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Abstract
We report two experiments that investigated whepienological and/or orthographic shifts
in a base word interfere with morphological proaegsy French third, fourth and fifth
graders and adults (as a control group) alongitie ¢ourse of visual word recognition. In
both experiments, prime-target pairs shared fogside relationships: morphological
without modification fuageuxNUAGE), morphological with phonological modification
(bergerieBERGER, morphological with phonological and orthograpimodifications
(soigneuxSOIN and orthographic controldurmiFOUR). In Experiment 1 (60-ms prime
duration), priming effects were only significantthre morphological condition without
modification in children, but in the three morphgilcal conditions in adults. In Experiment 2
(250-ms prime duration) priming effects were sigaift in all three morphological
conditions in each group, independently of fornftshirhese results indicate that allomorphic
variation does allow for the lexical activationlzse words only in the later stages of word

recognition in children, whereas this activatiomugomatic in adults.

Abstract wordcount = 150



Effects of Phonological and Orthographic Shifts orChildren’s Processing of Written
Morphology: A Time-Course Study

The influence of morphological information on visuerd recognition has received
constant attention from researchers since the 19\ the past decade, our knowledge of
whether, how and under which conditions morpholai¢yacomplex words are broken down
into smaller components during reading has growgoe&ntially (for a recent review, see
Amenta & Crepaldi, 2012). Many studies have exanhiihe influence of the semantic
dimensions of morphemes on visual word recognitidmoth skilled readers (Feldman,
Soltano, Pastizzo, & Francis, 2004; Longtin, Se§utallé, 2003; Marslen-Wilson, Tyler,
Waksler, & Older, 1994) and developing readers @syann, Castles, & Coltheart, 2012;
Quémart, Casalis, & Colé, 2011). Recently, the $dtas turned to the influence of
morphemes’ form (i.e., orthographic and phonoldyidemensions (Crepaldi, Rastle,
Coltheart, & Nickels, 2010; McCormick, Rastle, & s 2008). The goal of the present
study was thus to examine how developing readexsegs the phonological and orthographic
dimensions of morphemes during visual word recogmit

Understanding how developing readers encode time damensions of morphemes is
particularly relevant for two reasons. The firseas empirical: a substantial number of
morphologically complex words are constructed frimase word that undergoes
orthographic and/or phonological alteration during derivation process (e.§ve-fifty). It is
therefore important to identify the mechanisms lhyolv developing readers deal with such
allomorphic variation. The second argument is tegcal: the morphological structure of
words has been shown to play a critical role indaixaccess across a wide range of studies
(Amenta & Crepaldi, 2012). However, the issue ottiler morphemic allomorphs activate
their base word during lexical access has yet tebelved in the case of developing readers.

The Development of Written Morphological Representtons



As written language is a representation of spokeguage, literacy involves the
integration of oral and written language skills (@b & Tunmer, 1986; Nation & Snowling,
2004). As a consequence, children’s ability to dgyeral morphological representations by
detecting morphological relationships between spakerds may be a critical factor in their
development of written morphological representatighlarge body of research supports the
idea that morphological awareness (i.e., the ghiditunderstand and manipulate the smallest
language units of meaning within words) is requiiedsuccessful reading development (e.g.,
Kirby et al., 2012). In addition, according to Selmer and Baayen (1995), phonological
transparency (i.e., the degree of base word pragsemnvwithin derived forms) is a critical
factor in the development of both oral and writtepresentations of morphology. Children’s
processing of written morphology may thus be infleed by their ability to detect
morphological relationships between spoken wordd,the phonological stability of the base
in the derived form may play an important rolehistcontext.

The orthographic information encoded in morphersedso useful when developing
morphological representations. One plausible hyggighexplaining children’s ability to
develop representations for written morphology ¢@mse from Rastle and Davis (2008; see
also Verhoeven & Perfetti, 2011), who postulate dhaldren learn to capture systematic
relationships between word form and meaning. Whezader detects that a given letter string
is consistently associated with the same meanighk develops a mental representation of
this string (i.e., morpheme) in terms of both fqerthography and phonology) and meaning.
In this context, the orthographic stability of mbegmes in the base and derived forms may be
extremely important when developing written mormystal representations.

Influence of Phonological and Orthographic Shifts a Morphological Decomposition

Previous studies have yielded evidence for thethegenpact of orthographic and

phonological modifications to the base on childsanbrd reading. English-speaking third



and fifth graders perform significantly less weten naming shift words (e.guriosity) than
stable words (e.gsuddenly, indicating that their reading is affected bynffomodifications to
the base (Carlisle, 2000). Similar results havenlseported by Mann and Singson (2003) for
third and fourth graders, but not for fifth andthigraders. Deacon, Campbell, Tamminga,
and Kirby (2010) extended this research by showhatjform transparency influences the
reading accuracy of fourth and sixth graders, loaitimeir naming speed. Orthographic and
phonological shifts in the base also have an imjpaiatsks that do not explicitly require the
activation of phonological codes. In a lexical demn task, for instance, Carlisle and Stone
(2005) showed that complex words that had undergqgut®nological or orthographic shift
were accepted more slowly than stable complex words

However, the influence of form modifications onldhen’s word reading can be
interpreted in two ways. Either morphologically qaex shift words are processed through
their components, in which case form shifts hirtleir morphological decomposition in
terms of response speed or accuracy, or they agrocessed through their components, in
which case lexical access takes place via wholaehnepresentations, just as it would for any
morphologically simple word. One way of decidingveen these interpretations is to
compare the priming potential of stable and shlufhplex words with that of monomorphemic
words.
The Priming Paradigm as a Tool for Tracking the Infuence of Morphemes’ Form
Properties

