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Abstract

Background:

Dyslexia is a language-based disorder. It probatdgns from an underlying phonological
deficit, which results in problems with phonoloditasks. Besides that, research has shown
that dyslexics also have subtle language impairsditite present study looked into the
morpho-phonological process of past tense inflactiod the impact of orthography.

Aims:

The main purpose was to compare the results ob®-glel normal and poor readers on a past
tense experiment in which the children had to ctfleerbs and pseudo-verbs. An additional
comparison was made with 6-year-old children andtadThe second research question was
whether 9-year-old poor readers perform betteherpast-tense experiment in the
orthographic modality, where the stimuli were preed both auditorily and visually.

Methods:

The past tense experiment of Vreugdenhil (2010) wsasl to elicit the past tense of verbs and
pseudo-verbs with stem-final obstruents. The padits were either exposed to an auditory
or an orthographic version of the experiment.

Results and outcomes:

The results demonstrated that 9-year-old poor rsattenot differ from normal readers on

the number of correctly inflected past tense fofonsither verbs or pseudo-verbs. They were
equally good at producing the past tense overalvéVer, the 9-year-old normal readers
performed better when orthography was provided redmethe poor readers did not benefit

from the orthography.

Keywords: past tense, voicing, morpho-phonology, orthograpégding disorder, dyslexia
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1. Introduction

In Dutch, the past tense is created by addinguffexg—te/ ([to]) or /-de/ ([&]) to the
verb stem. The past tense inflection depends omtbection between morphology and
phonology, as the correct past tense suffix isrdeteed by the phonological structure of the
verb stem. In Dutch, a voiceless phoneme is foltbiwe /-t/, for examplekoken (“to cook”)
becomeskook-te and a voiced phoneme is followed bys/;dor examplekamnen (“to
comb”) becomekam-de as will be explained in more detail later. Thegant study builds
on the research of Rispens & de Bree (2010) antdeigdenhil (2010), who both studied the
past tense inflection in school-aged children. Bisp& de Bree (2010) investigated whether
Dutch children with specific language impairmentIjSvere sensitive to phonological
constraints of past tense morphology and compaeedesults with typically developing (TD)
children. They used both verbs and pseudo-verbssastimuli with stems ending in
voiceless obstruents ([K], [s] or [p]) or sonorafjitl [r], [w], [m], or [n]). For these phonemes
it is actually quite obvious to choose betweenghst tense suffix /st or /-tb/ because the
phonemes are either voiced or voiceless. The sedalhonstrated that children generally
prefer voiceless obstruent clusters, i.e//despite the known fact that in Dutch the number
of verbs inflected with the voiced suffix 4ds higher than the frequency of verbs inflected
with a voiceless suffix Vreugdenhil (2010) conducted a similar experintritiooked at a
more complicated pattern, namely the obstruentshvt@n be both voiceless and voiced. In
these cases it is absolutely necessary to maksiaatfion between voiced or voiceless stem-
final obstruents to choose the correct past teaex.sThe main question of Vreugdenhil
(2010) was whether children have a preferencetgrdr /-cb/ in the past tense. Besides that,
she also studied the influence of orthography, Wrethe orthography affects the preference
for a voiceless or voiced past tense suffix. Tisellts showed a clear preference for the
voiced suffix /-&/ for the 9-year-old children against a preferefocehe voiceless suffix /at
for the adults. Furthermore, the results showetttteaorthography helps the participants
(mainly the adults) with the inflection of pseuderys, as there were generally fewer voice
errors in the orthographical version compared ¢éoaiditory version. In the inflection of the
neutral pseudo-verbs the orthography assists thiésad their choice on voicing, whereas the
9-year-old children did not rely on the orthogragathicue when it comes to the consistent

versus inconsistent pseudo-verbs.

! Rispens & de Bree (2010) also found a significtifierence between the production of past tensegyigally developing children and
SLI children.
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Ernestus & Baayen (2001, 2003) have also examimegdst tense production in
Dutch adults. They asked Dutch participants toendibwn the regular past-tense forms of
existing Dutch verbs and pseudo-verbs. For exanaftier, hearing the pseudo-verb [k dAp],
participants had to write dowk dapteor ik dabde In some cases the participants wrote
down illegal clusters , e.g. *[-bte] for pseudodv®rThe results of Ernestus & Baayen (2001)
demonstrated that the participants sometimes peatipast tense forms for verbs violating
the rule (i.e. /4/ is not always followed after a voiceless obsttyemhere their decision is
based on words that are phonologically similahdiven verb and take this suffix as well.
This finding means that speakers tend to createt@ase forms by analogy to existing words.
In the study of Ernestus & Baayen (2003), they tbtire same results for pseudo-verbs, as
Dutch speakers based again their interpretatigheofinal obstruent of pseudo-verbs on the
phonologically similar existing words.

In the present study the inflection of past tersds and pseudo-verbs was examined
in poorly reading children (including dyslexics)daalso the effect of the orthography was
investigated further. Before going into the passinflection in Dutch and the role of the

orthography, information about reading problemgiven.

1.1 Problems with reading

In the Netherlands around 9% of children in primsekools have problems with
reading and around 4% of school-aged children exeally diagnosed with dyslexia
(Blomert, 2002). Children with reading disordersd@aroblems with reading and/or spelling,
for instance they have problems with the accuraciyspeed of reading. Dyslexia is the most
well-known reading disorder. According to Lyon (599dyslexia is a specific language-
based disorder characterized by persistent problemesading and/or spelling that are
unexpected in relation to cognitive abilities aige aSpecifically, the reading problems
encountered in dyslexia are problems in word-dewpdnd are most obvious when dyslexics
are reading aloud. Some dyslexics have to speheaitly every word, which results in a slow
reading rate whereas others read inaccurately@emggsion of words, words read incorrectly)
(Huizinga, 2000). To make a distinction betweenekiss and weak word-decoding readers
(generally called poor readers) the word “persistsnvery important. Dyslexics have a
persistent automatization deficit, which result®a@ving problems with reading tasks. Besides
that, dyslexics also have problems in other afeasnstance language skills and memory.
Poor readers mostly only have problems with theebokreading; they develop reading
slower than typically developing readers (van dei,[2003).
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1.1.1 Phonological deficit

What exactly cause(s) dyslexia is still a theoggtitispute. The most widely accepted
explanation of dyslexia is that it stems from adentying phonological deficit (Snowling,
2001). This hypothesis proposed that dyslexiaused by poor phonological awareness,
which refers to the ability to perceive and margpelithe sounds of spoken words (Castles et
al., 2003). The brains of dyslexics code phonoliegg efficiently compared to normal
reading children, leading to difficulties with emitog, maintaining and retrieving
phonological representations (de Bree, 2007).dssumed that phonological awareness is
related to the success of learning to read bedairsticates an awareness of the internal
structure of words (Carlisle & Nomanbhoy, 1993) wéwer, Castle et al. (2003) also
described that there may be a danger of oversttisgssociation between phonological
awareness and reading because there should becendien in the interpretation of
phonological awareness test results.

Children with dyslexia have phonological difficelsi and are therefore relatively
insensitive to the internal structure of wordsiftance of regular past tense inflections.
When children have problems with reading (e.g. beeaf dyslexia) it reduces the exposure
to morphologically complex words in print, whichturn could affect the development of
children’s explicit knowledge of grammar (Egan &rfey, 2004). Studies have shown that
dyslexic children are poorer on spoken tasks déational morphology compared to peers,
including the study of Egan & Pring (2004). Theywsfed that dyslexic children do not have
deficits in morphological processing in spoken laage in relation to their reading ability,
but they are slower at reading and less accurateedting regularly inflected verbs compared
with normal reading children. A study by Joanissal (2000) indicates that phoneme
awareness and inflectional morphology are defiarityslexics. They assumed that
morphological difficulties are likely to be a congsence of the phonological impairment. In
English, the paste tense suffix /ed/ occurs ingtioems ([-t], [-d] or [Id]). The correct variant
is determined by the phonological structure ofwis stem. Difficulty analyzing
phonological structures could therefore affectabquisition of the past tense.

Because of the subtle language problems which analyslexics the assumption
exists that there is an overlap with SLI (Bishoplet2009). Therefore, much research has
been done on the distinction between SLI and dial&tudies with children at family risk
for dyslexia (which have at least one parent witkleiia) and children with SLI show that
both groups have lower scores on language taskpareah to typically developing children
(Bishop & Snowling, 2004; de Bree, 2007; RispenBéen, 2007; de Bree, Wijnen, Gerrits,
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2010). However, the at-risk children generally sdoetter than the SLI children. It can be
concluded that children with dyslexia may have kulasinguage problems but they are not as
severe as those found in the developmentally laggirapaired children (Joanisse et al.,
2000).

