITY CORR. GRAPHEME EXAMPLE FREQ MOP
INDEX NO. .

fou/ 14 01 o ghost 1876  77.65

02 o-6 erde 370 16,82

03 va coat 126 522

04 ow own 124 513

04 ow bow 13 054

1] o toe & 093

06 ough dough 6 025

' ot ean bean 4 017

08 ch oh 3 fa2

08 ol hauteur 3 012

10 ew Rew -3 014

11 ot shoulder 3 012

12 au-g mauve 2 008

13 ow-e ot 1 004

14 oo broach 1 004

18:/ 14 1)1 e cerfain 313 39,62

02 1 hurn 208 2570

03 i bird 104 1317

04 o ward B8 N

05 e verse 41 619

06 e& learn 20 387

0% ou Journey 21  2.86

08 u-e tursa 10 127

09 au amatieur § O0fg

10  ened heatse 2 0%

11 ¥ myrtle 2 036

12 e dirge 1 013

13 o=t worse 1 013

14 oo Beolrge 1 013

/ai/ 14 01 iee fee 656 3748

n2 i isiond bbd 3741

03 ¥ typist 211 1496

04 izh Yight 88 694

05 ie lis 2 178

08 y-e thyme 23  L56

07 ty-e tye T 047

08 el gkein 8 049

08 a kayak 3 0.2

10 elgh height 3 0.2

1 uy buy 3 0.ho

12 ai-a aisle 1 o

13 e maeskro 1 06




GRAPHEME

PHONEME AMBIGUITY CORR. EXAMPLE FREQ MOP
INDEX NO.