The priming paradigm with a lexical decision tasis [proved to be a useful tool for
investigating the impact of morphemes’ form projsron visual word recognition in adults
(Jarvikivi & Pyykkonen, 2011; Longtin et al., 200@arslen-Wilson, Bozic, & Randall, 2008;
Rastle & Davis, 2008; Rastle, Davis, & New, 2002@rived primes facilitate target

recognition when one of the letters in the prinfese word is duplicated (e.g., dropper-



DROP), or deleted (e.g., adorable-ADORE; McCorndthl., 2008). Irregularly inflected
words also prime their base (e.g., fell-FALL), keliorthographically related words (e.g., fill-
FALL, Crepaldi et al., 2010). Even though there substantial differences between
derivational and inflectional priming, these primipatterns indicate that allomorph primes
do activate their base word very early in the touarse of visual word recognition in skilled
readers.

The primed lexical decision task has also beed ts@évestigate the processing of
morphemes’ form and meaning properties in devetppeaders (Beyersmann et al., 2012,
Quémart et al., 2011). In a priming study with nparation of prime duration, Quémart et al.
(2011) were able to dissociate the influence ofloephemes’ form properties from that of
their meaning properties during morphological pesteg by third to seventh graders. When
primes were displayed for 60 ms, significant prigneffects occurred in both the
morphological (e.g., in EnglislsingerSING and pseudoderivation (morphological
relationship without meaning; e.g., in EnglisbynerCORN conditions. Similar priming
patterns were observed when primes were displaye2b0 ms, except that the amount of
priming was significantly greater in the morpholmaicondition than in the pseudoderivation
one. Finally, with a prime duration of 800 ms, omgrphological and semantic (e.g., in
English:tulip-FLOWER relationships led to significant priming effecthiese results were
taken to suggest that developing readers are mioenced by morpheme’s form dimensions
at the beginning of word recognition, and by tlsgmantic dimensions later in the time

course. Each dimension is processed by a different prargedssociated with a specific level

! Note that pseudoderivation masked priming effe@se not replicated in a study by
Beyersman et al. (2012), which might be explaingddweral fundamental differences
between the two studies, such as the language pisex® length, prime duration and the

mixing of inflectional and derivational primes irefersman et al. (2012)



of representation (Diependaele, Sandra, & Grair@#5, 2009): a morpho-orthographic
procedure that is sensitive to morphemes’ form dsians but blind to their semantic
dimensions, and a morpho-semantic procedure thas im morphemes’ semantic
dimensions.

As processing the morphemes’ form dimensions rgaial at the start of the word
recognition time course, the process by which dgiaf readers deal with allomorphic
variation needs to be properly understood. Two mgnstudies have examined the influence
of form modifications on the processing of writt@orphology in children. Feldman, Rueckl,
DiLiberto, Pastizzo, and Vellutino (2002) askedHfifjraders to perform a primed fragment
completion task. The students were more succeastidmpleting a word fragment (e.g.,
m_s_[mes$) when it was preceded by a morphologically relat®rd (e.g.MESSY than
when it was preceded by an orthographic controbdwerg. MESSAGE Importantly, the
probability of correctly completing the fragmentsagightly higher when the derived form
requiring completion was stable rather than shifeed.,BROKE- bre_ _[breal). Even
though this task does not directly probe visualduw&cognition, it can give us an idea of how
base-word shifts negatively affect the processimdeoived forms. In another study, Schiff,
Raveh, and Kahta (2008) asked Hebrew-speaking diniddseventh graders to perform a
primed naming task with a 50-ms priming duratioes&ts showed that the prime helped the
children to name the target when there was a fotad overlap between these two items, but
no priming effect was observed when the form oyewas only partial. Thus, the form
overlap between morphologically related words esitacal factor for triggering
morphological decomposition in Hebrew-speakingdrieih.

Overview of the Present Study
The aim of the present study was to investigatethdreand at what point in the time

course of word recognition, phonological and ortlapdic shifts in a base word interfere with



morphological decomposition in children (third, fduand fifth graders) learning to read in
French. We also tested a group of adults, as sactipmlation had never been done in
French. The following three research questions \&dd¥essed:

1. Does morphological decomposition occur in spftphonological and orthographic shifts
in the base word?

2. Does the influence of form shifts vary accordingeading expertise?

3. Does the influence of form shifts change actbegime course of word recognition?

To examine these issues, we used the primed ledécadion task to compare priming
patterns in four conditions: morphological withaabdification of the basen(lageux
NUAGB); morphological with phonological modification thfe baseliergerieBERGER;
morphological with phonological and orthographicdification of the basespigneuxSOIN);
and monomorphemic orthographic contrdtai(mi-FOUR). In order to track the influence of
form shifts across the time course of visual waecbgnition, we manipulated prime duration.
In their time-course priming study, Quémart e{2011) had shown that morphemes’ form
dimensions influence visual word recognition an@®and 250 ms, even though their
semantic dimensions also influence morphologicatessing at 250 ms. Based on these
results, we used two prime durations: 60 ms (Expent 1) and 250 ms (Experiment 2).
Reasoning that the development of morphologicalesgntations is driven by morphemes’
form dimensions, we predicted that the youngestaesawould be deeply sensitive to the
form overlap between morphologically related wardthe earliest stages of morphological
decomposition. As a consequence, we expected théa hindered by the orthographic and
phonological shifts in the base words in Experintefds evidenced by Schiff et al., 2008).
By contrast, we expected the more advanced reédedifth graders and adults) to activate
more easily base words from their allomorphs, gitert they would have had more

opportunities to establish connections betweerethase words and their allomorphic



variants. In Experiment 2, we expected all theipignts (i.e., children and adults) to be
influenced by the semantic overlap between mormicédly related words. As a
consequence, they should benefit from the morphocdbgtructure of the words, and process
complex words faster than simple words indepengaiftthe form modifications to the base
words.
Experiment 1: 60-ms Prime Duration

