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e Oral'vocabulary training benefits children’s processing of novel written wasds
indexed hy eye movements on first exposure.

e This effect interacts with spelling predictability: children benefit more from oral
familiarity when the spellings of words are predictable from their phonology tha
when they are not.

e Findings‘indicate that children “read” spoken words, forming expectations about their
written form even before seeing them impr

e Findings provide the first direct evidence for a new and developmentally plausible

mechanism via which oral vocabulary knowledge may assist reading acquisition.

Abstract
There is an.established association between children’s oral vocabulaheadard reading
but its basis is not welinderstood. Here, we present evidence from eye movements for a
novel mechanism underlying this association. Two groups of 18 Grade 4 children received
oral vocabulary training on one set of 16 novel words (e.g. “nesh”, “coib”), but no training on
another set. The words were assigned spellings that were either predrotabdonology
(e.g.,nesh) erunpredictable (e.gkoybh. These were subsequently shown in print, embedded
in sentences..Reading times were &dradior orally familiar than unfamiliar items, and for
words with predictable than unpredictable spellings but, importantly, there wasattion
between the twa: children demonstrated a larger benefit of oral familiarity for predictable
than for unpredictable items. These findings indicate that children form onitfegraphic

expectations about spoken words before first seeing them in print.

Children’s oral vocabulary skills are known to be strongly associated with tbedr w

reading. This assodian has been demonstrated in cresstional studies (Nation &
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Snowling, 2004; Nation & Cocksey, 2009) and also within longitudinal and training designs
(Lee, 2011, Duff, Reen, Plunkett, & Nation, 2015; McKague, Pratt & Johnson, 2001; Duff &
Hulme, 2012), suggesting a causal role for oral vocabulary in reading development. Given
that children typically have many words established in oral vocabulary pricgit@ydbem

in print, understanding the mechanism by which this influence occurs is criicebffers

the potential to create language learning conditions that maximise reading oufl@omes
children. Here, we present novel evidence from eye movements in support of one such
mechanism: that children build initial representations of the written fofmysrals present in
their oral vocabulary prior to first encountering them in print.

Most accounts of the way in which oral vocabulary enhances children’s word reading
propose that it assists in the process of forming representations of neam wotids — or
orthographic learningCastles & Nation, 2006) and that this assistance occatshe point
of first seeing the printed word. According to the self-teaching hypothesis (2888, the
presence of a word in oral vocabulary furnishes top-down support during the process of
phonological decoding, assisting a child to resolve parsaitgessful attempts. Specifically,
if a child’s initial’decoding attempt does not match the phonology of any word present in
their oral vecabulary, they may modify their decoding so as to align it with a phondlpgical
similar word that they do know. Insamilar vein, the lexical quality hypothesis (Perfetti,

1992) proposes that the presence of a word in oral vocabulary assists children to form and
strengthen links between phonological and orthographic representations, and that when only
partial orthograpic or phonological information is available reliance on vocabulary

knowledge increases. Thus, both of these theories propose a causal mechanism iralvhich or
vocabulary influences orthographic learning upon visual exposure.

A less widely canvassed pos#ilyiis that the presence of a word in oral vocabulary
assists the.orthographic learning process &edorea child has seen the word in its printed
form. That'is,.a.child who is orally familiar with a word, and who has an adequate knowledge
of soundletterrmappings, may form an expectation as to how that word might be spelled, a
suggestionsfirst‘made but not tested by Stuart and Coltheart (1988). Indeed, children may,
without intention, establish an initial orthographic representation of the word, whicéfer
to here as aarthographic skeleto(see Figure 1). This would aid reading when the word
was first seen in print, particularly for words with highly predictable spellings.

Insert Figure 1 about here
Evidence from skilled readers is consistent with this alternative causal hypothesis.

McKague et al. (2008; see also Johnston et al., 2004) conducted a learning study in which
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they taught adults the pronunciations and meanings of sets of novel words. Critically, they
manipulated the spelling consistency of the words; that is, the extent to whicspibings
could be predicted from their phonology (Stone, Vanhow, & Van Orden, 1997). In a
condition in which the initial training was in oral form only, tretripants’ subsequent
visual werdrecognition was disrupted by spelling inconsistency, suggesting that they had
generated'some kind of orthographic expectancy about the words based on their phonology.
This is consistent with reports from a range of @sdif skilled readers of pervasive effects
of orthography on spoken word processing (€béreau, Gaskefl Dumay, 2007; Rastle,
McCormick, Bayliss & Davis, 2011; Taft, Castles, Davis, & Lazendic, 2008).