1.1.2 Orthography

The kind of orthography, transparent or opaque anasfluence on the severity of
reading and spelling problems. Dutch, for instamhess, a relatively transparent orthography
(Blomert & Willems, 2010), where graphemes gengnadpresent only one phoneme. English
and French in contrast, have an opaque orthogragisre individual graphemes represent a
number of different phonemes in different wordsgi$ger & Hanley, 2003). As noted in
many studies (Blomert & Willems, 2010; Castleslet2003) it is easier to learn the
associations between graphemes and phonemesnguatge with a transparent orthography
(e.g. Spanish, Italian) than in English (Spencéidley, 2003).

In English children can choose between [-t], [-d]Id] in the orthography for the past
tense phonemes /t/ and /d/. The study of Egan BgRA004) has shown that dyslexics have
problems with written tasks of inflectional morpbg}, as there are different orthographic
representations of the past tense phonemes. Dgsleidren have weak orthographic
representation, due to problems with the acquisitboreading. Therefore, when they are
faced with two spelling options they choose the tfersiliar one rather than the spelling
pattern that should be chosen following the lintcisiles.

The study of Castles et al. (2003) showed thawtiteen form of words positively
influenced the performance on phonological awaretessks. This only applies for
participants (adults and 11-year-old children) vattonger orthographic skills. They
concluded that a direct link exists between phogiockl awareness and orthographic ability.
However, this link is weaker in poor readers thanarmal readers. So, poor reading children
make less use of the orthography and therefore imave problems with the representation of
for instance past tense verbs.

In the previous paragraphs reading disorders, loagogical deficit and the
connection to grammar, and the relation betwedrography and reading has been described.
In the following paragraph more information abouwit€h grammar is provided, namely the
past tense production in Dutch, including voicimgl @evoicing of obstruents and the

interaction of voicing on vowel length in verbs.
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1.2 Past tensein Dutch

In Dutch, the regular past tense is formed by aglthe suffix —de ([d]) or —te ([b])
to the verb stem. The selection of the regular fgasste suffix is determined by the final
phoneme of the verb stem. Verb stems ending incelass consonant taked(r)/, all other
cases take /-@n)/, i.e. after voiced obstruents, sonorants awlels (Booij, 1995; de Jong,
1999). This is illustrated in (1)The obstruents include plosives ([p,b] an [ta)well as
fricatives ([s,z] and [f,v]); they can be both veliess and voiced, except the voiceless velar
plosive [k] which does not have a voiced countdrppaDutch. Liquids ([l,r]), nasals ([m,mnl)
and glides ([j,w]) belong to the sonorants andregarly always voiced (Rietveld & van
Heuven, 2001).

(1) Infinitive and stem of the verb Singular past tense form

a. koken[kokan] kook[kok]  “cook”  kookte[kokts] “cooked”
schopperjsxopan]  schop[sxop] “kick” schoptdsxopto] “kicked”
zagen[zayan] zaag(zay] “saw” zaagddgzayds] “sawed”
kammerfkamon] kam[kam]  “comb” kamdekomdb] “combed”

b. leven[levan] leef[lef] “live” leefde[levds] “lived”
grazen[xrazon] graas[xras] “graze” (graasdexrasth] “grazed”

c. schuddersxYdon] schud[sxYt] “shake” schuddgsxYds] “shaked”
krabben[kraban] krab [krap] “scratch” krabde[krabds] “scratched”

The examples given in (1b) illustrate that theigufido/ is also added when the verb
stem ends in an underlying voiced obstruent, wisetéd is added by underlying voiceless
obstruents, as seen in (1a) for instandekenwhich results irkookte[kokts]. The final
obstruent of the verb stems in (1b and 1c) arecadieless levenandgrazenvs.leefand
graag as aresult of final devoicing. This process is typicADutch, which does not include
any syllable-final voiced consonants (Booij, 19968)Dutch, a morpho-phonological
alternation occurs between voiced and voicelessudrgs in word-final position, for instance
in hoed[hut] (“hat”) andhoedernhudn] (“hats”) (Booij, 1995). The term alternation ee$ to
the phenomenon that a phoneme and/or morphemeegaimametically realized in different
ways depending on the phonological or morphologicaltext in which it appears (Kerkhoff,
2007).

The alternations that are made by the fricativgdln) also alternate in the
orthographical representation. For instance, thgusar present tense of the végken“to
live” is written with the letter [f] (i.eleef[lef]). Final devoicing is thus also representedhe

orthography. The examples in (1b) illustrate thatfricatives not only change in their

2 Some examples were taken from Vreugdenhil (2000)Ernestus & Baayen (2001)
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orthographical representation in the verb stem @egpto the present tense, but also in the
past tenseléven — leef- leefat). The plosives in (1c), on the other hand aresnbject to
orthographical changes, although final devoicingsdoccur in the pronunciation of the
present tensek(ablen — krab- krabdk).

In the present study the focus was on the alvewidriabiodental fricatives ([s], [z],
[f] and [v]) and the bilabial plosives ([p] and )bJrhese obstruents are most interesting
because they have voiced and voiceless counterfiagt®specially important for speakers to
determine if the final obstruent is underlyinglyieed or voiceless to make a decision
between the suffix /st or /-db/ in the inflection of the verbs (Booij, 1995).

Besides final devoicing and phonological alternadithere is another generalization in
Dutch verbs related to voicing, namely vowel lenythicing and vowel length are related for
verb stems that end in an alveolar ([s], [z]) dvidalental ([f], [v]) fricative. Examples are
illustrated in (2) and are taken from Vreugden®0X0). They illustrate that a short vowel
(e.g. p] or [0]) is typically followed by a voiceless obstruewhereas a long vowel (e.g. [a]
or [0]) is followed by a voiced obstruent (Vreugtd@én2010).

(2) wasserjwason] “to wash” grazen[xrazon] “to graze”
lossen[losen] “to unload” blozen[blozan] “to blush”
blaffen[blafon] “to bark” draven[drawsn] “to trot”
opdoffen[opdofon] “to dress up” doven[dovan] “to extinguish”

In the past tense experiment both verbs and pseeidis-are included. The pseudo-
verbs vary in stem-final obstruent and vowel lengsulting in legal forms, i.e. consistent
with the Dutch phonotactic rules (e.g. spaven), idedal forms, i.e. inconsistent with the

Dutch phonotactic rules (e.g. drovven).

1.3 Research questions

The main question is whether 9-year-old normal eeagerform better on the past
tense production task of Vreugdenhil (2010) thare8r-old poor readers. Based on what is
known about the phonological and morphologicallsikaf children with dyslexia it is
expected that the poor readers will obtain a lovegrect score on the experiment than normal
readers. The results of the 9-year-old poor read#ralso be compared with 6-year-old
children and typically reading adults to see ifréhis a development in the acquisition of past
tense inflection. At the same time the sensititatyoicing patterns in Dutch will be
established. Namely, if participants have a prefeggor the voiceless suffix #/tor the

voiced suffix /-&/ in the past tense.
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The second research question is what the effatieadrthography is on correct past
tense inflections. Do 9-year-old poor readers parfbetter in the auditory modality of the
experiment than in the orthographic modality? Expected that the poor readers will not
benefit from the orthographic cue because of tteaiding problems. In both modalities
(auditory and orthographic), the infinitive of taristing verb or pseudo-verb will be
auditorily presented. In the orthographic modatitg infinitive is auditorily presented and
written down, so that the participants can readvidre or pseudo-verb. The written
representation could help the participants in thenplogical analysis of a verb or pseudo-
verb and could also affect the choice of the paste suffix /4/ of /-do/.

A third question is whether the consistency offieeudo-verbs plays a role in the
inflection of the pseudo-verbs. If inflection isde@ on analogy to existing verbs, the
participants will inflect the consistent pseudobsgebetter than the inconsistent pseudo-verbs.
They will have more problems with the inflectiontbé inconsistent pseudo-verbs, as these
pseudo-verbs cannot occur in Dutch and will notehawomparative existing phonologically
or semantically related word. However, if the ioflen of the verbs and pseudo-verbs is
relied on rules, consistency should not matter bgedt is just applying the past tense rule. If
an effect of consistency is found it will probalbly smaller for the poor readers because they
have weaker phonological skills.

A separate question is whether verbs are infleottér than pseudo-verbs. The verbs
could be stored in the mental lexicon and can kéyeatrieved, unlike the pseudo-verbs. For
the pseudo-verbs, the participants have to contpetpast tense themselves and have to rely
on their knowledge of Dutch past tense formatidmer€fore, it is expected that all the
participants will have more problems with the igflen of the pseudo-verbs than of the
verbs. The poorly reading children are likely tednanore problems with the inflection of the
pseudo-verbs than the normally reading childrerabse they are known to have difficulties

with phonological processing tasks such as non-wepdtition.