Method

Participants. Sixty-two French-speaking children (22 third graj&0 fourth graders
and 20 fifth graders) took part in this experimdittey were recruited from three different
primary schools around the city of Lille (Northéfrance) and all had parental consent to
participate in the study. The participants’ chragital ages, reading ages (as assessed by the
Alouette French reading test; Lefavrais, 1967), mmalverbal reasoning abilities (as measured
by Raven's Progressive Matrices; Raven, Court, 8Ral1995) are summarized in Table 1.

An additional group of 15 students at the UnivgrsitLille was also recruited. They

reported normal or corrected-to-normal vision, anctredit was given for participation.

(Insert Table 1 about here)

Materials and design.We selected 64 French words as targets from theidan
Infra French lexical database (Peereman, Lété, @r&er-Charolles, 2007), which provides
the grade-level estimated surface frequency (p#iomivords) and neighborhood size of
child-directed printed words taken from school bexdks. These words were divided into four
sets, each containing 16 items. Each set corregpotodone of the four priming conditions

and each target in each condition was primed ®fadied and an unrelated word.



10

The related primes could share four distinct refethips with the targets:
morphological relationship without any form shiftthe base(M-Stable; e.g.nuageux

[cloudy]-NUAGE][cloud], /nyaa/-/nya/); morphological relationship with a phonological
shift in the base (M-Pshift; e.dpergerie[sheepfold| BERGERshepherd], /br3ari/-/berze/,

an equivalent in English would lbaturaFNATURB; morphological relationship with both a

phonological and an orthographic shift in the bA4eOPshift; e.g.soigneuqcareful]-SOIN
[care], /swag/-/swe/, an equivalent in English would fi&h—FIVE); and orthographic

relationship (Orthographic control; e.fpurmi[ant]-FOUR[oven]; an equivalent in English
would beturnip-TURN).

Based on the statistics provided by Manulex Irttia, primes were matched for
length, frequency and orthographic neighborhoodai@é¢) across all four priming conditions,
Fs < 1.18. The targets were matched for frequeRcy 1), but could not be perfectly matched
for length,F(3, 60) = 2.35p = .08, as targets in the M-Stable condition terntdeuoke longer
than targets in the Orthographic conditipr=(.06). The N-size of the targets also depended
on the conditionk(3, 60) = 3.61p = .02, as targets in the M-Stable condition had
significantly more neighbors than targets in théh®graphic conditiong(= .015¥. These

characteristics are summarized in Table 2.

% The deletion of a siler@was not regarded as a form modification here, asynfrrench
words end with a silerd, andthis is very often replaced by another vowel (gglice-
policier) during the derivation process.

% We did not consider these lacks of matching ablpmatic since it went against our
hypotheses according to which morphological pristesuld induce more priming than

orthographic primes
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(Insert Table 2 about here)

Sixty-four unrelated word primes that had no fonns@mantic overlap with the targets
were included in the experiment. They were matdbdtie related primes on frequency,
length and N-sizeHs < 1). An additional set of 16 unrelated primeyédmpairs was created to
reduce the proportion of trials in which the targass related to the prime. In total, the
participants saw 144 targets, 64 preceded by tecefaime and 80 by an unrelated prime. A
full list of the targets, related primes and untedigprimes is provided in the Appendix.

For the purpose of the lexical decision task, 1g&ugdoword targets were included in
the experimental material. Sixty-four pseudowordess were preceded by a related prime,
and 80 by an unrelated prime. Related targets wregged by changing one or two letters in
the related prime, whereas unrelated targets weetexd by changing one or two letters in an
existing French word that was not included in theegiment.

The stimuli were divided into two experimentaldissuch that a target word was
preceded by a related prime in one list and byraelated prime in the other list. We used a
within-participants design whereby participants saeh target word twice, once in the
related condition and once in the unrelated comlitin order to limit the possible effect of
repetition on lexical decisions, we administeregl tbading and nonverbal reasoning tests
between the two experimental lists. In additiom, dinder of list presentation was entered as a
factor in the analyses of variance (ANOVAS).

Procedure.The participants were tested individually in a queem in their school
building (for children) or at the University (fodalts). They were seated in front of a Dell

Latitude 131L laptop screen and asked to deciadpim&ly and as accurately as possible
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whether the visual stimuli were real words (“p” k&fythe keyboard for right-handed
participants) or made-up words (“q” key of the kegtd for right-handed participafits

Stimulus presentation and data collection wererotiatl using E-Prime software
(Schneider, Eschmann, & Zuccolotto, 2002). Thertgrof the specific stimulus events in
each lexical decision trial was as follows: (1)xafion cross (+) displayed on the screen for
1000 ms (and also served as Inter-Trial Inter@l)a forward mask (#####) displayed for
800 ms; (3) a lowercase prime word displayed fom&) immediately followed by (4) an
uppercase target word or pseudoword (displayed nastponse or for a maximum of 5000
ms).

The experiment took place in a single sessionifigstbout 15 minutes), consisting of
one block of 10 practice trials followed by two tks of 144 experimental trials (Lists 1 and
2). The order of list presentation was counterbzddrand the order of presentation of the
items within each list was randomized.