If spoken word learning leads to the formationnitial orthographic representations
in childrengthis would inform the mechanisms by which oral vocabulary influenceageadi
acquisition."We know that children make tight mappings between orthography and
phonology from very early in reading development (Rack, Hulme, Snowling & Wightman,
1994; Savage & Stuart, 2006; Savage, Stuart & Hill, 2001; Ventura, Morais & Kolinsky,
2007; Perfetti, 1992). Given this, it seems likely that, as they build their prafycie rapidly
and automatically converting sournidso their written form, children would increasingly
form expectations about the spellings of words present in their oral vocabulegywde
report on thefirst direct test of the orthographic skeleton hypothesis in develoglagsrea
We reasoned.th#tchildren generate orthographic skeletons for orally familiar words, then
two experimental manipulations might reveal this. Firstly, a training studgrdesables the
manipulation of oral familiarity. Accordingly, Year 4 children received oral vocapula
training on a set of novel words (e.g. “nesh”, “coib”), but received no training on a second
set. Both the trained and untrained items were subsequently presented to tha thild
printed form, and it was at this point that the second manipulatioappied: spelling
predictability. By assigning half of the items spellings that were highly predictable from their
phonology (e.g.nesh while the other half were assigned unpredictable spellings Keyd,
we soughtitorereate conditions in which the orthography of the orally trained novel i@ms w
either in lineswith children’s likely expectation (predictable) or incongruent with it
(unpredictable). To index the children’s online processing when first seeing thenuousl|
in print, theireye movements were monitored as they read the words, embedded in sentences.
Eye movement monitoring is a sensitive measure of dynamic reading processesen childr
(Blythe, 2014; Blythe & Joseph, 2011; Joseph, Nation & Liversedge, 2013), and is an ideal
methodology for indexing the effects of training on aspects of word representation aylor
Perfetti, 2016).
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Based on the orthographic skeleton hypothesis, we predicted an interaction between
oral vocabulary training and spelling predictability in eye movement indices of lookiag ti
with the children showing a larger effect of spelling predictability for those items that had
been orally trained. The logic for this was as follows: if children genertitegsaphic
skeletons‘forerally familiar words, when a trairiean is shown in print with a predictable
spelling, the match between the child’s orthographic skeleton and the presembgdamity
should facilitate processing. In contrast, when a trained item with an unpredsyeabileg is
presentedyga mismatch wdwccur between the orthographic skeleton and the presented
orthography, creating a “surprise” that takes time to resolve. Since no orthoglegbiors
are created for.untrained items, the effect of spelling predictability should be smaller or non
exigent, reflecting only any baseline difference in processing time between the more
common spelling patterns of the predictable words and the more unusual patteens of t
unpredictable words.

Orthographic expectations, should they exist, might be expextdtt a very early
effect on lexical processing. As such, the interaction between oral vocabaianygrand
spelling predictability was anticipated for eye movement measures thougtéco thee
operation of initial lexical identification processasmely first fixation duration and gaze
duration (Rayner & Liversedge, 2011). Persistence of the interaction on the datsging
measure of total reading time, which reflects the sum of all fixations on a target word
including any time spent rereadingas also anticipated. Expectations regarding the
probability of rereading were different: consistent with findings showing that maels are
associated with a greater likelihood of rereading (Chaffin, Morris &yS2@01), we
anticipated that untrained items would be more likely to be refixated than treamed i
Because all the items were phonologically decodable, irrespective of the predictability of
their spellings, we did not anticipate an effect of spelling predictability or an interaction with
training.