Jof 13 01 o beg 3316 90,04

02 ea head 130 3.81

03 a many 94  2.57

04 €8 ledge T 218

05 ai gaid 4 0.10

08 ie frlend 4 010

07 ¢o leopard 3 008

- 08 u bury 2 0.5

09 ae orange . o1 0.2

10 as aerosol 1 002

11 ay 8ayp 1 002

12 én~e tleansa 1 002

13 ei heifer 1 0.02

1o 13 01 or cork 312 4047

02 a water 166 21.40

03 au antumn 146 18.94

o4 W aawn o 873

] LY horea 17 22

08 ough thought 16 196

07 augh daughter 12 1.56

08 obr bonrd g 117

05 an-g cause 5 117

10 an extraordinary 2 026

11 aw-e awe 2 0.2

12 our four 2 0.2

13 o0 door 2 026

Jin/ 11 01 w fusion 814 68.51

02 u-¢ use 268  21.54

03 aw Tews 38 419

04 et feud 28 2.3

06 ue value 27 2.7

08 ut suib 8 087

o7 jow view ¢ QB0

08 eau heauty B 0.4z

0 feut lieu 4 033

10 Bu-0 deuce 1 008

11 ew-e ewe 1 0.08



PHONEME AMBIGUITY CORR. GRAPHEME EXAMPLE FREQ MOP
INDEX NO,

led a5 01 a vary 64 20.09

02 bre care 50 22.72

03 ai hair 46 20,80

04 e where 34 1liods

05 ga bear 13.  B5.90

06 el their B 227

o7 e bolera 4 181

08 ai-e millionaire 3 136

09 ey cyrie 1 045

Jiy 08 01 e hero 84 32,32

02 e& near 48 24,74

03 e deer 28 1818

04 (=) here 27 18.83

05 ie cashier 14 107

06 i sauvenir 3 15

0t je-e flerce 3 151

08 el weird 2 101

A/ o7 0l n euft 1212  B5.90

' 02 o mother 112 794

03 ol touch 3 213

04 o-8 coms 26 184

05 e budge 23 163

06 oo blood T 050

0¥ Coe does 1 007

Juyf 07 (1} a’ father K18 £0.18

02 ae larga 3 534

03 eR heart 18 310

D4 e eneora 5 0,86

- 0b ah bah 4 (.69

06 - au aunt 4 0.69

o7 13 baa 1 017

/27 o7 o1 o odd 1681  93.65

02 a yacht B0 4457

03 P dodge 24 134

04 ow knowledge 4 022

05 au saNsage 4 022

il ou cough 1 006

0t oan bureancracy 1 0,06

o
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PHONEME. AMBIGUITY CORR. GRAPHEME EXAMPLE FRLEQ MOP
INDEX NO. '
fau/ - D6 01 ou cloud 227 58.T7
02 aw clown 119 20.24
03 ou-e hougs 54 1397
04 ough drought 4 0498
05 ow-¢ browse 2 04
06 au sanrkrant - 1 026
Jjuy/ 08 01 u put 200 75.19
02 oo good 114 42.86
03 ou could 25 940
04 G woman 17 640
05 18 pure g 3.98
06 en pleurisy 1 038
o 04 01 of oil 92 8174
- 02 oy boy 43 32
03 ol-e voice 8 536
04 oy-e gargoyle 1 0867
FritN n4 01 ire fire
02 iar liar
08 ier drier
04 igher higher
K 03 0 a bag 4102 9858
02 a8 havs 147 238
03 al plait 1 0.0%
fudf 03 01 ure sure
02 0oL poor
03 our tour
JBud} 02 01 our houe
02 ower cower
Jeid} 02 01 ayer iayer
02 eyet greyer
Foudf 01 i} ower mower

-




GRAPHEME EXAMPLE FREQ

PHONEME AMBIGUITY CORR. MOP
INDEX NO.

i 15 01 ti auctioneer 820 53.36

' 02 sh shoe 398 2589

03 el social 81 527

04 passion 81 33

05 ai tension 38 247

a6 e _oceanie g 247

nr ch charade 34 221

08 L negotiate 3¢ 195

09 8 sure - -2 130

10 1 pressute 9 0.68

11 8 crescendo 6 038

12 sei lugeious £ 032

13 xi anxious 3 .23

14 Tt qeean 2 013

16 sch - schweppey 2 013

&/ 12 0l ¢ act 3462 - 73.26

' 02 k : key 601 12,75

03 ck luek 200 815

04 ch school 142 301

05 ce tobaceo 76 181

08 qu queue 27 057

o7 4 liquid 90 nd42

08 1k talk 14 0.29

00 eq acquiesce 3 0.08

10 kh _ khaki 3 006

1i sC viscount 3 006

12 ech saecharin 1 bo2

/s/ 10 01 5 ask 4500 72,69

02 T acid 1067 16.86

08 85 bass 442 6,88

04 EC muscle 7 L4l

65 8t hasten 3 052

08 ps paychology 19 030

o 2 waltz 6 014

08 B answer 4 0,06

08 sch gehism 2 D03

10 sth asthma 1 o)



MOP

PHONEME AMBIGUITY CORR. GRAPHEEME EXAMFLE FREQ
INDEX NO.

t 09 )] t towel 7528 98.59

02 tt pretty 216 2.%7

03 ed _ paced 28 035

117} tw two 3 008

06 pt receipt 2 hp2

07 ct indict 2 002

08 chi yacht 2 002

08 th thyme 1 .0m

/dz/ ot 01 E gem 647 66.88

: 02 b juice . 218 29924

03 . dg dodge Bl 519

04 d} adjust - 16 1,62

08 gl region 14 142

08 BE exagperate 2 020

ot di soldier 2 020

7 0 01 8 busy 640 64.32

02 z 200 229 23.01

03 e goes 44 442

04 zz puzzles 23 233

o B% stissors 18 LiG

0d cz czay 1 0,10

147 0 01 f feuit, - 1680 78.25
02 ph graphic 242 1202

03 it cofles 177 878

0l It half ¢ 044

05 gh cough 8 039

o6 fi oflen 3 o014

Jm/ 06 01 m _ medium 3302 0441

02 Tam _ imunediate 140 8090

s mb lamb 2T 077

04 lm calm 17 0,48

05 mm antumn 7 023

0f #m phlegm 8§ 022



‘PHONEME AMBIGUITY CORR. GRAPHEME EXAMPLE TREQ MOP
INDEX NO.