Data treatment

Reaction times (RTs) and error rates were colle@ed are set out in Table 3.
However, because of ceiling effects on the accunaegsures, statistical analyses were only
carried out on RTs. Latency data for incorrect oeses and datapoints greater than three
standard deviations above the mean (1.89% of tteefdaword targets) were excluded from
the RT analysis. Four items were excluded fromdta analysis because of high error rates:
bout[piece]: 19.09 %pdeur[smell]: 16.80%plomb[lead]: 19.83%; andas [short]: 22.14%.
Two participants in Grade 3 were excluded, as t@or rates were more than three standard
deviations above the mednally, RTs were log-transformed to correct a tvgdrd skew

(Ratcliff, 1993).

* Left-handed participants did the opposite.
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Separate analyses were conducted in adults ardldnen. In both groups, ANOVAs
were performed on log-transformed RTs for corresponses with condition (M-Stable; M-
Pshift; M-OPshift; Orthographic), priming (relatathrelated) and order of list presentation
(1, 2) as within-participants variables. In childrgrade (3, 4, 5) was treated as an additional

between-participants variable.

(Insert Table 3 about here)

Results in adults

The main effect of priming was significaf(1, 14) = 36.59p < .001,;72p: .72, and
significantly interacted with conditioir(3, 42) = 3.31p = .019,;72p: .21. The interaction
between priming, condition and order of list préagon was not significan&< 1) and for
this reason we will focus on the Priming x Conditiateraction.

Planned comparisons showed that related primesiege® lexical decisions
compared to unrelated primes in the three morphcdbgonditions (M-stable=(1,14) =
39.99,p < .001,4%= .74, M-Pshift:F(1,14) = 10.17p = .007 4%, = .42 and M-OPshift:
F(1,14) =10.10p = .007,;72p: .42 ) but not in the orthographic control corwhtiF(1,14) =
2.72,p= .12,;72p= .16. The amount of priming did not differ signdntly between the three

morphological conditions;(2,28) = 1.57p = .23,;72p= .10.

Results in children

As we were specifically interested in the main eiffgf grade, as well as in the
interaction effects between grade, condition amahipg, we only report the results of these
analyses. The order of list presentation did niract significantly with the condition and

priming factors F < 1) and is not discussed further.
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ANOVAs revealed a main effect of grad€2, 57) = 18.86p < .001,;72p: .40. Post
hoc analyses indicated that mean RTs were slow@rade 3 = 1519 ms) than in Grades 4
(M = 1165 ms) or 5M = 1009 ms). However, there was no difference iis Bdtween Grades
4 and 5. The main effect of priming was significd(t, 57) = 7.11p = .009,;72p: 12, and
interacted significantly with conditiof;(3, 171) = 4.54p = .005,;72p: .07. However, the
interaction between grade, priming and conditiahrebt reach significance.

Planned comparisons conducted on the Priming x i@londnteraction revealed that
RTs were faster when targets were preceded byedefatmes in the morphological condition
without any modification to the bad&(l, 57) = 16.01p < .001,;72p: .21, but priming effects
were not significant in the other three conditidis < 1.7.

Discussion

The aim of Experiment 1 was to investigate whefliemological and orthographic
shifts in a base word interfere with the very eatBges of morphological processing in
developing readers and in skilled readers. Diffepatterns of priming were observed
according to reading expertise: While priming effagere significant in the three
morphological conditions in adults, they were asilynificant when there was an exact
orthographic and phonological match between thedstane base and the base embedded in
a derived form in children.

The present results indicate that morphologicabdweasition is both rapid and
automatic as early as Grade 3, as reported inque\studies (Beyersmann et al., 2012;
Quémart et al., 2011; Schiff et al., 2008). Mospariantly with respect to the aim of the
present study, the influence of orthographic angfmmological shifts to the base on target
recognition changed as a function of reading eigerChildren’s ability to process

morphemic units within complex words depended enpgbssibility of extracting a base word



15

that is orthographically and phonologically simitarthe standalone base. By contrast, adult
readers were able to capitalize on allomorph pritogsocess targets.

The influence of form shifts in the base word hiaszaly been observed in English-
speaking developing readers with a naming taskli@ar2000; Deacon et al., 2010; Mann &
Singson, 2003) and a lexical decision task (CarsStone, 2005). Using the masked
priming paradigm, Schiff et al. (2008) also showteat word naming by Hebrew-speaking
third and seventh graders is not significantlyueficed by the presence of a prime if the form
overlap between the two successive stimuli is ingete. Our results for the French language
are in line with these findings, indicating thatdmping readers rely heavily on the form
dimensions of morphemes when breaking morpholdgicalmplex words down into smaller
components. Patterns of priming in adults are mdime with previous results reported in
English, and, at the same time, extend them twaksonal primes (Crepaldi et al., 2010, used
inflectional primes) and to larger form shifts asnpared to McCormick et al. (2008).