Because the orthographic skeleton hypothesis proposes that children draw on their
knowledgerofisound-letter mappings to form expectations of the spellings of orally known
words, wesreasoned that children with a higher level of reading and language prgficienc
would be more,capable of forming robust orthographic expectations of orally traimsd ite
than children with a lower proficiency level. This in turn would lead them to be more
surprised when shown an unexpected orthographic form for ag famadiliar word than
children with weaker orthographic expectations. Therefore, we hypothesisdtktieatvbuld

be a positive correlation between children’s level of reading and language pificie
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particularly their ability to convert novel phonology into orthography (as indexed by
nonword spelling) and the size of spelling predictability effect, with more abtren
showing a larger effect of spelling predictability than their less able peers.
M ethod

Participants

Participants were 36 Year 4 childrecom two parallel classes at a primary school in
the metropolitan region of Sydney, Australia (N = 18 in each group; 17 female; mean
age:10y;1m; range: 9y;2m -10y;11m). No child who returned a consent form was excluded.
Children of this,age were selectieelcause they were expected to have-delleloped
knowledge of the mappings between sounds and letters (such that they would be capable of
forming orthographic skeletons) and to be at the stage where they were rapidlyngcquir
orthographic representations through instruction and independent reHuengample size
was informed by previous investigations of orthographic learning (e.g., Wang et al., 2011,
Share, 2004). Moreover, we employed inferential statistics (linear reitecks models) that
are recgnized to reduce error variance, and thereby increase power, as a consequence of
treating both participants and items as random effects (Baayen et al., 2008).
Standardized tests

Standardized measures of reading, spelling, and oral vocabulary were adedrtister
characterise. the sample, and so that associations with the eye movement indices could be
examined. Regular, irregular and nonword reading were assessed with the Castles and
Coltheart 2 (CC2; Castles, Coltheart, Larsen, Jones, Saunders & McArthur, 20 0ador
nonword spelling with the Diagnostic Spelling Test (DiST; Kohnen, Colenbrander,
Krajenbrink & Nickels, 2015) and oral vocabulary with the Naming subtest from the
Assessment of Comprehension and Expressibh GACE 611; Adams, Cooke, Crutchley,
Hesketh & Reeves, 2001). Summary data are presented in Table 1 and show that mean

performance. was within the average range across all measures.

Insert Table 1 about here
Experimental materials
Twe. sets of 16 three-phoneme monosyllabic nonwords, matched for consonant/vowel
structure, were constructed. Half of the items in each set were assigned spellings that
contained frequent phoneme to grapheme mappings and thus were highly predictable from
their phonology (e.g. “f” for /f/). The other half were agsd spellings that were

unpredictable due to containing less frequent mappings (e.g. ‘ph’ for /f/). The spelling
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predictability manipulation was confirmed through pilot testing on five adults and five
children: When presented orally for dictation, thedptable items were spelled in the same
way by all pilot participants (e.gngesh coib) while the unpredictable items were not spelled
in that way by any participant (e.geme, koyp Despite the variation in spelling
predictability;-all'items were regular for reading in that they could be read abrrectly
using the most common grapheme to phoneme correspondences. The strong spelling
predictability manipulation meant that the predictable and unpredictabis ¢ould not be
matched fer number of letters (varying from 3 letters) or bigram frequency, although
items were_matched on these properties across the two training sets. The full item sets appear
in Appendix A.
Procedure
Oral'Vocabulary TrainingEach group was trained on one set of 16 novel words, with
the other set constituting their untrained items and the sets being counterbataosed a
groups. The children were told that they would be learning about “ProfessoipRarsn
Inventions® (procedure following Wang, Castles, Nickels & Nation, 2011; additional
inventions from-Mimeau, Ricketts & Deacon, in preparation) and engaged in a range of
activities to,Jearn about the names of the inventions as well as their functibmeand
perceptual features. For example they learned that a “nesh” is “used to shuffle cards” and “is
made of metaland has two hands”. Each invention was paired with a picture denmgnstrati
its features, such as shown in Figure 2. The written form of theésweas never shown.
Insert Figure 2 about here

Training took place in four 20-minute sessions over four days, with eight items (four
from each|spelling predictability condition) being introduced in the firsicesnd the
remaining eight in the second session. If a child was absent, augpasessio was provided.
A detailed description of the training protocol is provided in the Supporting lafam

After'completion of training, and immediately prior to their initial orthographic
exposure (seebelow), the children’s oral vocabulary learningssessed with a picture
naming task=They were individually shown the pictures of the inventions one at a time and
asked if they remembered what the invention was called and what it was used for. Accuracy
was recorded but, to ensure that the number of phonological exposures to the novel words
was controlled, feedback was given regardless of accuracy.

