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Literatur_e Review

The Processing Mechanisms Involved in Reading and Spelling



Abstract

. Reading and spelling are learned abilities that requiré the recognition aﬂd
processing of words. Several models of word recognjtion have been developed to
show how skilled readers recognise words. The dual-route model is the most
compreflensive model and involves two processing routes or mechanisms fo;
recognizing printed words; the lexical route and the non-lexical route. Differences
in the reliance on lexical and non-lexical pfocesses used to read regular words,
.irregular words, and nonwords have been found in both normall? functioning and
impaired readers (Baron, 1979; Baron & Treiman, >1980; Freebody & Byrne, 1988;
Bymne, Freebody, & Gateé, 1992). Having identified such patterns in reading,
researchers have begun to investigate whether spelling involves éimilar proéesses
to reading and whether similar patterns of reliance exist. Spelling is considered the .
inverse of reading, with reading involving the conversion of an orthographic
representation toa phonolbgical representation,. while spelling involves the
transformation from phonology to orthography (Ellis, 1982). It has been found that
readers who differ in reliance on lexical and non-lexical processes have a
cbrresponding difference in their spelling styles (Baron, Treiman, Wilf, &
Kellman, 1980). In order to determine whether sbelling uses the same processes as
regding future relsearch‘ could explore whether reading and spelling are similarly

affected by word frequency and reading age.



Chapter 1 .
o Introducti;)n

Reading and spelling are both abilities that require learning. Thorough
knowledge and understanding of how reading and spelling is achieved in normally
ﬁmctioning individuals is important for the pnderstanding of how impairments in these
abiliﬁes_ occur. Researchers have most often concentrated on exploring the mechanisms
involved in reading and it ivs only recently that attention has tunied to the mechanisms
involyed in spelling. As it is likely that common processes are involved in reading and
spelling, researchers have been particularly interested in the possible intefaction between
mechanisms involved in readiﬁg and spelling.I This literaturé review aims to explore
what mechanisms are involved in reading and spelling and.whether normally functioning
readers differentially fely on these mecha’nis}ms when reading and spelling. In addition, it
aims to obtain an undérstanding of the similarities and differences between the processes
used in reading and spelling.

The next chapter will explore single and dual route theories of word recognition
in order to gain an understanding of the processes thought to be involved in reading. Tlrle
third chapter will review research focusing on types.of developmental dyslexia and thé
differences 1n reading. patterns that are associated with each disorder. This will be |
follo.wéd by a review of research into the'reading styles of normally functionihg readers
and how these different styles are similar to the patterns found in groups of
developmental dyslexics_; Chapter Four will then focus on spelling and the argﬁments
surrounding whether spelling uses the same mechanisms as reading. This will include a.

discussion of research suggesting that spellihg styles analogous to reading styles can be

found in norrhally ﬁm'c‘t'ioning individuals and suggesting that reading and épelling use



similar processing mechanisms. Chapter Five will conclude with a summary of the

current status of research in the area and a discussion of directions for future research.



Chapter 2
>W0_rd Recognition
The ability to read io underpinned by an individuals’ ability to recognize a
visually presented word and the processes that are engaged when a word is read. That is,
word recognition allows an individual to be able to read. How an individual is able to
reco gnize words has been at the centfe of much debate and several models of word
reco gnition ha\;e been developed. The dual-route model first proposed by Coltheart
(1978) has received a large amount of ai:tent_ionT iThe basic premise from which dual-
route models have developed is thnt there are two processing routes or mechanisms for
recognizing printed words. Eacn route is thought to have a distinct function. These
routes are the direct lexical access or orthographic route and the indirect non-lexical
access or phonological route. Evidence to support this model includes the finding that
skilled readers are able to read aloud correctly two 'different tybes of letter stringé, the
pronounceable nonword and the irregular or exception word (Coltheart, 1985).
| According to Coltheart (1985) tho non-lexical pfocedure converts orthography to
phonology by using a system of soelling to sound correspondences. The phonological
unit is termed the phoneme while tne ortho graphic unit is the written equivalent of the
| phoneme: the gra_l;.)heme.. Coltheaﬁ proposes that spelling-sound correspondences consist
of rules for relating individual graphemes to individual phonemes, that is, grapheme-
:phoneme oorrespondences (GPCs). In order to aChieVé this, the non-lexical procedure is
divided into a sequence of components; graphemic parsing, phoneme assignment and
blending. fhese components act as three processing stages which enable a nonword to
be correctiy read aloud. In ’t.he first stage the letter string must be parséd into its

constituent graphemes. Then from the set of GPCs, a decision is made as to what



phoneme should be assigned to each of the graphemes iderﬁtiﬁed. Finally, the separate
phoﬁemes are blended into a single, unified phonological form. The non-lexieal
procedure is utilized in this way to read nonwords aloud as it is assumed that there are
no accurate representations of nonwords stored in the mental lexicon.
~ In contrast, Coltheart (1985) proposes that the lexical procedure for reading
. aloud accesses word specific information from the mental lexicon through the
orthographic route. This procedure is used to recognize irregular words by using
ortho graphy or visual features to directly access them from the lexicon. It is proposed
that the non-lexical procedure cannot be used to recognize irref,;ular words Because these
words do not follow GPC rules,. '[“he orthographic route is argued to be used both for
familiar i_rregﬁlar words as well as regular words. While familiar regular words could be
.accessed using either route, the orthographic_ route is thought to be preferred because
access to it is faster and more efficient and reduires less resources than the phonological
route (Paap & Noel, 1991). ‘
While the dual-route model pdstulates the existence of two routes for word
recognition these routes are not thought to be entirely independent of one another. The
two routes are believed to share the same initial 'processing stage, a letter identification
stage. It is proposed that this initial proce‘ssing then delivers its output to two different
destinations, the orthographic input lexicon and the letter-sound rule system‘ (Coltheart
& Rastle, 1994). It is also believed that the two routes also share a final processing stage -
which is thought to be a level of phonemic representatiqn used to generate a
pronunciation (Coltheart & Rastle, 1994). |
A computational version of the dual-route model has also been developed, the

dual-route cascade(DRC) model (Coltheart, Curtis, Atkins, & Haller, 1993; Coltheart,



Rastle, f’erry, Langdon, & Ziegler, 2001). The DRC model was prbposed in ofder to
offer an accounf of how word reco gnition is acquired rather than simply bresenting a -
static picture of a mature system (Coitheart et al., 1993). The DRC model is a
computational model in the sensé tﬁat it exists as a complete computer program that
takes letters aé input and yields a phonemic representation as output. As with previous
dual-foute models the DRC model is proposed tb have processing routes that proceed -
from print to speech. However, the DRC model deyeloped By Coltheart et al. (2001)
postulates that there are three rather than two processving routes; the lexical non-semantic
route, the lexical semantic route dnd the non-lexical or GPC route. While three routes
have been proposed, at this stage only the lexical non-semantic and ﬁon—lexical routes
have been implemented and as such further discussion will focus on these two routes.
The DRC model is presented as a model in which information is processed and
passed from stage to stage in a cascade manner rather than through thresholds as
previous dﬁal-route models have suggested. Within each route activation rises slowly in
the various components of the model which enables word recognition to be achieved
after numerous processing cycles. As soon as there is actiyation in any level of the
model, this activation is communicated to adjacent levels (Coltheart & Rastle, 1994).
Every level of the model contributes activation and inhibition to all of its adjacent levels.
iﬁ both d_iréctions. This means, for example, that activation in the phonological output
lexicon can lead to excifation or inhibition of units in both the phoneme stage and |
‘ orthographic input léxicon (Coltheart et al., 1993). |
» Within the DRC model the~1ettef identiﬁcaﬁon and word reco gﬁition cofnponents
are based on thé interactive activation (IA) model of visual word recognition first put

forward by McClelland and Rumelhart (1981) and Rumelhart and McClelland (1982).



The model is able to operate with words between two and eight letters in length. At
présent the DRC model is only able to process monosyllabic words and within the
orthogréphic llexicori there is a unit for each monosyllabic word contained in the CELEX
linguistic database (Baayen, Piepenbfock, & van Rijn, 1993) that are two to eight letters
in length. The CELEX linguisti'c database was produced by the Centre for Lexical
Inforrﬁation and comprises representé_tions of the orthographical, phonological,
morphological, syntac?tié, and frequency properties of English homo graphs. Within the

~ DRC model each of the units has a resting activation level that is a scaled valﬁe of its
fréquency of occurrence in the CELEX database (Coltheart et al., 1993). This means that
when a word is presented to the model, the raté at which activation rises across
processing cyples will either increase or decrease depending on the frequency of the
word.

The phonological output lexicon .was modelled on spreading activation models of
the spoken word developed by Deli (1986) and Harley and MacAndrew (1992). This
lexicon contains a um"t,for every one of the phonological distinct monosyllabic-words in
the CELEX database. There are one-to-one connections from the orthographic input
lexicon to the phonological outﬁut lexicon which are bidirectional and excitatory in
nature. This route assembles the letters into phonology serially one letter at a time.

B APhonological information from both routes converge§ at the common component of the
model, the phoneme sy>stem. While information from both routesA converges at this
system thé lexical route is considered to be faster than the non-lexical route. Despite
being slower, the input from the non;lexiéal route can reach the phoneme system before
activation from the lexical route has reached full value (Ans, Carbonnel,,& Valdois,

.1998). This can lead to conflict between the two routes when they produce different



outputs. [For a detailed d¢scription .of the DRC model readers are feferred to Coltheart

and Rastle (1994) and Coltheart et al. (2001)].

The DRC model is able to simulate the reading patterns of normal and impaired
individuals (Coltheart et al., 1993; Coltheart et al., 2001,; Colthéart & Rastle, 1994;
Rastle & Coltheart, 2000; Decker, Simpson, Yates, & Loqker, 2003; Ans et al.; 1998).
Through training the nbn-lexical route Coutheart et al. (1993) were able to show that the
model is capable of leaming the rules that govern the English language. This training
then enabled the performance of skilled readers in pronouncing regular wo?ds and
nonwords to be approximated by the non-lexical route of the model. Further, the model
has also approximated the perfonnaﬁce of skilled readers on lexical decision and reading
aloud tasks (Coltheart et al., 2001; Coltheart & Rastlé,' 1994; Decker et al.}, 2003). For
both. tasks.the model’s latencies were found\ to be affected by word frequency, lexicality,
and regularity in the same way as those of skilled readers. In addition the DRC model
 has been able to model the effeét_s of sﬁrfabe and phonological dyslexia and provide an-

' explanation of their occurrence. One view in regard to surface dyslexia is that it involves
selective impairmenf of irregular word rea&ing and result;c, in the production of
regularization errors. By modifying the lexical route of the DRC model, the effects of
surface dyslexia have been reproduced. Thus Coltheart et al. argué surface dyslexia is
caused through damage to the lexical route and preservatioﬁ of the non-lexical vroute.v It
haé been proposed that phonological dyslexia involves a selective nonword reading.
impairment ahd by modifying the non-lexical route of the DRC model this impairment
has been reproduced. Colthea;t etal. infer'that phonological dyslexia results from

damage to the non-lexical route and relative preservation of the lexical route. -



In order for the DRC model to be seen as adequatély accounting for the
processes involved in reading the model now needs to be expanded to polysyllabic
words. In a step towards this Rastle and Coltheart (2000) have begun to explore how the
DRC model may be able to account for disyllabic words. It has been found that a set of
non-lexical rules for the orthographic-phonological translation of disyllabic letter strings
can predict how individuals assign stress to disyllabic nonwo'rds (Rastle & Coltheart,
~ 2000). Further it has also been found that the naming latencies for English disyllabic

strings whose stress violates that predicted by the rules are longer than the lzitencies for
words which obey these rules, especially when the words are low in frequency (Rastle &
Coltheart, 2000). While these principles are yet to be integrated into the model, Rastle '
and Coltheart believe that the model can be expanded to accommodaté the reading of
disyllabic words.

Dual-route models have been challenged by mod¢ls that do not assume separate
routes afe required for pronouncing irregular words and nonwords. The first challenge
came from analogy models of the reading system (Glushko, 1979; Kay & Marcel, 1981;

“Marcel, 1980): Analogy models propose that the pronuhciatioﬁ of all words is assigned
by analogy with and by specific reference to known lexical items. Nonwords are said to
bg pronounced by generalization from e);isting words (Glushko, 1979; Kay & Marcel,

A 1981; Marcel, 1980). The analogy theory assurﬁes that only whole-word phonology is

stored in long-term merhory énd that orthography;to-phonology conversion rules only ‘
exist implicitly in the integrated activation of words (Glushko, 1979). The analogy
model, however, has not _been shown to repfoduce the performance of skilled readers

reliably (Coltheart et al., 1993; Papp & Noel, 1991).



A second approac;h that has cﬁallenged the theory of the dual-route model is thé ..
parallel distributed processing (PDP) model of visual word recognition and
bronunciation (Seidenberg & McClelland, 1989; 1990; Plaut & McClelland, 1993). The
PDP mo.(ziel, first put forward by _Seidenberg and McClelland (1989), consists of sets of
semantic, orthographic, and phonological units and an inter level of hidden units. ;fhe
. ixnplemeﬁted PDP model focuses on the interactions Between the orthographic and
phonological units and does not contain any semantic representations. Within the
implemented model a visually presented letter string first makes contact with a set of
hidden units, which 1n turn project-to a layer of units that correspond to phonetic patterns
(Seidenberg & McClelland, 1989). Wﬁen the ﬁodel is at a steady state, there is feedback
from the hidden units to the ortho graphic level but not from the phonetic level to the |
hidden units. All of the units in eacﬁ level ‘are quy éonnected to one ahother. |

When a lettef string is presented to the model it is encoded into a pattern of
activation over the onhogrdphjc units. In turn the hidden units are activated with the
levél of activation computed from the pattern of activation from the orthographic units.
The activations from the hidden units are then used to compute activations for the
4. phonological units and new activations for the orthographic units based on feedback
from the hidden units (Seidenberg & McClelland, 1989; 1990). The model is able to
recreate phonological inpﬁt and generate phonological codes via learning that occurs -
when exposed to 1etter strings. In contrast to dual-route models, the PDP model.operates
without a lex.icon or multiple routes and a§ sﬁch regular words, irregular words, and

nonwords are processed using the one mechanism.



The PDP model has been able to éimulate many'a'spects of skilled reader
performance with regular words, irregular words, and nonwords (Seidenberg &
McClelland, 1989); On readiné aloud tasks the PDP models naming latencies were
foﬁnd to be affected by word frequéncy and regularity to the same extent as skilled

- readers (Seidenberg & McClelland, 1989). Similar to skilled readers, the PDP model is
able to resbond faster to highe;r frequency words than low frequency.words and faster to
regulaf words than irregular words (Seidenberg & McClelland, 1989). In accordance
with results from skilled ;eaders, a word frequency, regularity interaétion was also

-fpund. For the PDP model, as with skilled readers, irregular words produced
signiﬁcantlby longer naming latencies thén regular words only when they were low
frequency (Seidenberg & McClelland, 1989). In regard to lexical decision tasks,
Seidenberg and McClelland (1989) have 4sho‘wn that the model simulates the results of
skilled readers. Seidenberg and McClelland (1989; 1990) argue from these results that
distributed representations can provide a basis for making lexical decisions in the |
al;sence of a whole-word lével representétion. Further, Seidenberé and McClelland
(1989; 1990) believe these results confirm that word recognition can be achieved
without recourse to two processing routes and without the need for any lexicon.

Questions have, however, arisen in regard to the PDP’s ability to function
without recourse to any lexicon or multiple routes in order to accﬁrately simulate the
performance of skilled readers (Bésner, Twilley, McCann, & Seergobin, 1990).
Simulations using the PDP model by Besner et al. (1990) found the model was only
good at producing phoﬂological patterns for Words or; which it was trained. It performed'
poorly with new words and nonwords that skilled readers were able to read without

difficulty. The model was also unable to account for the reglilarify effect in lexical

11



decision tasks and perfofmance on phonological lexical decision. tasksy was at chance
level (Besner et al., 1990). Although it is claimed that the PDP model has no lexicon
Besner et al. argues that the model consists of distributed répresentations that provide a
level of representation which interfaces the sensory surface with the semantic systerﬁ
and other lexical systems. Thus the model does have a lexicon but it is_ unclear how it
cén Be used’within the model in igs present form (Besner et al. 1990). Besner- et al.
believe problems in simulating the performance of skilled readers may be resolved if
multiple routes and an explicit lexical level of fepresentation were incorporated into the
model. However, Seidenberg and McClelland (1990) argue the model’s performance
differs from that of skilled readers in ways which are predictable from an understanding
of the limitations of its implementation. According to Seidenberg and McClelland the
prinéiple limitations are the size of the training corpus and the phonological
presentation.

A modified PDP model Was put forward by. Plaut and McClelland (1993) which
uses improved orthographic and phonological representations and has a distributed
pattern of activation over a set of units with position-specific representations. In addition
~ asyllabic structure comprising the phonemic positions of onset, nucleus, and coda were
implemented. This allowed the representation to,encode.more of the phonetiq constraints
of English (Seidenberg, Plaut, Pétersen, McClelland, & McRea, 1994). .Implementation
of this model has shown that it is able to generate plausible nonword pronuncfations and
match skilled readers’ responses accurately (Seidenberg et al., 1994). Seidenberg et al.
concluded that the better performance' of the révised model is consistent }with.the view
that having a highly stru‘ctured,phonolo gical representation in place facilitates thé :

acquisition of reading skills. -
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Two further modifications to the PDP model have since occurred and have
brought the model closer to simulating the abilities of both skilled readers and impaired
readers including those with developmental phonblbgical and surface dyslexia using a
single-route model. The first of these modifications vs-/as made by Plaut, McClelland,
Seidenberg, and Patterson (1996), who built additional structure into the orthographic

- and phonoloéical representations. This was done by adding a semantic pathway to the
phonological bathway. In contrast to the lexical and nqn-lexical procedures of dual route
tﬂeoﬁes, which opefate separately and in different ways the semantic and phonological
pathways operate according to a common set of computational principles (Plaut et al.,
1996). Operating in thlS way means that }t1‘1>e nature of the processing in the two pathways

" is intimately rélated. A sirﬁulation using the modified model has accurately reproduced
the effects of frequency and consistency in the. naming latencies of normal readers (Plaut

et al., 1996). In addition by incorporating a graded division of labour between the
semantic aﬁd -phonological processes the impaired naming accuracy of acquired and
devélopmentai dyslexié readers has also been simulated (Plaut et al., 1996). These
simulations have lead Plaut et al. (1996) to argue that the proficiency of humans in -
quasi-regular domains stems not from the existence of separate 'rule-based and item
speciﬁc. mechanisms, but from the fact ‘thét' our cognitive systerﬁ adheres to certain
geheral principle_:s of computation in neural-like systems.

The second modification to the model was made by Harm and Seidenberg
(1999), who added an attractor unit to improve phonélogical representations within the
model. The phonological attractor architecture éllows the }110de1 to fill missing features
and segmer_lts,i;l a realistic way. In simulations using the phonological attractor

architecture it was found'to facilitate learning of the orthography-to-phonology mapping
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task in a mannef that was similar to that of skilled readers (Harm & Seidenberg, 1999).
It was also found that cbmpared with simple‘ feed _forWard networks, representing
phonological knowledge in an \attractor network yielded improved learning and
genéralisation thus ifnproving the models performance on reading nonwords to that of .
ékilled readersb. Further, through damage tol different parts of the system, Harm and -
Seidenberg héve élSO been able to simulate the reading performance of both
phbﬂolo gical and surface dyslexics. Harm and Seidenberg argue that the use of the
phonological architecture indicates that you do not he'ed two-routes for the accurate
representation of irregular words and nonwords. Instead it is argued that all that is
needed is thelcapacity to combine orthograbhic and phonological units in a novel way as
| the phonological attractor architecture enables to be done.

While debate continues as to whether reading can be achieved through a single-
route as proposed by PDP theorists or requires two-routes as proposed by Dual-route
theorists thefe has been an attempt to combine both theories. Zorzi, Houghton, and
Butterworth (1998) have proposed a connectionist dual-process model of reading,
known as 'the two layer (TLA) model. The TLA ﬁodel maintains thé uniform
cofnputational style of the PDP model bﬁt does not adhere to the rigidity inherent in
singlé-route models (Zorzi et al., 1998). The model consists of ‘a two-layer feed forward
network with input and output layers but no hidden units. The TLA model implements a
non-lexical assembly procedure in which phonology of any letter string is Compufed
according to the most common spelling-sbund relétionships (Zorzi et al., 1998). This
allows both regular and nonwords to be recognis'ed. A second route handles input on a

. | whole-word basis enablihg irregular words to be recognised. Separating productive

knowledgé about spelling¥sound relationships from cése-speciﬁc knowledge of the -
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pronunciation of known Words is believed to enab-le it to be more easily acquired and
used (Zorzi et al., 1998). Research using the TLA model has shown that the intefaction
of assembled- and retrieved phonologies can account for the combined effects of word
frequency and regularity-consistency and for the reading performance of dyslexics
(Zorzi et al., 1998). While two processing routes are necessary for the pronunciation of
nonwerds and irregu\lar words, Zorzi et al. believe this does not» necessarily have to
involve a lexical route as put forward in dual-roﬁte models.