This result has two critical implications in deveilog readers. First, the presence of a
suffix at the end of words is not the only factotrigger morphological decomposition. They
also need to locate a base word that is intact (@dentical in form to the standalone base).
The importance of base words in morphological dgmusition has already been highlighted
by Quémart, Casalis, and Duncan (2012), as wdilya3arlisle and Stone (2003). The current
study adds to this body of research by showingtti@tnfluence of the base occurs at a very
early stage in the time course of visual word redtan, and is grounded on the extraction of
the form properties of the base word. Second, hworthographic overlap between prime
and target is not sufficient to trigger morphol@dipriming, as no significant priming was
observed in the M-Pshift condition. Phonologicédtions to the base prevent complex
words from being broken down, even if the base vdwrels not undergo any orthographic

shifts in its derived form. This is a striking rédsas phonological activation has been shown
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to occur after orthographic activation in the tiomirse of visual word recognition in skilled
readers (Ferrand & Grainger, 1993; Grainger, Kigan& Holcomb, 2006). In the present
study, the influence of phonological modificatiomas observed as early as 60 ms, indicating
that developing readers may activate phonologiocdés even at this early stage in visual
word recognition. Rapid and automatic phonologasivation has already been observed in
the form of pseudohomophone priming effects at 3Gand 60 ms between Grades 2 and 6
(Booth, Perfetti, & MacWhinney, 1999). In the pnetsstudy, the lack of phonological
correspondence between primes and targets mayphnavented developing readers from
benefiting from the prime when processing the tardgeplications of these results will be
addressed in the General Discussion.
Experiment 2: 250-ms Prime Duration

In order to examine whether developing readerstienfluenced by form shifts in
the base word at a later stage in the time courgiswal word recognition, we conducted
another experiment with third-, fourth- and fifthage readers as well as with adults. In this
experiment, we used exactly the same procedure BEsgeriment 1, except that we increased
the prime duration to 250 ms. As developing readax® been shown to be influenced by the
semantic dimensions of morphemes at 250 ms (Quérnalt, 2011), we postulated that the
semantic overlap between morphologically relatedds@revail in morphological
decomposition. As a consequence, we expected enabsignificant priming effects in both
groups, and in all three morphological conditiokisStable, M-Pshift and M-OPshift).
Method

Participants. A new group of 64 French-speaking children (20digraders, 22 fourth
graders and 22 fifth graders) were recruited froree different primary schools around the
city of Lille (Northern France). Their mean chroogical age, reading age and nonverbal

reasoning abilities are summarized in Table 4.
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Thirteen students at the University of Lille andivespeakers of French also
participated in the experiment. They reported ndwnaorrected-to-normal vision, and no

credit was given for participation.

(Insert Table 4 about here)

Materials and design.The materials and design were the same as in Enpaetil.

Procedure.The procedurgvas almost the same as in Experiment 1, excepttibat
prime duration was 250 ms and the presence ohaeprias mentioned to the participants.
Data treatment

The mean RTs and error rates are set out in TabMeSused the same trimming
procedure as in Experiment 1. All the trials legdio incorrect responses and datapoints more
than three standard deviations above the mean¥ild&he data for word targets) were
excluded from the RT analysis. The same four itereiee excluded from the data analysis as
in Experiment 1 (i.ebhout[piece]: 19.51%pdeur[smell]: 10.41%plomb[lead]: 18.62%ras
[short]: 30.05%). One participant in Grade 3 wasléded because of error rates of more than
three standard deviations above the méann Experiment 1, RTs were log-transformed to

correct a rightward skew of data distributi@atcliff, 1993).

(Insert Table 5 about here)

Results in adults

The main effect of priming was significaf(1, 12) = 26.45p < .001,;72p: .69, and

significantly interacted with the conditioR(3, 36) = 3.91p = .016,;72p: .25. The interaction
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between priming, condition and order of list préagon was not significan®(3, 36) = 1.14,
p =.35,;%=".09) and will not be discussed further.

Planned comparisons showed faster RTs when targgéspreceded by
morphologically related primes (M-stabk(1, 12) = 11.43p = .005,;72p: 49; M-Pshift:
F(1, 12) = 18.09p = .001,5% = .60; M-OPshift:F(1, 12) = 16.93p = .001,5% = .59), but not
when they were preceded by orthographic controh@siF(1, 12) = 1.56p = .24,;72p: A2,
The amount of priming was not different amongstttiree morphological conditions(2,

24) = 1.46p = .25,5% = .11.

Results in children

Overall, the main effect of grade was significaf(®, 60) = 12.60p < .001,;72p: .30.
Post hoc analyses showed that the mean RTs ofgtadkrs 1 = 1349 ms) were longer than
those of fourth graderd/ = 1131 ms) and fifth gradersi(= 1043 ms). However, the mean
RTs of fourth and fifth graders did not differ sifgrantly from each other. There was a main
effect of priming,F(1, 60) = 51.70p < .001,n2p= .46, which interacted significantly with
condition,F(3, 180) = 2.90p = .037,772p= .05. However, the three-way interaction between
grade, priming and condition was not significaat(1). Finally, the order of list presentation
did not interact significantly with the conditionépriming factorsiK < 1).

Planned comparisons were performed to explore tiingifi®) x Condition interaction.
In the M-Stable condition, RTs were faster whegets were preceded by related primes than
by unrelated primes;(1, 60) = 6.80p = .011,772p= .10. Significant priming effects were also
found in the M-Pshift conditiorF;(1, 60) = 19.17p < .001,n2p: .24, and in the M-OPshift
condition,F(1, 60) = 16.58p < .001,772p= .21. No significant priming effect was found iret

orthographic control conditior; < 1.
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Finally, we examined whether the degree of morpdiol priming depended on the
condition. The ANOVA indicated that the extent loé tpriming effects did not differ across
the three morphological conditiors< 1.

Discussion

The goal of Experiment 2 was to investigate thkierice of form shifts in the base
word on morphological decomposition by French thiodirth and fifth graders and adults,
with a longer prime duration than in Experiment.&.( 250 ms). In both groups (children and
adults), significant priming effects were obseryedll three morphological conditions (i.e.,
M-Stable, M-Pshift, M-OPshift) but not in the ortiraphic control condition. These results
confirm that developing readers benefit from a rhotpgical overlap between prime and
target, and indicate that the form overlap betwaernphologically related primes and targets
IS not as crucial as it was at 60 ms to induce ipgmThe results of Experiment 1 and
Experiment 2 will be jointly analyzed in the Gerlddéscussion.