Initial Orthographic ExposureThe children were exposed to the words in written form
for the first time between one and four days after their final oral vocabularyngaession,

with the mean delay being equivalent across gra{®$) =-1.017,p = .316 (group 1M =
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1.89,SD=.900; group 2M = 2.22,SD= 1.060).They silently read interleaved sentences
referring to the 16 inventions they had learned about and the 16 inventions learned by the
other group. There were also an additional four pairs of filler sentences thaeahclovel

words not learned by either group. The carrier sentences were designed to be contextually
rich, suchrthat-as the childremad them, they would expect to see the word they had learned
about during oral vocabulary training, if they had been trained on that item. For example,
Nick picked upthe cards and put them into the nesh to shuffle Aleawperimental
sentencesycan heund in Appendix B.

The children’s eye movements were recorded using a remote Eyelink 1000 eye tracker
(SR Research; Mississauga, Canada) sampling at 500 Hz as they read the sentences on a
computer monitor at a viewing distance of approximately 70cich Eharacter covered
0.36 of horizontal visual angle. Sentences were presented in black, Courier New font on a
white background. Participants read binocularly but only the movements of the right eye
were monitored. An initial calibration of the eye trackas performed, followed by three
practice trials, and then the experimental sentences. The experimegenettithe beginning
and end of.each'trial after the children looked at a fixation cross to indicateetitiness.

To promote,attention to task, they were required to answer a (yes/no) questieaciteial.

Eye movement dependent variables were: first fixation duration (the duration of the
initial fixation.en the target word); gaze duration (the sum of all fixations made on the target
word kefore the eyes move past the target to a subsequent word within the sentence); total
reading time (the sum of all fixations on the target word, including any regrebsickiso
it); and regressions in (the probability of making a regression back to the targdtamora
later portion in the sentence).

Results

Oral Vocabulary Learning: Picture Naming

Children.were able to name a mean of 10.67 out of 16 words of the pictures of the
orally trainednenwordsSD = 4.13), with no differences between those subsequently
assigned predictable or unpredictable spellit(@$,) = .236p = .815 (predictablevm = 5.36,
SD= 1.93;unpredictablé/l = 5.31,SD= 2.41). In addition, the difference in the number of
items leaned by, children in each group (groupgM.= 10.78,SD = 3.49; group 2M = 10.56,
SD=4.79) was not significant(34) = .159p = .875.
Orthographic Exposure: Eye movements

The eye movement data were analysed in the R computing environment (R

Development Core Team, 2015), using the package Ime4 (Bates, Maechler, & Bolker, 2013)
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and employing linear mixed-effects models (Baayen, 2008; Jaeger, 2008; Quene & van den
Bergh, 2008). Following Baayen (2008), to normalize the distributions of residuals, reading
time data were log transformed prior to analysis.

Separate models were run for each dependent variable: first fixation duration; gaze
durationytotalreading time; and regressions in. Models were Gaussian wattcdption of
the model/for the probabilityf rereading, which was logistic. All data were checked to
ensure that no participant skipped either the target interest area, or the text preceding or
following the target. If any interest area (target;farget or postarget) was skipped, the
trial was removed for the analysis (5.1% of trials removed). Arithmetic means and standard
error values of the four target word dependent variables are depicted in Figure 3.

Therareéa of interest was the name of an invention (target word). Fixed effects
included taining (trained vs. untrained), spelling predictability (predictable vs.
unpredictable) and their interaction. Group (group 1 vs. group 2) was included as a fixed
covariate. Random factors were participants and items. A data driven approach to model
sele¢ion was employed in view of findings suggesting that this offers the best balance of
protection against Type 1 error and power (Matuschek, Kliegl, Vasishth, Baayete®; Ba
2015; see'also Perez, Joseph, Bajo & Nation, 2015; Zuur, leno, Walker, Saveliev & Smith,
2009). Briefly, the full fixed structure was kept initially along with random infesctor
participants and items to take into account the possibility that both could haverdiffe
baseline levels of performance. Next, the optimal random sltpesuse was found using
data driven model comparison with a forwaelection heuristic (s€kable S1 inrSupporting
Information). For each analysis ther z statistic is reported. When a model produced one or
more significant fixed effecty values wee obtained usingsmeangLenth, 2016). When a
significant interaction was identified the testinteractions function from the phia package (De
RosarieMartinez, 2015) was used to compute contrasts. Mean and standard error values for
significant'model predions are reported imable S2 in the Supporting Information, with
time data bacitransformed from log fixation durations for display in ms ugredictSE.SR
(RobidouxS#:2017).