2. Methods

2.1 Participants

The present study included four different groupgeér-old children, 9-year-old
normal readers, 9-year-old poor readers (includiygjexics) and typically reading adults.
The characteristics of the participants are preseint table 1. The data of Vreugdenhil (2010)
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were also added to this study. In appendix 1 amveese is given of the distribution of the
participants of the present study and those of §lenhil (2010).

The 6-year-old children were included in this expent because they have barely had
literacy instruction and are in the middle of thheqess of becoming literate. The adults were
included because they have already learned homflext verbs and therefore should know
the morphological rules. There were two differemups of 9-year-old children: the normal
and the poor readers, who did not significantlyedifn aget(110) = -4.128, p = 0.342. This
age group was selected because 9-year-olds hayetimten explicitly educated with the
morphological rule for inflecting verbs and theresponding spelling rules. This is usually
learned at age 10-12 years (fifth or sixth gradd)utch elementary schools. The group of 9-
year-old normal readers included one child that diagnosed with Autism Spectrum
Disorder and two children that were raised bilintgyan Moroccan and Dutch. The group of
9-year-old poor readers included 16 children wittyslexia certificate, one child that was
diagnosed with dyslexia and ADHD and one child thas diagnosed with PDD-NOS and
ADHD. This group also included 8 children with apicion of dyslexia but have not been
diagnosed yet. All of the children were selectearfiprimary schools that were located in the
Middle and South-East of the Netherlands.

Table 1. Characteristics of the participants (peblwith Vreugdenhil, 2010)

N | Males / Mean age in SD Age-range in
females years years
6-year-old 38| 19/19 6;6 0.2 5;8t07;8
9-year-old normal readers 76  37/39 9;5 0.61 8;,0to 11;0
9-year-old poor readers 36 18/18 10;0 0.71 8,6 to 11;5
Adults 48 | 22126 32;6 10.8 19;0to 58;0

The scores of three different reading tasks weeé 3 determine whether a 9-year-
old child was a poor reader: Dyie-Minuut-Test{DMT; CITO, 2009) where the children had
to read as many existing words correctly from thiderent cards in a time span of three
minutes in total (one minute for each card)E2h-Minuut-Tes(EMT?; Brus & Voeten,

1979) where the children had to read as many agistords correctly in a time span of one
minute, and 3) th&lepef (van den Bos, Spelberg, Scheepstra & De Vries4)1@%0n-word
reading task with a time span of two minutes. Téwres of the EMT and Klepel are
presented in table 2. When a child had a D or Eesep the DMT (which is below the 2%

3 The EMT and Klepel have an A and B version. Inghesent study only the A-version is used. Botllireatasks were recorded to
guarantee the reliability of scoring.

4 The results of the DMT were given by the schoble DMT results in a raw score and is then convartedan A-E score, where A is very
good and E is insufficient. The primary schooldéedghe DMT in different steps (see Struiksma £28104) making the raw scores difficult
to compare. Therefore the DMT scores were not pteddn table 2. Besides, the score on the DMT wetebtained of all the 9-year-old
participants.
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percentile) and a standard score below 7 on the BMilor Klepel, it was included as a poor
reader. These reading tasks were not used for-ylea6old children who were all in the
middle of the process of becoming literate andfoothe adults, who all reported normal
literacy skills.

To obtain a general measure of the language siilidl the participants, including the
adults, thePeabody Picture Vocabulary Test llI-NBPVT; Pearson, 2005) was used. The
PPVT measures the receptive vocabulary. The sobtbe PPVT are presented in table 2.

Table 2. Results on the standardized languagditerdcy tasks

PPVT? EMT® | Klepel®

6-year-old M 68.9

SD 24.6

Range 12-97
9-year-old normal readerg M 51.9 10.58 11.2

SD 21.9 2.6 2.5

Range 18-99 7-16 7-16
9-year-old poor readers |M 45.1 4.9 5.6°

SD 23.1 1.6 1.8

Range 8-86 1-9 1-9
Adults M 49.6

SD 24.3

Range 9-86

%in percentiles? results of the standard scores

An independent t-test showed that the differend¢eden the 9-year-old normal
readers and the 9-year-old poor readers on théngetakks (EMT and Klepel) was
significant,t(110) = 11.737, p < 0.001 an@10) = 12.037, p = 0.0%7as expected given the
selection criteria. However, there was no signiftadifference on vocabulary(110) = 1.488,
p =0.437.

2.2 Experiment

The past tense production experiment of Vreugdg@bil0) was used to elicit the past
tense of verbs and pseudo-verbs from the partitspdine experiment itself contained only
obstruents (except two sonorant in the filler itgm$ items in total. Of these, 12 items were
existing Dutch verbs and 28 were pseudo-verbs.pBeedo-verbs can be divided into three
categories: neutral, consistent, and inconsistesigho-verbs. The neutral pseudo-verbs
conformed to the Dutch phonotactic pattern andaeither have a voiced or a voiceless
obstruent at the end of the verb stem, which m#eatdoth suffixes are possible; examples
are illustrated in table 3. The consistent pseusltvswere based on the Dutch phonotactic

relation between voicing and vowel length (Vreuddkr2010). In Dutch, a short vowel is

® A comparison between the 9-year-old normal and peaders on the DMT was impossible because the BT gives an A-E score.



The influence of orthography on Dutch children’stp@nse productiori4

typically followed by a voiceless obstruent (&krasser'to scratch") and a long vowel is
followed by a voiced obstruent (elgzen"to read”). The consistent pseudo-verbs conformed
to these rules, whereas the inconsistent pseudisdéd not. They reversed the pattern of
voicing, whereby a short vowel is followed by acexd obstruent (see table 3 for examples).
This leads to words which cannot occur in Dutcltegt in loan words likpuzzel[pyzal]
(“puzzle™) (Booij, 1995).

Table 3. Categories of the stimuli (Vreugdenhill @0

Category Number of items (voiceless-voiced) | Example (voiceless-voiced)
Adult version Child version
Verbs 8(4-4) 8(4-4) eisen (“to claim”) — \iz(“to travel”)
Neutral pseudo-verbs 8 (5-13) 4(2-2) beisdrizen
Consistent pseudo-verbs 8(4-4) 4(2-2) taffgpaven
Inconsistent pseudo-verbs 8 (4 —4) 4(2-2) trefelrovven
Fillers 4(2-2) 4(2-2) grijken — spennen
4 irregular verbs | 4 irregular verbs| eten — at €&d-ate”)
Total 40 28

The experiment also included eight fillers (exars@es presented in table 3). Four
fillers were Dutch irregular verbs, which were adde avoid the pattern of the addition of the
past tense suffix bt or /-tb/. The other four fillers were pseudo-verbs, inelddo mask the
pattern of the test items which all included vestesn ending in alveolar fricatives [s,z],
labiodental fricatives [f,v] or bilabial plosivep,p] (Vreugdenhil, 2010). The pseudo-verbs
had verb stems ending in voiceless plosives andraats. For more information about the
choices that have been made for selecting the Btinmafer to the study of Vreugdenhil
(2010).

In the study of Vreugdenhil (2010) the adults angefr-old children were presented
with an extended version of the experiment, incigdi2 existing verbs and 28 pseudo-verbs
(as presented in table 3). She concluded thavéns@on was too long for the 9-year-old
children as they got bored and lost their concéptraTherefore, only the short version of the
experiment was used for the different child gro(gpgear-old children and the 9-year-old
normal and poor readers) in the present studyrregfeas the child version. The child (short)
version included the verbs and fillers from thelaflang) version and half of the pseudo-
verb items (12 existing verbs and 16 pseudo-vedasdhat there were four items of each
category. An overview of all the stimuli includedthe adult and child version of the
experiment is given in appendix 2.

The past tense experiment consisted of two difteredalities: auditory and
orthographic. In the first modality, the infinitiva# the verb was presented auditorily and in

the second modality the infinitive was presenteth lauditorily and orthographically. The



The influence of orthography on Dutch children’stp@nse productiorl5

participants were only exposed to the infinitivéshe verbs because it provided the
participants with information of voicing of the dhgent in question and it avoided priming
the participants with voiceless obstruents duén@a tlevoicing. For instance, had the present
tense of the verleven*“to live” been given, which igeet, the participant could prefer to form
the past tense with the suffix -{i.e. leete) instead of the suffix /-, which is correct (i.e.
leede).