The literature reviewed here reveals there are several competing models that
attempt to explain how word recognition is achieved in skilled readers. Dual-route
theorists maintain that two processing routes are rec'iuired in order for both irregular
words and nonwords to be reed accurately. Simulations using dual-route models, in
particular the DRC model, have been able to accurately reproduce the performance of
both skilled readers and phonological and surface dyslexics. PDP theorists maintain
however, that only a single proeessing route is required in order for all Word types to be
read accu_rateljn Simulations using modified PDP models have also been able to |
reproduce the performance of both skilled readers and phonological and surface
dyslexics. Whjle the debate continues as to whether oﬁe route or two is required
researchers have begun to combine aspects of both models as in the TLA model. Further
research using such models as the TLA may help to progress the area by fefocussing the
debate from whether one route or two is required to ho’w best the theory from both sides

can be combined and utilised in further researching how skilled reading is achieved.
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Chapter 3
Lexical and Non-Lexical Reading Styles

Not all readers are able to read irregular and nonwords correctly and this is tﬁought to be
due to a reading disorder kno§vn as dyslexia (Castles & Coltheart, 1996; 1993; Seymour
& Evans, 1993; Hanley, Hastie, & Kay, 1992; Goﬁlandris & Snowling, 1991). Dyslgxia
can be produced by brain da.magé and this type is known as acquired dyslexia. Acquired
dyslexia occurs when a previougly competent reader suffers impairment, due to a brain -
injury, affecting their ability to read (Castles & Coltheart, !993). Dyslexia can also be
found in individuals who have not suffered any brain damage but in contrast have never
attained competence in reading and this type .is known as developmental dyslexié. When
first discovered, developmental dyslexia was thought to be a unitary éyndrome, with a
single underlying cause. Attemﬁts to isolate a factor that cou}d explain all the symptoms
of this disorder were unsuccessful (Castles & Coltheart, 1993). Recently, there has been
increasing suppoﬁ for the view that developmenfal dyslexics do not form a'homo genous
group, but that they can be split into several subgroups (Coltheart, Mastersonv Byﬁg,
Prior, & Ridoch, 1983; Seymour & McGregor 1984; Snowling & Hulme, 1989;
Goulandris & Snowling, 1991; Hanley et al., 1992; Seymour& Evans, 1993; Castles &
Coltheart, 1993; 1996). While there is still strong debate about the nature of the
divisibns, it has been agreed that there are several btypes of developmental dyslexia
(Castles & Coltheart, 1993). Two types of developmental dyslexia that have been
researched are developmental surface dyslexia and developmental pﬁonological
dyslexia. | |

Dﬁal-route tﬁeorists-‘argue that developmental surface dyslexia occurs when an

individual has difficulty usihg the lexical route to read and as such relies on the non-



lexical route to read all word types. Case studies of individual developmental surface -
dyslexics and comparisons with normal readeré indicate that suph relianc‘e results in a
relatively poor ability to read irregular words in comparison to regular words and
nonwords (Coltheaﬁ et al., 1983; Goulandris & Snowling, 199|1; Hanley et al., 1992;
Seymour & Evans, 1993). In addition it has been ’found that developmental surface
dyslexics mgke ﬁequent regularisation errors when reading irregulaf v;/ords (Coltheart et
al., 1983; Goulandris & Snowling, 1991; "Hanl.eybet al.,A 1992; Seymour & Evans, 1993;
“Castles & Coltheart, 1993). This has been taken as indicating that re}iance on the non-:
lexical route does not enable Word-speciﬁé infbrmation to be used. This, inturn, creates

- regularisation errors from the gene;al informaﬁon about orthographic-phonological
correspondences utilised for reading. A regularisation error occurs when words are spelt
as they are pronounced, for exam?le done speiled “dun”.

In relation to dev_élopmental phonological dyslexia dual-route theorists argue that
this type of dyslexia occurs when an individual has difficulty using the non-lexical route
to read and as such relies on the lexical route. Case studies of developmental
phonological dyslexics and comparisons to normal readers have shown that that this
group hasdifﬁcu!ty reading nonwords aloud (Seymour & McGregor, 1984; Snowling &
- Hulme, 1989; Castles & Coltheart, 1993). In compérison to developmental surfaée
| dyslexiés, devélopm_ental phonologicél dyslexics make significantly more errors that

. contain vx;ofd components when reading nonwords aloud than either for regular or
irregular words (Seymour & McGregor, 1984; Snowling & Hulme, 1989; Castles &
Coltheart, 1993). It has been éuggested that these d}}éle#ics use real word analogiés in

order to attempt to pronounce nonwords.
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Manis, Seidenberg, Doi, McBride-Chang, and Petersen g1996) argue, hoWever,
that the dysléxia subtypes can be more thqroughly. explained within the Seidenberg and
McClelland (1989) PDP model. Using rnefhods developed by Castles and-Coltheart
(1993), Manis et al. identified two groups who fitted the profiles of phonoiogical and
surface; dyslexia. Similafly to Castles and Colheart, Manis et al. found that surface
dyslexics were relétively poorer at reading exéeption words compared to nonwords
- whereas phonolqgical dyslexicsAshowed the opposite pattern. However Manis etal. also
found that while most dyslexics were impaired on reading both exception words and
nonwords compared to same-age ﬁormal readers, surface dyslexics’ performance was
very similar to that of yoﬁnger nbrmal readers however the performance of phonological
dyslexics’ was not. Manis et al. argue, thgrefore, that phonological and surface dysléxia
may érisé from multiple underlying deficits rather than purely differences in levels of
irregular word and nonword reading as put forwards in the dual-.ro.uteA account. Manis et
al. believe that phonological dyslexia primarily results from impairment in phonological
représentation that affects the course of reading by impeding the acquisition of the
ability to map from orthography to phonology.‘ In contrast it is believed that
developmental surface dyslexia derives from an underlying impairment thai yields a
general delay in all aspects of word reading skill. Manis etval. have identified two
'possible' bases of such impairment: a computational fesourcé limitation and a visual-
perceptual deficit. Manis et al. believe, therefore, that performance on irregular words
and nonwords is not sufficient to identify the basis of dyélexic behaviour. Manis et al.
argue that information about children’s performance ‘on other tasks, their ren;ediation
experienc’es and the computational mechanisms that give riée to impairments must be

taken into account as well. |
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Normally developing readers have also been found to vary in their ability to'
accurately read irregular words and nonwords aloud (Baron, 1979; Baron & Treiman,
1980a; Freebody & Byrne, 1988; Byrne, Freebody, & Ga_tes, 1992). Some nonrlally
developing readers appear to have similar reading patterns es developrhental surface and
phonological dyslexics. Baron (1979) used lists of regular words, irregular words, and
nonwords with fourth grade readers in order to determme if there were individual
differences on the reliance of spelling-sound correspondence rules and word-specific
information in normally developing readers. Using a correlational analysis Baron

expected that the correlations between regular words (R)I, irregular words (I) and
nonwords (N) would be able to predict reading reliance. This is because irregular words
and nonwords rely on the two different processes to read while regular words can be
read using either procees. As such Baron argued that the correlations between the three

" word types could indicate whether there was any bias in the children’s reading style.
Baron hypotheeised that if regular words ere being read using a rules strategy then the
correlation between performance on nonwords and regular words (rnr) should be high.
Also, if regular words are being read using a whole-word strategy tlhenv the correlation
between performance on regulur and irregular words (rg) should be high. Further, if
indivvidual differences exist and both of these strategies are involved in the reading of
regular words then both pairs of correlatlons should be significantly higher than the
correlatlon between nonwords and irregular words (rni) as these items cannot be read
using the same strategy. The results showed exactly what Baron had predicted, that is,
both rgr; and rng Were hjgher than ry;. Baron concluderi' that normally developing readers
vary in their reading reliance on a continuum from a letter-sound based or ‘Phoenician’

style to. a whole-word based ‘Chinese style’. In addition to the results regarding reliance,
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when Baron investigated the errors made by the children in reading,- he found that
- ‘Phoenicians’ made more sound-preserving errors whereas the ‘Chinese’ children’s
errors tended to pfesérve the meaning of the words.

The results of Baron’é (1979) s_tudy have since been replicated by Baron and
Treiman (1980a) using second, third, and fourth grade readers énd similar results were
obtained by Baron ahd Strawsc_m (1976) using an adult samﬁle. Studies by Freebody and

| Byme (1988) and Byrne, Freebody, and Gates (1992) also replicated the results of Baron
using cluster analysis. Freebody and Byme used cluster analysis to identify subgroups
on the basis of word reading strategies for second and third grade normally developing |
readers. At both grade levels comparable subgroﬁps were found with there being a large
group performing well above average on both irregular word and nonword reading
measures and a smaller group performing substantially below averége on both measures.
In addition, a pair of crossover groups were found with one group performing at average
levels on irregular word reading and weli be}ow average levels on nonword reading
identified as displaying a ‘Chinese’ style of reading. The second group were found to be
performing at average levels on nonword reading and well below average levels on
: iﬁegular word reading and were thus identified as displaying a ‘Phoenician’ style of
reading. -In' a follow-up longitudinal study using the same participants, Byrng, Freebody,
and Gates found that these subgroups and individual reading styles ‘were consistent over
time. It was concluded from both of these studies that; as was found by Baron, there are
identifiable subgroupé displaying reliance on one word-reading strategy at the expense
of tkile.c_)ther (Fréebody & Byrmne, 1988; Byrne, Free_:body, & Gates, 1992).
Having~identiﬁed pﬁttems of reliance in reading, attention has turned to spélling.

The domain of spelling has for somie time been neglected with research predominantly
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conducted into reading. As researchers ha\-/e begun to investigate the domain of épelling,
one focus has been on detprmining whether word recognition in spelling uses similar
processes to reading. In addition, research has begun lto look at whether similar patterns
of reliance are identifiable within the spelling dbmain and if they are whether they are

A congruent with the patterns of reliance found in reading.
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Chapter 4
The Processes Involved in Spelling: Alre They the Same as Those Involved in
Reading?
Research into the spelling domain has begun to inveStigate whether the processes
involved in épelling are similar to those involved in reading. Two arguments have been
put forward by reSearéhers in this érea. The first is that spelling uses different processing
' mechénisms to reading (Frith & Fﬁth, 1\980; Waters, Bruck, & Seidenberg, 1985; Rohl
& Tunmer, 1988; Goswami & Bryant, 1990). In particular, it is argued that phonological
or sound-based strategies are used to—spell words. This is évident from the invented
spellings of beginning spellers (Goswami & Bryant, 1996). Through an analysis of
“invented spelling Goswami and nyant (1990) have shown that there is a considerable
relationship between the letters and sounds used in the invented spellings with the
" invented spéllings beiﬁg phonoligically plausible. This is interpreted as indicating that
even beginner spellers recognise that when spelling there is a relationship between the
letters and sounds of words. However Goswami and Bryant also recognise that
éhildren’_s invented spelling is often wrong because the children appear to use the
phonological code too literally when spelling.

Research coinparjng children’s reading and spelling further supports this vieW.
Wafers, Bruék, and Seidenberg (1985) gave a group of .eight‘ year old children regular,
exception, and ambiguous words to spell and read. .The exception words were found to
be harder to spell and read than regular words, thus indicating that a phonological code
was employed when children read and spelt the words. However, a different pattern was
found wheﬂ looking at the ambiguous words. Reading these words was found to.be_ no

harder than the regular words. In contrast when spelling the children made more errors
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for the émbiglious words than for regular words (Waters et al., 1985). An analysis of the
content of the errors found that the children spelled ambiguous words in ways that were
phonoii gically plausible. In addition when Bradley and Bryant (1979) and Bryant and
Bradley (1980) gave sik aﬁd seveﬁ year old children lists of words to read and spell they
found many of the children often spelled words, which they were unable to read, |
correctly. However if they v-vere then taught to use a phonological reading strategy they
were able to read these words indicating that children often fead'words on the basis of
visual chunks and spell words on the basis of phonological segments (Bradley & Bryant,
1979; Bryant & Bradley, 1980).

- Analogous with readers, spéllers can be divided into good and poorispelle'rs. The
differehce between good énd poor spellers is thought to be that good spellers can spell
words when sound is insufficient or a misleading cue (Frith & Frith, 1980). Good
spellers are able to spell Wordé accurately under these conditions because they have
acquired and use spelling programs to spell words (Frith & F ﬁth, 1980). Poor spellers,
however, fail to spell the same words correctly beéause-they have failed to acquire the
spelling programs by rote (Frith & Frith, 1980). Therefore, reading and spelling are said

to utilise different processes because fea‘ding is an input process that is flexible and
based on visual code whereas skilled spelling i-s a rigid output pro‘c_ess baséd on pre-
progfanimed letter sequences (Frith & Frith, 1980).

- The second argument maintains that spelling involves similar processes to
reading. Spelling is seen, ip effeci, as the inverse‘of reading aloud (Goodman & .

. Caramazza,. 1986; Barry & Seymour, 1988; Caramazza, 1988; Tainturer & Ra;;p, 2000). -
While reading is éaid fo iﬁvolve the conversion of ;eln orthographic representation to a

phonological representation, spelling is thought to involve the transformation from
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phonology to ortho‘graph.y (Elhs, 1982). Analogous to reading, proponents of this view
believe that spelling involves two major routes for translating between phonolog)’/ and
orthography; a lexical and a non-lexical route (Caramazza, 1988; Tainturer & Rapp,
2000). The lexical route is believed to be used to retrieve the spellings of familiar words
while the non-lexical route is thought to be used to assembie spellings for unfarhiliar
words usihg knOWiedge of the systematic correspondences between phonemes and
grapherhes (Rapp, Epstein, & Tainturer, 2002; Folk, Rapp, & Goldriok, 2002). Within
the lexical route a word’s spellihg is believed to be retrieved from the orthographic
output lexicon. In contrast, within the non-lexical route pléus_ible spelling is said to be
assembled from a phonological code (Ellis, 1982; G_oodman & Caramazza, 1986; Folk et
al., 2002)..

Evidence in support of this second argument comes'from research into
impainnento of spelling, 1n particular, developmental surface and phonological
dysgraphia. Congruent with reading and developmental surface and phonological
dyslexia, similar patterhs of impairment have been found in developmehtal dysgraphia. -
- Case studies have been reported of individuals with phonological dys graphia, who oan

spell words correctly but have impaired nonword spelling ability (Shalhce, 1981;

Roeltgen, Sevush, & Heilman, 1983). Similarly to phonological dyslexia, it is theorised

that suoh individuals have difﬁculty using tho non-lexical route and rely on the lexical
route in order to spell all word types. There have-'also been case omdies of

developmental surface dyséraphié in whjch individuals have a poor ability to spell
-irregular words in comparison to regular words and nonwofdé (Beauvois & Derouesne,
- 1981; Hatfield & Patterson, 1983). Analogous with theories of developm'ehtal surface

 dyslexia, it is theorised that such individuals have difficulty using the lexical route and
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rel.y on the non-lexical route in order to spell all word types. In addition, case studies of
individuals with both developmental surface and phonological dyslexia have shown that
these individn’als have poor spelling abilities which are congruent witl1 their poor
reading abilities (Goulandris & Snowling, 1991; Hanley et al., 1992). Researchers have
concluded that these findings provide evidence that the same processing routes are used
to read and spell and that reading and spelling share one lexicon (G.oulandris. &
Snowling, 1991; Hanley, et al., 1992).

- Further evidence has come from research looking to determine if individual
spelling styles analogous to the ‘Chinese-Phoenician’ continunm' found in reading by
Baron (1979) also exists in spelling. Treiman (1984), nsing a similar design to Baron
correlated the spelling performance of third and fourth grade children on regulal wor(ls,
irregular words, and nonwords. Consistent with the results of Baron fer reading, the
pattern of pairwise correlations indicated that rules were being used to spell regular
words as well as nonwords (Treiman, 1984). Treiman also found that for irregular
words, all errors were sound-preserving errors (S) analogous with regular words. Tllese
errors were found to correlate highly with the ability to spell regular words and
nonwerds but not irregular words. In addition the correlations for rsg and rsy were
sigtnﬁcantly greater than rgf, however, they did not differ from one another (Treiman,
1984). Treiman interpreted this as indieating that the tendency to make sound-preserving
errors corfelates more highly with the ability use the rules of the non-lexical route than
with the ability to use word-speci'ﬁc associations of the lexlcal proeedure. Treirnnn
concluded that the.se correlations previde evidence for the e)listence of ‘Chinese’ and

‘Phoenician’ spellers.

25



In a continuation of the study by Treiman (1984), Castles, Holmes, .and Wong
(1997) assessed the reading and spelling of third grade children. In addition to the
correlational deeign emﬁloyed in the prev.i'ous study, groups of children who differed on
reliance of the two routes in their spelling where identified and the nature of their
spelling was then assessed. Groﬁps were also assigned on the basis of their reading
reliance in order to allow their épelling patterns to be analysed. The speliing analysfs
was also broadened from that used by Treiman to include measures of the functioning of
the lexical procedure. The results of the pairwise.correlations indicated that both lexical
and non-lexical processes were involved in spelling. In relation to patterns of reliance in
' reading and spelling, Castles et al. (1997) found that rel.iance was consistent across the
" two domains. The non-lexically reliant readers were more accurate at spelling nonwords
than the lexically reliant readers and they made a hjgher propertion of regularisation
_ errors on irregular words. Consistent with this the lexically reliant readers- made more
errors containing partial lexical infofmation when spelling irregular words.
Similar results have also been found with adults. Baron, Treiman, Wilf, and
¢Kellman (1980b) selected edults as either ‘Phoenician’ or ‘Chinese’- on the basis of tests
of reading and spelling. When these two groups were administered a spelling test
containing regula; and irregular words, the ‘Phoenicians’ produced a higher proportion
~of sound-preserving eners than the ‘Chinese’ group. This was taken as showing that
readers evho vdiffer in reliance on lexical and non-lexical processes have a corresponding
| difference in their spelling styles (Baren etal., 1986b)
As discussed the domain of spelling has been neglec-ted for some time and it is
only recently that researchers have begun to examine the pFocessing mechanisms

involved in spelling. Researchers are divided as to whether spelling involves the same
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-mechanisms as reading. Currently there is evidence to suggest that they may share
processes but equally there is evidence to suggest that they may involve separate

processes. It is only with further research that this issue will be clarified.
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Chapter 5.
Curllent State of Research and Future Directions
An understanding of the mechanisms involved in reading and spelling and how
the syétem Works asa Whole is important for a thoroﬁgh understanding of both normél
and impaired funétioning in bqth domains. Currently there are several models that
purport to show how.word récognitioh is achieved by skilled readers including dual-
route models, PDP models and the TLA model. While dual-route and PDP theorists
continue to débate over whether reading can be achieved using a single route or if two
routes are needed, the TLA model has begun to combine theory from both sides in order
to further exp.lore how skilled reading is achieved. |
In normally functioning readers it has been shown that there are differences in
the reliance oh lexical and non-lexical processesbto read regular words, irregular words,
and nonwords similar to those found in impaired readers. Having identified such patterné
- in reading, attention has furned to the dorﬁain lof spelling. Currently there are two main
arguments pertaining to the relationship between reading énd spelling. The first is that
épelling uses different processes to reading because while reading is an input proéess
spelling is an outp'utl process. The second argument is that spelling is the inverse of
reading and that both processes share the one lexicon. Research info this area has
provided some support for both arguments. |
In order té detefmine whether spelling uses the same processes as reading, future
research coﬁld explore whether reading and spelling are similarly affected by word
frequency and reading age. Future research could aisq look at fhe typés of errors made in
._ réading and spelling in order.t.o detérmine if spelling errors are produced through a

reliance on processing mechanisms similar to reading or as a result of poorly acquired
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spelling pro gréms. Further it would also be valuable for future research to use more
adult participants as the majority of studies have used children. This would enable it to

be seen if patterns of reliance in adults are similar to those found in children.

29



References

Ans_, B., Carbonnel, S., & Valdois, S. (1998). A connectionist multipie-trace memory
model fof polysyllabic word reading. Psychological Réviev;z, 105, 678-723.

Baayen, R H, Piepenbrock,* R., & van Rjjn, H. (1993). The CELEX lexical database.
Linguistic Data ansortium, University of Pennsylvania.

Baron, J., & Strawéon, C. (1976). Use of orthographic and word-specific knowledge in

‘ reading words aloud. Journal of Experimental Psychology: Human Perception

and Performance, 2, 386-393. |

Baron, J. (1979). Orthographic and word-specific mechanisms in childreﬁ’s reading of
words. Child Development, 50, 60-72.

B}arvon, I, & Treiman, R. (1980a). Use of orthography in reading and learning to read. In
R. Venezky, & J. Kavanagh (Eds.), Orthography, reading, and dyslexia (pp171-

v 189). Baltimore: Univerity Park Press.. |

Baron, J., & Treiman, R., Wilf, J. F., & Kellman, P. (1980b). Spelling and reading by
rules. In U. Frith-(Ed.), Cognitive processes in spelling. London: Academic
Press. | |

Barry, C., & Seymour, P. H. K. (1988). Lexical priming end sound-to-spelling'
contingency effects in nonwor(i spelling. The Quarterly Journal of Experimental
Psychology, 404, 5.40. -

Beauvois, M. F., & Derousne, J. (1981). Lexical or orthographic agraphia. Brain, 104,
21-49. o

- Besner, D., Twilley, L., McCann, R.'S., Seergobin, K. (1990). Oh the association

between eqnneetienism and data: Are a few words necessary? Psychological

_ Review, 97, 432-446.

.30



Bradley, L., & Bryant, P E., (1979). Independence of reading and spelling in backward
and normal readers. Developmental Medicine & Child Neurology, 21, 504-514. |

Bryant, P. E, & Bradley, L. (1980). Why childrén sometimes write words whjcil they do
not read. In U; Frith (Ed.), Cognitive prbce;ses in spelling. New York/Londoﬂ:

Academic Press.

- Byme, B, Freebody, P., & Gates, A. (1992). Ldngitudinal data on the relations of word-

reading strategies to comprehension, reading time, and phonemic awareness.
Reading Resea;_’ch Quarterly, 27, 141-151.

Caramazza, A. (1988). Some aspects of langnage processing revealed through the

~ analysis of acquired dysgraphia: The lexical system..Annual Review of

Neuro;vcience, 11,395-421.

Castles, A., & Coltheart, M. (1993). Varieties of developmental dyslexia. Cognition, 47,
149-180.

Castles, A., & Coltheart, M. (1996). Cognitivé correlates of surface dyslexia: A single
case study. Cognitive Neuropsychology, 13,25-50.

Castles, A., Ho]mes, V. M;, & Wong, M. (1997). Variations in spelling sfyle'among
lexical and sublexical readers. Journal of Experimentél Child Psychologj;, 64,
.98-1 18.

qutheaft, M. (1979).' Lexical access in simple reading fasks. In G. Underwood (Ed.),
Strategies of information processing (pp.151-216). London: Academic Press.

Coltheart, M., Masterson, J., Bing, S., Proir, M., & Riddoch, J. (1983). Surface dyslexia.

Quarterly Journal of Experimental Psychology, 354, 469-495. . .

31



Coltheart, M. (1985). Cognitive neuropsychology and the study of réading. In M. Posner.
and O. Mann (Eds.) Attention ar;d performance XI (pp3-37). London: Lawrence
Erlbaum. | | | |

Coltheart, M., Curtis, B., Atkins, P., & Haller, M. (1993). Models of reading aloud: .
Dual-route and paral‘lel-disuibuted-proceésing approaches.Psychological Revzew
4, 589-608.