nf 06 01 n _news T462  97.83

02 mm inn 127 1185

03 kn knowledge 41  0.53

04 g guat 32 041

05 pR pneumonia 3 007

06 mn muemanie 1 oh

o f7 05 0 ch choase 813 6540

' D2 g capture 176 51.08

03 tch hatch 41 10.81

04 i guestion 13 233

06 ¢ callo 2 036

iy 05 01 le sble 620 9523

: 02 ol angel 19 291

03 il peneil 7 L07

04 al plural 4 041

15 ol aeroso] 1 018

Vo) 04 01 gl fusion B 4801

v 02 8 mesadure 34 33,33

03 g regime 16 14,70

il % agure 2 108

[e/ 04 01 g geese 1178 9008

02 [ wiggle 67  bAT

03 £ Etinea 40  3.09

04 gh ghost w0

fi/ 04 01 i genjor 66  65.00

02 ¥ . kayak 83 44.17

08 ¢ azalea 1 083

04 i hatlelujah 1 082

10



PHONEME AMBIGUITY CORR. GRAPHEME EXAMPLE FREQ MOP -
INDEX NO. '
. 04 o1 r rude 9L16 9711
02 ™ marriage 207 2.20
03 wr wraught 48  0.62
04 th thyma 18 0.l7
j&/ 04 | d - dye 3811 97.83
02 dd odd T4 2,00
03 Id could- 6 017
04 ed appeared
N 03 01 | law 4804 00.81
02 n villain /9 9.07
03 sl island IR |
/5/ 03 01 ng “long 02 8486
02 4 anxions 251 40.81
3] ngue tongue 2 043
n/ H] ) en women 84 66,02
02 o passiol 41 3204
03 in basin 1 234
v 03 01 v " veln 1486 99.54
02 lv calves 4 026
03 f of 3 020
e/ 03 01 w welgh b8 0235
02 u liquid 47  1.50
03 ] onece 1 D15

11



PHONEME AMBIGUITY CORR. GRAPUEME EXAMPLE TREQ MOP

INDEX NO. . .
Wi/ 03 1} an quartz 191 96,06
o2 equ actjuaint B 2,64
03 ¢th choir 1 0.51
b/ 02 0 b hot 762 07.04
02 wh whole 16 206
[es/ 02 01 X axe 45 8041
02 s ethles 2 9.9
b/ n2 01 h _  bomd 2230 9702
: 02 bb ebb a8 2,78
Ju/ 02 1]} p plate 3296  95.50
02 pp apple 188 444
/hw/ 01 n wh where 82 100.00
fé/ o 01 - h hour 41 100,00
M/ 01 ] m - thasm
jo1 0 0 th myth 411 100,00

7 61 o th mather 149 100.00

12



APPENDIX B

MAPPING FREQUENCIES

Frequent-Mapping | Infrequent-Mapping
legs 980.56 | egas 6.17
lords 90,98 | odds 2,00
tube 05.50 | space 16.86
sell 72.69 | grace | 15,86
ship 25.89 | stick 6.15
ghield - 95,80 | stack 6.15
" hole 00.81 | sell 0.07
hail 00.51 | yell 0.07
base T2.60 | dress 6.86
bites 06.69 | kiss .96
fish 26.89 | talk 6.16
hugh 26.89 | chalk 6.16
cloud 86,77 { house 13.27
elown 20,24 | mouse 13.27
tube . 2164 § beay 5.90
cube 21.54 | pear 5.90
maon 38,36 [ fail 9.24
boat 58,36 | lail 9.24
plan 4.07 | volee b.36
flap DA.BT | axe 3.30
talk 2140 | causn 117
chalk 20,40 | cdenws 9.73
" gave 36,18 | grew 4,88
fade 38.11 | chaw 4.88
Total 108250 | Total 18378
E 4= 7.66



APPENDIX C
CONCRETE AND ABSTRACT NOUNS

Conerete Abstract

logs lorde 418
efs 6.17 | fube
ship 6.93 | odds
stigk 6.67 | apace  4.00
hail 608 | gelf 4,74
hpuse  8.93 | grace 310
clown stach
mouse  6.60- | hush  4.03
cibe B89 ¢ eloyd

bane moon
pear 6.80 | tube
tail

boat .89

Total  60.24 | iotal  20.05
E 8.60 |F=  4.30
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APPENDIX D
THE WORD LIST

Words with targetied consonants

Words with targetied vowels

legs
o
lords
odds
tube*
spage
gelf
grace
ghip
stigk .
ghiekd
stack
hole
seil
hni)*
yell
bage
dvegs
bites
kiss
fieh
tallt*
hush
chalk*

cloud
house
clown
mousg
tube*
bear
cyube
bout
pear
maooit
tail
hail*
plan
vpice
flap
axe
talk*
AT
chalk*
draws
gave
grew
frde
thew

* duplicate word ndministered ance only.