The participants were pseudo randomly assignedewmbthe modalities (auditory or
orthographic) so that the number of participantseich modality was equal (table 4). The 6-
year-old children were not exposed to the orthdgiapondition because they are in the
middle of the process of becoming literate. Thawefthey were only exposed to the auditory
condition.

Furthermore, the experiment had two different aderavoid order as experimental
confound. This was also done pseudo randomly gdaitbanumber of participants in each
order was equal (table 4). A one-way ANOVA with thenber of correct responses (for both
verbs and pseudo-verbs) as dependent variablerdedas independent variable showed that
order is not significant for both correct responseshe verbs F(1,196) = 0.001, p = 0.971, or
pseudo-verbs F(1,196) = 0.372, p = 0.543.

Table 4. Division of the modality and order of thgeriment among the participants

Auditory Orthographic | Order 1 Order 2
6-year-old children 38 - 19 19
9-year-old normal reader§ 38 38 38 38
9-year-old poor readers 18 18 18 18
Adults 24 24 24 24
2.3 Procedure

The past tense experiment was preceded by the tmacidymeasures (i.e. two reading
tasks and a language task) as described abovesetup of the experiment corresponded to
that of Vreugdenhil (2010). The past tense wastetichrough a PowerPoint presentation of
animated pictures (see appendix 3 for some exaiflles pictures for existing verbs
consisted of activities by animals or persons.tkRempseudo-verbs animations of fantasy
persons or monsters were used. Each picture wasluted with the sentence: “look, this
animal/person is ...... " After this sentence the pgtot had to click on the picture to hear
the infinitive of the verb (e.g. running, washimgg¢.) and was asked to finish the sentence:

“Yesterday, he/shelit .........
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For some children (especially the 6-year-old cleilgrthe past tense experiment was
very difficult. They were barely able to make amgptense and therefore just repeated the
infinitive that was auditorily presented, for exdmgisteren *fietse(n)“yesterday cycling” or
gisteren *fietse(n) de kikk€lyesterday cycling the frog”. In some cases thédcan
produced a past tense with an auxiliary v@gteren ging hij (ook) fietsétyesterday he went
(too) cycling”) or made a sentence with a pastigiate gisteren is hij aan het fietsen geweest
“yesterday he was cycling” gjisteren heeft hij ook gefiet§testerday he also cycled”. In
these cases the experimenter asked the child te mmakorter sentence and sometimes
assisted the child by articulating the verb’s fgstind (e.g. experimenter: yesterday c...)
(Vreugdenhil, 2010).

2.4 Scoring

A voice-recorder (Zoom Handy Recorder H1) was usaecord the experiments.
Scoring was done both on- and offline. During théne scoring (done by the author of this
thesis) the given suffix was circled on the scatednd the whole response was transcribed (if
possible). The unclear responses were judged efflinboth the author and the two
supervisors of the present study. If there wakrgiiconsensus about the response of a
participant, the responses were judged again byeoperienced speech-language therapists.
The two supervisors of the present study judgedr&Sponses. Of these, 28 responses were
judged again by the four speech-language therapists

Afterwards, the responses were transcribed anéd@w correct or incorrect. Only the
verb was judged, the remainder of the sentenceatpatticipant might have uttered was
ignored. A response was correct when it matcheddi@ng of the infinitive stimulus.

The total number of correct responses was couhtextidition to calculating the
number of correct responses, the different typesoirs of all the participants were analyzed.
Four categories were created, based on the catsgbat Rispens & de Bree (2010) used in
their study and the most frequently produced dgjees found in the data of Vreugdenhil
(2010). Each error was assigned to a category. pbemnof these errors are given with the
pseudo-verb “beisen” (the correct past tense farfbeiste”).

1. Voice errors (wrong suffix): beisde (i.o. beiste)

2. Zero marking / repetition (infinitive): beisen/ bei

3. Made irregular: bas

4. Other errors (e.g. verb stem: beis, present tdesst, pronounced a totally

different verb: danste)
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“Voice errors” were responses where the participahbse the wrong suffix, for example the
correct response of the infinitivedwon] is [navds], when the participant saidduats] or

[nafta] it was scored as a “voice error”. Voicing of tstem final sounds ([f] or [v]) was not
relevant as it could not be transcribed reliablye(tb assimilation). When the participants
repeated the infinitive, the response was scorédeas marking”. In some cases the child
seemed to use an inflected verb form withvauffix and stressed the vowel suffix, for
examplegisteren fietsdfit's o], “yesterday cycle”. These responses were notquooed as
infinitives, but were difficult to interpret as agt tense. These responses were scored as
incorrect and further analyzed as a “zero markimgré The category of “other errors”

included several different responses, for instaaoree children gave a present tense response

gisterenfietst de kikker‘yesterday + present tense cycles the frog”.

2.5 Statistical analyses

An independent t-test was used to compare the Bgldanormal and poor readers
with each other on the results of the reading taskkthe vocabulary task. One-way analysis
of variance or repeated measure analysis of vai@hhOVA) were used for overall
comparisons of group means on the different vaemfdroup, modality, consistency and
suffix type). The proportions were based on théed#éhces between the participants (i.e.
subject analysis). No item analyses were conduttéekn multiple comparisons were made,
the significant difference test of Bonferroni waed. In general, a significance level of p <
0.05 was used.

Finally, Pearson’s correlations were used to meatha correlation between language
skills and reading ability and between languagbssiind correct past-tense inflection of the

verbs and pseudo-verbs.

3. Results

In the analyses of the responses of the particspamiy the test items have been
analyzed and the filler items were excluded. Theyenncluded in the experiment to avoid
the pattern of adding the suffixess/-or /-tb/ to the verbs stem and to mask the pattern of the
stem-final obstruents [s,z] and [f,v] and [p,b].€Bk fillers were not of interest for the present
study, therefore only the test items were analyBgdexcluding the filler items, the total

number of test items for the children was 20 stirant for the adults was 32 stimuli.
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3.1 Development in acquisition of past tense inflection (auditory condition)

The past tense experiment included four differeatigs: 6-year-old children, 9-year-
old normal readers, 9-year-old poor readers aniddilp reading adults. The 6-year-old
children were only exposed to the auditory conditbd the experiment. Therefore, the
following analyses are only from the auditory cdiwh in order to compare the results of the
four groups with each other.

A repeated measures ANOVA was carried out on timebau ofcorrect responseis
the auditory conditionwith verb type (verb or pseudo-verb) as withinjsabvariable and
group as between-subject variable. The results dsetraded a main effect of verb type
F(1,114) = 196.606, p < 0.001, as more errors weaee in the inflection of pseudo-verbs
compared to the inflection of verbs (see figureThere was also a main effect of group
F(3,114) = 12.321, p < 0.001. A Bonferroni post haoealysis showed significantly lower
correct scores for the 6-year-old children compaoeall other groups (p < 0.05).
Furthermore, there was a significant differencevieen the adults and the 9-year-old normal
readers (p = 0.028) but not between the adultsten8-year-old poor readers (p = 0.261).
The two 9-year-old groups did not significantlyfdiffrom each other (p = 1). These results
show that percentage correct increases with age,aso illustrated in figure 1. There was no

significant interaction between verb type and gré(f114) = 1.321, p = 0.271.

% correct
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30% -
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0% -

@ verbs

| pseudo-verbs

6-year-old 9-year-old normal  9-year-old poor adults
readers readers

Figure 1. Percentage correct inflections of verinsl pseudo-verbs
in the auditory condition for the different groups

A qualitative error analysis was made to furtheestigate the types of errors that the
participants made in the auditory condition of plast tense experiment. The incorrect
responses were divided into four categories: “veicer”, “zero marking”, “irregular form”
and “other errors” (see methods for a descriptioth® error types). The percentage of the

different types of errors are presented for venbisgure 2 and for pseudo-verbs in figure 3.
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The 6-year-old children inflected 39% (293/760}lad verbs and pseudo-verbs
correctly. The most common error for this group was “zeroking”. It occurred in 30%
(92/304) of the cases for the verbs and 41% (1&j/&5 the pseudo-verbs. In general, the
type of errors of the 9-year-old normal and poadldcen correspond. They mostly made
voice errors compared to the 6-year-old childreth @aults. Voice errors occurred in 23%
(70/304) of the verbs and 38% (172/456) of the geeterbs for the 9-year-old normal
readers. The 9-year-old poor readers had nearlygaine results, where voice errors occurred
in 22% (31/144) of the verbs and 38% (82/216) effieeudo-verbs. Besides voice errors and
zero marking, verbs and pseudo-verbs were also maggilar in the 9-year-old group, for
example [tap] as past tense of [tret]. The 9-year-old normal readers made 3% (10/804)
the verbs and 1% (6/456) of the pseudo-verbs iteegwhereas the poor readers made only
one verb and one pseudo-verb irregular. The acthdide voice errors in 13% (24/192) of the
cases for the verbs and 30% (170/576) for the psgadbs. They also often made pseudo-
verbs irregular, namely in 9% (54/576) of casedyQ#f6 (2/192) of the verbs was made
irregular. These results show that the adults nmaolee pseudo-verbs irregular, whereas the 9-
year-old normal readers made more verbs irregblathermore, the adults often made errors
that deal with vowel length changes (mostly chaggiriong vowel into a short vowel), e.g.