Coltheart, M., & Rastle, K (1994). Serial pfocessing in reading aloud: Evidence for dual-
route models of reading; Journal of Experimental Psychology: Human
Perception and Performance, 20, 1197-1211.

Coltheart, M., & Rastle—:,’K. (2000). Lexical aﬁd nonléxical pﬁnt-to-sound translation of

~_ disyllabic Words and nonwords. Journal of Memory and Language, 42, 342-364.

Coltheart, M., Rastle. K., Perry, C., Langdon, R., & Ziegler, J. (2001). DRC: A dual
route cascade model of visual word recognition and reading aloud. Psychological
Review, 108, 204-256.

Decker, G., Simpson, G. B, Yates,AM., & Locker, L. (2003). Flexible use of lexical and
sublexical information in word recognition. Journal of Research in Reading, 26,
280-286.

Dell, G. S. (19.86). A spreading-activation fﬁeory of retrieval in sentence production.
Pk-sycl/‘t.ological Review, I 04, 801 -838.

| - Ellis, A. W. (1982). Spelling and writin‘g (and reading and speaﬁng). In A. W. Ellis

| (Ed.), Normality and pathology in cognitive functions. New York: Académic

Press.

32



_Freeﬁody, P., & Byme, B. (1988). Word-reading strategies in elementary school
‘children: Relations to.comprehension, reading time, and phonemic awareness.
Reading Reséarch Quarterly, 23,441-453.
Frith, U., & Frith, C. (1980). Relationships between reading and spelling. In R.
Venezky, & J. Kavanagh (Eds.), Orthography, readzng, and dyslexia (pp287-
297) Baltnnore Umver51ty Park Press. -
Folk, J. R., Rapp, B., & Goldrick, M. (2002). The interaction of lexical and sublexical
informa>tio'n in spelling: What’s tile point? Cognitive Neuropsychology, 12, 653-
671. "
| Goodman, R. A., & Caramazza, A. (1986). Aspects of the spelling process: Evidence
from a case of acquired dysgraphia. Language and Cognitive Processes, 1, 263-
296. |
‘Goswami, U., & Bryant, P. (1990). Phonological skills and learning to read. East
Sussex: Lawrence Erlbaum
Goulandrls N. K., & Snowling, M. (1991). Visual memory deficits: A plausible cause of
developmental dyslexia? Evidence from a single case study. Cognitive
| Neuropsychology, 8, 127-154. |
Glushko, R. J. (1979). The organization and activation of orthographic knowledge in
| reéding aloud. Journal of Experimental Psychblogy.' Human Percepiion and
Perfor;mance, 5,674-691.
H'zm'ley, J.R., Hastie, K., & Kay, J. (1992). Developmental surface dyslexia and
, dysgraphla An orthographlc processmg impairment. The Quarterly Journal of

Experimental Psychology, 444, 285-319.

33



Harley, T.A.., & Grainger, J. (1992). Testing a semistochastic version of the interactive
| activation model in different word recognition ekberiments. Journal of
Experimental Psychology: Human Perception and Performance, 16, 687-715.
Harm, M.W., & Seidenberg, M.S. (1999). Phonology, reading acquisition, and dyslexia:
Insights from connectionist models. Psychological Review, 106, 491-528.
Hatﬁeld, FM, & Patterson, K. E (.1983). Phonological spelling. Quarterly Journal of
Experimentdl Psychology, 354, 451-468. |
Kay, J., & Marcel, A.. (1981). One process, not two, in reading aloud: Lexicai analogies
do the Work of non-lexical rules. Quarterly Journal of Experimental Psychqlogy.' _
Human Percéption and Performance, 334, 397-413. | |
Manis, F.R., Seidenberg, M.S., Doi, L.M., McBride-Chang, C., & Petersen, A. (1996).
On ‘the bases of two subtypes of developmental dyslexia. Cognition, 58,157-195.
Marcel, A. J. k1980). Surface dysléxia and beginning reading: A revised hypothesis of
| the pronunciation of print and its ﬁnpairments. In M. Coltheart, K. Patterson, &
‘J . C. Marshall (Eds.), Deep dyslexia (pp227-258). London: Routledge & Kegan
Paul. | |
McClelland, J. L., & Rummelhart, D. E. (1981). An interactive activation model of
~ context effects in _lettér perception: I. An account of basic findings.
 Psychological Review, 88, 375-407.
Papp, K. R. & Novel, R.W. (1991v).’Dualv-route models of print to sound: Still a good

horse race. Psychological Research, 53, 13-24.

34



Plauf, D. C. '&»MCCIelland, J . L. (1993). Generalisation with componential attractors:
Word and ndnword reading in an attractor netwofk. In Proceedings of the
F ifteenth Annual Conference of .the--Cognitive Science Society, ‘(pvp.824-829).
Hillsdale, NJ: Erlbaum. | | |

Plaut, D.C., McClelland, J L, Seidenberg, M.S., & Patterson,‘ K. (1996). Understanding
normal and impaired . word reading: Compﬁtational principles in quasi-régular>
domains. Psychological Review, 103, 56-115.

‘Rapp, B., Epstein, C., & Tainturer, M. (2002). The integration of information across-
lexical and sublexical processes in spelling. Cognitive Neuropsychology, 19, 1-
29. | |

Rastle, K., & Coltheart, M. (2000). Serial processing in réading .aloud: A reply to Zorzi.
Journal of Experimental Psychology: Hulhan Perception and Performance, 26,
1232-1235. |

Roelfgen, D:'P., Sevush, S., & Heilman, K. M. (1983). Phonological agraphia: Writing
by the lexical-semantic route. Neurolbgy, 33, 755-765.

Rohl, M., & Tunmer, W. E. (1988). Phonemic segmentation skill and spelling
acquisition. Applz:_ed Psycholinguistics, 9, 335-350.

Rﬁmrrielhart, D.E, & McClélland, J. L. (1982). An interactive activation model of
context effects in letter perception: II. The contextual enhancement effect and
some tests and extensions of the model. Psychological Reyiew, 89, 60-94.

Seidenberg, M. S., & McClellaﬁd,' J. L. (1989). A distributed, developmental model of
word recognition and naming. Psychological Review, 96, 523-568. '

Seidenberg, M. S., & McClelland, J. L. (1990). Mpre.words but'still no lexicon: Reply to

Besner et al. (1990). Psychological Review, 97, 447-452.

35



Seidenberg, M. S., Plaut, D C., Petersen, A. S., McClelland, J. L., and McRae, K.
(1994). Nonword pronunciation and models of word recognition. Journal of
Experimental Psychology: Human Perception and Performance, 20, 1 177--1 196.

Seymour, P. HK, & MacGregor, C. J. (1984). Developmental dyslexia: A cognitive
éxperimental analysis of phonological, morphemic, and visual impéirments.
Cognitive Neuropsychology, 1, 43-82.

Seymo_urh,.P. H. K, & Evaﬁs, H. M. (1993). The visual—(onhogfaphic) processor and
devel_obment_al dyslexia. In D. M. Willows, R. S. xKruk, & E. Corcos (Eds.).
Visual pro.c"esses in reading and réading disabilities (pp347-376). Hillsdale, NJ:
Erlbaum.

Shallace, T. .(1981). Phonological agraphia and the lexical route in writing. Brain, 104,
413-429. |

' Snowling; M., & Hulme, C. (1989). A longitudinal case study of dévelopmental ,
phonological dyslexia. Cognitive Neuropsychology, 6, 379-401.

Tainturier, M. J. & Rapp, B. (2OQO). The spelling process. In B. Rapp (Ed.), What
deficits reveal about the human mind: A handbook of cognitive neuropsychology.
Philadelphia, PA: Psychology Press.

Treiman, R. (1984). Individual differences MOﬁg children in reading and spelling
styles.. Journal of Experimental Child Psychology, 37, 463-577.

Zorzi, M., Houghton, ‘G., & Butterworth, B. (1998). Two routes or one in reéding aloud? -
A connectionist duél-process model. Jbitrnal of Experimental Psyéholoéy:

Human Perception and Performance, 24, 1131-1161.

36



Empiricail Study

The Relationship Between the Processes Involved in Reading and Spélling in Adults



- Abstract

This study examined whether spelling utilises the same processing m_echam'srhs as
reading and the effect of word freqt'lency.and reading age on the reading and spelling
performance of adults. Sixty, .thjrd-year university students ranging in age from 18 to 50
years were presented with separate high and low frequenéy regular word, irregular word,
énd nonword reading and spelling lists on separate occasions. Pairwise correlations
indicated that for reading lexical and non—iexical précesses ,wére uséd equally while for
spelling a reliaﬁce- on the lexical process was found;' In contrast to previous studies With
~ children, reliance on lexical and non-lexical processes was hot found to be consistent
-across domains and as such there were no differences found in the ﬁumber of
regularization, partial lexicalisation, or lexicalization spelling errors made by the no
reliance, non-lc){ically reliant, or lexically relianf reading groups. In relation to the effect
. of Word frequency, Ahalysis of Variance indicated that participants produced fewer
errors on high frequency words than low ffeciuency words for boih reading and épelling.
For reading only, it was shown fhat participants with a reading age abqvé 20 read
significantly more irregular words and nonwords correctly than participants with a |
reading age below 20. Generally it was found that spelling utilises the same processing
mechanism as f_eading thus supporting the dual-route model of spelling. The results
ﬁlﬂher indicated that word frequency and réading age affect the reading and épelling |
~ performance of adults. As it is not known what effects word f_requency an& readiﬁg age
have on the réadihg ﬁnd spelling performance of children cautioﬁ should be taken in

interpréting resu_lts' of children and in extrapolating the findings to adults.
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Reading and spelling are learned abilities that reciuire the recognition and processing of
words. There is considerable knowledge about reading with several models of word
recognition showing how skilled readefs recognise words. Less is known abqut the
processes involved in spelling. In particplarly it is not yet khown whether reading and
spelling access the same processing mechanisms or not. Researchers have shown that
simiiar patterns of reliance exist in readiﬁg and spelling and this has Been interpreted as
'ind‘icﬁating that reading and spelling access the same processing mechanisms. However,
in previous research the effects of word freduency and reading age héve not been
considered. Both word frequency and reading age have been found to affect reading and |
spelling ability (Kreine? & Gough, 1990; Waters, Bruck, & Seidenbérg, 1985;
McCusker, Hillinger, & Bias, 1981) and as such may influence patterns of reliance. The
aim of this study, therefore, is to explore whether reading and spelling involve the same
processing mechanism‘svby examining what effect word frequéncy and reading age have
on reading and spelling abilities in adults.

The basis of reading is the abililty to recognize words. Both single route and dual
route models of word recognition have been developed (Seidenberg & McClel}land,
1989, Plaut & M_(:Clelland,"l 993; Coltheart, 1979; Coltheart, Curtis, Atkins, & Haller,
1993; Cobltheart,.R-astle, Perry, Langdon, & Ziegler, 2001). The dual-routé model is the
"~ most compvrehen'sivebmod‘el of wofd recognition and involves two processing routes or
mechanisms for recognizing printed words; the lexical route and the non-lexical route.

- Two arguments .hallve been put forward to explain the reiationship between the
procéssing mechanisms involved in reading and spelling. Reseé_réhers havé argued that
spelling involves different mecha'nism's to reading (Frith & Frith, 1980; Waters, Bruck,

& Seidenberg, 1985; Rohl & Tunmer, 1988; Goswami & Bryant, 1990). Reading is
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viewed as a flexible input process that is based on visual code while spelliné 1s
considered a rigid output process that is- based on pre-programmed letter sequ.ences and
invqlves phdnological or sound-based strategies (Frith & Frith, 1980). It has also been
‘argued that spelling involves the same propessing mechanisms as reading and that they
share one lexicon. Analogous to reading, spelling is said to involve two major routes for
translating between phonoiogy and orthdgraphy; a lexical and a non-lexical route

" (Caramazza, 1988; Tain_turer & Répp, 2000)_. The lexical 'route, used in reading to access
word specific information from the mental lexicon, is used to retrieve the spellings of
familiaf words while the non-lexical route, used»in -reading to convert orthography to
phbnolo;gy; is used to assemble spellings for unfamiliar words using’ knowlédge of the.
systerﬁatic cbrfespondencés between phonemes and graphemes (Rapp, Epstein, &
Tainturer, 2002;;1‘7 olk, Rapp,\& Goldrick, 2002). Within the lexical route a word’s
-spell'mg is retrieved frorﬂ the orthographic outpﬁt lexicon. In contrast, within the non-
lexical route plausible spelling is assembled from a'phonologicél code (Ellis, 1982;
Goodman & Caramazza, i986; Coltheart et alb., 2001; Folk et al., 2002).

In reading, individual differences in the usage of the two routes to read regular
wqrds has beén found. It has been shown that such differences are predictable from the
types of efrors made on irregular words and nonwords. Baron (1979), using a
correlafional_ analysis,. found that fourth grade readers’ reading reliance could be
predicted from the correlationé between regular words, irregular words, and nonwords.
A high correlation between performance on nonwords and regular words indicated the
use éf arules strateg}; to' read regular words whereas a high correlation betWeen |
perf_drmance on fegular words and irregular words indicated the use of a whole word

strategy to read regular words. These correlations where both found to be higher than the .
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correlation between nonwords and irregular words which was taken to indicate that both
strategies can be use to read regular words but that there are individual differences in the
use of fhe strategies. Overall these results indicated that normally developing. readers
vary in their reading reliance .on a’continuum from a letter-sound based or ‘Phoenician’
style to a whole-word based ‘Chinese style’ (Baron, 1,979)‘ In addition to the results
regarding reliance, when the errors made By the children were analysed it was found that
‘Phoenicians’ made hqore sound-preserving errors whereas the ‘Chinese’ children’s
errors tended to preserve .fhe meaning of the words (Baron, 1979).

The question h)as now arisen as to whether similar pattemsiof reliance exist in -
spelling. Treiman (1984), using a similar design to Baron’vs,v correlated the spelling |
performanqe of third and fourth grade children on regular words, irregular words, and
nonwords. Conéistent with the results of Baron for reading, the pattern of pairwise
correlations indicated that rules were being used to spell regular words as well as
nonwordé (Treiman, 1984). Treiman also-found that for irregular words, all errors were
sound-preserving errors analogous with regular words. These errors were found to
correlate highly with ability to spell regular words and nonwords but not irregular
words. In addition the correlations between sound-preserving errors and regular words
and sound-preserving errors and nonwords were significantly gfeater than the correlation
between sound-prevserving errors and irregula_lf words, however, they did not diffc;,r from
_one another (Treimaﬁ, 1984). This indicates that the tendency to maké sound-ﬁreserving
errors correlates more highly with the ability to use the rules of the non-lexical route -
than with the ability to use word—speciﬁc associations of the lexical procedufe (Treiman,
1984). Therefpre, together With the correlations thesé results provide evidence fdr the

existence of ‘Chinese’ and ‘Phoenician’ spellers.
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However, the evidence is somewhat equivocal. As CaSties, Hohnes, and Wong
(1997) point out,_the correlations for spelling regular and irregular words and for
speiling nonwords and irregular word.s did not differ significantly form each other in
Treiman’s (1984) study. 'fhese differences would have been expected if any of the
children had been primarily relying on the lexical route for spelling. Castles et al. further
criticised Treiman’s study for being purely correlation and not identifying groups of
'spellers with opposing patterns of reliance. In light of these criticisms, Castles et al.
-performed a further study assessing the reading and spelling of regular words, ii'fegular

- words, and nonwords of third grade children. The study was similnr to those conducted
by Baron (1979), and Treiman (1984) with three major changes to the (iesign. Firstly, in
addition to the correlation design employed in previous studies, groups of children who |
differed in reliance on the two routes in their reading were identiﬁed and the nature of
their spelling was then assessed. Groups were also assigned on the basis of their reading
reliance in ordei to allow their spelling patterns to be analysed. Finally the spelling
analysis was broadened to include measures of the functioning of the lenical procedure.
Therefore, in addition to looking at sound-preserving errors that are an indicator of
processing using the non-lexical route, lexicalisation and partial lexicalisation eITors
were also examined. A lexicalisation error occurs when a word or nonword is misspelied
by producing another word (e. g.,'- spelling one as won). A partiai lexicalisation occurs
when a whole word spelling is not produced but the response does contain lexical
information (e.g., sfacht _spelt yatch).

| The results of the pairwise correlations indicated that both lenical and- non-lexical
processes are involved in spelling (Castles etal., 1997). In contrast to the results of

Treiman’s (1984) study, whole-word information was found to be used in addition to
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rules to spell reguiar words. Also in contrast to Treiman’s results, the ability to speli
irregular words was just as gdod a predictor of regular word spelling as was the ability to
spell nonwords. Furthe_r, for feading only, rules were found to be used in reading aloud
regular words (Castles et al., ‘1997.). While providing strdn\gef evidence that both lcxicél
and non-lexical procedures arevir'lvo.l\_/ed in spelling Castles ét al. cite several possible
reasons for the differences in their results td those of Treiman. Firstly, it may have
occurred because the items on the words lists were constructed differently. Treiman’s
words were closely matched visually to each other whereas Castles et al. did not visually
match the words. Secondly, the manner in which the word lists were presented may have
led to the discrepancy. Whereas "freiman presented separate lists of regular words,
irregular words, and nonwords, Castles et al. presented mixed 'lists for reading aloud.
. Presenting the word types in a mixed list may have caused greater use of the non-lexical
route (Castles et al., 1997). Finally, the results may hav.e differed because of differences
in teaching methods'. Castles et al.’s participants were exposed to the whole-word
teaching method which may have placed greater emphasis on the use of whole-word
kﬁowledge whereas Treimen’s participants where more likely to have been taught using
a phonics based method placing gfeater empbhasis on rules. |

In relatiqn to patterns of reliance in reading and spelling, Castles et al. (1997)
found that reliance was consistent across the ﬁyo domains. The non-lexically reliant .
readers were more accurate at spelling nonwords than the lexically reliant readers and
they made a higher proportion of regularisation errors on irregular words. Consistent
with this the lexically reliant readers made fnore €rrors 'contaihing partial lexic-al
information when spelling irregular words. However, the lexically reliant group did not

spell more irregular words correctly than the non-lexically reliant group suggesting
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patterns 6f reliance were not constant across domains. This may have been due to a floor
effect resulting from the spelling test containing many low frequency words which were.
too difﬁéult for the children to spell (Castles et al., 1997). Aléo, inconsisteﬁt with the
patterns of reliance, there was no difference found in the proportion of lexicalisation
érrors in spelling produced by the two groups. Thié may have occurred because
iexicalisation errors may be more likely to oécur in reading (Castles et al., 1997). In
spelling, a partial lexicalisatioﬁ error may be more likely'as the person correctly
identifies the phonological form of the word and then incorrectly attempts to recall its
orthographic form, resulting in a partial lexicalisation error (Castles et al., 1997). Castles
et al. concluded that the results of the study are consistent with the dual-route account of
spelling and support the proposal of a single-system for both reading and spelling.

The majority of studies in this area, including that of Castles et al. have used
young children as their parti‘cipants; Reading and spelling are skills that are acquirc_ad
over timé and require'the integration of several skills including phoneme awareness,
phonics, reading’ ﬂuenéy, and comprehension skills for proﬁcienﬁy tb be attained (Share
1995; 1999, Ehn 1980a; 1980b; 1992; 1997, Ehr1 & Wilce 1980). It has been shown that
phonological and oftho graphic processing abilities increase with age (Martin, Claydon,
Morton, Binns, & Pratt, 2003). Further older readers have. been found to havé superior
: 'orthographic and phohological pro'cessing‘strate_gies in comparisdn to younger readers
(Martin et al., 2003). As such the reliance’s found in children may reflect differences in
the acquisition of phonological and orthographic skills rather than true differences in
reading reliance. The aini of this study, therefbr_e, is to investigate the processiﬁg
mechanisms involved in reading and spelling througl; the use of separate regular word,

irregular word, and nonword reading and spelling tests to extend the research conducted
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by Treiman (1984) and Castles et al. (1997) fhrough an invesﬁgation into the use of rules
and word specific associqtions in reading and spelling in adults.
Word frequency has been found to affect the number‘ of errors produced on

reading and spelling tests (Kreiner & Gough, 1990; MCClisker, Hillinger, & Bias, 1981). |
Significantly more errors are mad.eion low frequency words than on high frequency
words for both reading aﬁd spelling (Kreiner & Gough, 1990; McCusker et al., 1981).
"More errors are produced on low frequet-lcy words because they may not have
representations in the mental lexicon and are treated more like nonwords and processed
through the non-lexical route (Kreiner & Gough, 1990). Therefore, while high frequency
words use thé word-specific associations of _the lexical route these associations are
generally unavailable for low frequency Wbrds and hence rules are used. Researchers
have concluded that rules are only used when word-specific associaﬁons are unavailable
‘as is thought to be the case for low frequency wqrds (Kreiner & Gough, 1990;
McCusker‘et al., 1981). Therefore the study also aims to examine the effects of word
frequ¢ncy on adult participants reading and spelling p}erformance

" In the study conducted by Treiman (1984) the reading age of participants was not
assessed. Individuals of the same chron_oldgical age can differ markedly in their reading
- age. When individuals are compared without taking this into consideration it cannot be
determined whether aﬁy di_fferences'-found were the results of a ménipulate'd variable or
the result of differences due tb experience with written language, stages in reading
acquisition or difficulty in the task material (Backman, Mamen, & Ferguson, 1984). In |
addition, COr—nparlfsons of read@ng age groups on spelling and reading tasks have |
previously shown that participants With a higher rgading age produce significantly fewer

errors than those with a lower reading ége (Waters, Bruck, & Seidenberg, 1985).
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‘ Thereforg, Trieman’s ﬁndings may have resulted from differences in reading age rather
than from differences in patterns of reliance. In addition reading age may also account
for the differences found between Treiman’s study and that of Castle’s et al. (1997).
While reading age was not assessed by Trieman, it was used as a control variable in
" Castle’s et al. study with no significant differences in reading age found for the reading
reliance groups selected. This study further aims to examine the effects reading age on
adulf participants reading and spelling performance by comparing groups of participants
with different reading ages. |
In addition the study will explore.'the .spelling perforniance of lexically reliant,
non-lexically reliant, and no reliance readers as well as the regularisation, lexicalisation,
and partiai- lexicalisation errors made on tests of spelling and to compare the findings to
those of Castle’s ef al (1997).
- In relation to the use of rules and word specific associations in reading and
spelling it is hypothesised that there will be a significant difference between the pairs of
| dependent correlations. It is hypothesized Fhat if a rules strategy is being used then the
correlation between nonwords (N) and regular (R) words (rnr) will be significantly:
greater than the correlation be@een nonwords and irregular (I) words (rni). It is also
hypothesized that if é whole word strategy is being used then TR will be significantly
greater than ryg. If both rules and word specific associations are being used to read and
| spéll itis hypotﬁesized that the vdifferer‘lce between rng and rr will not be sigﬁiﬁcant.
In relation to the effect of word frequency it is hypotheéised that for both reading
and spe_lling tests significantly more high frequency irrégular words will be read énd
spelt correctly compared to low frequency irregular words. In relation to the spelling

. performance of reading reliaﬁce groups it is hypothesised that lexically reliant readers
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will sbell significantly more irreguler words correctly than non-lexically reliant readers.
It is also hypothesized that non-lexically reliant readers will spell significantly more
nonwords correctly than lexically reliant readers. In relation to the types ef errors made
by the reading reliance groups it is hypothesised that the non-lexically heliant group will
make significantly more regularisation errors than the lexically reliant group. It 1s also .
hypothesised that the lexieally reliant group wili make significantly more lexicalisation
errors than the non-lexically reliant group. It is furthe; hypothesised that the lexically
reliant group will make significantly more partial lexicalisation errors than the non-

lexically reliant group.