General Discussion

There is growing evidence that developing readersapable of breaking
morphologically complex words down into smaller gements during visual word
recognition as early as age 7 years (Carlisle &&t@005; Laxon, Rickard, & Coltheart,
1992). However, morphological derivation often ilwas slight orthographic and
phonological modifications to the base word, whitdétly impinge on the relationship between
a base and its derived form. In the present stwdytherefore used the priming paradigm to
examine whether French elementary school childtempared to skilled readers) require a
complete phonological and orthographic overlap betwmorphologically related words in
order to process the form properties of their darestt morphemes.

The main results can be summarized as followdelreloping readers, when primes

were displayed for 60 ms (Experiment 1), they dabylitated the processing of a
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morphologically related target if there was an éxdmnological and orthographic overlap
between prime and target. However, when primes wispayed for 250 ms (Experiment 2),
their facilitating effect on target processing wéserved whenever they were
morphologically related, independently of any famodifications to the base. These priming
effects were observed for each of Grades 3, 4 aldd®ntrast, priming effects were
significant in the three morphological conditionsadults, whatever the prime duration
(Experiment 1 and Experiment 2).

Three results were consistently observed in botieements in each group. First,
priming effects were always significant in the musfogical condition with no modification
of the base, as already evidenced in several studigdults (Amenta & Crepaldi, 2012) and
in children (Beyersmann et al., 2012; Quémart e8al11). Second, priming effects were
never significant in the orthographic control cdiaf, reinforcing the idea that
morphological priming effects cannot be attribute@ simple orthographic overlap between
primes and targets. Third, priming effects nevéfieded from each other in the two
morphological conditions with form modification,@vwhen we collapse the results of both
experimentsK(1, 138) = 1.8p = .18). Children are not more hindered when phagio&l
shift is associated to orthographic shift than whesnot. The phonological overlap between
morphologically related words thus appears cemthedn decomposing morphologically
complex words. Schreuder and Baayen (1995) alrpeaposed that the phonological
stability of the base in the derived form is catito detect morphological relationships
between words. The present results are consisténthis conception, and argue in favor of
an early influence of phonological codes duringiglsvord recognition in children.

Early Influence of Form Shifts in the Base Word
The novel contribution of the present study conséhe processing of the form

dimensions of morphemes by developing readerdatioa to the time course of visual word
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recognition. In a previous study, Quémart et 1@ had shown that the semantic
dimensions of morphemes did not significantly ieflge the first steps of morphological
processing. This result was taken to suggest thgbmological decomposition is initially
driven by morphemes’ form dimensions. The presamty extends this finding by
demonstrating that the processing of these formpeties requires an exact phonological and
orthographic match between the base and its deforedin developing readers during the
earliest stages of word recognition. These reswoltérast with those observed in skilled
readers, who are not significantly hindered byftren modifications of the base word when
processing allomorphs (see also Crepaldi et alL.Q2BIcCormick et al., 2008).

The discrepancy between the different priming pagt@bserved in children and in
adults certainly results from differences in thedicourse of morpho-orthographic and
morpho-semantic procedures in the two groups. Alghomany studies have shown that these
routes influence word recognition successivelykifies] readers (Longtin et al., 2003; Rastle,
Davis, Marslen-Wilson, & Tyler, 2000), growing eeitce has emerged recently in favor of
their simultaneous influence very early in the ticogirse of word recognition (Diependaele et
al., 2005, 2009; Feldman, O’Connor, & del Prado ta2009; Jarvikivi & Pyykkdnen,

2011; Marelli, Amenta, Morone, & Crepaldi, 2013 Axplained by Diependaele et al.
(2009), the morpho-orthographic and morpho-semamticedures are activated in parallel
and connected via feedback connections. When tleelyaih activated, they “resonate” with
each other, leading to greater priming effects wierds are truly morphologically related
than when they are not (i.e., pseudoderivation).

The way in which these two procedures code orthgfgcanformation was recently
described by Grainger and Ziegler (2011; see atsinGer, Lété, Bertand, Dufau, & Ziegler,
2012). According to their dual-route approach tinographic processing, skilled

orthographic processing is characterized by thallghactivation of two distinct processing
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routes that differ with respect to the grain sizéhe orthographic code activated: the fine-
grained route, which codes absolute grapheme pog#i.g., CH.A.l.LR), and the coarse-
grained route, which allows rapid access to sernaefiresentations at the cost of precise
grapheme position coding (e.g., C-A; C-I; C-R; HeAg.). Interestingly, the dual-route
approach proposes that the morpho-orthographicrasrgho-semantic procedures proposed
by Diependaele et al. (2005; 2009) are charactbyefine-grained and coarse-grained
processing of the orthography, respectively.

The ability of skilled readers to use allomorphiomes to process targets may reflect
the parallel activation of the fine-grained morpdrthographic procedure and the coarse-
grained morpho-semantic procedure. Even thougmtirpho-orthographic procedure fails to
activate the appropriate base word because of $bifts of the base, the morpho-semantic
procedure activated in parallel makes it possibleesolve the lack of form overlap between
morphologically related words because these allphmare connected to each other within
the lexicon. Top-down activation spreads from th@pho-semantic to the lexical level,
increasing the activation level of the membersefrorphological family, and therefore
leading to priming effects.