[dapts] as past tense of [dap|. These last responses were scored as “othan'serr

verbs
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normal readers readers
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Figure 2. Percentage of the different errors foe trerbs.
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Figure 3. Percentage of the different errors foe fiseudo-verbs.

® Fourteen 6-year-old children were in less than B0%e 28 items able to make a past tense.
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A repeated measures ANOVA was carried out orvithee errors in the auditory
conditionwith verb type (verb or pseudo-verb) as within-sgbjyariable and group as
between-subject variable. The results demonstieatedin effect of verb type F(1,114) =
74.467, p < 0.001, as more voice errors were magseudo-verbs than in verbs. There was
also a main effect of group F(3,114) = 11.217,(GB01. A Bonferroni post hoc analysis
showed significant differences between the 6-ydducbildren and the 9-year-old normal (p <
0.001) and poor readers (p = 0.001) but not betwlee®-year-old children and the adults (p
= 0.432). Furthermore, there was a significanteddhce between the adults and the 9-year-
old normal readers (p = 0.032). There were no diffees between the adults and the 9-year-
old poor readers (p = 0.172) and none between-greaBold normal readers and the 9-year-
old poor readers (p = 1). There was no significatgraction between verb type and group (p
=0.101).

3.1.1 Consistency

The pseudo-verbs were divided into three categdimesitral”, “consistent” and

“inconsistent” pseudo-verbs (see methods for argesm of the different pseudo-verbs).

First, only the consistent and inconsistent psetetbs are compared because these are most
interesting for answering the research questiorthvdneanalogy plays a role in children’s
inflection of pseudo-verbs.

A repeated measures ANOVA was carried out on timebau ofcorrect responses in
the auditory conditiorof the experiment for the subset of pseudo-verbegistent and
inconsistent) with consistency as within-subjecaiatale and group as between-subject
variable. The results demonstrated a main effecbnsistency F(1,114) = 29.180, p < 0.001,
as there were more correct responses on the camigpsteudo-verbs compared to the
inconsistent pseudo-verbs (see figure 4). Therealgsa main effect of group (F3,114) =
7.233, p < 0.001. A Bonferroni post hoc analysisvedd only significant differences for
correct responses between the 6-year-old childndrtfae 9-year-old normal readers (p =
0.003) and adults (p < 0.001). There was a matgisajnificant difference between the 6-
year-old children and the 9-year-old poor readprs (0.053). The other groups, including the
two 9-year-old groups, did not significantly diffieom each other (p = 1). There was a
significant interaction between consistency andigre(3,114) = 4.453, p = 0.005. A follow-
up repeated measures ANOVA demonstrated that thiesde(1,23) = 23.991, p < 0.001, and
9-year-old poor readers F(1,17) =5.276, p = 085w a significant effect of consistency, as
there were more errors in the inflection of theoimgistent pseudo-verbs compared to
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consistent pseudo-verbs (see figure 4). There wasgnmificant effect of consistency for the
6-year-old children (p = 0.324) and 9-year-old narneaders (p = 0.067).

consistency

@ neutral
W consistent

30% ) .
O inconsistent

20%

% correct responses

6-year-old 9-year-old normal 9-year-old poor adults
readers readers

Figure 4. Percentage correct inflections of neutnsistent and inconsistent
pseudo-verbs in the auditory condition fae thfferent groups.

In a subsequent repeated measures ANOVA the ngsealdo-verbs were also
analyzed and compared to the consistent and instensipseudo-verbs. The results
demonstrated again a main effect of consistencylE4) = 6.124, p = 0.015, as there were
more correct responses on the consistent pseutbs-eempared to the neutral (p = 0.026)
and inconsistent pseudo-verbs (p < 0.001). Furtbe¥nthe neutral pseudo-verbs were
inflected correctly more often than the inconsisfeseudo-verbs (p = 0.015). There was also
a main effect of group F(3,114) = 9.820, p < 0.09Bonferroni post hoc analysis showed
only significant differences for correct responsetveen the 6-year-old children and all other
groups (p < 0.05). There was a significant inteoaicbetween consistency and group F(3,114)
=6.216, p = 0.001. A follow-up repeated measurlOXNA demonstrated that only the adults
show a significant effect of consistency F(1,235329, p < 0.001, as there were more
errors in the inflection of the inconsistent psewedds compared to the neutral and consistent
pseudo-verbs (see figure 4). The 6-year-old childv@,37) = 0.028, p = 0.868, 9-year-old
normal readers F(1,37) = 0.327, p = 0.571, an®tiear-old poor readers F(1,17) =0.173, p
= 0.682, did not show a significant effect of catsncy. However, in the previous analysis
(excluding the neutral pseudo-words), the pooreeadid show a significant effect of
consistency. This analysis have showed that tHdrehi, especially the two 9-year-old
groups, have more problems with the inflectionha&f heutral pseudo-verbs compared to the

adults, who performed equally well on the consister neutral pseudo-verbs.
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3.1.2 Suffix selection

For the inflection of verbs and pseudo-verbs thiig@pants had to choose between the
voiceless suffix /4/ or the voiced suffix /-f. Figure 5 shows the percentage of voiceless and
voiced suffixes (both correct and incorrect) forbseand pseudo-verbs separately that were
produced by the participants in the auditory caadiof the experiment. Here, all responses
in which a suffix was used were analysed, irrespedf whether it was the correct suffix
(e.g. including botleisteand *eisdg, to determine whether the groups differed inrthei
overall use of the suffix. For this analysis, otilg stimuli from the short version of the
experiment were included, to make sure that arfgréifices between the adults and children
were not due to the additional stimuli that adubiseived. A repeated measures ANOVA
was carried out on thaverall use of the suffixesaland /-d/ in the auditory conditionvith
suffix (/-ta/ and /-&/) and verb type (verbs and pseudo-verbs) as wi#tbject variables and
group as between-subject variable. The results dstraded a main effect of suffix F(1,114)
= 5.956, p = 0.016, as there was a greater praferen the voiced suffix /< than the
voiceless suffix /4/ (see figure 5). There was a main effect of vggetF(1,114) = 51.475, p
< 0.001, as verbs were more often inflected thaug@s-verbs. There was also an interaction
between suffix and verb type F(1,114) = 14.459,(pG01, as a preference forn/-tvas found
for verbs. There was also a main effect of groufyIa(4) = 13.526, p < 0.001. A Bonferroni
post hoc analysis showed only significantly differes for the 6-year-old children compared
to all other groups (p < 0.001). The other groupduding the two 9-year-old groups, did not
significantly differ from each other (p = 1). Fihalthere was a significant interaction
between suffix and group F(3,114) = 4.475, p = B.@0marginal significant interaction was
found between verb type and group F(3,114) = 2.p480.059. There was no significant
interaction between suffix, verb type and group, E18) = 1.376, p = 0.254.

suffix selection for verbs and pseudo-verbs

1

6-year-old 9-year-old 9-year-old adults
normal poor readers
readers

O wiceless suffix /-te/ verbs

O wiced suffix /-de/ verbs

? m wiceless suffix /-te/ pseudo-verbs
/ £ wiced suffix /-de/ pseudo-verbs

% overall use

R

Figure 5. The percentage of voiceless and voicéikes for both verbs
and pseudo-verbs.

7 All other analyses include both the long (adutt)l ahort (children) version of the experiment,eaving out the additional items for the
adult group made no difference to any of the aralys
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Different follow-up repeated measures ANOVA wereried out for each group on
verbs and pseudo-verbs with suffix as within-suloy@ciable. The results demonstrated that
the 6-year-old children have no preference fombieeless or voiced suffix in either verbs
F(1,37) = 0.232, p = 0.633, or pseudo-verbs F(1:37)420, p = 0.521. The results of the 9-
year-old normal readers showed a greater prefefentlee voiced suffix /-of compared to
the voiceless suffix /of. However, this was only significant for the pseucrbs F(1,37) =
7.819, p = 0.008, and not for the verbs F(1,37)850, p = 0.363 (see figure 5). The results of
the 9-year-old poor readers showed that they ase h greater preference for the voiced
suffix /-do/ compared to the voiceless suffix/-tThis was significant for the pseudo-verbs
F(1,17) =9.178, p = 0.008, and marginally sigmifictfor the verbs F(1,17) = 4.258, p = 0.055
(see figure 5). The last group were the adults, slfmwed a significant preference for the
voiceless suffix /4/ compared to the voiced suffix 4/d However, this was only significant
for the verbs F(1,23) = 6.053, p = 0.022, and ootlie pseudo-verbs F(1,23) =0.412, p =
0.527) (see figure 5). In general, the 6-year-biitcen did not show a preference for either
suffix, the 9-year-old normal and poor readers regeeater preference for voiced suffixes
(particularly when inflecting pseudo-verbs), wheréze adults have a preference for

voiceless suffixes (particularly when inflectingus).