All.three dependent measures reflecting looking time produced the same pattern of
results: a fixed,effect of vocabulary training such that trained items were fixated for shorter
periods than untrained items (first fixation duratipr: -0.101,SE =0.036 t=-2.797,p =
0.011; gaze duratioffi = -0.106,SE =.032 t=-3.314,p = .001,; total reading timg} = -
0.250,SE =0.059 t=-4.203,p < .001); a fixed effect of spelling predictability such that

This article is protected by copyright. All rights reserved



Running Head: Children reading spoken words

items with predictable spellings were fixated for shorter periods than unpredictable spellings
(first fixation durationf =-0.211,SE =0.063, t=-3.340,p = 0.007; gaze duratiof:= -
0.348,SE =0.062 t=-5.624,p < .001; total reading timg: =-0.419,SE =0.064 t=-6.572,
p < .001); and critically, an interaction between the two factors such that the effect ofyspellin
predictability was larger for orally familiar than unfamiliar items (first fixation durafton:
0.085,SE =0.036, t=-2.348,p = .0191; gaze duratiofi:=-0.126 ,SE =0.032 t = -3.967,
p < .001; total reading timgs = -0.186,SE =0.047 t =-3.979,p < .001).

Interaction contrasts showed that items with predictable spellings benefited from
training (first fiXation durationy” = 13.001, p <.001; gaze duration: y* = 26.046, p <.001;
total reading'time: y*> = 33.257, p <.001) whereas items with unpredictable spellings did not
(first fixation durationy? = 0.103, p =.749; gaze duration: y* = 0.217, p =.642; total reading
time: x> = 0.732,.p =.392). The effect of spelling predictability was present for items that had
received oral trainindfi¢st fixation durationy® = 16.525, p <.001; gaze duration: y° =
46.467, p <€001:total reading time: x> = 53.346, p <.001). For items that had not received
oral training,theseffect of spelling predictability was marginal for first fixation (x2 =2.997, p
=.083) andsignificant on both other measures (gaze duration: xz =10.127, p = .001; total
reading time® y*= 9.691, p = .002).

For‘regressions in, the model showed an effect of traifirg-0.604 ,SE =0.143 z
= 4.237,p<".001) such that children were more likely to return to the target word if they had
not been trained in its phonology and semantics. There was no main effect of préglictabil
and no interaction between training and predictability.

Insert Figure 3 aboutere

Relationship_between the spelling predictability effect and standardized reading and
language meastres

We conducted exploratory by-participant Pearson prochachent correlational
analyses to investigate the relationship between children’s raw scos¢sndardized
assessments of vocabulary, reading, and spelling and the size of their spellinglpligdicta
effect [(trained unpredictable/trained predictatfl&)trained unpredictable/untrained
predictable)]; see Table 2). Correlations with vocabulegye not significant for the early
processing measures of first fixation duration and gaze duration, but thetmnreith the
later processing measure of total reading time was significant. Correlations with reading were
significant or approaching sigicance across all eye movement measures. Correlations with

spelling were significant or approaching significance for early processingirasabut not
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for the later measure of total reading time. The overall pattern suggests that reading, spelling
andlanguage skills are positively correlated with the effect of spelling predictability.
However, these exploratory results should be read with some caution. When correcting for
multiple comparisons (using the HolBenferroni method with a famityise error ate of
.05), onlytheslargest correlation (between nonword reading and first fixation djration
remains significant.
Insert Table 2 about here
Discussion

This.experiment provides the first direct evidence that children generate initial
orthographic representations of words present in their oral vocabulary prioimtg tesn in
print. When'Year 4 children were taught novel words in oral form, they responded differentl
to those words’on first encountering them in print depending on whether their speénegs
predictable or not from their sound: they spent less time looking at the words whésgspel
were predictable, consistent with the idea that these spellings matched their expectations.
Importantly, this effect was much less pronounced when the children had not gyevious
received oraltraining on them, ruling out an account based simply on differences in the
orthographic complexity of the predictable versus unpredictable words. This iieract
between training and spelling predictability, providing key evidence fooriographic
skeletorhypothesis, was consistently observed across the early processing measures of first
fixation duration and gaze duration, and the later measure of total reading tither Fur
support for the hypothesis comes froamrelational analyses revealing that children with
relatively stronger language and literacy skills, including phonological decoding, tended t
experience a greater spelling predictability effect than those with weaker ski

These findings have important implications for theories of reading acquisition,
providing evidence for a plausible but little-explored mechanism by which orabulzry
may influence written word learning. Theories of orthographic learning such adfthe s
teaching (Share; 1995) and lexical quality (Perfetti, 1992) hypotheses, prestioraltha
vocabulary-knewledge exerts an effect that commences at the point of exposure itdete pr
form of a.werd. Our findings build on these accounts to suggest that oral vocabulary
knowledge may.further confer an advantage prior to initial visual exposure, @alanism
that explicitly allows for a flow of information from phonology to orthography.