" Method
Partici'pan_ts-
The participants were 51 female and 9 male third-year psychology students. The
- participants ranged in age from 18:to 50 (Mean Age= 22.5) and had a pre-morbid IQ
estimate rahging from 87 to 1 15\ (Mean IQ=103.9). The students paiticipated as part of a

class exercise. Participants were required to have normal to corrected-to-normal vision.

Materials

Three reading and spelling lists, .onevcontainihg regular words, one containing
 irregular words, and one containing nonwords were used to examine lexical and non-
lexical Iprocesses in reading anq spelling.

The regular and irregular words were compiled from the Kucera-Francis (KF)
written word frequene‘y database (Kucera & Francis, 1967) and from Stenback (1992). .

For the regular word list, words with a KF frequency of over 350 were classified as high
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freqﬁency words and words with a KF frequency less than 10 were classified as low
ﬁéquency. For the irrégular word list, words with a KF frequency over 120 were-
class.iﬁed as high frequency wbrds and words with a KF frequency of less than 30 were
classified as low frequency words. |

In ordef to minimize ceiling effects lists of 70 high and low frequency regular
and irregular words where compiled and piloted with 10 post-graduate psychology
students who did not pélrticipate further in _the sfudy. The parficipants were asked to read
the words aloud and to séell the words. From the pilo_ting 54 regular and irregular words
each were chosen to be used in the study. Any word that was either read or spelt
‘incor.rectly by ét least one participant wés used in the study. The remainder of the words |
were chosen in relation to their frequency in qrder to ensure equal nufﬁbers of high and
low frequency words (for details see Appendix A). The regular word lisf consisted of 27
high KF frequency words (Mean KF Frequency= 847.44) and 57 low KF frequency
words (Mean KF Frequency= 1.70). The irregular word list also consisted of 27 high KF
frequency words (Mean KF Fréquency: 1217.40) and 27 low KF frequency words
(Mean KF Fréquency= 6.85). For each list the words were pr_iﬁted in 12 point Times
New Roman font, capitalized, 1.5 spaced and in two columns, centered, on a single sheet
- of paper (Appendix B). For the nonword list, Form A of the Martin Pratt Nonword
| Reading te;t (Martin & Pfatt, 2001) cohsisting of 54 honwords was presented using the
booklet provided. | |

The Word Identiﬁcatioh Subtest of the Woodcock Reading Mastery Test (1987)
was used to obtain a general reading age estimate for parficipants. The National Adﬁit

Reading Test (1982) was used to obtain a pre-morbid IQ estimate for each participant. A
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tape recorder was used to record each of the participants’ responses to the three reading

lists in order for detailed analysis to be conducted later.

Procedure
The participants were reciuired to attend two sessions with a two- to three-week
- break between s¢ssions. Before testing Began the panicipants were informed of the
purpose of th¢ study aind suppiied with an information sheet and consent form
(Appendix C). The participantsvwere asked to read through the information sheet and
consent form and to sign and return the consent form. .,

The first séssion took place in class time during which the regular wbrd, irre_gular
word, and nonword spelling lists were adminié’tered. The participants were provided
with three response sheets, one for each word list. For the regular word and irregular

~ word lists.the participants were informed that they would be read each word one at a
time. To éla‘rify each word’s meaning, the words were said by themselves and then
presented in a sentence coﬁtext and then said alone again. For example, if the word was
cat, cat would be s_ai& aloud and then in a sentence “The dog barked ;zt thé cat”, ihe
word cat would then be' repeated alone (for details refer to Appendix D). After this time
the participants were asked to spell the word by writing it down on the response sheet

‘pro_vided. This procedure Was repeated for each of the words on the regular and irregular

~word lists. The participants were then informed that they were going to be aékedvto spell
sdme nonwords. Each nonword was said aloud- once and then repeated. For veach
noanrd the participants were asked té spell them in the simplest way possible. At the
end of this séssion individual times were b§oked for participants to complete the second '

part of the experiment two to three weeks later.
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- In the second session participants were administered the regular word, irregular

‘word, and nonword readin.g tests, the Word Identification Subtest and the NART. The

participants were informed that their responses would be taped for detailed analysis later
and that after analysis the tapes would be destroyed. For the regular word and irregular

word reading lists participants were informed that they were going to be shown a list of

words and when asked they were to look at each word on the list and say them outb_loud

~ one at a time. They were informed that all the words on the list were real words and to

take as much time as they needed and to try their best. For the nonword reading test
participants were informed that they were going to be shown some words that were not

real words. They were told that they were funny made-up words but that you can still ”

say them. Participants were asked to look at each word and then say it aloud and to take

as much time as they needed. Participants were then presented with a number of practice
items before testing began. |

The»Word Identification Subtest was then presented to the participants and they
Were asked to say each word that was presented on the page. After this the NART was
presented and the participants were informéd that they were going to given a list
containirig English words and they would be required to attempt to pronounce each word
on the list. They were informed that all of the words were real English words but that
some __of them had irregular pronunciatiohs and they may not have seen all of them
preyiously. They were encouraged tb attel(npt to pronounce each of the words even if
they wefe not sure. Participants were informed that no one ever gets them all correct.
The pa_rticipant was then given the list of words and told to proceed when they were |

ready and to pronounce the words in their own time. There was no time limit for
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responding to each word. Approval from the Northern Tasmania Social Sciences Hufnan

Research Ethics (Tasmania) Network was gained before the study was conducted.

Scoring Procedure

Reading: On the reéding tests, the words had to be pronounced accurately to be
scored as correct. The pronunciation of nonwords Were scored correct if they conformed
witH spelling-sound correspondence rules or if they were pronounced by analogy With
real words. These criteria are the same as those used in previous studies and facilitated
comparison with the results of these studies (Baron, 1979; Rohl & Tumner, 1988;
Treiman, 1984; Waters et al., 1985; Castles et al., 1997). |

Spelling: On the spelling- tests, word items had to be spelled exactly, with no
errors, to be scored as cc;'rrect; Ahy item not attempted was scbred as incorrect.
Nonwords were scored as correct if the output could be pronounced to sound like fhe |
s.timulus, either by analogy with a regular or irregular word or b$1 the application of
spelling-sound correspondence rules.

Spelling error types: In addition to fhese scores, the spelling errors for regular
and irregular words were”classiﬁed as either a regularizatiori error or a lexicalization
error. Similar to the scoring of nonwords, a misspelling was scored as a regularization
error if it could be pron_ouncéd to souhd like tIlle'target item. A misspellihg was sc;,ored as
a lexicalizatioh error if a whole real word was produced instead of the target item. A
misspelling of én irregular word was scored as a partial lexicalization error if fhe word
prqduced contained ef(idence of partial lexical knowlédge but was neither a complete |
regularization nor iexicalization. For example, if the word foreign was spelt as ‘foriegn-’

it was scored as a partial lexicalization error as the irregular component of the word has
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been misspeiled howevef the spelling~indicates partial lexical knowledge on the part of
‘the speller. | |

Word Identification Subtest: On this subtest words had to be pronounced
accurately to be scored correct. All correct responses were added together to produce a
raw'score. The raw scdre was then converted into an age-equivalent score. [For full
details on the conversion of raw scores to age;-equivélent sco'res readers are referred to
Woodcock (1987)]. |

NART: From the NART an estimétioxi of each participants pre-morbid IQ was
prodﬁced by adding together the number of incorrectly prohounced' WOI‘dS to give a raw
error score that was then converted into an estimated I1Q. [For full details on the |
produétion of an estimated pre-morbid IQ using _tﬁe NART readers are referred to

Nelson (1982)].

‘Design anJ Data Analj}sis '

The study utilized- a correlation design to assess the relationship between
participants reading and spelling ability. Correlation coefficients were obtained for the
relationships between reading and spelling scores for regular words, irregul?r words, and
nonwords. McNefnar’s (1962) fo@ula was used to deteMe the significant differences
between the individual pairs of ,cofrelationé.

The _study utilized a 2x3x2 mixed design. The first independent and between
groups variable was Reading Agé Group with two leveis, reading age above 20 and
reading age below 20 as measured by the Woodcock Reading Mastery Word
Recognition subtest. All further independent variabies were repeated measures and

included: Word Type with three levels, regular words, irregular Wo\rds, and nonwords,
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"and.Task Type with two levels, reading and spelling. The depehdent variables were the

number of words correctly read énd spelt on the regular word, ineéular word, and
nonword lists; Where required-Pdst Hoc tests in the-form of break down ANOV As and
énalysis of simple main effects were used with a Bon_fe;roni adjusted p value.

The study further ufilized a3x3 mjxed' design. The first independent and between
| groﬁps variable was Reading Reliance Group with thrée levels, no reliance, lexically
reliant, and hon-lexically reliant. The second independent variable was a repeated
measures factor and ihcluded:.Word Type with three levels, regular words, irregular -
words, and nonwords. The dependent variable wés the number of words correctly spelt
on the regular v;/ord, irregular word, and nonword spelling lists. |

Further the sfudy utilized a 3x3x3 mixed design. The first independent and
between groups variable was Reading Rel.iance Group with three levels, no reliance,
- lexically reliant, and non-lexically reliant. All further independent: variables were
repeated measures and included: Word Type Witﬁ three levels, regular words, irregular
| words, and nonwords, and Spelling Error Type with three levels, regularizations,
lexicalizations, and partial lexic;alizations. Where required,. Post‘ Hoc tests in the form of -
_ break down- ANOV As and analysis of simple main effects were used With a Bonferroni

adjusted p value.

Results
The data of the participants from all the tests were collected and collated (refer to
Appendices E and F). The percentage of cofre_:ct responses for the regular word, irregular
wofd, and ﬂonword reading and spelling tests are shown in comparison to those of

 Castles et al. (1997) in Table 1.
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Table 1. Mean percentage correct (standard deviations in parenthesis) for each word

type on reading and spelling tests.

2004 Castles et al. . 2004 ‘ Castles

Word Type Reading Spelling
Regular  97.00 (2.26) 84.5(18.6) 93.42 (5.47) 59.5(21.0)

Trregular  90.58 (7.07)  50.00 (14.8)  82.77(10.75)  24.5(15.0)

‘Nonwords ~ 83.45 (9.16) 652(23.1) 6830 (12.00)  63.5(20.5)

The results of the cunent study indicate that overall participants correctly read a>
higher percentage of irregular. veords and nonwords than they spelt. In comparison to the
results of Castles et al. (1997) i_t can be seen that for the irregular word and nonword
feading tests and regular word and irregular werd spelling tests, the participants from the
current study obtained a higher percentage of correct responses. These differences may

have occurred beeause Castles et al. used mainly low frequency words. The use of an
equal number of high and low frequency words in the current study may have allewed
participants to make fewer errors wheﬂ responding. A second reason that could account
“for these differences is that the participants were at different stages of reading and
s.pellin-g development. The participants from the Castles et al. study were children with
an average age of eight years a.ﬁd five months whereas the participants in the current
study were adults with an average age of 22 years and six months. As such .the
participants in the Castles et al. study were still acquiring re.ading énd spellipg skills
whjle the _;>a1fticipants in the current study had acquired these skills. While the |
percentage of correct responses for the regular reading test were similar for participants

from both studies this-may also be explained by the developmental level of the
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particibants. The reading of regular words is acquired early in reading development and
as such a difference would not be expected. |

The mean percentage correct for each task with word types separated into high
~ and low frequenéy groups are shown in Table 2. The results indicate that participants
had a low percentage of correct responses for irregular low frequéncy words for the
: spelliné task and nonwords forboth reading and spelling tasks. Performance on all other

reading and spelling tasks was near ceiling.

Table 2. Mean peréentage correct (standard deviations in parentheses) for each word

type and frequency on reading and spelling tests.

Word Type Reading -Spelling
- Regular High Frequency - 99.75 (1.34) - 99.69 (1.56) -
Regular Low Frequency 94.19 (3.93) 87.09 (9.94)
Irregular High Frequency 99.25 (1.77) : 98.76 (2.94)
Irregular Low Frequency 82.16 (13.21) 67.16 (19.05)
Nonwords 83.33(9.24) 68.30 (12.00)

Correlation Analysis
Iﬁ order to test the hypothesis that both rules and wofd specific associations are
i_nvoived in reading and spelling a conelation analysis was performed. It was
~hypoth’esizéd that t'here'would'bg a significant difference betWeeﬁ the pairs pf dependent
correlations. It was hypothesized that ryg would be significantly greater than ry. It was
aiso ‘hypothesized that‘rmwould be significantly greater than NR: If both rules and word B
specific associations are -being used to read and spell it was hypothesized that the

difference between rnr and 7ir would not be significant. The results, in comparison to
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those of both Castles et al. (1997) and Treiman (1984), are shown in Table 3. Ae can be
seen the correlations for reading in the current study were all weaker than those found by
Castles et al. and Treiman. The weaker correlations may have been due to a ceiling
effect in the regular reading task as the majerity of participant.s achieved 53 to 54 correct
out of 54: In relation to the correlations for _spelling, rnr Was weaker in comparison to
the correlations found by Castles et al. and Treiman. The. rni correlation was similar to
that found by Castles et al. but weaker than tilat found by Treiman. HoWever ViR Was

stronger than that found by Castles et al. and Treiman.

Table 3. Correlations of the number of correct responses for the regular, irregular, and
nonword reading and spelling tests in comparison to the results of Treiman (1984) and

+ Castles et al. (1997).

: Reading Aloud Spelling
- Correlation 2004 Castles Treiman 2004 Castles Treiman
Coefficient  Results (N=128) . (N=45) Results (N=128) (N=45)
™R .32 .84 .81 .59 - . .66 .89
R .25 .72 75 .84 72 73
NI 48 il .55 .56 44 67

McNemar’s (1962) formula was used to test for significant differences between
the pairs of dependent correlations. On the reading tasks, it was found that in eOntrast to
the results of Castles et al. (1997) and Treiman (1984), rnr was not significantly greater
than 7y, _t(57)=1.15, p>.0_5.‘Thjs indicates that there was no difference in the affect of
rules on perticipants’ accuracy in reading regular words compared with irregular words.
‘Similar fo Castles et al.’s ﬁndings, but in contrast to Treiman’s findings, rir was found

not to be significantly greater than 7y, #(57)=1.70, p>.05. This gives no clear indication -
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. of word-specific infonﬁation being used in reading regul;r words. Further, consistent
wiﬂth the results of Treiman but in contrast to those of Castles et al., ryg Was not |
significantly greater than r[;{, #(57)=0.55, p>.05. Therefore this indfcates that neither
rules nor word-specific information was more important for the reading of regular
words. Overall these results suggest that for adults in this study neither rules nor word-
specific associations were more important for reading regﬁlar words.

In relation to the spelling tasks it was fou_nd that iﬂ contrast to both the findings
of Castles et al. and Tfeiman, rNR Was not signiﬁcaﬁtly g.reaterl than i, 1(57)=0.50,
p>.05. This indicates that, as was found for reading in this study, there was no difference
in the effect of rules on parﬁcipants’ accuracy in spelling regular words compared withA
virre gular words. Similar to the results of Castles et al. but in contrast to Treiman’s
A results, 7jr was significantly greater than ry;, #(57)=4.34, p<.05. This suggests that for

_ spelliné, 'word-specific associations were being used by thé participants to spell regular

wotds. Further; in contrast to Castles et ai. and Tretman, rjgr was found to be

signiﬁcantly greater than rNR,>t(57)=3.84, p<.05. This indicates that for spelling, word- -
specific associations were a more important determinant of adult’s ability to spell
regular wordé than was the use of rules. Overall for spelling these results indicate that

word-specific associations were being used to spell regular words.

Word Frequency

| In 6fder to test the hypbtheses that significantly more' high frequency irregular
words would be read and spelt correctly compared to low frequency irregulaf words one-
- way ANOVAs were conducted with the n'u_fnber of correctly read and spelt high and low A

frequency ifregular words being the dependent variable. For reading, there was a
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significant main effect of Frequency F (i,59)?104;18, p<.001 indicaﬁng that
significantly more high frequency irregular words were read correctly than low

" frequency irregular words. For spelling, there was also a significant main effect of
Frequency F (1,5_9):1'94.26, p<.001 indicating that significantly more high frequency |
irregular words Wore Soelt correctly than low freqﬁency irregulaf words. In addition one-
way ANOVAS were conducted .vs./ith the number of correctly read and spelt high and low
frequency regular words being the dependent variable. For reading, there was a
significant main effect of Frequency F(1,59)=135.00, p<.001 indicating that
sigﬁiﬁcantly more high frequency regular words were read correctly than low frequency
regular words. For spelling, there was also a significant main effect of Frequency
F(1,59)=116.78, p<.05 indicating that signiﬁcantly more high frequency regular words

were spelt correctly than low frequency words.

Groups Selécted on Reading Age

| The Word Identification subtest of the Woodcock Reading Maétéry T_eét -
Revised (1987) was used to determine oach participont’s reading age. The reading age -
groupo were then selecfed by. calculating_the avorage reading age (Mean=22.18) and
participants were then séparated into two groups; reading age below 20 and reading bage
above 20. The characteristics of the two .groups and total sample are shown in Table 4.

. A 2 (Reading Age Group: reading age below 20; réading age above 20) x 2 (Task
Type: Reading; Spelling) x 3 (Word Type: Regular; I_rrégular; Nonword) mixed analysis
,Of variaﬁce (ANOVAj was performed in order td conﬁﬁ that the reading and spelling

ability.v of bérticipants conformed to t'he‘read-ing_ age groups that they were placed into.
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Table 4. Mean age, reading age, predicted 1Q, regular word, irregular word, and
nonword reading and spelling (standard deviations in parentheses) and number of males

and females of the reading age groups and total sample.

Reading Age  Reading Age  Total Sample
Above 20 Below 20
| T Age 22.03(565)  2230(633)  22.17(5.95)
Number of Males 6 3 9 |
Number of Females 24 27. 51
-Woodcock Reading Mastery Test ' _ _
Predicted Age Equivalent Score ‘29.11 (4.14) 16.63 (2.55)  22.87(7.16)

National Adult Reading Test Pre-
morbid IQ estimate

106.70 (5.05)

101.10 (5.46)

103.90 (5.93)

Regular Word Reading  52.47 (.86) 52.30 (1.51) 53.28 (1.22)
Irregular Word Reading  50.20 (2.68)  47.63 (436)  48.92 (3.81)
- Nonword Reading  47.50 (1.81)  42.63 (5.85) 45.07 (4.95)
Regular Word Spelling  51.67 (1.62) - 49.23 (3.47) 50.45 (2.95)
Irregular Word Spelling 4647 (4.77) 4293 (6.26)  44.70 (5.80)
Nonword Spelling  39.73 (3.77)  34.03 (737)  36.88 (6.48)

The dependent variables were the number of correct responses for the regular word,

irregular word, and noﬁword reading and spelling tests. The main effects of Task Type

i F(1,58):'1 64.29, p<.001, and Word Type F(2,116)=243.63, p<.001 were significant.

- These main effects were modified by sign'iﬁcant two-way interactions. There was a

significant two-way interactions between Task Type and Word Type F(2,116)=43.50,

p<.001. As shown in Figure 1 participants read more regular, irregulér and nonwords

correctly than they spelt. Post Hoc analysis of simple main effects revealed that

parficipants read more régular words t(59)=5.49,-p<.001, irregular word #59)=9.67, |

p<.001, and nonwords 1(59)=10.80, p<.001 correctly than they spglt. It was further
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shown that participants read significantly more regular words correctly than irregular
words #(59)=7.25, p<.601, and nonwords t(59)=12.07, p<.061. It was also shown that
participants read significantly more irregular words cerrectly than nonwords t(59_)=6.59,
p<.001. In additien it was revealed that participants spelt signjﬁcently more regular
words corre'c;ly than irregular words #(59)=12.08, p<.001 and nonwords #(59)=19.85,
p<.001. Finally it was shown that participants spelt significantly more irregular words

correctly than nenwords #59)=10.52, p<.O01.
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Figure 1. Mean number of regular words, irregular words, and

nonwords read and spelt correctly by participants.

There was also a significant two-way interaction between Word Type and Readmg Age
Group F( 1 ,116)=8.50 , p<.001. As shown in Figure 2 partlclpants with a Reading Age

above 20 read and spelt more nonwords correctly than participants with a Reading Age
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. below 20. Post Hoc analysis Qf simple main effects revealed that participants with a
Reading Age above 20 read and spelt'sigﬂiﬁ_cantly more regular words #58)=2.97,
p<.65, irregular words #58)=2.69, p<.05, and nonwords #(58)=4.71, p<.05, correctly
than those with a Reading Age below 20. It was also shown that participants with a
Reading Age above 20 read and spelt siglﬁﬁcahtly more regular words correctly than
irregular words #(29)=6.81, p<.001, and nonwords t(29)=18.76, p<001.1t was further
shown that participants with a Reading Age above 20 also read and spelt signiﬁcaritly
more irregular wbrds correctly than nonwords #(29)=7.53, p?.OOl. It was also shown that
participants with a Reading Age‘ below 20 read énd spelt significantly more regular
Words correctly.than irregular words t(29)=8.15, p<.001 énd_nonwords 1(29)=14.75, -
p<.001. Finally it was showp ;hat participants with a Reading Age below 26 read and

spelt significantly more irregular words than nonwords #(29)=17,18, p<.001
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Figure 2. Mean number of regular words, irregular words, and _
nonwords read and spelt correctly by participants with reading ages

above and below 20.