% voice errors for voiceless and voiced stem-final obstruents
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Figure 6. Percentage voice errors for voiceless aaided medial
obstruents for both verbs and pseuddser

Figure 6 shows the percentage voice errors foreless and voiced stem-final
obstruents. For instance, in the vbtaffen the medial [f] is a voiceless obstruent and
therefore the correct suffix should be/swvhich results irblafte When the response of a
participant wablafdeit was scored as a voice error. A repeated meadAMOVA was
carried out on theoice errors for voiced and voiceless medial olestita in the auditory
conditionof the experiment with verb type and voicing (\emlcand voiceless) as within-

subject variables and group as between-subjecblariThe results demonstrated a main
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effect of verb type F(1,114) = 71.813, p < 0.0GLneore voice errors were made in pseudo-
verbs than in verbs (see figure 6). There was a mifect of voicing F(1,114) = 12.615, p =
0.001, as there were more voice errors for voisedésm-final obstruents compared to the
voiced obstruents (i.e. of the typbkeisdg, reflecting the /-de/ preference found earlidrerie
was also a main effect of group F(3,114) = 10.§46,0.001. A Bonferroni post hoc analysis
showed significant differences for the 6-year-diddren compared to the 9-year-old normal
readers (p < 0.001) and 9-year-old poor readersQ®©01), but not between the adults (p =
0.409). Furthermore, there was a significant diffexe between the 9-year-old normal readers
and adults (p = 0.042), but not between the 9-péhpoor readers (p = 1). There was no
significant difference between the adults and tye&-old poor readers (p = 0.207). A
significant interaction was found between voicimgl group F(3,114) = 4.697, p = 0.004, and
verb type and voicing F(1,114) = 19.653, p < 0.001.

Different follow-up repeated measures ANOVA wereried out for each group on
verbs and pseudo-verbs with voicing as within-sttbyariable. The results demonstrated that
for the 6-year-old children there were more voigers for the voiceless obstruents compared
to the voiced obstruents. However, this was orgypificant for the pseudo-verbs F(1,37) =
4.851, p = 0.034, and not for the verbs F(1,37)060, p < 0.001. This means that the 6-year-
old children often made errors suchotéafdeinstead oblafte The two 9-year-old groups also
made more voice errors in the voiceless obstrumtypared to the voiced obstruents.
However, for the 9-year-old normal readers this w@y significant for the pseudo-verbs
F(1,37) =9.227, p = 0.004, and not for the verds37) = 1.186, p = 0.283. The results of the
9-year-old poor readers were significant for ba¢hbg F(1,17) = 6.692, p = 0.019, and
pseudo-verbs F(1,17) = 13.639, p = 0.002. Thiscetes a preference for the voiced suffix /-
do/, as there were more voice errors in the voicdlg@gstives than in the voiced infinitives.
Furthermore, it seems that the poor readers hagveader preference for the voiced suffix /-
do/, overusing it in both verbs and pseudo-verbs @regbto the 9-year-old normal readers
(see figure 6). Alternatively, the distinction be®wn verbs and pseudo-verbs might be smaller
for the poor readers. The normal readers mostlyenvadte errors in pseudo-verbs with
medial voiceless obstruents (ebgisen. The adults showed the opposite pattern, as they
mostly made errors for the voiced infinitives (esgaafteinstead okpaafd¢. However, this
difference was marginally significant for the vefq4,23) = 4.021, p = 0.057, and not
significant for the pseudo-verbs F(1,23) = 0.076,(794.
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3.2 Past tense inflection: Influence of modality

The past tense experiment was performed in two fitiesa auditory and
orthographic. The orthographic modality was nosprged to the 6-year-old children as
mentioned before. Therefore, only the 9-year-oldmad readers, 9-year-old poor readers and
adults were included in the analysis of the eftéanodality.

A repeated measures ANOVA was carried out on thmeb&u ofcorrect responses
with verb type as within-subject variable and gr¢@yyear-old normal readers, 9-year-old
poor readers and adults) and modality (auditorgrtirographic) as between-subject variables.
The results demonstrated a main effect of verb B({igl54) = 278.453, p < 0.001, as more
errors were made in the inflection of pseudo-vediapared to the inflection of verbs (see
figure 7). There were no significant interactiomsvireen verb type and group (p = 0.195),
verb type and modality (p = 0.714) and verb typeug and modality (p = 0.095). There was
a main effect of group F(2,154) = 16.419, p < 0,00ith the adults inflecting the verbs and
pseudo-verbs better than the 9-year-old normabpawd readers (p < 0.01). The 9-year-old
normal and poor readers did not significantly diffem each other (p = 1). Furthermore,
there was no significant effect of modality (p 348) and no significant interaction between
group and modality (p = 0.789).
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Figure 7. Percentage correct inflections of verinsl pseudo-verbs
in the auditory and orthographic conditi

In a follow-up analysis the 9-year-old normal ambipreaders were compared with
each other (referred as literacy) on the numbeoafect responses. A repeated measures
ANOVA with verb type as within-subject variable alitdracy (9-year-old normal and 9-year-
old poor readers) and modality as between-subpgatabhies demonstrated nearly the same
results as in the previous analyses. However ignahalysis there was a significant
interaction between verb type, literacy and mogd{tl,108) = 4.376, p = 0.039. A follow-up
repeated measures ANOVA for the 9-year-old normadiers with verb type as within-
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subject variable and modality as between-subjetabie showed a significant interaction
between verb type and modality F(1,74) = 4.220,00043, as the orthographic modality
increases performance on verbs but not pseudo-vEnessame repeated measures ANOVA
for the 9-year-old poor readers did not show aiint interaction between verb type and
modality F(1,34) = 1.206, p = 0.280.

A qualitative error analysis of the types of erfansboth modalities (auditory and
orthographic) demonstrated that the 9-year-old mbreaders, 9-year-old poor readers and
adults again made mostly voice errors in both varitspseudo-verbs. The results resemble
those of the error types on the auditory condibaly. Figure 8 only presents the percentage
voice errors of the three groups.
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Figure 8. Percentage voice errors of verbs and psewerbs
in the auditory and orthographic condition.

A repeated measures ANOVA was carried out orvthee errorswith verb type as
within-subject variable and group and modality asMeen-subject variables. The results
demonstrated a main effect of verb type F(1,15426.168, p < 0.001, as more voice errors
were made in pseudo-verbs than in verbs. There mesggnificant interactions between verb
type and group (p = 0.605), verb type and modtity 0.6190, group and modality (p =
0.834) and verb type, group and modality (p = 0)3There was a main effect of group
F(2,154) = 9.755, p < 0.001, with the adults makess voice errors compared to the 9-year-
old normal readers (p < 0.001) and 9-year-old peaders (p = 0.001). The 9-year-old
normal and poor readers did not significantly diffem each other (p=1). Furthermore, there
was a main effect of modality F(1,154) = 4.160, .843, as there were more voice errors in
the auditory condition than in the orthographicdition (see figure 8).

In a follow-up analysis the 9-year-old normal amdpreaders were again compared
with each other on the voice errors. A repeatedsunes ANOVA with verb type as within-

subject variable and literaand modality as between subject variables showadynihe
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same results as above. However, in this analysig tvas no significant main effect of
modality (p = 0.142), which means that for the @yeld normal and poor readers there is no
significant difference in voice errors between éluglitory and orthographic condition of the
experiment. To further investigate this, a sepavatzway ANOVA was carried out for the 9-
year-old normal readers with percentage voice efimrverbs as dependent variable and
modality as independent variable. The results sddwat there was an effect of modality on
voice errors in verbs F(1,75) = 5.860, p = 0.0K3th&re were more voice errors in the
auditory modality for verbs compared to the ortlagipic modality (see figure 8). The same
analysis was done again for the 9-year-old poataesa where the results did not show a
significant effect of modality F(1,35) = 0.013, 0:909.

