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ABSTRACT

Purpose: Our goal is to understand how the different types of plural marking
are understood and processed by children with cochlear implants (Cls): (a) how
does salience affect the processing of plural marking, (b) how is this processing
affected by the incomplete signal provided by the Cls, and (c) is it linked to indi-
vidual factors such as chronological age, vocabulary development, and phonol-
ogical working memory?

Method: Sixteen children with Cls and 30 age-matched children with normal hearing
(NH) participated in an eye-tracking study. Their task was to choose the corre-
sponding picture to an auditorily presented singular or plural noun. Accuracy, reac-
tion time, and gaze fixation were measured and analyzed with mixed-effect models.
Results: Group differences were found in accuracy but not in reaction time or
gaze fixation. Plural processing is qualitatively similar in children with Cls and
children with NH, with more difficulties in processing plurals involving stem-
vowel changes and less with those involving suffixes. Age effects indicate that
processing abilities still evolve between 5 and 11 years, and processing is fur-
ther linked to lexical development.

Conclusions: Our results indicate that early implantation seems to be beneficial
for the acquisition of plural as indicated by very small between-group differ-
ences in processing and comprehension. Processing is furthermore affected by
the type of material (i.e., phonetic, phonological, or morphological) used to mark
plural and less so by their segmental salience. Our study emphasizes the need
to take into account the form of the linguistic material in future investigations at
higher levels of processing.

The acquisition of a first language involves the
simultaneous processing of information at several linguis-
tics levels. This is especially the case for the production
and processing of the morphosyntactic information such
as inflectional morphology in general and of plural on
nouns in particular. Plural markers can take different
forms, which may not be equally salient. To understand

Correspondence to Bénédicte Grandon: Benedicte.Grandon@univ-nantes.
fr. Disclosure: The authors have declared that no competing financial or
nonfinancial interests existed at the time of publication.

the possible effects of the markers’ salience in language
acquisition is especially relevant in the case of children
who receive less or qualitatively different input, as is the
case for children with hearing loss (HL). The complexity
of the noun plural-marking system in German provides an
excellent way to investigate the role of salience as it relies
on different types of segments (i.e., both consonants and
vowels) and type of processes (i.e., phonetic, phonological,
and morphological).

Our study aims at understanding how children use
the available information in the speech input when they
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process inflection. In particular, we aim at understanding
the role of salience of the plural markers. Furthermore, we
argue that, for children with cochlear implants (CIs), process-
ing the linguistic information is influenced not only by the
effects of HL (i.e., a later and/or lower quality of auditory
input provided by the CIs) but also by the children’s process-
ing abilities in relation with their chronological age, vocabu-
lary development, and phonological working memory.

The German Plural-Marking System

German has a complex noun plural-marking system
relying on different plural types, resulting from different
morphophonological processes and subsequent phonetic
adaptation processes. Kopcke (1988) distinguishes eight dif-
ferent morphophonological formation processes for Ger-
man, applying to all or only specific genders and relying on
suffixation and vowel change, alone or in combination.
Four different suffixes are available: segmental suffix /s/,
syllabic suffixes /o/ and /e/, and /n/, which can be both seg-
mental as [n] or syllabic as [an]. Another type is formed by
“umlaut,” a vowel fronting of the back vowels /u/ and /o/,
and the low vowel /a/, resulting in /y/, /e/, and /e/, respec-
tively. It can occur as the sole plural marker or in

combination with the syllabic suffixes /o/ and /e/. Finally, a
noun’s singular and plural forms can also be identical: dis-
ambiguation of the noun number will then only be possible
through the determiner, as in dassg Messer [mese]-diep
Messer [mese], the knife-the knives. Table 1 below, based
on Kopcke (1988), summarizes all possible plural markings
per gender.

As seen in Table 1, plural is not only marked by
morphophonological material but also results in different
phonetic changes located on the word’s stem-final conso-
nant. For example, in the Kindsg—Kinderp; pair, the
stem-final consonant is the location of a voicing [d]-[t]
alternation, following German’s word-final devoicing rule
(i.e., /d/ realized as [t] in word-final position).