There was a trend towards a 51gn1ﬁcant two- way 1nteract10n between Task Type and
Reading Age Group F(1,116)=3.56, p=. 064 Asis shown in Figure 3 participants with a
Reading Age above 20 appear to have been better_ at spelling the words types than

~ participants with a Reading Age below 20.
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Figure 3. Mean number of regular words, irregular words, and
nonwords, read and-spelt correctly by participants with reading ages

above and below 20.

The three-way interaction between Task Type, Word Type and Reading Age Group was

not significant F(2,116)=.63, p>.05.

Groups Selected on Reading Reliance .

In order to investigate the effect of reading reliance, groups were selected using

the same procedure as that used by Castles et al. (1997). Reading reliance was calculated

by converting partiéipants’ scores to z scores and then subtracting each participant’s

nonword z score from their irregular word z score. A high positive difference score

reflected relatively better irregﬁlar word reading than nonword reading and was taken to
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indicate lexical reliance. A high negative difference score indicated relatively better

" nonword than irregular word reading and was taken to indicate non-lexical reliance. The

characteristics of the three groups are shown in Table 5.

Table 5. Mean age, reading age, predicted IQ, regular word, irregular word, and

" nonword spelling and reading, z scores (standard deviations in parentheses) and number

of males and females of the reading reliance groupé.

No Reliance Non-Lexical Lexical Reliance
Reliance ~

Age 2445(9.37) 21.62 (3.64) 20.62 (1.52)

‘Males - 3 1 5

Females 17 15 19

Woodcock Reading
~ Mastery Test Predicted . ' o

Age Equivalent Score  24.00 (5.62) 24.64 (7.93) 20.75 (7.51)

. National Adult Reading
Test Pre-morbid IQ

103.18 (6.63)

O ALISHIAINA

. Estimate  105.35 (4.42) 103.16 (6.53)
Regular Word Spelling  51.20 (1.88) 49.50 (3.82) 50.45 (2.96)
Irregular Word Spelling  45.80 (3.98) -41.93 (7.20) 45.62 (5.67)
Nonword Spelling  38.60 (5.04) 35.68 (7.90) 36.25 (6.48)
Regular Word Reading  52.50 (0.94) 52.63 (0.88) 52.13 (1.56)
Irregular Word Reading .  50.35 (1.81) 45.94 (4.49) 49.71 (3.59)
Nonword Reading  47.15 (2.56) 47.44 (2.09) 41.75 (5.94)
' ZScore  -0.04 (0.21) _-1.25 (0.91) 0.87(0.55)

In order to examine the effect of word frequency on reading reliance, reading

- reliance was also calculated for high and low frequency words separately. As is 'showrll

in Table 6 for high frequency words a higher percentage of pérticipants were reliant on

neither route however for low frequencyﬂ words a higher percentage of participants were

reliant on the lexical route.
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Table 6. Mean percenfage of reliance on lexical, non-lexical or neither process for high

and low frequency words.

No Reliance Non-Lexical Lexical Reliance
_ Reliance
High Frequency 36.66% ‘ 30% 33.33%

Low Frequency 31.66% : 31.66% 36.66%

It was hypothesised that lexically reliant readers would speil significantly more
irregular \;vords correctly thaﬁ non-lexically reliant readers and that non-lexically reliant
readers would spell si gnjﬁcanﬂy more nonwords correctly than lexically reliant readers.
In order to test these hypotheses a 3 (Reading Reliance Group: No_Reliance; Lexical
Reliance, Non—lexical Reliance) x 3 (Word Type: Regular, Irregular, Nonword) mixed
~ ANOVA was performed. The dependent variables were the number of correctly spelt
regular words, irregular Words, and nonwords. The main effect of Word Type was
significant F(2,114)=2016.76, p<.001 indicating that all partif:ipants, regardless of
reéding reliance; spelt signiﬁcantly more regular words correctly than irregular words or
nonwords. The two-wéy interaction between Word Type and Reading Reliance Group

was not significant F(4,114)=1.59, p>.05.

Spelling Error Analysis -

The percentages of eacﬁ reading reli‘ance group’sl spelling errors that were either
a regularisation, lexicalisation, or partial lexicalisation efror were computeci. As some
participants did not make any nﬁstélkes and others only made mistakes of one or two
types but not all three; analyses of each error type was conducted separately with data

from pai'ticipants who did make an error of that particular type.
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The percentages of spelling errors on regular and irregular words that were
regularisation errors, combared with the results of Castles et al.' (1997), are shown in -
Table 7. Similar percenfages of errors were found in comparison to the regularisation
errors made by the groups in Castles et al.’s study except for the percentage of
reguiarisatioﬁ errors made By the lexically reliant groups for irregular words. In this
study there were a highef percentage of regularisation errors for inégﬁlar words made by

the lexically reliant gr;)up cofnpared to Castles et al.’s lexically reliant group.

Table 7. Mean percentage of spélling errors that were regularisations (with standard -

deviations in parenthesis) for each word type as a function of reading reliance group.

2004 Castles et al. ’ 2004 ~ Castles et al.
» (1997) (1997)
Reading Regular Words Irregular Words

Reliance Group

No Reliance  41.66 (21.67)  41.1(23.1)  45.18(2252)  33.4(15.9)

- Non-lexical  35.68 (12.55) 48.8 (21.4) 31.11 (15.39) 36.9 (16.9)
Reliant ' _
Lexical 40.27 (12.92) 37.5 (34.6) -40.02 (19.85) 21.0(12.4)

Reliance .

It was hypothesised that the non-lexically reliant group would make significantly
more regularisation errors than the lexically reliant group. One-way ANOV As indicated
that there were no signiﬁcant differences between the three grdup.s in thé percentage of
regularisation errors made for either regular words F(2,29)=.36, p>.05, or irregular
words F(2,29)=2.27, p>.05 |

The percentages of spelling errors on regular words, ineguiar words, and

nonwords that were lexicalisations, compared with the results of Castles et al. (1997),
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are shown in Table 8. A hj’ghér percentage of lexicalisation errors for both regular words
and irregular words were found in this_‘study pompared with Castles et al.’s study.

It was hypothesised that the lexically reliant group would make significantly
more lexicalisation errors than the non-lexically reliant groﬁp. One-way ANOVAs

indicated that there were no significant differences between the three groups in the

Table 8. Mean percentage of spelling errors that were lexicalisations (with standard

deviations in parenthesis) for each word type as a function of reading reliance group.

2004 Castleset 2004  Castleset 2004  Castles et

al. (1997) al. (1997) al. (1997)
Reading Regular Words Irregular Words NonWords
Reliance '
Group , : '
No 52.87 = 6.4(6.3) 20.12  5.5(4.6) 9.37(3.8) 7.8 (8.8)
Reliance  (32.69) (6.29)
Non-lexical 4043  7.0(7.3) 17.19 56(4.6) 9.60(510) 46(7.1)
Reliance  (26.90) (5.83) ,
Lexical 37.00 13.7 1644  28(54) 949397 5.6(7.3)

Reliance  (23.74) (13.1)  (8.87)

percentage of regularisation errors rﬁade for either reglilar words F(2,54)=1.68, p>.05,
irregular words Fi (2,40) =.92, p>.05, or nonwords F(2,50)=.01, p>.05.

The percentage of spelling errors on irregular words that were partial
lexicalisations, compared with the results of Castles et al. (1997), are shown in Table 9.
In contraét tb the results found by Castles et al. a higher percentége of pértial
le);icalisatio_n errors were found for both thé no reliance group and non-lexically reliance
group. |

It was hypothesised that the lexically reliant group 'wou'ld make significantly

more partial lexicalisation errors than the non-lexically reliant group. A-one-way’
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ANOVA indibéted that there were no significant differences between the three groups in
. the percentage of partial lexicalisation errors made for irregular words F(2,46):.09,

p>.05.

Table 9. Mean percentage of spelling errors that were partial lexicalisations (with

~standard deviations in parenthesis) for irregular words as a function of reading reliance

group.
2004 Castles et al. (1997)
Reading Reliance Group _ | Irregular Words
No Reliance - 26.51 (12.38) 13.1 (12.6)
Non-lexicalvRelianc’e - 27.64 '(13.28) 12.7 (7.1)
| Lexical Reliance 25.61 (11.49) 22.7 (14.6)

A further analysis was conducted using all parﬁcipants in an analysis for each errortype.
The f)ercentage of regularisation errors, lexicalisation errors and partial lexicalisation
errors made by each reliance group wés calculated for each word tybe in order to
determine if reliance groups differed in their overall propensity to make each type of
erTor.
The overall percentage of regularisaﬁoh €ITorS made by each reliance group for regular
and irregular words is shown in Table 10. As can be seen the results indicate that for
regular words the three reliance groups made a similar percentage of regularisation

~ errors. The results also indicate that in relation to irregular words the no’reliancev' group
made a higher percentage of regulaﬁsation errors than either the 1exically reliant or non-

~ lexically re.lviant group's;
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Table 10. Overall mean percentage of spelling errors that were regularisation errors
(with standard deviations in parenthesis) for regular words and irregular words as a

function of reading reliance group.

- Regular Words Irregular Words

No Reliance 1851 (25.44) 45.18 (22.52)
vNorj-lexicél Reliance ©20.07 (20.25) ' 31.11(15.39)
Lexical Reliance ~ 22.76 (22.53). L 40.02(19.85)

The overall percentage -of lexicalisation errors made by each reliance group for fegular
words, irregulaf words, and nonwords is shown in Table 11. As can be seen the results
indicate.th.at in relation to regular words the no reliance group made a higher percentage
of errors that were lexicalisation érrofs than either the non-lexically reliant or lexically
reliant groups. In relation to irregular words the results indicate that the reading reliance
groups made a similar percentage of lexicalisation errors. In relation to nonwofds the

results also indicate that the reading reliance groups made a similar percentage of

" lexicalisation errors.
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Table 11. Overall mean percentage of spelling errors that were lexicalisation errors
(with standard deviations in parenthesis) for regular words, irregular words, and

nonwords as a function of reading reliance group.

Regular Words - Irregular Words | Nonwords

»No Reliance = 52.87 (32.69) - 12.07 (11.19) 7.50 (5.16)
i\]on-Lexical , _ _ )
‘Reliance 4043 (26.90) 13.96 (8.67) 9.00 (5.48)

Lexical Reliance ~ 33.78 (25.02) 10.96 (10.68) 791 (5.11) .

The overall percentage of partial lexi,caiisation errors made by each reliance group for
" irregular words is shown in Table 12. The results indicate that the three reading reliance

groups made a similar percentage of partial lexicalisation errors for irregular_words.

Table 12. Overall mean percentage of spelling errors that were partial lexicalisation
errors (with standard deviations in parenthesis) for irregular words as a function of

reading reliance group.

Irreguiar Words
No Reliance 22.53 (14.95)
N}on-luexical Reliance . y " 22.46 (16.29)
Lexical Reliance 1814 (15.27)

Discussion and Conclusions
The aims of this study were to inVestigate the processing mechanisms involved

‘in reading and spelling through the use of 'scparate regular word, irregular word, and
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nonWord teading and spelrli.ng tests. The study aimed to extend the research conducted
by Tieiman (1984) and Castles et al. (1997) through an investigation into the use of rules -
vand word-specific associations in reading and spelling in adults. It further aimed to
examine the effects of Word frequency and reading age on participants’ reading and |
spelling performance. In addition the study explored the sp,elling performanee of
lexically reliant, non-lexically reliant, and no reliance readers as well as the |
regularisation, lexicalisation, and partial lexicalisationerrors made on tests of spelling.
In relation to the use of rules and word-specific associations in reading and
spelling it was hypothesized that there would be a significant difference between the
pairs of dependent correlations. It was hypothesized that 7nr would be significantly
greater than 7. It was also hypothesized that r[é would be significantly greater than rng.
- If both rules and word specific associations are being used to read and spell it was
hypothesized that the difference between rnr and ;’IR would not be significant. For
reading, the cOr_relation analysis performed indicated that neither rules (rnr was not
si gnificantly greater than ryp) nor word-specific.associations (f[R was not significantly
greater than rni) were involved in reading nor was either a more important determinant
(rnr Was not significantly greater than ff[R) of reading. These results differ from results
found previously with children including those of Baron (1979) who foun(i that both
" rules and word specific associations were involved in teading but neither process was
found to be a more important determinant ofieading ability. Similar to the current study,
Treiman (1984) fonnd that neither rules noriword-‘speciﬁc associations were a more |
irnportant determinant of ability to read regular words. However,. Treiman (1984) also
found that both rules and word-specific associations were involved in the reading;of

regular words. In contrast to the results of the current study Castles et al. (1997), found
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evidence for the involvement of rules but not word-specific associations. In addition
Castles et al. found that rules were a more important determinant of e;bility to read
regular words than word-specific associations. When the results of the current study are
compared to these previous studies they indicate that adults differ in their use of rules of
the non-lexical route and word-specific associations of the lexical route in compa_risoin to
- children. It appears that adults utilise both lexical and non-lexical processés eqpally
whereas children appear to rely more on. one or other procéss. Therefore, as has been
found by Martin et al. (2003), the use of lexical and non-lexical processes may increase
with age with older readers having superior pfoccssing skills compared to younger
readers. Caution needs to be taken, however, in interpreting these weak correlations as
there was a ceiling effect in relation to the reading of regular words which may have
distorted the correlations. The ceiling effect may account for the differences fouﬁd
.between the results found by Treiman and Castles et al. and those of the current study.

The results of the correlation analysis for spelling differed someWhat to those
found for reading. For spelling the results indicated that rules were not involved in
spelling regular words (rnr Was not significantly greater tﬁan rn1), however, word-
specific associations were found to be involved in spelling regular words (rir was
significantly greater than rj) and were found tb be a more importanf determinant of
ability to spell regular-words than rules (rir was found to be sigrﬁﬁcantly greater than
rnr). These results aléo differ to those previously found by Castles et al. (1997) and
Treiman (1984). Castles et al. found that neither rules nor word-specific associations
wefe a more important determinant of aEbility to spell regular \;\fords and that both rules _
and word specific Yassociations were involved in spelling regular words. Howéver,

Castles et al. did find that g was greater than rng but not significantly indicating that as
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was found in thé current study the lexical route was involved in the spelling of regular
words. Conversely, Treiman (1984) found that only rules were_involvéd in spelling and
that rules were a more important determinant of ability fo spell regular words than Qord-
specific associations. In contrast to the current study Treiman found the non-lexical
route to be involved in the spelling of regular words. |

The differences in results between those found in the current study énd those of -
Treiman (1984) indicate that it is possible that the vx;ay an individual is taught to spell
either using a whole-word m;:thod ora pﬁonics based method canﬁ influence patterns of
reliance. As in Castles et al.’s (1997) study, it is possible that the participants of the |
‘current study were taught using a whole-word method rather than a phom'cs method.
While data was not collect on how participants were taught to read and spell, given state
educational policy at the time, it is probable that the majority of participants were taught
using the whole-word method. As such, what the results of this study, and those
conducted by Castles et al. and by Treiman highlight is that both lexical and non-lexical
procedurés can be used to spell regulaf words but which is used may be determined by
how an individual is taught to spell. This would also account for why the spelling of
nonwords was consviderably poor in the current study. If participahts were relying on the
word-specific association of the lexical route and since nonwords do notvhave a
representation in the lexicon, they may have guessed the spelling' of the word as tﬂey did
not have suitable knowledge of rules to be able to spell the nonword using the non-
lexical route correctly. While there was not a Sigrﬁﬁcant difference in the use of rules
and word-specific associations for reading, what was shown was.that participants were
signiﬁcantly be&er at reading irregular words than nonwords. This indicates that as with

spelling participants did not have adequate knowledge of rules to be able to correctly
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read nonwords Whiéh would occur if.participanfs were taught to read usingra whole-
" word reading mé_thod.
In relation to the effect of wérd frequency it was hypothesised that significantly
more high frequency irregular words would be read and spelt correctly compared to lqw
fréq_uency irfegular words. As was found by Kreiner and Gough (1990) and McCusker et
al. (1981), participants produced fewer errors on high freduency irregular wbrds than
' léw frequency irregulaf words for both reading and spelliﬁg. In addition it was found
that partilcipants produced fewer errors on high frequency regular wofds than on low
»frequenc.y regular words for both reéding and spelling tests. These results indicate that as

was found by Kreiner and Gough ;ind McCusker et al. word frequericy does have an |
effect on reading and spelling p§rformance at least for adults. The effect of word
frequency,on the reading and spelling performance of children is not known however as
previous studies have not taken word. freciuency into consideration.

Nevertheless, contrary to the assertions of Kreiner and Gough (1990) and
McCusker et al. (1981) there was no evidence to suggest that high and low frequency
irregular words rely on different routes for processing. Examination of reading reliance . '
for high frequency irregular words indicated that a higher proportion _6f participants
relied on neither process to réad these words while for low frequency irregular words a
higher proportion of paf_ticipants relied on the lexical route. This indicates that rather
than .treating low frequency il:regular words as nonwords aﬁd relying on the ﬁon-lexical
routé, participants relied on the lexical route to read low frequency irrégular words.
Thérefope, as is proposed in dual-route models of reading, known irregular words are
stored in fhe mental lexicqn b(Coltheart, 1979; Cdltheart, Curtis, Ati(ins, & Haller, 1993;

- Coltheart, Rastle, Per}y, Langdon, & Ziegler, 2001) and for adults this does not appear '
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to be affected by the word’s frequency. As adult readers have more words stored in their
men_t;al lexicon aﬁd in pé.rticular mére low frequency irrggular words stored than children
it is not known whether wofd frequency affects the way in which low ffequ_ency
irregular words are processed by children. :

In examining the effects of word frequency on participants’ use of the lexical and
non-lexi_cal proc¢dures consideration needs to be made, however, to the“ way in which
the regul_afand irregularv word lists were constructed and presented. In the study by
Trieman (1984) the regular and irregular words wére matched visually and presented in
separate lists while in the study by CaStles et al. (1997) the words were matched on
frequency but presented in mixed l.ists. In thle present study the frequency of the words
was deliberately manipulated so that there was an equal distribution of high and low
frequency words and they were presented ibniseparate lisfé. The use of an equal number
of high and low frequéncy words for both regular and irregular words may have affected
the results of the currents stﬁdy. Using an éciual number of high and low frequency |
words contributed to a ceiling effect which restricted the range of respénses that could
be prodliced by participants. Using more low frequency words may have increased the
- range of responses and}thus increased the likelihood of éapturing the range of lexical and
non-lexical abilities of tl_ie adults. It appears from the current research and previous
studies conducted ny Treiman anci Castles et al. t_hat the most apprdpriate wayA to -
examine lexical énd non-lexical processed may be to carefully match regular and .
irregulaf wdrds on frequency and present them in separate lists. Further research using
this method is required in order to establish the utility of this procedure.

| Invrelation to the effect of reading;age on performance of reading, as was found

by Waters et al. (1>985), participants with a higher reading age produced significantly
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fewer errors on irregular words and nonwords than those with a lower reading age. For

spelling, however, reading age was not fouﬂd to affect performance on irregular words

- and nonwords indicating that, for adults, reading and spelling are differentially affected
by reading age. This also indicates that for adults éhronological age is an inapprépriate '
grouping variable. when assessingvreading performance as differences found may be due
to experience with written language, stages in reading acquisition or difﬁculty in the task
material (Backrnaq et al., 1984). As Treiman (1984) did hot assess the reading age of
participants so it is unclear how reading age may have affected the performance of the
children however from the results of the current experiment it is clear that reading age
does affect the reading performance of adults. Therefore, when assessing participants -
’reading ;cmd spelling performance it appears appropriate to control for the effects of
reading age by either making reading age ;1 separate vaﬁable or as was done by Castles
et al. controlling for the effects by using parficipants with similar reading ages.

In felation to the spelling performance of reading reliance groups it was

' hypothesised that lexically reliant readers would spell significantly more irregular words
correctly than non-lexically reliaﬁt readers. It was also hypothesized that non-lexically
reliant readers would spell vsigniﬁcarvltly more nonwords correctly than lexically reliant
readers. In contrast to' these hypotheses there were no differences found in the number of
irregular words and nonwords spelt correctly By le_xicéliy réiiant, noh—lexically reliant,
and no reiiance readers. In relation to the types of errors made by the fe_a‘diﬁg reliance
groups it was hypothesised that the non-lexical ;eliant group would make significantly
more regulariSatidn errors than the lexical reliant group. It was also hypothesiséd that the
lexically ‘rel_iant group would make significantly more lexicalisation errors than the non-

lexically reliant group. It was further hypothesised that the léxically reliant group would
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‘make significantly more pértial lcxicalisafion errors than the non-lexically reliant group.
- When the spelling errors of the reading reliance groupé were examined, however, no
differences in thé ﬁumber of regularisation errors, partial lexicalisation errors, or
lexicalisation e&ors were found. While these results aré in contrast to those found by
both Treiman (1984) and Castles et al-. (1997) they are congruent with the other findings
of this study. In the current study participants utilised the lexical and non-lexicél
processing mechanisms differehtly to read and spell. In reading there was equal use of
the pfocessing mechanisms while in spelli;lg there was reliance on the lexical route.
Thus, it is not unexpected that there were no similaritieé in reading and spelling
performance or types of errors 'mz‘lde by the reading reliance groups. It appears that for

- such patterns to be found reliance needs to be consistent across domains.