3.2.1 Consistency and the effect of modality

A repeated measures ANOVA was carried out on tmebau ofcorrect responsef
the pseudo-verbs with consistency as within-subjagable and group and modality as
between-subject variable. The results demonstiatedin effect of consistency F(1,154) =
29.463, p < 0.001, as there were more correct nsgsoon the consistent pseudo-verbs
compared to the neutral (0.009) and inconsistesighs-verbs (p < 0.001). Furthermore, the
neutral pseudo-verbs were better inflected thanntensistent pseudo-verbs (p < 0.001).
There was also a main effect of group F(2,154)33B, p < 0.001, with the adults performing
better than the 9-year-old normal readers (p <1).@0d the 9-year-old poor readers (p =
0.036). There was no significant effect of modai{yt,154) = 0.431, p = 0.513. A significant
interaction was found between consistency and gikgRd54) = 13.980, p < 0.001. A follow-
up repeated measures ANOVA demonstrated that belpdults show a significant effect of
consistency F(1,46) = 61.578, p < 0.001, as ther@wore errors in the inflection of the
inconsistent pseudo-verbs compared to the neuttatansistent pseudo-verbs (see figure 9).
The 9-year-old normal readers F(1,74) = 1.293,00289, and 9-year-old poor readers
F(1,34) = 0.832, p = 0.368, did not show a sigaificeffect of consistency. There were no
significant interactions between consistency andatity F(1,154) = 2.980, p = 0.086, group
and modality (p = 0.334), and consistency, grouprandality (p = 0.749).

8 Other separate one-way ANOVAs with the 9-yearraldnal and poor readers on percentage voice dmopseudo-verbs did not show
any significant effects (p > 0.3).
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Figure 9. Percentage correct inflections of neut@nsistent and inconsistent
pseudo-verbs in the auditory and orthographicditian for the different groups.

Figure 9 shows the percentage correct inflectedralegonsistent and inconsistent pseudo-
verbs. It looks like the participants have inflectaore pseudo-verbs correctly in the
orthographic condition. However, this was not digant. Furthermore, it seems that the 9-
year-old normal readers and the adults were codfusen they had to inflect inconsistent
pseudo-verbs in the orthographic condition of thgeeiment because they made more errors
in the orthographic condition than in the auditoondition. However, this was not

statistically tested.

3.3 Influence of vocabulary and literacy on the past tense inflection

Several studies have shown that children with atgrevocabulary will inflect verbs
more easily than those with more limited vocabefe.g. Edwards, Beckman & Munson,
2004). In contrast to these findings, Vreugder2ii1Q) did not find correlations between the
PPVT and the correct inflections.

The results of the present study showed that iseaa@veak significant correlation
between the raw score of the PPVT and the comdéection of verbs (Pearson’s r = 0.459, p
< 0.001) and pseudo-verbs (Pearson’s r = 0.3910.0&1). Furthermore, a weak negative
significant correlation was found between the raars of the PPVT and the voice errors of
verbs (Pearson’s r = -0.154, p = 0.043) but ngisefudo-verbs (Pearson’s r=0.11, p =
0.885).

The correlation of the different groups demonsttdteat there were only weak
significant correlations for the 6-year-old childreetween the raw score of the PPVT and the
correctly inflected verbs (Pearson’s r = 0.512, @801) and pseudo-verbs (Pearson’'sr =
0.442, p = 0.005) and voice errors of verbs (Peesso= 0.367, p = 0.023). A weak marginal
significant correlation was found between the raarss of the PPVT and the voice errors of

pseudo-verbs (Pearson’s r = 0.312, p = 0.056).cbheelations for the other three groups
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were all p > 0.05. It seems that there is someegwd for the 6-year-old children that a
greater vocabulary leads to a better score ofritiection of verbs, based on the raw score.
Furthermore, the results of the literacy tasks werapared with the number of
correctly inflected verbs and pseudo-verbs. Thelteshowed no significant correlations (p
> 0.05). There were also no correlations betweeritieracy tasks and the number of voice

errors in both verbs and pseudo-verbs (p > 0.05).

4. Discussion

The main question of the present study was whekieee is a difference between the
results of 9-year-old normal and poor readers pask tense production experiment, in which
children had to inflect verbs and pseudo-verbsddition, a comparison with 6-year-old
children and adults was made to investigate thaiaitipn of the past tense inflection and the
sensitivity to voicing (voiceless of voiced suffix) Dutch. Furthermore, the effect of
orthography and the effect of phonotactic consisterf the pseudo-verbs was evaluated.

The results of the past tense experiment demoedtthat the 9-year-old normal and
poor readers did not differ from each other onrtheber of correctly inflected past tense
forms for either verbs and pseudo-verbs. They wgtally good at producing the past tense
overall. This is consistent with the findings ofdbg& Pring (2004), who also did not find a
difference between dyslexic children and childréthe same reading and spelling age in a
spoken language task. However, the 9-year-old niaaders performed better when
orthography was provided in the inflection of vebd not of pseudo-verbs, whereas the poor
readers did not benefit from the orthography.

For the different groups percentage correct inflédaterbs and pseudo-verbs increases
with age, as the two 9-year-old groups and add@ikopmed better on the past tense
experiment task than the 6-year-old children. Iigadups and for both modalities (auditory
and orthographic), the existing verbs were bettBected than the pseudo-verbs. The
participants also made less voice errors in thbsreompared to the pseudo-verbs. These
findings correspond with Ernestus & Baayen (20@D3) and indicate that the pseudo-verbs

were inflected in analogy to phonologically or setnzally related existing verbs.

4.1 Typeof errors (voice errors)

The voice errors made in the experiment were thst interesting error type because

the participants had to make an underlying distamcbetween voiced and voiceless
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obstruents in order to add the correct past temi$ix.sOnly the voice errors were analyzed, as
the general focus was on the 9-year-old normalparmal readers and they mostly made voice
errors. The 9-year-old normal readers made les®\arirors in the inflection of verbs in the
orthographic modality of the experiment unlike €hgear-old poor readers, which indicates
that the visual presentation of verbs helps the&-pld normal readers with the past tense
inflection. Another difference between the two &yeld groups was found in the qualitative
type of error analysis, where the 9-year-old norreatlers irregularized a verb and pseudo-
verb more often compared to the 9-year-old poadees who made only one verb and one
pseudo-verb irregular. The type of error: “madedular” has not been further elaborated as it
was beyond the scope of the present study. Howeweould be very interesting to further
investigate this and to compare it with the adwh® also often made pseudo-verbs irregular.
The percentage of voice errors for the 6-year-bitdoen was much lower compared
to the two 9-year-old groups and the adults, dueds inflected verbs and pseudo-verbs at
all. Fourteen children (37%) where barely ablenftect verbs and pseudo-verbs and often
just repeated the infinitive (zero marking). Thelkkeglmade less voice errors compared to the
two 9-year-old groups. Furthermore, they benedibfithe orthographic modality in the
inflection of both verbs and pseudo-verbs, as thage less voice errors in the orthographic
modality of the experiment compared to the auditapdality.

4.2 Consistency

The factor consistency affected the number of comesponses of the adults and the
9-year-old poor readers, as they had more comélettions on consistent pseudo-verbs
compared to the inconsistent pseudo-verbs. Thengistent verbs were sometimes made
consistent by adjusting the vowel length, so thatihconsistent pseudo-verbs conformed to
the Dutch phonotactic rules of voicing and vowelglh and show analogy to Dutch existing
past tenses. This mostly occurred in the aduli&zegeons. The analysis, including the neutral
pseudo-verbs showed that the two 9-year-old grdugpge more problems with the inflection
of the neutral pseudo-verbs compared to the adutis,actually performed equally well on
the consistent and neutral pseudo-verbs.

The adults and two 9-year-old groups did not béefin the orthographic modality
in the inflection of the inconsistent pseudo-vethsome cases, it seemed that the
orthographical representation of an inconsisteat@e-verb leads to distraction as the verb
looks so unfamiliar because it does not corresponide Dutch phonotactic rules. Besides
that, for the inconsistent pseudo-verbs the paditi cannot rely on analogy to existing verbs
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because these verbs cannot occur in Dutch anchetithave a comparative existing
phonologically or semantically related word. Duetis the adults inflect the verb as an
irregular verb or change the vowel length to malkm®nsistent. The 9-year-old normal readers
also did not benefit from the orthographical cuéhia inflection of the inconsistent pseudo-
verbs. This might be because these children hawvbasm explicitly educated in the correct

spelling rules of past tense inflection.