APPENDIX E
THE SPELLING TEST



SPELLING WORDLIST

3719790

ACC. ! HORD HE - SENTENCE ' WORD H
NO. | H H H
-~ ' i i
1 | chalk ! CHALK up the score ! chalk }
2 ) kiss } KISS Hom goodbye | kias i
3 | atick | Take a STICK from the tree | atick !
4 | graew ! I GREW taller : i grew b
E ! oelf ! I went all by my SELF | melf }
6 | odds | ODDS and ends | odda !
7 | atack { A STACK of books | stack - !
8 | mhield ! Sunglassea SHIELD our eyes ! shield H
9 { plan { PLAN a holiday | plan ;
10 ¢ sell ! He might SELL our house | asll :
11 | chew ! CHEW before you awallow { chew '
12 | legs ! We have two LEGS | legsa H
13 ! ship 4 A SHIP at sea { ahip !
i4 | clown { The CLOWN 18 funny ! elowm H
18 | cguae { That will CAUSE an accident ! caune )
16 | fiah t We like to FISH i fish '
17 | bites | The puppy BITES us { bites H
i8 | eggnm ! Eggs for breakfast ! exga :
19 | grace { Say GRACE before dinner i grace i
20 ! draws ! He DRANWS pictures i draws L
21 | flap ! Sae the bird'a wings FLAP i flap !
22 | dress { DRESS quickly for smchool { dress H
23 | cabe i A CUBE of asugar ! cube i
24 | pear { Thia PEAR is Jjulcy ! pear H
25 | tube i A TUBE of toothpaste ! tube !
26 | eloud t A CLOUD in the sky ! cloud H
27 | axe ! AXE tha tree down | axe }
28 | baae ! We BASE our decision on facts | basge :
29 | yell ! YELL for help . i yell |
30 | talk | We TALX about holidays | talk :
31 | apace ! Make a SPACE for ae } apace H
32 | larda ! LORDS and ladies ! lovds !
33 ! voice | VCICE your ideas | volee H
34 | mouse I ¢at and MOUSE | mouse H
35 | hush ! A HUSK of quletness ! hush !
36 ! hail ! Will this rain turn te HAIL? ! hail !
37 | fade { Colour doea FADE { fade H
38 | bear | A BEAR in the zoo ! bear i
32 | house { The HOUSE we live in { houae {
40 | boot } A anccer BROOT ! boot '
41 | bhole | Beara HOLE up for winter { hole l
42 | nmoon ! The MOON ahinea at night ! moon !
43 | gave i He GAVE me a aweet { gave H
44 | tail { The cat chases her TAIL ! tail H
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shield
hole
aggy
sell
hoaot
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SPELLING WORDLIS

6725790

(- — ——

SENTENCE

The HOUSE we live in-
Say GRACE hefore dinner
The MOON shipnea at night
Meke a SPACE for me

KISS Mom zoadbye

The CLOWH ias funny
LORDS and ladies

A CUBE of sgugar

Will this rain turn to HAIL?

A SHIP at sea

He GAVE me & swect

CHALK up the score

Cat and MOUSE

Colour doas FADE

PLAN a holiday

He DRAWE pletures

VOICE your ideas

We have two LEGS

YELL for help

AXE the tree down

A CLOUD in the sky

See¢ the bird's wings FLAP
A HUSH of quietness

We TALK about holidays
That will CAUSE an accident
We DBASE our decision on facts
CODS and enda

Thi=a PEAR is Juicy

CHEW before you awallow

I GREW talloyr

A TUBE of toothpaste
DRESS quickly for school

A ETACK of books

The puppy BITER us

We like to FISH

I went all)l by my SELF

Take a STICK from the Llree
A*REAR in the zeoo

Tho cat cehasea her TAIL
Sunglasses SHIELD our ayes
Baars HOLE up for wipnte»
Egga for hroskfaat

Wa might S8ELL our house

A soceer DOOT

ot i o L e N

tajl
shield
hele
egEsS
gel1l
boot
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SPELLING WORDLIST

Q/15/90

e g e e o e L T o S TS AR, Bt g e L e ek g e el g ey e ey e O ke it

The eat chases her TAIL
A TUBE of teoothp ite
I GREW taller

Will this rain turn to HAIL?