The results of the current study support the previous finding by Treirﬂan (1984)
and Castles et al. (1997) that both lexical and non-lexical processes are involved
spelling. The results .are also consistent with the dual-route model of spelling proposed
by Caramazza (1988) and Tainturer and Rapp (2000). The results do not, however,
support the notion of their being a continuum for normally developed adult readers or
spellers from ‘Phoenician’ to ‘Chinese’ as found in children by Baron (1979), Treiman,
and Castlés et al.. In contrast to research lising children, in the currént study there was no
evidence of individual differences on reliance on lexicalvand.r.lon-lexi'cal processing
mechanism for reading suggesting that these ére used equaliy in this population. For
spelling, rather than there being a continuum, adult’s reliance appeared to be affected by

| the way in which the participants were taﬁght to spell using either a whole-word or .
_ phohics method. In addition this study demonstrates that reading age affects the reading

performance of adults, while word frequency affects both the reading and spelling
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_ performance of adults. It is not yet known how reading age or word frequency affects
the reading and spelling performance of children, therefore cauﬁon needs to be taken in
interpreting the results of children and in extrapolating' the finding to adults. In addition
both the Word Identiﬁcation test of the Woodcock reading mastery test —révised (1987)
and NART overlap in theory with the tests of regular and ifregular words used in thié
study which may have affected the results éf the study because of the similar nafure éf
the testing material. |

While this study provides further support for the dual-route account of spelling
some caution needs to be taken in interpreting the results as exposure to whole-word and
phonics based t'eéc_hing methods was not explored in the current study. However as it
appears that teaching methods may affect the use of lexical and ngn—lexical processing
mechanisms in reading and spelling future research may like to examine the effect of
teaching methods on processing mechanisms and how suqh methods may best be

combined in the teaching of reading and spelling in order to maximise these processes.
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Appendix A: Regular and Irregular Word Piloting Data
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Regular Words

Word Word Frequency Percentage Read Correct Percentage Spelt Correct
Part 500 ‘ 100% 100%
Right 613 : ‘ 100% 100%
Harp 1 ‘ 100% 100%
Back 967 ‘ - 100% 100%
Even ' 1171 - 100% : 100%
Archer 1 ' 80% 90%
Lode 1 . 100% 40%
Small 542 100% 100%
Animosity .3 80% . 100%
Still - 782 ’ 100% 100%
Number s 472 -100% 100%
General 497 - g 90% 100%
Many 1030 : 100% 100%
See - - 172 B 100% o 90%
Pledge .3 100% 90%
Helmet - 1 : 80% , 100%
Frown : 1 100% ' 100%
Sop 1 100% 70%
Year 660 . 100% "100%
Figment 2 ' 90% ' 100%
Riddle 1 100% 100%
Fact ' 447 100% 100%
Time 1599 100% 100%
Sage 2 100% 90%
Life , 715 100% 100%
Fable 2 100% , 100%
Broil 2 : 100% . : 90%
“Can 1772 100% : 100%
Gig 2 : 100% ' . 100%
Scavenger 1 , 100% 80%
- Wig 1 100% 100%
Three 610 100% 100%
Creeper 1 80% , . 60%
Better 414 90%. T 100%
Allegory -3 ] 70% 50%
Lament 1 . 80% _ - 60%
- Salute 3 : - 90% | - 70%
Must 1013 _ - 100% ' 100%
Hostage 2 90% 90%
Blush 2 100% - 100%
State 808 - - 100% 100%
" Other 1702 100% 100%
Sleet 1 100% 90%
Left 480 , 100% _ 100%
Thought 515 . 100% 100%
Like 1290 : 100% 100%
Home 547 ' 100% - 100%
Adversity 2 “90% . 90%
Well - 897 100% _ 100%
Toil 1 " 100% , ' 100%
Jade _ 1 . 100% 100%
Parcel 1 ' ' 100% ' 80%

House 591 : 100% 100%
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100%

Make 794 100%-

Yelp 2 100% 100%
Man - 1207 100% 100%
Last 676 100% 100%
Hop 2 100% 100%
Day’ 686 100% 100%

Smelt 2 100% 100%
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Irregular Words

Word Frequency

Percentage Read Correct

Broo_ch

Word . Percentage Spelt Correct
Tow 1 100% 90%
_ One 3292 100% 100%
Come 630 100% 100%
Head 424 100% 100%
Work 760 100% 100%
Answer 152 100% 90%
Sure . 264 90% 100%
Pretty 107. 90% - 100%
Put 437 100% 100%
Been 2427 100% 90%
Eye 122 100% 100%
Done 320 100% -~ 100%
-Good -807 100% 100%
Give 391 100% 100% -
Have 3941 100% 100% -
Soul 47 100% 100%
Said 1961 100% 100%
Shoe 14 100% 100%
Blood 121 100% 100%
Want 329 100% 100%
Island 167 90% 90%
Both 730 100% 100%
Foreign 158 80% 70%
Word 274 100% 100%
Tongue 35 100% 100%
Ceiling 31 100% 80%
Were 3284 100% 80%
Great 665 100% 90%
Wolf 6 80% 90%
Schism 1 60% 70%
Chorus 18 90% 90%
Pint 13 70% 100%
"‘Sword 7. 90% 80%
Cough 7 100% 80%
Ton 13 90% 40%
Bouquet 4 80% 90%
Champagne 13 80% 90%
Tomb | 90% 100%
Circuit 23 100% 100%
Most 1160 100% 100%
Meringue 1 90% 60%
Was 9816 100% 100%
Gauge 12 70% 80%
Choir 8 100% 90%
Depot 13 90% 100%
Beret 1 90% 80%
Debris 8 70% 90%
_ Drought 5 90% 100%
" Sovereign 30 90% 90%
Trough 3 90% 80%
Indict - 2 60% 70%
"Distraught 1 90% 70%
1 90% 70%
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Quay 1 70% ’ 60%

Yacht 4 _100% : 90%

Benign 1 90% 80%
Scythe 1 70% : 60%
Plover 1 100%. 60%

; Nought 1 90% : 60%
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Appendix B: Regular Word List and Irregular Word List
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PART
RIGHT
BACK
EVEN

ARCHER
LODE
SMALL

ANIMOSITY

STILL
NUMBER
GENERAL
MANY
SEE
" PLEDGE
HELMET
SOP
YEAR
FIGMENT
RIDDLE
TIME
SAGE
LIFE
~ FABLE
BROIL
CAN
GIG
- SCAVENGER

Regular Word List

THREE
 CREEPER
ALLEGORY

LAMENT
SALUTE
MUST

'HOSTAGE -

BLUSH
STATE
OTHER
SLEET

THOUGHT

LIKE
HOME
ADVERSITY
WELL
TOIL
JADE
PARCEL
HOUSE
MAKE
YELP
MAN
LAST
HOP
DAY
SMELT
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Irregular Word ‘Livst
HAVE
ONE
BLOOD
~~ ISLAND
SOVEREIGN
CHORUS
. BROOCH
TROUGH
WORK
WERE
TOW
PINT
PRETTY
MOST
SAID
BEEN
WOLF
FRIEND
WAS
‘NOUGHT
DEPOT
GOOD
DROUGHT
'BENIGN
PLOVER
WANT
- MERINGUE

EYE
GAUGE
CHOIR
GREAT
WORD
~ GIVE
~ SCHISM
PUT
BERET
~ SHOE
YACHT
'BOUQUET
CHAMPAGNE
SWORD
COME
 SCYTHE
INDICT
HEAD
DONE
QUAY
FOREIGN
COUGH
" ANSWER
BOTH
TON
DISTRAUGHT
SURE
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Appendix C: Information Sheet and Consent Form
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The Relationship Between the Processes Involved in Reading and Spelling in
Adults.

Chief Investigator: Dr Frances Martin
Research Assistant: Amanda Burley

This study is being undertaken as part of the requirements for a Masters of Psychology.
(Clinical) degree. . The purpose of the study is to investigate the relationship between the
processes involved in read'mg. and spelling in adults.

To be eligible to partmpate in thls study you must be aged 18 years old or over. It is
required that you have normal or corrected to normal vision.

As a participant you will be asked to attend two 25 min sessions. During the first
session you will be asked to complete three tests; a regular word spelling test, irregular
word spelling test, and a nonword spelling test. Two weeks later you will be asked to
attend a second session in which you will be asked to complete five tests; a regular word
reading test, irregular word reading test, the Martin Pratt Nonword Reading Test (2001),
the Word Identification Subtest of the Woodcock Readmg Mastery Test (1987) and the
National Adult Reading Test (1982). '

For participating Psychology 1 students 1 hour course credit will be given for
participation in this study. '

All information collected from participants in this study will remain fully confidential
and data will be kept in a secure place. Anonymity will be given to each participant
through the use of code numbers to identify data.

If more information is required relating to this study please contact Dr Frances Martin
E-mail: F.Martin@utas.edu.au :

If you have any concerns of an ethical nature or complaints about the manner in which
this project is being conducted contact the Chair of the Northern Tasmania Social
Sciences Research Ethics Committee or the Executive Officer Amanda McAully (6226
2763). :

If you have any personal concerns related to this study, you may also choose to dlSCLlSS
these concerns confidentially with a University Counsellor.

Ethical Approval for this study has been received from the University of Northem
Tasmama Social Sciences Human Research Ethics Comm1ttee

The group results of this study will be ava11able to all participants on the Psychology
website at the end of the study.
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(9]

Statement of Informed Consent

The Relationship Between the Processes Involved in Readmg and Spellmg in
Adults. .

A statement by the participant:
I have read and understood the ‘Information Sheet’ for this study

. The nature and possible effects of the study have been explained to me.

I understand that the study involves the following procedures: _
[ will be asked to attend two 25 minute sessions. In the first session I will be asked to
complete three separate tests; a regular word spelling test, irregular word spelling test,

- and a nonword spelling test. Two weeks later I will then be asked to attend a second

session in which I will be asked to complete five tests; a regular word reading test,
irregular word reading test, the Martin Pratt Nonword Reading Test (2001), the Word
Identification Subtest of the Woodcock Reading Mastery Test (1987) and the National
Adult Reading Test (1982). ‘

[ understand that all research data will be treated as confidential.

Any questions that [ have asked have been answered to my satisfaction.

I agree that research data gathered for the study may be published provided that I cannot
be identified as a participant.

I agree to participate in this mvestlgatlon and understand that I may withdraw at any
time without prejudice to my academic standing.

Name of participant ...................... SUUUUUU SRRSO R TSP UPRRRRURRRRRPRRIN

Signature of PartiCipant ...........c.coceieiiiieuneieninnenene.s Date ....... eeanas

A statement by the Investigator:

I have explained this project and the implications of participation in it to this
Volunteer and I believe that the consent is 1nformed and that he/she understands
the implications of participation.

Name of Investigator ..........ovvvvenieieiiiiieiinean.. e,

Signature of investigator ............cceveuennnnnn.. e e Date .....cceeenneeee.
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Appendix D: Regular word and irregular word list sentences
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Regular Word List Sentences

PART - The mechanlc looked for a new part —PART

RIGHT - The car turned nght. — RIGHT

HARP - The woman played the harp. - HARP"

BACK ~ The man hurt his back. - BACK

EVEN - The scales were even. — EVEN

ARCHER - The archer grabbed a bow. - ARCHER

~ LODE - A vein of metallic ore is called a lode - LODE
SMALL - The kitten was small. — SMALL
ANIMOSITY - There was animosity between the teams - ANIMOSITY
STILL — The dog sat still. - STILL
NUMBER - Eight is a number. - NUMBER
GENERAL The customer entered the general store. — GENERAL
MANY - There were many birds. — - MANY '
SEE - The captain could see the horizon. — SEE
PLEDGE - The children took the pledge. - PLEDGE
HELMET - The child put his helmet on. HELMET
SOP — A bribe is a sop. — SOP
YEAR - It was the end of the financial year. - YEAR
FIGMENT —-The ghost was a figment of the child’s imagination. -FIGMENT
RIDDLE — The man told a riddle. — RIDDLE
TIME — The woman asked the man the time. - TIME - _

- SAGE - The woman picked some sage from the garden. — SAGE
LIFE, — The murderer was sentenced to life imprisonment. — LIFE
FABLE - The children listened to the fable. - FABLE
BROIL — The chef decided to broil the meat. — BROIL
CAN — The child picked up the can. - CAN
.GIG The band played a gig. GIG
SCAVENGER — The bird was a scavenger. — SCAVENGER
THREE - The child could count up to three. — THREE
CREEPER - The plant was a creeﬁer. — CREEPER
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ALL‘EGORY — The poem was full of _allegorj — ALLEGORY
LAMENT - The -woman was full of lament at the loss of her cat. - LAMENT
SALUTE - The soldiers gave a salute. - SALUTE |
MUST - The father told hié son that he must clean his room. — MUST
HOSTAGE — The gunman took all staff hostage. — HOSTAGE
BLUSH —The man made the woman blush. - BLUSH
STATE — Tasmania is a state. - STATE
OTHER - The man found his keys in the other hand. — OTHER
SLEET - There was sleet in the rain. SLEET
THOUGHT - The boy had a thought. THOUGHT
LIKE — The dog looked like it was friendly. LIKE
HOME — The family arrived home. - HOME
ADVERSIT —The runner over came adversity to win the race.-ADVERSITY
WELL — The man was not well. - WELL '
~ TOIL — The man finished hours of toil in the hot sun. — TOIL
JADE — The house was painted jade. JADE |
PARCEL — The postman delivered a parcel. - PARCEL
. HOUSE - The family bought a house. - HOUSE
MAKE - The child asked her mother to make her a drink. - MAKE
YELP — The dog let out a ye’lp: - YELP
MAN - The boy sat next to the man. - MAN -
LAST — The gitl finished last. - LAST
HOP Kangaroos hop. - HOP
DAY - The children played games during the day. — DAY
SMELT - The woman smelt the rose. — SMELT
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- Irregular Word List Sentences

HAVE — The child asked if it could have a drink. - HAVE
ONE - There was one apple. — ONE
~ BLOOD - The man donated blood. —~ BLOOD
ISLAND — Tasmania is an island. - ISLAND
CHORUS - The girl sang the chorus. — CHORUS
BROOCH — The woman wore a brooch. - BROOCH
 TROUGH — The animals fed at the trough. - TROUGH
WORK - The man went to work. - WORK
WERE - There were two caté. - WERE
TOW - The man prepared to tow the car. —- TOW
PINT — The man ordered a pint of beer. — PINT
PRETTY‘V— The dress was pretty. — PRETTY
MOST - At the circus the girl liked the clowns the most. — MOST
SAID — It was hard to understand what the child said. — SAID _
BEEN — The boy had never been to the movies. — BEEN ’
WOLF - The dog chased the wolf. - WOLF |
FRIEND The boy played games with his friend. FRIEND
WAS — There was a rainstorm. — WAS _
NOUGHT — The cricketer got out for nought. - NOUGHT
DEPOT — The bus pulled in to the depot. - DEPOT
GOOD - The student had completed a good assignment. - GOOD
DROUGHT — Australia often suffers the effects of drought. — DROUGHT
BENIGN — The tumor was benign. — BENIGN |
PLOVER - The bird was a plover. - PLOVER
, WANT — The child did not want an ice cream. — WANT

MERINGUE — The chef made a meringue. — MERINGUE
'EYE - The doctor examined the patient’s eye. - EYE

GAUGE - The man checked fhe rain gauge. — GAUGE

CHOIR — The choir sang at thev gala. - CHOIR
" GREAT - The family had a great day at the park. — GREAT
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WORD - The teacher taught the class a new word. — 'WORD

GIVE - The child would not give the baby the biscuit. - GIVE
SCHISM — A schism began to arise in the gfoup. — SCHISM

PUT - The man could not remember where he had put his keys. - PUT
BERET - The man wore a beret. - BERET

SHOE — The dog chewed the shoe. — SHOE

. YACHT — The man watched the yacht race. - YACHT

BOUQUET - The women prepared a bouquetAof flowers. - BOUQUET
- CHAMPAGNE - The couple celebrated with champagne. - CHAMPAGNE
SWORD - The attacker wielded a sword. - SWORD |
COME - The man told the dog to come and sit. - COME

SCYTHE — The man used the scythe to cut the grass. — SCYTHE
INDICT - The police prepared to indict the man for fraud. — INDICT
HEAD - The doctor examined the child’s head. - HEAD

- DONE - The student had done well on the exam. - DONE

QUAY — The man fished off the quay. - QUAY

, FOREIGN — The bank notes were foreign. — FOREIGN

COUGH - The child had a cough. - COUGH

'ANSWER - The student gave the correct answer. - ANSWER

BOTH - The man wanted to buy both shirts. - BOTH

TON - The piano weighed a ton. — TON ‘
DISTRAUGHT — The woman was distraught.' — DISTRAUGHT

SURE — The man was sure the door was locked. — SURE
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_Appendi.x E: SPSS Analysis Output
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Mean percentage correct for reading and spelling.

N Minimum Maximum | Mean | Std. Deviation
Percentage of Regular Read )
. ' 60 85.19 100.00 | 97.00 226
Percentage of Irregular Read
60 68.52 98.15 | 90.58 7.07
Percentage of Nonword Read . . .
60 44.44 96.30 | 83.45 9.16
Percentage of Regular Spelt , '
8 gHiarsp 60 68.52 100.00 | 93.42 5.47
Percentage of Irregular Spelt .
£ &l P 60 46.30 98.15 | 82.77 10.75
Percentage of Nonword Spelt ’ -
o ’ 60 3148 | - 87.04 | 68.30 12.00
Valid N (listwise) 60

Mean 'percentage correct for high and low frequency regular and irregular words

N Minimum Maximum Mean - Std. Deviation

Read Regular High 60 92.59 100.00 99.75 1.34
Read Regular Low 60 77.78 100.00 94.19 3.93
Read Irregular High 60 92.59 100.00 99.25 1.77
Read Irregular Low 60 37.04 96.30 82.16 13.21
Spell Regular High 60 88.89 100.00 99.69 1.56
Spell Regular Low 60 48.15 100.00 87.09 9.94
Spell Irregular High 60 81.48 100.00 98.76 2.94
Spell Irregular Low 60 741 96.30 67.16 19.05
Valid N (listwise) 60

Correlations between regular words, irregular words, and nonwords for reading

and spelling. :
Pearson Correlation
Reading | Reading Reading | Spelling | Spelling Spelling
. Regular | Irregular | Nonwords Regular | Iregular | Nonword
Reading Regular 1 25 32(*%) 38(*%) 22 .04
Reading Irregular 25 1 A8C*%) | T2(*%) | .83(**) 52(*%)
Reading Nonwords
32(*%) A8(*%) 1 A6(**) 39(*%) 38(**)
Spelling Regular 38 | 72(*%) A6(**) 1| .84(**) A48(**)
Spelling Irregular 22| .83(*%) | 39(*%) | .84(*%) 1 AB(*¥)
Spelling Nonword 04| 52(*%) 38(**) | A48(**) | 48(*¥) 1

*+ Correlation is significant at the 0.01 level (2-tailed).
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One-way Analysis of Variance (ANOVA)
Word Frequency for Irregular Words Reading

Within-Subjects Factors
Measure: MEASURE |

Dependent Variable

frequency
‘High Reading Irregular High
Low Reading Irregular Low

Descriptive Staﬁstics
Mean Std. Deviation
Read Irregular High 26.80 480 60
Read Irregular Low 22.18 3.56 | 60
Multivariate Tests(b)
Pillai's Trace
Effect Value F Hypothesis df Error df Sig.
frequency - .63 104.18(a) 1.00 59.00 .000

a Exact statistic

b Design: Intercept Within Subjects Desigrlz frequenc

Measure: MEASURE |

Mauchly's Test of Sphericity(b)

Within
Subjects . Approx. Chi-
Effect Mauchly's W Square | df | Sig. Epsilon(a)
"Greenhouse- | Huynh
Geisser -Feldt | Lower-bound
frequency 1.00 000) O 1.00 1.00 1.00

Tests the null hypothesis that the error covariance matrix of

proportional to an.identity matrix.
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in
the Tests of Within-Subjects Effects table.
b Design: Intercept Within Subjects Design: frequenc

Measure: MEASURE 1

Tests of Within-Subjects Effects

Type 111 Sum of Mean
Source Squares df Square F Sig.
frequency Sphericity Assumed 639.40 -1 639.40 104.18 | .000
Greenhouse-Geisser 639.40 1.00 639.40 104.18 | .000
Huynh-Feldt 639.40 1.00 639.40 104.18 | .000
Lower-bound 639.40 | " 1.00 639.40 104.18 | .000
Error(frequency) Sphericity Assumed 362.09 59 6.13
Greénhouse-Geisser 362.09 ] 59.00 6.13
) Huynh-Feldt 362.09 | 59.00 6.13
Lower-bound 362.09 | 59.00 6.13

the orthonormalized transformed dependent variables is
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'Measure: MEASURE 1

Tests of Within-Subjecfs Confrasts

Type III Sum Mean .
Source frequency of Squares df | Square F Sig.
frequency Linear T63940 | 1 639.40 104.18 | .000
Error(frequency). ~ Linear 362.09 | 59 6.13 ’
: Tests of Between-Subjects Effects
Measure: MEASURE _1
. Transformed Variable: Average
Type 1II'Sum - Mean
Source of Squares df Square F Sig.
Intercept 71981.008 1 71981.00 10551.47 7,000
Error 402492 | 59 6.82
One-way ANOVA
Word Frequency for Irregular Words Spelling
Within-Subjects Factors
Measure: MEASURE 1
frequency Dependent Variable
High Spelling Irregular High
Low Spelling Irregular Low
Descriptive Statistics
Mean Std. Deviation N
Spell Irregular High 26.67 795 60
Spell Irregular Low 18.13 5.144 60
Multivariate Tests(b)
Pillai's Trace
Effect Value . F Hypothesis df Error df Sig.
frequency .76 194.26(a) 1.00 59.00 000

a Exact statistic

b Design: Intercept Within Subjects Design: frequenc

Measure: MEASURE 1

i Mauchly's Test of Sphericity(b)

Within Subjects

Approx.