4.3 Suffix selection

The present study also looked at suffix selectiot® participants whether the
different groups have a preference for the voi¢eatd/) or voiceless (/«) past tense suffix.
The results showed that the 6-year-old childremalchave a preference for either suffix.
Based on the number of voiceless and voiced suifitkee 6-year-old children might have a
preference for the voiced clusters, which woulddject the finding of Vreugdenhil (2010).
She found that the 6-year-old children had a pesfes for the voiceless suffixdtt However,
Vreugdenhill (2010) already mentioned in her sttt this conclusion could not be drawn
based on the number of obtained data for this grinvgpefore the number of her data were
expanded in the present study.

Both 9-year-old groups had a preference for voadasters (particularly when
inflection pseudo-verbs), whereas the 9-year-olat peaders often overused the voiced suffix
/-da/ in both verbs and pseudo-verbs. The results sti@nstronger effect of voiced suffixes
for the poor readers compared to the normal reamens though they show the same suffix
pattern. The pattern of voice errors also showedtleference for voiced clusters for the two
9-year-old groups as there were much more voiggsean voiceless infinitives than on
voiced infinitives. These results correspond todkpectations of Rispens & de Bree (2010),
who indeed expected that children would have aepeetce for voiced suffixes given that the
frequency of verbs taken &tis much higher than verbs taken /-te/. Howeveirtresults
showed the opposite. Therefore, they concludedttiggphonotactic probability of the suffix
and the environment in which it occurs better eixgléhe fact that their participants had a
preference for /sf. The present study used different consonantsehaomly obstruents and
did not look at frequency and phonotactic probabbecause it was beyond its scope. It
would be interesting to take these two aspectsaotount in a follow-up study, to see what
influence these aspects have on poor readers @rtkips them in past tense inflection.
Another explanation for /st preference could be found in the procedure oettgeriment. In
the study of Rispens & de Bree (2010) the partitipavere namely exposed to the present
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tense form of the verb within a sentence, e.g. tslees”, and also with the infinitive of the
verb. This way the participants were mostly primeth voiceless obstruents and therefore
maybe made more voiceless inflections, as thepadyréeard the [t].

Unlike the 6-year-old children, 9-year-old normatlgpoor readers the adults showed
a preference for voiceless clusters, particulatigminflecting verbs. The pattern of voice
errors demonstrated that more voice errors wereernadsoiced infinitives compared to
voiceless infinitives, which also indicates a prefee for /</. The fact that the adults have a
preference for voiceless suffixes could be dudéogeneral effect of devoicing in Dutch. In
Dutch, in recent years more and more voiced fneatare realized as voiceless in (fast)
speech, which is becoming the current way of spegpki

4.4 Recommendations further analyses and research

Some recommendations for further analyses of tkee @afurther research have already been
given in the previous paragraphs, namely to ingasti the verbs that were made irregular and
to study the frequency and phonotactic probabdftthe past tense suffixesaland /-&/ and
their influence on the preference of voicelessmced suffixes. Here, some additional
recommendations are given regarding filler items gender. As mentioned before, the filler
items were excluded from the analysis as it wa®heyhe scope of the present study. It
would be interesting to further investigate how plaeticipants inflect the irregular verbs.

“Are 9-year-old children already able to infleciedgular verbs?” How will 9-year-old poor
readers inflect irregular verbs? Will they regutarthe items?

Furthermore, the literature describes that in peading children there are differences
in gender. Blomert (2002) mentioned that therenanee boys with reading problems
compared to girls. Given time constraints it waspassible to investigate whether there is a
difference in the correct inflection of verbs arsgpdo-verbs for gender. A follow-up analysis
could investigate if boys indeed make more erroas tgirls in past tense inflection.

Finally, in the present study the participants wasked to finish a sentence and to fill
in the correct past tense. The participants dichawe to write the verbs and pseudo-verbs,
they only have to say them aloud. As Egan & Priz@P4) state in their study dyslexics might
be only impaired in morphology in written but npbken language. So, what would happen
with the inflection of the verbs and pseudo-verlb&ewthe participants have to write down
the past tense forms? Will they make more erros By also write down illegal clusters,

just like the participants in the study of Ernestusgl Baayen (2003)? To answer these
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questions it would be very interesting to do th@eaxperiment again, only this time the
participants have to write down their responses.

4.5 Summary

In sum, this study has shown that it is importartbke the role of development into
consideration when assessing past tense verbtinfideecause the participants showed a
shifting from a /-d/ preference for children to adtipreference for adults. Furthermore, it has
demonstrated that the 9-year-old normal readergpandreaders did not differ on several
measures: correctly inflected verbs and pseudosy@tmber of voice errors, inflection of
pseudo-verbs and preference for a suffix. Howewernormal readers use of the
orthographical cue in the inflection of verbs, wdes the 9-year-old poor readers did not pay
any attention to this. Furthermore, the consigpseudo-verbs were better inflected compared
to the inconsistent pseudo-verbs for the adultsapear-old poor readers. The orthography
did not help the participants in the inflectiontloé pseudo-verbs.

In general, the influence of the orthography onrpeading children should be further
investigated in order to learn more about the grilte of the orthography on poor
phonological representation, and in turn, its refato morphological inflection.
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Appendix 1: Total number of participants

In table 5 an overview is given of the total numbgparticipants. Where a distinction is
made between de selected participants of the pretety and those of Vreugdenhil (2010).

Table 5. Overview participants

Vreugdenhil (2010) | Hoeben (2011) Total
Control group
6-year-old children 17 21 38
9-year-old children 51 25 76
Adults 25 23 48
Experimental group
Children with reading disorders: 5° 31 36
- dyslexics 2 17 19
- weak word-decoding readers 3 14 17
Total 98 100 198

TFour adults out of the data of Vreugdenhil (201@yevexcluded because of literacy difficulties and participant was excluded as he was
too young (17 years instead of 18).

2 Five children were excluded from the control gr@nd were selected for the experimental group beeaf dyslexia or low timed
(pseudo)word reading scores.
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Appendix 2: Overview of the stimuli

The complete list of the stimuli, that were usethi@ experiment, are shown in table 6. The
stimuli are listed per category (verbs: fillers asudo-verbs: neutral, consistent,
inconsistent). All these items were included inlhreg version of the experiment for the

adults. The verbs marked with an asterisk belongele short version for the children.

Table 6. Overview of the stimuli

Verb / pseudo-verb | Category Voicing® Obstruent™ Infinitive

a .verb Example - - *rennen
b. verb Example - - *fietsen
1. verb - vl S *eisen

2. verb - vd S *reizen

3. verb - vl F *plaffen

4. verb - vd F *draven

5. verb - vl P *klappen
6. verb - vd P *krabben
7. verb - vl T *praten

8. verb - vd T *schudden
9. pseudo-verb Neutral vl S *beisen
10. pseudo-verb Neutral vd S *fleizen
11. pseudo-verb Neutral vl S tonsen
12. pseudo-verb Neutral vd S kronzen
13. pseudo-verb Neutral vl S *kelsen
14. pseudo-verb Neutral vd S *brelzen
15. pseudo-verb Neutral vl P bloppen
16. pseudo-verb Neutral vl P dapen
17. pseudo-verb Consistent vl F *taffen
18. pseudo-verb Consistent vd F *spaven
19. pseudo-verb Consistent vl F kreffen
20. pseudo-verb Consistent vd F breven
21. pseudo-verb Consistent vd P dabben
22. pseudo-verb Consistent vd P *trobben
23. pseudo-verb Consistent vl S nossen
24. pseudo-verb Consistent vl S *gressen
25. pseudo-verb Inconsistent vl F *trofen
26. pseudo-verb Inconsistent vd F *drovven
27. pseudo-verb Inconsistent vl F krafen
28. pseudo-verb Inconsistent vd F navven
29. pseudo-verb Inconsistent vd P *treben
30. pseudo-verb Inconsistent vd P froben
31. pseudo-verb Inconsistent vl S drosen
32. pseudo-verb Inconsistent vl S *knasen
33. verb Filler - - *kopen
34. verb Filler - - *slapen
35. verb Filler - - *eten

36. verb Filler - - *lezen

37. pseudo-verb Filler vd - *spennen
38. pseudo-verb Filler vd - *binkelen
39. pseudo-verb Filler vl - *kloepen
40. pseudo-verb Filler vl - *grijken

9 Voiceless is abbreviated as “vI” and voiced as'“vd

 The obstruent is the last phoneme of the firssgresingular.
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Appendix 3: Examples of the past tense productionxperiment

1) Auditory condition existing verklappen[klapan] (“to clap”)

10

2) Auditory condition pseudo-vedreiken[GrEikan]

16

3) Orthographically condition existing verénnen[renan] (“to run”)

1 rennen

4) Orthographically condition pseudo-vettovven[drovan]

20 drovven

B4