In developing readers, the picture is different.ekplained in the Introduction, their
sensitivity to the semantic dimensions of morpheim@®rceptible later than that of their
form dimensions across the time course of wordgeition (Quémart et al., 2011). Even if,
as with adults, both procedures are activated ialled we can expect one procedure to take
more time than the other one to significantly iefige lexical access. Children’s change in
sensitivity to form shifts across the time courbaord recognition may therefore result from
a different efficiency of the morpho-orthographicahe morpho-semantic procedures. The
first one is rapidly efficient for dealing with nremes’ form properties, provided that there

is an exact form overlap between morphologicallsitezl words. The lack of form overlap
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between primes and targets in the two morphologiced conditions might thus have
prevented primes to pre-activate targets. The skoan is devoted to the processing of
morphemes’ semantic properties, and, as it is eegiained, it is activated even if there are
phonological or orthographic shifts in the basedvétowever, the impact of the morpho-
semantic procedure is visible later in the timersewf word recognition (Quémart et al.,
2011), which explains why developing readers atemmediately able to deal with form
modifications of the base.

This interpretation might appear counterintuitbhece the coarse-grained procedure is
supposed to allow fast access to semantics, &xihense of a precise letter position coding.
However, priming effects attributed to the influeraf the morpho-semantic procedure are the
consequence of bottom-up and top-down activatibispendaele et al., 2009). Since the
spread of information along the different levelpadcessing is generally slower in children
than in adults, the delayed influence of this lesfgbrocessing in children might result from
the necessity of the coarse-grained morpho-semgardaaedure to activate several levels of
processing. Another potentially slowing factor lo¢ tmorpho-semantic procedure is related to
children’s morphological awareness. The developroétite morpho-semantic procedure
requires children to establish connections betweembers of the same morphological
family, probably by using form-meaning regularit{€astle & Davis, 2008; Verhoeven &
Perfetti, 2011). However, it is more difficult tetct relationships between allomorphs than
between words with no modification of the basehm derived form (Gonnerman, Seidenberg,
& Andersen, 2007). We can suppose that develomadars have not yet established enough
connections between these words to benefit quitkiy their morphological relationship. If
these connections have not been sufficiently redefd, the influence of the feedback
connections between the morpho-semantic and thealdgvel will be delayed, as observed

in the present study.
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Reconciling the Effects of Form Shifts Highlightedn Naming Versus Priming
Experiments

Our results also raise the question of task imbe@ewhen assessing the role of
morphology in visual word recognition. Naming tasleve consistently shown developing
readers to be hindered by form modifications tolthge word when reading (Carlisle, 2000;
Deacon, Whalen, & Kirby, 2011; Mann & Singson, 2D03owever, the children in the
present study were only affected by form modifizas at the very beginning of the word
recognition process.

One possible explanation is that naming can beegetdiwithout necessarily
activating lexical representations. The impactosif modifications on word naming may
thus be the direct consequence of activating sudadesepresentations during naming. As
these representations are thought to be partigudarisitive to letter position, they negatively
influence children’s naming of shift words. The iagp of phonological and orthographic
modifications on lexical decisions is less obvidust example, Carlisle and Stone (2005; see
also Carlisle, Stone, & Katz, 2001) have shown thiath modifications have less of an
impact when deciding whether or not an item is adtban when naming a word. The
influence of form shifts has also been found tdelss pronounced in a fragment completion
task (Feldman et al., 2002), which is also assutméalolve lexical activation. The different
results obtained in naming and lexical decisiokdamay thus arise from the type of paradigm
used, and extreme caution therefore needs to lyeigs@ in order to select the most
appropriate task for assessing reading abilitietereloping readers. Control stimuli should
also be selected with care. Several studies halreaited that the presence of embedded
morphemes facilitates lexical access and namirgy é\the words are not morphologically
complex (Duncan, Gray, Quémart, & Casalis, 201CQart et al., 2012; Traficante,

Marcolini, Luci, Zoccolotti, & Burani, 2011), soig important to compare the processing of
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morphologically complex words with that of monomiogmic words that do not contain
embedded morphemes.

The main limitation of the present study concehesdonsiderable variability in RTs
in both experiments. It may indeed have prevengefilam picking up significant differences
between conditions and/or between grades. A laygrip of participants might help to
overcome this problem in future studies.

To conclude, the present study provides infornmateparding the development of
morphological representations, showing that theycanstructed at two distinct levels:
morpho-orthographic and morpho-semantic. Both fand semantic information needs to be
associated with morphological representationstiferreader to perform morphological

decomposition efficiently and to access lexicarespntations more easily.
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Table 1

Experiment 1: Children’s Mean Chronological Age (CReading Age (RA) and nonverbal

reasoning abilities (Raven) as a function of thadg (standard deviations are shown in

parentheses)

CA (year; month) RA (year; month) Raven (raw sgore
Grade 310 =22) 8;6 (4 months) 8;4 (12 months) 30.20 (3.83)
Grade 416 = 20) 9;7 (5 months) 9;0 (15 months) 32.4 (3.53)

Grade 516 = 20) 10;10 (4 months) 11;3 (10 months) 33.228p.1
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Table 2

Characteristics of the word items in Experimenend 2

M-Stable M-Pshift M-OPshift Orthographic
Prime length 7.88 (0.96) 7.88 (0.81) 7.56 (0.81) 63711.02)
Target length 5.44 (0.96) 4.94 (1.13) 5.13(0.89) .5640.51)

Prime frequency  22.04 (24.53)  18.15 (24.30) 211%679)  20.93 (14.83)

Target frequency 103.69 (65.19)02.46 (109.87)  100.43 (53.8297.97 (89.90)

Prime N-size 0.38 (0.81)  0.69 (0.95) 0.38 (0.62) 1311.78)

Target N-size ~ 1.94(2.52)  3.94 (2.73) 3.00 (2.05) .81§1.78)

Note Length = mean number of letters; frequency = nmeanber of occurrences per million
according to Manulex Infra database (Peereman,e&2G07); N-size = mean neighbourhood

size. Standard deviations are shown in parentheses.