More broadly, and in line with previous work that has shown an accuracy advantage
for reading orally known words over unfamiliar words (McKague, et al., 2001; Nation &

Cocksey, 2009; Duff & Hulme, 2012), we found that training in a word’s sound and meaning
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was associated with a general processing advantage across all eye movement measures, and
with a reduced likelihood of rereading. These findings are compatible with thehaewaral
vocabulary knowledge benefits reading at an item level (McKague et al., 2001; Nation &
Cocksey, 2009; Duff & Hulme, 2012); they also confirm the utility of eye movement

monitoring forraddressing questions about reading development (Taylor & Perfetti, 2016;
Blythe & Joseph; 2011).

Much remains to be learned about how the orthographic skeleton influences ongoing
orthographic learning: future sties should address the issue of its precise form and its
impact on the retention and consolidation of orthographic representations tetong-
memory. Afurther key question is whether the orthographic expectancy idatéchby
knowledgerofithe sound of the spoken words alone, by a combination of knowledge of the
sound and meaning of words, or by semantic support provided by contextual factors. We did
not seek to differentiate these alternatives in the present study, but it is important to do so to
maximise the potential benefits of vocabulary knowledge for ongoing reading development.

We viewed it as critical for the initial test of the orthographic skeleton hypothesis that
our manipulation of spelling predictability be as strong as possible, such that therdigias
likelihood that.the orthographic expectancy children generated matched thégtmediems
and was incongruent with the unpredictable ones. A limitation of adopting this strong
manipulation.was that items with predictable and unpredictable spellittgsygth regular
for reading, could not be matched on number of letters or bigram frequency. We #erefor
expected to observe an effect of spelling predictability across a#i,ifapluding those that
had not been trained orally, and this was consistently found. Importantly though, this cannot
account for the interaction we observed between oral training and spellingadiidyc
Future studies might nevertheless seek to replicate these findings in more closely matched
stimuli.

An. alternaive account of our results might continue to attribute the observed
interaction‘torthe operation of processes that occur from the point of visual exposenle, bas
on the ideasthat'oral familiarity in combination with a more typical spelling might facilitate
phonologieal decoding. However, we suggest that the pattern of results is moreniitHine
the view that'the interaction arises as a result of processes that operate prior to visual
exposure. Under the alternative hypothesis, both predictable and aitgdoeispellings
would be expected to benefit from training, with possibly a larger advantage for giéslict
items. While the orthographic skeleton hypothesis also predicts a benefinwfgnahen

items have predictable spellings, in contrast to ttezradtive account, the effect of training is
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expected to beeducedwhen an unpredictable spelling is presented; because its incongruence
with the child’s orthographic expectation is surprising to them. Consistent with the
orthographic skeleton hypothesisteraction contrasts showed that items with predictable
spellings benefited from oral familiarity, whereas unpredictable items did noe\éow

further research’is needed to the disentangle the complex interactiongpteat ta be

occurring between the children’s processing of phonology and orthography.

In summary, we provide the first direct evidence for a new and developmentally
plausible mechanism via which vocabulary knowledge benefits reading acquisiteastat |
once children have some preresiid literacy level. As well as contributing to theories of the
nature of the association between oral vocabulary and reading, it has impopig#tions
for practiceg’in‘the teaching of reading. Our findings clearly support the inclusion of ora
vocabulary instruction as part of a comprehensive teaching program, and, with further

elaboration, may provide direction as to the nature, level, and timing of this instruction.
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Figure 1.The orthographic skeleton hypothesis
Figure 2 Sample picture: A “nesh” which is used to shuffle cards.
Figure 3.Arithmetic (untransformed) means and standard errors of eye movements in the

target word interest area. First fixation duration, gaze duration and total reading time are all

expressedin milliseconds. Probability of regressions reflect thehdadi of occurrence.
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Table 1

Children’s performance on standardized tests of vocabulary, reading and spelling.