Finally, not all plural markings are equally regular,
productive, and frequent. Plural marked with -s is the
most regular type overall, but -(e)n is most regular for
feminine nouns (Clahsen et al., 1992). Plural marked with
-s suffixes is the most productive, as it appears in all con-
texts and in loanwords. Plural types involving umlaut are
the least productive (e.g., Laaha et al., 2006). Frequency
varies across genders, but, overall, plural is most fre-
quently marked with the -(e)n suffix, followed by the -e

Table 1. Plural marking in German (adapted from Koépcke, 1988; with the International Phonetic Alphabet [IPA] transcriptions of standard

German pronunciation from Krech et al., 2009).

Gender
Masculine Feminine Neuter

Def. article (sing./plur.) der/die die/die das/die

Plural morpheme

-e, [9] Fisch—Fische Kenntnis—Kentnisse Jahr-dahre
[fif1-[fifa] [kentnis]-[kentnisa] [ia:*]-[ja:9]
fish knowledge year

-(e)n, [on][n] Bauer—Bauern Tar-Taren Auge-Augen
[bage]-bagen] [ty:"Hty:on] [a2ga]-[aagan]
farmer door eye

-er, [e] Geist-Geister — Kind-Kinder
[gaest]-[gagste] [kint]-[kinde]
ghost child

-s, [s] Park—Parks Mutti-Muttis Auto—Autos
[pa“k]-[pa“ks] [moti}-{moti:s] [agto:]-[agto:s]
park mom auto

[} Adler-Adler — Fenster—Fenster
[a:dle]-[a:dle] [fenste]-[fenste]
eagle window

umlaut Bruder—Bruder Tochter-Tochter Kloster—Kloster
[bru:de]-[bry:de] [toxte]—[teecte] [klo:ste]-[kl@:ste]
brother daughter monastery

umlaut + -e, [9] Sohn-Séhne Kuh-Kuihe FloR-Fl6Re
[zo:n]-[z@:Nn3] [ku:]-[ky:9] [flo:s]—[flo:sa]
son cow raft

umlaut + -er, [e] Wald-Walder — Volk-Vélker
[valt]—[velde] [folk]—[feelke]
wood people

Note. Em dashes indicate data not attested. Def. = definite; sing. = singular; plur. = plural.
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suffix, no marking, and umlaut + -e suffix. It is less fre-
quently marked with the -s suffix, -er suffix with or with-
out umlaut, and umlaut alone (Zaretsky et al., 2013). So,
what is most frequent is not necessarily most regular or
most productive in German plural marking.

Acaquisition of Inflectional Morphology in
Children With Typical Development

The use of inflectional morphology in children has
mainly been studied in production and less so in reception.
The acquisition of inflectional morphology in general, and
of nominal plural in particular, is a nonlinear process fol-
lowing a “U-shaped curve” developmental trajectory (e.g.,
English: Berko, 1958; Marcus, 1995; German: Behrens,
2002, 2011; Clahsen et al., 1992; Kauschke et al., 2011;
Zaretsky et al., 2013, 2016). Following a stage where chil-
dren produce plural nouns with great accuracy, there is
then a stage of “overregularization” errors, in which chil-
dren tend to apply generalized rules of plural marking
using the language’s most frequent plural type as the rule
to form all plurals. This is followed by a stabilization
phase, where the production becomes adultlike.

Although the pattern of acquisition seems the same
across languages, the time needed to reach adultlike pro-
duction of plurals varies cross-linguistically, mainly due to
different complexity levels of each language’s plural system.
Production is adultlike approximately by the age of 6 years
in English (Marcus, 1995) or 7 years in German (Kauschke
et al, 2011) and still ongoing by the age of 7 years in
Hebrew or Arabic (Hebrew: Ravid & Schiff, 2009; Palestinian
Arabic: Saiegh-Haddad et al.,, 2012; Jordanian Arabic:
Albirini, 2015). Furthermore, not all plural types are
acquired simultaneously, and several factors influence accu-
racy in production of nominal plural in the course of its
acquisition: frequency (Kauschke et al., 2011; Laaha et al.,
2015), productivity (Laaha et al., 2006), and predictability
(Albirini, 2015; Laaha et al., 2015; Saiegh-Haddad et al.,
2012) of the plural markers.