Table 3
Experiment 1 (60-ms prime duration): Mean reactiomes (RT in ms), error percentages (Err %) anarpng effects (unrelated — related
priming) as a function of priming, condition andbgp (standard deviations are shown in parentheses)

Adults Children
Overall Grade 3 Grade 4 Grade 5
RT Err % RT Err % RT Err % RT Err % RT Err %
567 0.88 1140 4.90 1381 4.90 1088 6.16 952 3.65
M-Stable Related

(50) (2.34) (294) (6.30) (322) (5.77) (185) (7.83) (172) (5.05)

615 2.22 1215 5.26 1470 7.04 1145 6.46 1031 2.29
Unrelated

(63) (4.82) (333) (5.20) (376) (5.89) (239) (4.99) (194) (3.21)
Priming 48 1.34 75 0.36 89 2.14 57 0.30 79 -1.35

590 0.88 1202 7.29 1457 9.20 1115 9.09 1032 3.57
M-PShift Related

(78) (2.34)  (340) (7.82) (395) (8.85) (201) (8.44) (235) (4.34)

620 3.56 1179 8.31 1453 9.49 1073 13.24 1012 2.20
Unrelated

(57) (4.95) (317) (8.90) (352) (9.36) (184) (7.99) (185) (5.29)
Priming 30 2.68 -22 1.02 -4 0.29 -43 4.15 -20 .37

M-OPShift Related 563 1.25 1144  5.08 1403 37.6 1093 6.57 935 1.05

34
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(66) (2.59) (331) (8.55) (379) (10.61) (225) (9.03)(165) (2.56)

600 3.33 1165 6.97 1427  8.35 1097 8.83 971 3.71
Unrelated

(72) (4.65) (327) (7.78) (368) (9.77) (235) (7.35) (158) (4.69)
Priming 37 2.08 21 1.88 24 0.72 4 2.26 36 2.66

615 5.00 1242 8.37 1517 9.82 1115 9.21 1093 6.07

Orthographic Related

(67) (4.84) (309) (9.55) (306) (10.29) (221) (10.36) (183) (7.82)

631 4.17 1233 8.95 1505 10.87 1105 8.55 1090 7.43
Unrelated

(62) (4.52) (326) (9.05) (356) (10.46) (216) (7.86) (198) (8.74)
Priming 16 -0.83 -9 0.58 -12 1.04 -10 -0.66 -4 361
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Table 4

Experiment 2: Children’s mean Chronological Age JCReading Age (RA) and nonverbal

reasoning abilities (Raven) as a function of Gréstandard deviations are shown in

parentheses).

CA (year; month) RL (year; month) Raven (raw sgore
Grade 316 = 20) 8;6 (7 months) 8;8 (13 months) 30.74 (2.92)
Grade 414 = 22) 9;7 (6 months) 9;8 (17 months) 31.04 (2.73)

Grade 514 = 22) 10;10 (6 months) 10;6 (16 months) 32.38(B.2
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Experiment 2 (250-ms prime duration): Mean reactiomes (RT in ms), error percentages (Err %) andnomg effects (unrelated — related
priming) as a function of priming, condition andbgp (standard deviations are shown in parentheses)

Adults Children
Overall Grade 3 Grade 4 Grade 5
RT Err (%) RT Err % RT Err % RT Err % RT By
559 0.00 1159 5.88 1363 7.53 1124 7.20 1016 3.13
M-Stable Related
(80) (0.00) (264) (6.64) (272) (8.00) (221) (6.47) (182) (4.63)
600 1.54 1211 6.17 1405 6.17 1170 7.20 1085 5.13
Unrelated
(80) (3.99) (257) (5.69) (276) (6.28) (220) (6.22) (168) (4.58)
Priming 41 1.54 52 0.29 42 -1.36 46 0.00 68 2.01
561 1.03 1105 7.07 1301 10.21 1070 7.49 969 3.95
M-PShift Related
(74) (2.50) (251) (7.87) (291) (8.99) (191) (8.39) (144) (4.91)
619 2.56 1170 7.71 1368 9.17 1140 9.57 1029 4.60
Unrelated
(72) (4.34) (243) (8.97) (233) (9.55) (206) (9.80) (170) (6.89)
Priming 58 1.53 65 0.64 66 -1.04 70 2.08 60 0.65
M-OPShift Related 557 1.92 1095 4.16 1265 4.24 5410 5.22 088 3.03
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(67) (3.00) (246) (5.45) (231) (5.55) (242) (6.22) (187) (4.47)

588 0.96 1173 5.26 1373 6.47 1126 5.22 1047 4.26
Unrelated

(61) (3.47) (259) (7.11) (261) (10.21) (224) (5.44) (186) (5.28)
Priming 31 -0.96 78 1.10 108 2.23 72 0.00 59 31.2

642 4.81 1204 9.88 1337 14.71 1178 9.18 1115 6.41

Orthographic Related

(83) (4.53) (229) (9.34) (263) (10.27) (186) (9.63) (189) (6.34)

661 4.33 1212 8.50 1380 13.34 1184 7.99 1095 4.85
Unrelated

(105) (4.69) (222) (7.60) (259) (6.50) (157) (8.27) (151) (5.51)
Priming 19 -0.48 8 -1.37 43 -1.37 6 -1.19 -20 .56l