Epsilon(a)

Effect Mauchly's W | Chi-Square | df | Sig.
‘Greenhouse- Huynh- | Lower-
Geisser Feldt bound
frequency - 1.00 00| 0 1.00 1.00 1.00

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.
. a May be used to adjust the degrees of freedom for the averaged tests of sxgmﬁcance Corrected tests are displayed in
the Tests of Within-Subjects Effects table.

b Design: Intercept Within Subjects Design: frequenc
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Measure: MEASURE |1

Tests of Within-Subjects Effects

Type I Sum Mean
Source of Squares df Square F Sig.’
frequency Sphericity Assumed 2184.53 1 2184.53 194.26 | .000
Greenhouse-Geisser - 2184.53 | 1.00 2184.53 | . 194.26 | .000
Huynh-Feldt 218453 | 1.00 2184.53°| 19426 | .000
Lower-bound 2184.53 | 1.00 2184.53 |  194.26 | .000
Error(frequency) " Sphericity Assumed 663.46 59 11.24
' _Greenhouse-Geisser 663.46 | 59.00 11.24
Huynh-Feldt 663.46 | 59.00 11.24
Lower-bound " 663.46 | 59.00 11.24
Tests of Within-Subjects Contrasts
Measure: MEASURE 1
Type HI Sum Mean
Source frequency of Squares df Square F Sig.
frequency Linear © 2184.53 1 2184.53 194.26 .000
Error(frequency) Linear 663.46 | 59 11.24
Tests of Between-Subjects Effects
Measure: MEASURE _1
Transformed Variable: Average
Type III Sum Mean
Source - of Squares df Square F . Sig.
Intercept 60211.20 1 60211.20 3800.23 .000-
Error 934.80 | 59 15.84
One-way ANOVA
Word Frequency for Regular Words Reading
Within-Subjects Factors
Measure: MEASURE 1
frequency " Dependent Variable
High Reading Regular High
Low Reading Regular Low
Multivariate Tests(b)
Effect - Value F Hypothesis df Error df Sig.
frequency - Pillai's Trace 696 | 135.00(a) 1.00 59.00 +.000
Wilks' Lambda .304 | 135.00(a) 1.00 59.00 .000
Hotelling's '
Trace 2.288 | 135.00(a) 1.00 59.00 ..000
E%f'“’“ gest 2288 | 135.00(a) 1.00| - 59.00 000

a Exact statistic .

b Design: Intercept Within Subjects Design: frequenc ‘

99 -




Mauchly's Test of Sphericity(b)

Measure: MEASURE 1

v _ 'Appro'x. ~ Epsilon(a)
Within Subjects Mauchly's Chi- ' Greenhouse- | Huynh- Lower-
Effect W Square df Sig. Geisser Feldt bound
frequency - 1.00 .000: 0 1.00 1.00 1.00

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are
displayed in the Tests of Within-Subjects Effects table.
b Design: Intercept Within Subjects Design: frequenc

Measure: MEASURE 1 -

Tests of Within-Subjects Effects

| Type lll Sum . .
Source ' . of Squares df Mean Square " F Sig.
frequency Sphericity Assumed 67.50 1 67.50 135.00 .000
Greenhouse- 67.50 1.00 67.50 135.00 .000
Geisser ‘ ¢
- Huynh-Feldt 67.50 1.00 67.50 135.00 .000
Lower-bound 67.50 1.00 67.50 135.00 .000
Error(frequency) Sphericity Assumed 29.50 59 50
Greenhouse-
Geisser 29.50 59.00 .50
Huynh-Feldt 29.50 59.00 50
Lower-bound 29.50 59.00 50
Tests of Within-Subjects Contrasts
Measure: MEASURE 1
Type Il Sum of
Source frequency Squares df Mean Square F Sig.
frequency Linear 67.50 1 . 67.50 135.00 .000
Error(frequency)  Linear 29.50 59 50
Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
, Type Il Sum -
Source of Squares df Mean Square F - Sig.
Intercept 82268.03 1 82268.03 | 107942.49 .000
Error 44.96 *59 76| ‘
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One-way ANOVA

Word Frequency for Regular Words Spelling

Measure: MEASURE 1

frequency | . Dependent Variable
High Spelling Regular High
Low Speliing Regular Low
Multivariate Tests(b)
Effect I Value F Hypothesis df Error df Sig.
frequency Pillai's Trace 664 | 116.78(a) .1.00 59.00 . .000
Wilks' Lambda 336 [ 116.78(a) 1.00 59.00 .000
Hoteling's 1979 | 116.78(a) 1.00 59.00 000
race
Roys Largest 1979 | "116.78(a) 1.00 59.00 000
oot :
a Exact statistic
b Design: Intercept Within Subjects Design: frequenc
' Mauchly's Test of Sphericity(b)
Measure: MEASURE 1
_ . | Approx. Ep;ilon(a)
Within Subjects Mauchly's Chi- - Greenhouse- | . Huynh- Lower-
Effect W Square df Sig. Geisser Feldt bound
frequency 1.00 .000 0 1.00 1.00 1.00

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent
variables is proportional to an identity matrix.
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are
displayed in the Tests of Within-Subjects Effects table.
‘b Design: Intercept Within Subjects Design: frequenc

Measure: MEASURE 1

Tests of Within-Subjects Effects

Type [ll Sum .

Source of Squares df . | Mean Square F Sig.
frequency Sphericity Assumed 346.80 "1 346.80 116.78 .000

Greenhouse- 346.80 1.00 346.80 116.78 000

GEISSQT :

Huynh-Feldt 346.80 .1.00 346.80 .116.78 .000

Lower-bound 346.80.|. 1.00 346.80 116.78 .000
Error(frequency) Sphericity Assumed 175.20 59 2.96

Greenhouse- 175.20 59.00 296

Geisser

Huynh-FeI(_it 175.20 59.00 © 296

Lower-bound 175.20 59.00 2.96
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Measure: MEASURE 1.

Tests of WitliinQSubjects Contrasts

Type Hll Sum of . _
Source frequency Squares df Mean Square F Sig.
frequency_ Linear 346.80 1 346.80 116.78 .000
Error(frequency) Linear 175.20 59 2.96
Tests of Between-Subjécts Effects
~ Measure: MEASURE_1
Transformed Variable: Average
Type Il Sum _
Source of Squares df Mean Square F ___Sig.
Intercept 76305.63 1 - 76305.63 | 17291.12 .000
Error 260.36 59 4.41 )

Means and standard deviations of age, reading age, predicted IQ, regular word,
irregular word, and nonword reading and spelling and number of males and
females for the reading age groups. ’

‘N _Minimum Maximum - Mean Std. Deviation
AgeA20 30 18 50| - 22.03 5.65
AgeB20 30 18 46 22.30 6.33
ReadAgeA20 30 24,00 38.08 29.11 4.14
ReadAgeB20 - 30 -11.04 20.15 16.63 255
NARTA20 30 95 115 106.70 5.05
NARTB20 30 87 112 101.10 5.46
rREGA20 30 51 54 52.47 .86
rREGB20 30 46 54 52.30 1.51
rIRREGA20 30 40 53 50.20 2.68
rIRREGB20 30 37 53 47.63 436
rNONA20 30 44 51 '47.50 1.81
rNONB20 30 24 52 42.63 5.85
SREGA20 30 48 54 51.67 1.62
sREGB20 30 37 54 4923 3.47
sIRREGA20 30 32 52 4647 4.77
sIRREGB20 30 25 53 42.93 6.26
sNONA20 . 30 12 24 | - 19.00 3371
sNONB20 30 6 22 15.83 420 |
Valid N 0
(listwise)

102



Means and standard deviations of age, reading age, predicted I1Q, regular word,

irregular word, and nonword reading and spelling and number of males and

females for the total sample.

Descriptive Statistics

N Minimum | Maximum Mean = .| Std. Deviation
Age’ 60 18 50 2217 5.95
Word Identification Test '
age equiv . 60 11.04 ~ 38.08 22.87 7.16
National Adult Reading
Test IQ Equiv 60 87 115 103.90 5.93
Reading Regular Correct 60 46 54 52.38 1.22
Reading Irregular Correct 60 37 53 48.92 3.81
| Reading Nonwords Correct 60 24 52 4507 4.94
Spelling Regular Correct " 60 37 54 50.45 2.95.
Spelling Irregular Correct 6() 25 53 4470 5.80
Spelling Nonword Correct 60 6 24 "17.42 410
Valid N (listwise) 60

Three-way ANOVA

2 (Reading Age) x 2 (Task Type) x 3 (Word Type)

Within-Subjects Factors

Measure: MEASURE 1

tasktype wordtype Dependent Variable
Reading Regular Reading Regular
Irregular Reading Irregular
. Nonword - Reading Nonwords
Spelling Regular Spelling Regular
Irregular Spelling Irregular
Nonword Spelling Nonwords

Between-Subjects Factors

. _ Value Label
oups by word identification AE 1 :
grotps by Above 20 30
2 Below 20 30
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Descripfive Statistics

groups by word Std. . _
_identification AE Mean - Deviation ‘N
Reading Regular Above 20° 52.47 .86 30
Below 20 52.30 1.51 30
Total 52.38 1.22 60
Reading Irregular Above 20 50.20 2.68 30
Below 20 47.63 436 30
Total 48.92 381§ . 60
Reading Nonwords Above 20 47.50 1.81 30
Below 20 42.63 5.85- 30
Total )
45.07 4.94 60
Spelling Regular Above 20 51.67 1.62 30
Below 20 49.23 3.47 30
Total - 50.45 2.95 60
Spelling Irregular Above 20 46.47 4.77 30
Below 20 4293 6.26 30
_ Total- 44.70 5.80 60
Spelling Nonword Above 20 19.00 3.37 30
Below 20 15.83 4.20 30
Total 17.42 4.10 60
- Multivariate Tests(b)
Pillai's Trace '
Effect Value F Hypothesis df Error df - Sig.
tasktype 95 1149.59(a) 1.00 58.00 .000
tasktype * wigroup 01 .59(a) 1.00 58.00 445
wordtype . .98 1440.42(a) 2.00 57.00 .000
wordtype * wigroup .20 7.38(a) 2.00 57.00 .001
tasktype * wordtype 96 725.73(a) 2.00 57.00 .000
tasktype * wordtype *
wigrt(}),gp P 17 6.02(a) 2.00 - 57.00 .004

a Exact statistic
b Design: Intercept+w1group Within Subjects Des1gn tasktype+wordtype+tasktype*wordtype

Mauchly's Test of Sphericity(b)
Measure: MEASURE |

Within Subjects : Approx. Chi-
Effect . Mauchly's W Square df | Sig. Epsilon(a)
) . Greenhouse- | Huynh | Lower-
Geisser -Feldt bound
tasktype 1.00 00 0. . 1.00 1.00 1.00
wordtype .86 8.23 2| .01 .88 92 .50
tasktype * wordtype 47 42.64 2| .00 65| - .67 .50

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent vanables is
proportional to an identity matrix. )
a May be used to adjust the degrees of freedom for the averaged tests of si gmﬁcance Corrected tests are displayed in

- the Tests of Within-Subjects Effects table.

b Design: Intercept+wigroup Within Subjects Design: tasktype+wordtype+tasktype*wordtype
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Measure: MEASURE _1

Tests of Within-Subjects Effects

Sphericity Assumed
. Type III
) Sum of Mean
Source Squares df Square F Sig.
tasktype 11424.40 1 1142440 | 114959 {.  .000
tasktype * wigroup 5.87 1 5.87 59 445
Error(tasktype) 576.38 | 58 9.93
wordtype 26823.53 2 13411.76 1137.23 .000
wordtype * wigroup 113.77 2 56.88 '4.82 010
Error(wordtype) 1368.02 | 116 11.79.
tasktype * wordtype 12156.81 2 6078.40 | 1053.67| ~ .000
tasktype * wordtype *
wigroup 61.33 2 »30.669 5.31 .006
Error(tasktype*wordtype
rltasktyp 'ype) 669.17 | 116 .5.769
Tests of Within-Subjects Contrasts
Measure: MEASURE 1
» Type III Sum
*| Source tasktype | wordtype of Squares df | Mean Square F Sig.
tasktype Linear 11424.40 1 1142440 | 114959 | .000
* .
tasktype Linear 587| -1 5.87 59| 445
wigroup
Error(tasktype) Linear -576.38 58 9.93 .
wordtype Linear 24421.83 1 24421.83 2931.37 .000
Quadratic 2401.70 1 2401.70 15743 .000
* 1 . .
wordtype Linear 11070 | 1 11070 | 1328 .001
wigroup
Quadratic 3.06 1 3.06 20| 655
Error(wordtype) Linear 483.20 58 8.33
Quadratic 884.81 58 15.25
* . .
tasktype Linear  Linear 992020 | 1 992020 | 142934 | .000
wordtype .
. Quadratic 2236.61 1 2236.61 486.51 .000
tasktype * Linear ‘Linear
wordtype * 59.00 1 59.00 850 | .005
wigroup ]
Quadratic 233 1| 2.33 50 | 479
* M H .
Error(tasktype Linear Linear 402.54 58 6.94
wordtype)
Quadratic 266.63 58 4.59
. . Tests of Between-Subjects Effects ‘
Measure: MEASURE _1
Transformed Variable: Average
Type III Sum
Source of Squares df Mean Square F- Sig.
Intercept 670464.71 1 670464.71 16243.88 .000
wigroup 700.01 1 700.01 16.96 .000
Error 2393.94 58 41.27
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Breakdown ANOVA for Reading

Within-Subjects Factors
Measure: MEASURE 1

wdrdtype Dependent Variable
Regular Reading Regular
Irregular. Reading Irregular
{Nonword Reading Nonword
Between-Subjects Factors
Value Label N
oups by word identification AE 1 ’
Eroups by Above 20 30
2 Below 20 30
Descriptive Statistics
groups by word Std.
: identification AE Mean Deviation N .
Reading Regular Above20 52.47 .86 30
Below 20 5230 1.51 30
Total 52.38 1.22 60
Reading Irregular Above 20 50.20 2.68 30
Below 20 47.63 436 30
Total 48.92 3.81 60
Reading Nonwords Above 20 - 47.50 1.81 30
Below 20 42.63 5.85 30
Total
45.07 4.94 60 |
Multivariate Tests(b)
Pillai's Trace
Effect Value - F Hypothesis df Error df Sig.
wordtype .78 102.27(a) 2.00 57.00 .000
wordtype * wigroup 27 10.81(a) 2.00 57.00 .000

a Exact statistic

b Design: Intercept+wigroup Within Subjects Design: wordtype

Measure: MEASURE 1

Mauchly's Test of Sphericity(b)

Within Subjects Approx. Chi-
Effect Mauchly's W Square df | Sig. Epsilon(a)
Greenhouse- Huynh- .
Geisser Feldt Lower-bound
wordtype 913 5178 2| .07 .92 .96 .50

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is

proportional to an identity matrix.

a May be used to adjust the degrees of freedom for the averaged tests of significance. Correcte

the Tests of Within-Subjects Effects table.

b Design: Intercept+wigroup Within Subjects Design: wordtype

d tests:are displayed in
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Measure: MEASURE 1

Tests of Within-Subjects Effects

‘Measure: MEASURE_|

Transformed Variable: Average

Tests of Between-Subjects Effects

Type 11 Sum’
Source of Squares df Mean Square F Sig.
Intercept . 428464.02 1 428464.02 25606.00 .000
| wigroup 288.80 1 -288.80 17.25 .000
Error 970.51 | 58 16.73

Type Il Sum Mean
Source of Squares daf Square . F Sig. |
wordtype Sphericity Assumed 1607.47 2 803.73 | 96.36 | .000
Greenhouse-Geisser 1607.47 1.84 873.53 | 96.36 | .000
- Huynh-Feldt 1607.47 | 193 | 83270 | 96.36 | .000
Lower-bound 1607.47 1.00 1607.47 | 96.36 | .000
wordtype * wigroup Sphericity Assumed 165.70 2 82.85 9.93 | .000
Greenhouse-Geisser 16570 | 1.84 90.04 | 9.93 | .000
Huynh-Feldt 165.70 1.93 85.83 9.93 | .000
‘ Lower-bound . 165.70 1.00 165.70 9.93 | .003
Error(wordtype) "Sphericity Assumed 967.48 11 8.34
Greenhouse-Geisser 967.48 | 106.73 9.06
Huynh-Feldt 967.48 | 111.96 8.64
Lower-bound 967.48 | . 58.00 16.68
Tests of Within-Subjects Contrasts
Measure: MEASURE 1
. Type III Sum of Mean
Source wordtype Squares df Square Sig.
wordtype Linear’ 1606.00 1 1606.00 .193.32 .000
‘ Quadratic 1.46 ‘1 1.46 17 677
* .
wordtype Linear 16567 1 16567 | 1994 | 000
wigroup
Quadratic .02 1 .02 00| 957
Error(wordtype)  Linear 481.81 58 8.30
Quadratic 485.6 58 8.37
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Simple Main Effects for Reading

Paired Samples Statistics

Std. Error
Mean N Std. Deviation Mean
Pair 1 Read Regular Above 20 52.46 30 86037 15708
Read Irregular Above 20 50.20 30 2.68328 48990
Pair2  Read Regular Above 20 52.4667 30 86037 15708
Read Nonword Above 20 47.5000 30 1.81469 | 33132
Pair3  Read Irregular Above 20 - 50.2000 30 2.68328 48990°
Read Nonword Above 20 47.5000 30 1.81469 33132
Pair4  Read Regular Below 20 52.3000 30 1.51202 27606
Read Irregular Below 20 47.6333 30 4.36667 79724
Pair5  Read Regular Below 20 52.3000 30 1.51202 27606
Read Nonword Below 20 42.6333 30 5.85152 1.06834
Pair6  Read Irregular Below 20 47.6333 30 436667 79724
' Read Nonword Below 20 42.6333 30 5.85152 1.06834
Paired Sa‘mples Correlations
N Correlation Sig.
Pair 1  Read Regular Above 20 & Read Irregular Above 20 : )
; 30 -117 540
Pair2  Read Regular Above 20 & Read Nonword Above 20
' 30 -.199 292
Pair3  Read Irregular Above 20 & Read Nonword Above 20
30 283 129
Pair4  Read Regular Below 20 & Read Irregular Below 20
30 372 .043
Pair5  Read Regular Below 20 & Read Nonword Below 20
_ _ 30 449 013
Pair6  Read Irregular Below 20 & Read Nonword Below 20 |
. 30 374 .042
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Paired Samples Test

) Sig. (2-
Paired Differences t df | tailed)
‘ Std. | 95% Confidence
Std. _Error | " Interval of the
Mean Deviation Mean Difference
Lower | Upper
Pair 1 Read Reg )
Above 20 - 226 201 53| 7| 33s|426| 29 000
Read Irreg
Above 20
Pair2  Read Reg )
Above 20 - : 12.6 '
Read Non 4.96 2.15 39 46 5.77 1 29 .000
. Above 20
Pair 3 Read lrreg )
Above 20 - 270 278 50| 16| 373|s31| 290 000
Read Non .
Above 20
Pair4  Read Reg .
Below 20 -
4.66 4.05 .74 3.15 6.18 | 6.30 29 .000
Read Irreg .
" Below 20
Pair5 Read Reg
Below 20 - 9.66 saa | 97| 767 66| 990]| 29| 000
Read Non
Below 20
Pair6  Read Irreg )
Below 20 - 5.00 ss4| 106| 281| 7.8|468| 29| .00
Read Non
Below 20
Group Statistics
groups by word -
identification AE N Mean Std. Deviation Std. Error Mean
Read Regular Above 20 30 52.47 ‘86 A5
Below 20 30 52.30 1.51 27
Read Irregular Above 20 30 50.20 2.68 49
Below 20 30 47.63 436 .79
Read Nonwords Above 20 30 47.50 1.81 .33
Below 20 30 42.63 5.85 1.06
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Independent Samples Test

Levene's Test

for Equality
of Variances t-test for Equality of Means
Sig. 95% Confidence
2- " Mean Std. Error Interval of the -
F Sig. t df | tailed) | Difference | Difference Difference
Lower Upper
Read Equal .
Regular variances 139 242 | 52 58 .602 167 318 -.469 .802
assumed : ]
Equal
e 52| 4599 | 602 167 318 |  -473 806
assumed
Read Equal )
Irregular variances "7.32 1 .009 | 2.74 58 .008 2.567 936° .694 4.440
assumed T
Equal
e ances 2.74 | 48.16 | .009 2567 936 685 4.448
assumed
Read Equal
Nonwords  variances 10.78 | .002 | 4.35 58 .000 4.867 1.119 2.628 7.106
assumed
Equal
vl 435 | 3452 | .000 4.867 L119 | 2595|  7.139
assumed
Breakdown ANOVA for Spelling
‘Within-Subjects Factors
Measure: MEASURE 1
wordtype Dependent Variable
Regular Spell Regular
Irregular - Spell Irregular
Nonword Spell Nonword
" Between-Subjects Factors
Value Label N
oups by-word identification AE ’
group Ay Above 20 30
2 Below 20 30
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Descriptive Statistics

groups by word .
identification AE Mean Std. Deviation N
Spell Regular Above 20 51.67 1.62 30
- Below 20 49.23 347 30
“Total 50.45 2.95 60
Spell Irregular Above 20 46.47 4.77 30
Below 20 42.93 626 30
Total 44.70 - 5.80 60
Speil Nonword Above 20 19.00 3.37 30
' Below 20 15.83 420 30
Total 17.42 4.10 60
Mﬁlﬁvariate Tests(b)
Pillai's Trace .
Effect Value F Hypothesis df Error df Sig,
wordtype 98| 2396.59(a) 2.00 57.00 .000
wordtype * wigroup 03 96(a) 2.00 57.00 389

- a Exact statistic

b Design: Intercept+wigroup Within Subjects Design: wordtype -

Measure: MEASURE 1

. Mauchly's Test of Sphericity(b)

Within Approx.
Subjects Mauchly's Chi-
Effect W Square | df | Sig. Epsilon(a)
' Greenhouse- | Huynh-
Geisser Feldt Lower-bound
wordtype 73 17.39 | 2| .000 | 79 .82 .500

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
- proportional to an identity matrix. ' '
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in
the Tests of Within-Subjects Effects table.
b Design: Intercept+wigroup Within Subjects Design: wordtype

Measure: MEASURE 1

Tests of Within-Subjects Effects

‘Type Il Sum Mean
Source of Squares df Square F Sig.
wordtype Sphericity Assumed 37372.87 2| 18686.43 | 202636 | .000
Greqnhousé—Geisser 37372.87 1.58 | . 23601.98 | 2026.36 .000
Huynh-Feldt 3737287 | 1.64 22669.58 | 2026.36 .000
Lower-bound 3737287 | 1.00 37372.87-| 2026.36 .000
wordtype * wigroup  Sphericity Assumed 941 2 v 4.70 Sl 602
Greenhouse-Geisser 9.41 1.58 5.94 51 559
Huynh-Feldt 941 | 1.64 5.70 51 567
_ Lower-bound 9.41 1.00 9.41 | 478
Error(wordtype) Sphericify Assumed ' 1069.71 11 9.22
Greenhouse-Geisser 106971 | 91.84 11.64
Huynh-Feldt 1069.71 | 95.61 11.18
_ Lower-bound 1069.71 | 58.00 18.44
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Measure: MEASURE 1