M SD Min Max
Oral Vocabulary (ACE) 8.08 2.20 4.00 12.00
Readingraloud(CC2)
Regulaf’ 0.08 1.17 -2.03 2.99
Irregular® -0.02 0.85 -1.82 1.14
Nonwords’ -0.42 0.82 -2.27 2.03
Spelling (DiST)
Nonwords’ -0.54 0.82 -2.00 2.00
Irregular® 0.00 0.64 -1.20 1.58

Note: ACE Assessment of Comprehension and Expressidn 6C2,Castles & Coltheart 2;
DiST, Diagnosti¢ Spelling TestAge scaled score (M = 10, SD = 8)Agebased z scores
(M =0, SD =1);° Gradebased z scores (M =0, SD = 1)

Table 2
Correlations.between the spelling predictability effect and vocabulary, reading aniagpell
ability

First Fixation Gaze Duration Total Reading Time
Vocabulary (ACE) 0.25 0.24 0.36*
Nonword Reading (CC2) 0.53** 0.43** 0.42*
Irregular Word Reading (CC2) 0.41* 0.40* 0.29
Nonword"Speélling (DISTn) 0.33 0.28 0.21
Irregular Word Spelling (DISTi) 0.36* 0.37* 0.24

"p<.10, *p<.05, ¥*p<.01 (uncorrected)

Appendix A

Experimental target words

Setl Set 2
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Phonology Orthography Phonology Orthography

Predictable /dzev/ jev ltem/ tem
Items ljieeg!/ yag /nld/ nid
IVIb/ vib ldz1t/ jit
ltap/ tup ljeebl/ yab
Ind/ nesh I vish
Itfob/ chob /lepl shep
Ilagl shug /6og/ thog
/0Ab/ thub It1g/ chig
Unpredictable Ivi:m/ veme fju:n/ yune
Items /baip/ bype [karv/ kyve
lj3:p/ yirp /b3:v/ birv
[ko1b/ koyb [dzaif/ jayf
/dzi:b/ jeabb Imi:f/ meaph
[f3:1/ phirf lgaz/ ghuzz
/geek/ ghakk lfeg/ phegg
/m3:b/ mirbe Iverp/ vaype
Appendix B

Experimental sentences

Set'?1 Set 2

1. Rick put his dirty socks into the jev to Rick put his dirty socks into the tem to
clean them. clean them.

2. Diana put the best orange on the veme 1 Diana put the best orange on the yune t
juice.it. juice it.

3. Pam put the dirty flowers under the yag Pam put the dirty flowers under the nid t
polish them. polish them.

4. Max put his food in the bype to remove Max put his food in the kyve to remove

the peas. the peas.
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10.

11.

12.

13.

14.

15.

16.

Sara put her soaking wet hat on the vib 1 Sara put her soaking wet hat on the jit tc
dry it. dry it.

Lucy loaded the rubbish into the yirp to Lucy loaded the rubbish into the birv to
sortit for recycling. sort it for recycling.

Lucasputthis sore tummy beside the tup Lucas put his sore tummy beside the ya
and he felt better. and he felt better.

Jennifer put her soggy chips under the Jennifer put her soggy chips under the j:
koyb to make them crispy. to make them crispy.

Nick put the deck of playing cards into tF Nick put the deck of playing cards into tt
nesh te shuffle them. vish to shuffle them.

Rex put the tennis ball back into the jeal Rex put the tennis ball back into the

to keep playing fetch. meaph to keep playing fetch.

James put the girl's picture into the chok James put the girl's picture anthe shep to
find out. her, name. find out her name.

Jane put her cold and sore feet into the Jane put her cold and sore feet into the
phirf teswarm them. ghuzz to warm them.

Matt put‘his feet into the shug so he cou Matt put his feet intéhe thog so he could
climb.up the wall. climb up the wall.

Sam waited for the birds to land on the Sam waited for the birds to land on the
ghakk to hear them sing. phegg to hear them sing.

Ben picked up the fish tank and the thuk Benpicked up the fish tank and the chig
clean the dirty glass. clean the dirty glass.

Pip waited while the brushes on the mirt Pip waited while the brushes on the vay;

removed.the sand from his body. removed the sand from his body.
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