Sunglasses SHIELD our eyes
Say GRACE before dinner

We have two LEGS

ODDS and ends

" The CLOWN is funny

A CLOUD in the aky
A socecer BOOT

Eggs for breakfast

Make a SPACE for me

We BASE our decizion on faets

CHALK up the score

A SHIP at sea _

We TALK about holidays '
LORDS and ladies

He GAVE me a sweet

Take a STICK from the tree
We like to FISH

AXE the tree down

VOICE your ideas

The HOUSE we live In

A HUSH of quietness

See the bird's wings FLAP
That will CAUSE an accldent
A BEAR in the =zoo

A CUBE of sugav

Bears HOLE up for winter
Cat aad MCUSE

YELL for help

KISS Mom goaodbye

We might SELL our house
DRESS quickly for schuol
This PEAR is Juicy

Colour dop=s FADE

A STACK of books .
The MOON shines at night
PLAN 8 hollday

The puppy BITES us

CHEW before you swallow

I went all by my S5ELF

He DRAWZ pictures

mm e e am mw i —— = e —m pm == Sm EE mm mm mm e e = e mm = e e —— - m— o -

| e - —
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APPENDIX F
SAMPLE ANSWER SHEETS
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11,

Nama:

BREQGMOESSNmESEEEEE

1-

2,

3.

7.

8.

10.

12'

13.

14.

15.

17.

18,

19.

20.

21.

22.

23,

24,

25.

25.

27.

2B.

30.

32.

33.

34.

a5.

36.

3} 370

a8.

392.

40.

41.

42,

43.

44,
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Example of the Response Sheet to be used for the Working Memory -
Counting Task

DOT COUNTING SPAN
OQrie card sei:

Two card sat:

Threa card set:

Four card get:

Five card set:




APPENDIX G
INSTRUCTIONS FOR THE SPELLING TEST



NOTE TD TEACHERE

This spelling test has been devissd far the purpase of edamining
cognitive aspects of how primary school children acquire spelling
proficiency. In preparing the list, the words that have been
selrcted are controlled on a number of psycholimguistic
dimensions, such as word length and freguency of usage. In this
way these words will be used to assess the varielty of performance
factors known to influence spelling sccuracy.

INSTRUCTIONS

" Please give a blank answer shest o each child, and ask them to

£111 ip the information requestsd at the top of the form.

Before beginning,; note that this is not a tes' for marks, and
mention that yvou will not be looking at their answers. Also
mention some words will be very easy to write and athers
difficult. They must do their best and try every word. It is
important that they deo not leave any out.

PROCEDURE

Read each word you want them to speil. Uske it in & sentence, as

given, then repeat the word. Allow . time to writs the word.

THANK YOU FOR APDMINIGTERING THIB TEST



APPENDIX H
REVISED STIMULI '
' Crosstabulation analysis of the revised selection of high-frequency words, showing they are
. counterbalanced for log normal Word Frequency across the ditnensions of Grammatical Word
' Class {GWC), Mapping Frequeney (MF) and Ambiguity. -
{a) High-Frequency Words: Cousonants,

' . -l Tlog
GWC MF AMBIGUITY [ normal
High Moderate | Low  freq.

i freq fship 2.2 1stick 20 |legs 22
1 ' nouns 22
: Infreq | stick 2.0 | space 24 [egme 2.1

freq (fish 24 |gell 1Y [hale 19
verbg ' 2.0
infreq )| talk 2.3 | drege 1.8 jsell 19

7 log total ?
aormal freq 2.4 201 20 =21
median = 2,157 5D = 0.22.
‘ © " {b) Bigh-Frequency Words: Vowels,
' v i3 Iog'
GwC MF AMBIGUITY normal
High Moderate Low freq.

freq [l moon 2.3 |tube 18] cloud 1.7
nouns N a1
infree J§ tadl 20 | bear 2.0 | hanse 2.6 ]

freq (i gave 9.4 telk 2.3 | plan 2.1
verbs _ 2.2
infreq ) grew 2.2 | cause 1.0 | voicg 2.3

T log latal ¥
nermal freq 2.2 2.0 2.2 = 21
mediah = 2.15; 50 = (.24,
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