Tests of Within-Subjects Contrasts

" Type III Sum
Source wordtype of Squares df Mean Square F Sig.
- wordtype Linear 32736.03 1 32736.03 | 4700.50 .000
Quadratic 4636.84" 1 4636.84 | 403.94 .000
. .
wordtype Linear 403 | 1 4.03 57 aso | -
wigroup
: Quadratic 5.37 1 5.37 46 496
Error(wordtype)  Linear 403.93 58 6.96
Quadratic 665.77 58 11.47
. Tests of Between-Subjects Effects
Measure: MEASURE_1 .
Transformed Variable: Average
) Type HI Sum
Source of Squares df Mean Square F Sig.
Intercept 253425.08 1 253425.08 | 7349.98 .000
wigroup | 417.08 1 417.08 12.09 .001
Error 1999.82 58 34.48
2 (Word Type) x 2 (Reading Age Group) for Spelling
Within-Subjects Factors
Measure: MEASURE 1
wordtype Dependent Variable
Regular Spelling Regular
Irregular Spelling Irregular
Between-Subjects Factors
. Value Label N
oups by word identification AE |
Eroups by Above20 30
2 Below 20 | 30
Maultivariate Tests(b)
Effect I Value F - Hypothesis df Error df Sig.
Wordtype Pillai's Trace 1 146.92(a) 1.00 58.00 .000
Wilks' Lambda _ 28| 146.92(a) 1.00 58.00 .000
Hotelling's Trace 2.53 | 146.92(a) 1.00° 58.00 .000
Roy's Largest Root 2.53 | 146.92(a) 1.00 58.00 .000
wordtype * wigroup - Pillai's Trace .02 1.34(a) 1.00 58.00 . 251
’ Wilks' Lambda 97 1.34(a) 1.00 58.00 251
Hotelling's Trace © .02 1.34(a) 1.00 58.00 251
Roy's Largest Root .02 1.34(a) 1.00 58.00 251

a Exact statistic

b Design: Intercept+wigroup Within Subjects. Design: wordtype

112°




Measure: MEASURE |

'Mauchly's Test of Sphericity(b)

. Epsilon(a)
Within Subjects Mauchly's Appl’OX‘ ) Greenhouse- Huynh- Lower-
Effect w Chi-Square df Slg Geisser Feldt bound
wordtype 1.00 000 | 0 1.00 1.00 1.00

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent vanab]es is
proportional to an identity matrix.
a May be used to adjust the degrees of freedom for the averaged tests of si gmﬁcance Corrected tests are displayed in
the Tests of Within-Subjects Effects table. .
b Design: Intercept+wigroup Within Subjects Design: wordtype

Measure: MEASURE |

Tests of Within-Subjects Effects

Type III Sum
Source of Squares df Mean Square F Sig.
wordtype Sphericity Assumed 991.87 1 991.87 146.92 .000
Greenhouse-Geisser 991.87 1.00 991.87 146.92 .000
Huynh-Feldt 991.87 1.00 991.87 |  146.92 .000
Lower-bound A 991.87 1.00 991.87 146.92 ~000
wordtype * wigroup  Sphericity Assumed 9.07 1 9.07 1.34 251
Greenhouse-Geisser 9.07 1.00 9.07 1.34 251
Huynh-Feldt 9.07 1.00 9.07 1.34 251
Lower-bound 9.07 1.00 9.07 1.34 251
Error(wordtype) Sphericity Assumed 391.55 58 6.75
Greenhouse-Geisser 39155 | . . 58.00 6.75 ,
Huynh-Feldt 391.55 58.00 6.75
Lower-bound 391.55 58.00 6.75
Tests of Within-Subjects Contrasts
Measure: MEASURE 1
Type Il Sum :
Source wordtype of Squares df Mean Square F Sig.
wordtype Linear 991.87 1 991.87 146.92 .000
* i .
wordtype Linear 9.07 I 9.07 1.34 251
wigroup
Error(wordtype)  Linear 391.55. 58 6.75
] Tests of Between-Subjects Effects
Measure: MEASURE_1 ’
Transformed Variable: Average -
Type 111 Sum
Source of Squares df Mean Square F Sig.
Intercept 271605.67 o1 271605.67 8580.99 .000
wigroup 267.00 1 267.00 843 .005
Error 1835.81 58 31.65
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Tests of simple main effects

Paired Samples Statistics

Std. Error
Mean N Std. Deviation Mean
Pair 1 Spell Regular Grpl 51.67 30 1.62 29
Spell Irregular Grpl 46.47 30 477 87
Pair 2 Spell Regular Grp2 49.23 30 3.47 63
Spelt irregular Grp2 42.93 30 6.269 1.144
Paired Samples Correlations
N Correlation Sig.
Pair 1 Spell Regular Grpl & Spell Irregutar Grpl
P gu P P & P 30 82 .000
Pair 2 Spell Regular Grp2 & Spell Irregular Grp2
P g P P & P 30 85 .000
Paired Samples Test
Paired Differences )
95% Confidence
Interval of the
Std. Difference
Std. Error Sig. (2-
L= Mean | Deviation Mean Lower | Upper t df tailed)
Pair | SpRegGrpl
- 5.20 3.56 .65 3.86 6.53 7.98 29 .000
SplrregGrpt
Pair 2 SpRegGrp2
- 6.300 3.779 .69 4.88 7.71 9.12 29 .000
SplrregGrp2
Group Statistics
groups by word Std. Error
identification AE N Mean Std. Deviation Mean
Spell Regular Above 20 30 51.67 1.62 29
Below 20 30 49.23 3.47 .63
Spell Irregular Above 20 30 46.47 477 87
Below 20 30 4293 6.26 1.14
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Independent Samples Test

Levene's Test
for Equality :
of Variances t-test for Equality of Means
‘ 95%
Confidence
Interval of the
Difference
Sig. (2- Mean Std. Error
F Sig. t df tailed) | Difference | Difference | Lower | Upper
Spell - Equal -
Regular  variances 292 09 | 347 58 001 243 J0] 1.03| 3.83
assumed
Equal
variances not 347 | 41.14 .001 ’ 2.43 .70 1.02 3.84
assumed
Spelling - Equal
Irregular variances 57 45| 245 58 017 3.53 1.43 .65 6.41
assumed .
Equal )
variances not 245 | 54.17 017 3.53 1.43 64| 6.41
assumed .
Reading Reliance Descriptives
Descriptive Statistics
N Minimum | Maximum Mean Std. Deviation
Age No Reliance _ ' 20 -19.00 . 50.00 24.45 o937}
Age Non Reliance 16 18.00 33.00{ 2162 3.64
Age Lexical Reliance 24 18.00 24,00 | 20.62 1.52
NART No Reliance 20 98.00 112.00 105.35 442
NART NonLexical 16 © 95,00 115.00 103.18 6.63
NART Lexical 24 87.00 113.00 103.16 - 653
Reading Age No Reliance 20 16.05 33.57 24.00 5.62
Reading Age Non Lexical 16 14.08 38.08 24.64 7.93
Reading Age Lexical 24 11.04 33.57 20.75 7.51
Spell Regular No Reliance .
20 48.00 54.00 | 51.20 1.88
Spell Regular Non Lexical 16 37.00 53.00 49.50 | - 3.82
Spell Regular Lexical 24 40.00 54.00 50.45 2.96
Spell Irregular No Reliance ! :
: : 20 37.00 53.00 . 4580 " 398
Spell Irregular Non Lexical ' :
16 25.00 50.00 41.93 120
Spell Irregular Lexical | 24 127.00 52.00 45.62 5.67
Spell Nonword No Reliance i ' )
- - 20 12.00 24.00 1815 3.64
Spell Nonword Non Lexica]
16 600 2400 | . 16:68 498
Spell Nonword Lexical 24 9.00" | 24.00 17.29 v 3.88
Valid N-(listwise) . 0 :

115~




N | Minimum | Maximum Mean Std. Deviation
[No Reliance Regular 20 50 54 "52.50 94
NonLex Reliance Regular 16 51 54 52.63 .88
Lexical Reliance Regular 24 46 54 52.13 1.56
No Reliance [rregular 20 45 53 50.35 1.81
NonLex Reliance Irregular 16 37 52 45.94 4.49
Lex Reliance Irregular 24 38 53 49.71 3.59
No Reliance Nonword 20 40 52 47.15 2.56
NonLex Reliance Nonword 16 44 51 4744 2.09
Lex Reliance Nonword 24 24 48 41.75 5.94
No Reliance Z score 20 -33 30 -.045 21
NonLex Reliance Z score 16 2311 237 ©-1.25 91
Lex Reliance Z score 24 36 245 .87 .55
Valid N (listwise) 0

Two-way ANOVA
3 (Word Type) x 3 (Reading Reliance)

Within-Subjects Factors

Measure: MEASURE 1

wordtype

Dependent Variable
Regular Spell Regular
Irregular Spell Irregular
Nonword Spell Nonword
Between-Subjects Factors
Value Label
RdGroup 0 .
No Reliance 20
1 Nonlexical 16
Reliance
2 - Lexical
Reliance 24
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Descriptive Statistics

I RdGroup Mean Std. Deviation N
Spelling Regular No Reliance 51.20 ' 1.88 20
Nonlexical Reliance 49.50 3.83 16
Lexical Reliance - 50.46 2.96- 24
- Total 50.45 295 60
Spelling Irregular No Reliance 45.80 3.98 20
Nonlexical Reliance 41.94 . 120 16
Lexical Reliance 45.63 5.67 24
_ Total 44.70 5.80 60
Spelling Nonword No Reliance 18.15 3.64 20
‘ Nonlexical Reliance '16.69 . 499 16
Lexical Reliance 17.29 3.88 24
Total 17.42 4.10 60
Multivariate Tests(c)
Pillai's Trace
Effect Value F Hypothesis df | - Error df Sig.
wordtype : 98 | 2257.02(a) 2.00 56.00 .000
wordtype * RdGroup .09 1.42 4.00 114.00 230
a ‘Exact statistic
¢ Design: Intercept+RdGroup Within Subjects Design: wordtype
Mauchly's Test of Sphericity(b)
Measure: MEASURE 1
Epsilon(a)
Within Subjects Mauchly's Approx. ‘Greenhouse- Huynh- Lower-
Effect w "Chi-Square df Sig. Geisser Feldt bound
wordtype 75 15.72 2 .000 80 85 .50

Tests the null hypothesis that the error covariance matnx of the orthonormalized transformed dependent vanables is
proportional to an identity matrix.
a May be used to adjust the degrees of freedom for the averaged tests of sngmf cance. Corrected tests are displayed in
the Tests of Within-Subjects Effects table.
b Design: Intercept+RdGroup Within Subjects Design: wordtype
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" Measure: MEASURE 1

Tests of Within-Subjects Effects

_ Type Il Sum
Source of Squares df Mean Square F Sig.
wordtype Sphericity Assumed 36156.37 2 18078.18 |  2016.76° .000
Greenhouse-Geisser 36156.37 1.60 2250346 | 2016.76 .000
Huynh-Feldt 36156.37 1.70 2121583 | 2016.76 .000
. Lower-bound 36156.37 1.00 36156.37 | . 2016.76 .000
wordtype * RdGroup  Sphericity Assumed 57.23 4 14.30 1.59 180 '
Greenhouse-Geisser 57.23 3.21 17.81 1.59 .193
Huynh-Feldt 57.23 3.40 16.79 1.59 .190
, Lower-bound 5723 2.00 28.61 1.59 o212
Error(wordtype) Sphericity Assumed 1021.89 11 8.96
Greenhouse-Geisser 1021.89 91.58 11.15
Huynh-Feldt 1021.89 97.14 10.52
Lower-bound 1021.89 57.00 17.92
‘Tests of Within-Subjects Contrasts
Measure: MEASURE 1 -
' Type 1II Sum .
Source wordtype of Squares df Mean Square F Sig.
wordtype Linear 31805.76 1 31805.76 4450.42 .000
' . Quadratic 4350.61 1 . 4350.61 403.53 .000
wordtype * Linear . 60 2 30 .04 959
RdGroup Quadratic 5662 | 2 2831 2.62 081
Error(wordtype)  Linear 407.36 57 7.14
Quadratic 614.53 57 10.78
Tests of Between-Subjects Effects
Measure: MEASURE |
Transformed Variable: Average
Type III Sum
Source of Squares df. Mean Square F Sig.
Intercept 245044.80 1 245044.80 6174.93 .000
RdGroup 154.93 2 77.46 '1.95 151
Error 2261.97 57 39.68
Regular regularisation errors
. ' ' Descriptive Statistics
B N Minimum Maximum Mean Std. Deviation .
NoReliance 8 16.67 66.67 41.66 . 21.67
NonLexicalReliance 9 20.00 50.00 35.68 12.55
LexicalReliance 13 20.00 50.00 40.27 12.92
Valid N (listwise) 0 ' : '
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Descriptives

. Std. Std. 95% Confidence
N Mean Deviation | Error Interval for Mean Minimum | Maximum
Lower “| Upper
Bound Bound
no reliance (z between -.3 : ' .
and +.3) 8| 41.66 21.67 | 7.66 23.54 . 59.78 16.67 66.67
s;‘)‘"e’“ca"y reliant (z<- 9| 3568 1255 | 4.18 26.04 45.33 20.00 50.00
lexically reliant (z>.3) 13| 4027 1292 | 3.58 32.46 48.08 20.00 50.00
Total 30 | 39.26 1523 | 2.78 33.58 4495 16.67 66.67
Irregular regularisation errors
Descriptive Statistics
N Minimum Maximum Mean Std. Deviation
NoReliance 20 10.00 100.00 45.18 - 2252
NonlexicalReliance 16 7.14 75.00 31.11 15.39
LexicalReliance - 24 . 9.09 100.00 40.02 19.85
Valid N (listwise) 0
Sum of .
Squares df Mean Square F Sig.
Between Groups 1776.65 2 888.32 227 112
Within Groups 22262.32 57 390.56
Total 24038.97 59
Regular lexicalisation errors K
Descriptive Statistics
N Minimum Maximum ‘Mean Std. Deviation
NoReliance 18 16.67 100.00 52.87 32.69
NonLexicalReliance 16 14.29 100.00 40.43 26.90
LexicalReliance 21 - 7.14 100.00 |- 37.00 23.74
Valid N (listwise) 0 ) i
Sum of
Squares df Mean Square F Sig.
| Between Groups 2610.69 2 1305.34 1.68 | 196
Within Groups . 40310.61 52 775.20
Total 42921.30 54
Irregular lexicalisation errors
Descriptive Statistics -
N Minimum Maximum Mean Std. Deviation
NoReliance 12 6.25 30.00 20.12 6.29
NonlexicalReliance 13 7.14 25.00 17.19 5.83
LexicalReliance 16 7.69 40.00 16.44 8.87
Valid N (listwise) 0. :
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Sum of

Squares df Mean Square F . Sig.
Between Groups 98.89 2 49.44 92 < A04
Within Groups 2026.20 38 53.32
Total ) " 2125.10 40

Nonword Lexicalisation errors
Descriptive Statistics
- N - Minimum Maximum Mean Std. Deviation

NoReliance. 16 3.13 16.67 9.37 3.87
NonLexicalReliance 15 2.50 20.59 9.60 5.10
LexicalReliance 20 2.63 20.00 9.49 3.97
Valid N (listwise) 0 .

Sum of .

Squares df Mean Square F Sig.
Between Groups 409 2 20 011 989
Within Groups 890.56 48 18.55 '
Total 890.97 50

Irregular Partial lexicalisation errors
Descriptive Statistics
N Minimum Maximum Mean | - Std. Deviation

NoReliance 17 10.00 50.00 26.51 12.38
NonlexicalReliance 13 13.33 60.00 27.64 13.28
LexicalReliance - 17 1| 46.15 25.61 11.49
Valid N (listwise) 0 . -

Sum of

. Squares df Mean Square F Sig.

Between Groups 30.220 2 15.110 | .099 906
Within Groups 6686.833 44 151.973
Total 6717.053 46 L
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Appendix F: Raw Data
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Code
Al
A2
A3
A5
A6
A7
A8
A9

A10
Bl
B2
B3
B4
BS5
B6
B7
B8
B9

BI10

B41

B81
Cl
C3
C5
Cc6

C7

C8
C9
Cl10
D1
D2
D3
D4
D5
D6

D7

D8
D9
D10
El
E2
E3
E4
ES
E6
E7
E8
ES

Age
22
23
20
24
21
22
20
27
20
20
19
20
21

20

19
20
50
41
33
20
24
21
20

"~ 19

21
20
20
21
20
20
20

26

20
19
21

200
21,

22
21
46
21
22
21
20
20
20
20
24

Sex

e

T ity mIS Ty i ooyt XXX

Read
Regular
* 53

52

53

52

52.

52
52
51
51
52
53
51
52
52
52
53
51
53
53
52
54
53
54
54
53
53
53
54
52
53
53
53
52
53
54
51
52
51
53
50
52
46

52
53
52
- 53
‘51

Read
Irregular

44 -

49
53
53
53
51
48
51
52
50
51
51
51
52
51
51
51
53
40
47
51
52

46
49
52
50
49
50
49
51
46
50
50
50
50

49

50
37

51

50
49
38
48
50
50
53
40
42

Read
Nonword
44

50

51

45

48

49

42

50

47
43
47
46
49
40
48
47
47
52
48

44

45
42
44
47
51
49
46
48
37
46
47
45
47
40
48
42
49
45
49
-46
42
29

41

45
43
48
46
24

Spell

Spell

Regular [Irregular

47
52
52
50

52 -

48
51
53
52
50
49
53
53
50
52
51
54
54
46
52
54
50
51
50
52
51
49
49
50
53
50
53
© 53
52
51
51
53
37
51
50
- 50

40 -

50
48
50
50
51
44

32
49
49
51
49
.37
38
50
48
43
42
47
48
50
48
45
51
53
34
45
52
50
42
41
50
50
44
38
43
47
39
45
50
48
44
49
49
26
45
47
47
27
43

45.

49
47
39
41

Spell - Reading

Nonword
35
33
30
32
38
32
36
33
33
35
32
33
36
35

38

40
38
32
43
40
38
36
37
34
32
36
- 40
41
43
35
36
36
33
35
33
45
30

48

32
35
33
38
42
35

35

35
38

43

Age
13,08
28
13,08
33.51
33.57
24
14;04
33.57
33.57
14;8
18;9
33.51
33.51
16;05
24

24

28

20
15;05
16;05
28
18;9
16;05
28
33.54
24
18;9
28
17;09
28

28

24

28

17;01

20;15
20
33.57
14;8
24
18,09
16;05
1110
20
17,01
15;11
20;15
20;15

o 1154

122

IQ
95
106
111
113
108
101
101
115
108
100
100
105
103
106
108
105
112
112
100
100
108
110
97
97
112
113
98
111
100
110
98
105
107
105
111
102
112
100
105
100
101
87
97
105
98
107
101
89



E10
F5
F6
F7
F8

- F9

F10
Gl
G2

G10
F1

F2

20

20
20
20

- 20
19

22

.20

20
21
18
18

Mmoo S

52
52

52
53
53
53
53
53
53
54
53

.52

47
52
52
46
52
52
51
45

47

45
51
45

48
46
48
46

45
47
40
48
32
45
47

50
53
53
48
52
53
51
51
49
50
51
51

51
50
40

48
46

42
43
45
45

41
32
33
42
41
35

42

39
40
41
36
34

24

28
33.51
15;11
15;11
24
28
20
15;05
15;0
16;05
28

123

101
110
107
96
103
110
103
103
106

97

101
102



Read

Regular
Code High
Al
A2
A3
AS
A6
A7
A8
A9
Al0
Bl-
B2
‘B3
B4
BS
B6
B7
B8
B9
B10
B41
B81
Cl
C3
Cs
C6
Cc7
C8
co .
C10
Dl
D2
D3
D4
D5
D6 .
D7
D8
D9
D10
El
E2
E3

‘E5
E6
E7
E8

27
27
27
27
27

.27
27
97

27
27

27

27
27
27
27
27
27
27

27

27

27

27

27
27
27
27
27
27

27.

27
27
27
27
27

- 25

27
27
27
27
27
25
27
27

- 27

27
27

Regular

26
25
26
26

- 25

25
24
24
24
25
26
24
25
25

25

26
24
26
26
25
27
26
27
27
26

126

26
27
25
26
26
26
25
26
27
26
25
24
26
23
25
21
26

25

26
25
26

Read

Irregular

High

27
27
27
27
27
27
27
27

27 .

26

27

27
27
27
27
27
27
27

25

27
26
27
27
27
27
27
27
27
27
27
27
27
27
27
26

26

-27
27

S 27

27
27
27
26
27
26
27
27

Irregular

17 .

22
26
26
26
24

21 -

24
25
24
24
24
24
25
24
24
24
26

15

20
25
25
19
22
25
23
22
23
22
24
19
23
23

23

24
23
23
10
24

‘23
22

11
22
23
24
26
13

Spell

Regular

High

27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27

27

27
27
27
27

.27

27
26
27
26
27
27
27

Spell ‘Spell
Regular Irregular

Low High
20 25
25 27
25 27
23 27
25 27
21, 26
24 26
26 27
25 27
23 27
22 - 27
26 27
26 27
23 27
25 27
24 27
27 27
27 27
19 27
25 27
27 27
23 27
24 26
23 27-
25 27
24 27
22 27
22 27
23 27
26 27
23 26
26 26
26 27
25 27
24 27
24 27
26 26
13 22
© 24 26
23 26
23 26
14 25
23 26
22 27
23 27
23 27
" 24 27

Spell
Irregular
Low

7
22
22
24
22
11
12 -
23
21
16
15
20
21
23
21
18
24
26

7
18
25
23
16
14
23
23
17
11
17
20
13
19
23
21
17

22
23

4
19
21
21.
2

17

124

18
22
20
12



E9
E10
F5
F6
F7
F8
Fo
F10
Gl
G2
G10
F1
F2

27
27
27
27
27
27
27
27
27
27

27

27
27

24
25
25
25
26
26
26
26
26
26
27
26
25

25

"27

27
27

27

27
27

27

27
26

26
“. 27

27

17
20
25
25
19

25

25
24

18

21
19
24

18

27
27
27
27
27
27
27
27
27
27
27
27
27

17
23
26
26

S 21

25
26
24
24
22
23
24

24 -

27

27 -
27 .

27
27
27
27

27

27
27
27
27
27

125

14
17
24
23
13

17 .

21
19
17
15
16
18
18