The only receptive study in German (Korecky-Kroll
et al,, 2012) showed that German-speaking children are
sensitive to the well-formedness of plural forms yet still
not to the same extent as adults even at the age of
10 years. A series of studies in Australian English (Davies
et al., 2017, 2019; Davies, Xu Rattanasone, & Demuth,
2020), using nonwords, showed that plural comprehension
is an early acquired ability, with possible differences
between allomorphs’ coming from their characteristics (e.g.,
segmental vs. syllabic). Taken together, these studies of plu-
ral comprehension and processing in English indicated
effects of the type of allomorphs (segmental vs. syllabic)
and, therefore, a possible role of their acoustic salience in
plural comprehension and acquisition. The salience of

plural markers is, however, only briefly discussed as an
explanation to the observed differences in processing the
plural markers. Our study addresses this gap.

The German plural system involves alternations of
phonetic (i.e., stem-final consonant changes), phonological
(i.e., stem-vowel changes), and morphological material
(i.e., suffixation), which might differentially contribute to
salience of the morphemes. This could lead to differences
in processing: suffixes (i.e., suffixation is an addition of
morphological material to the stem) should be the most
salient materials, followed by stem-vowel changes (i.e.,
alternation of phonological material consisting of an inter-
nal modification of the stem without changing its struc-
ture) and then voicing alternation (i.e., phonetic adapta-
tion to suffixation, which are a modification of a conso-
nantal feature in word-final position), which should ease
the processing of plurals, as it provides a supplementary
cue but still be the least salient type of cue. Plurals formed
by a suffixation result in a resyllabification when the
suffix is syllabic (i.e., /o/, e/, n/, or /on/) as in the
Fischgg—Fi.schepy pair but not when the suffix is segmen-
tal (i.e., /n/, or /s/) as in the Pu.ppesg—Pu.ppenpy pair.
This may contribute to making these plural markers more
salient as the extra syllable in the plural form stands out
next to the stem. Furthermore, salience can be understood
as the intrinsic or systematic differences in the salience of
individual speech sounds that compose the plural markers
and that translate into differences in the respective salience
of the individual morphemes. Theoretically, salience of
speech sounds can be explained phonologically as the
result of differences in sonority of the speech sounds
within the phonological system (Clements, 1990; Selkirk,
1984) or phonetically as the correlates of the sound’s acous-
tic properties (e.g., “Phonetic Speech Power,” Fletcher,
1931; “perceived resonance of major classes of speech
sounds,” Clements, 2005). Following these definitions, we
expect vowels and therefore information carried by vowels
(i.e., Umlaut), as well as syllabic suffixes (i.e., addition of a
vowel after the stem: the -/o/ and -/e/ suffixes) to be the most
salient cues to plural, followed by sibilant suffixes (i.e., the
-/s/ suffix) according to the sonority index or nasal suffixes
(i.e., the -/n/ suffix) according to the Phonetic Speech Power
hypothesis. Since voiced consonants are more sonorant, a
singular—plural contrast including a voicing alternation (e.g.,
the [t}Hd] alternation in Kindsg—Kinderpy, [kint]-{kmde])
should also contribute to higher salience and be easier to
process than when there is no voicing alternation (e.g., the
same [s] consonant in Schlosssg—Schlosserpy, [[los]-{[lEse]),
as the voicing contrast adds more information to the plural
form. Taken together, we expect plural types involving
morphological material to be the easiest to process: Among
them, vocalic suffixes (i.e., addition of a syllable, with resyl-
labification of the stem) should be more salient than
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consonantal suffixes (i.e., addition of a single segment, with
no resyllabification of the stem). Then, plural types involv-
ing umlaut (i.e., a phonological process consisting of a
change of the stem vowel) should be less salient than plural
types involving suffixation only but more salient than those
not involving umlaut. Finally, voicing alternation should be
the least salient cue, as it is a phonetic adaptation that can
occur following suffixation.

These expectations based on our definitions of salience
are primarily proposed for children with NH. In the follow-
ing section, we will focus on the processing of inflection in
children with CIs and propose specific expectations regard-
ing the influence of salience on noun plural processing in
children who possibly had a delayed and partial access to
the speech sounds due to a HL and the use of the Cls.

Processing of Inflection in Children With Cls

Although the use of CIs lead to improved perception
of sounds, they transmit a poorer version of the speech sig-
nal to the inner ear (Drennan & Rubinstein, 2008), leading
to persisting difficulties in processing certain speech sounds
or features (Bouton et al., 2012; Giezen et al., 2010). This
might result in further delays and difficulties in language
development, both in production and comprehension (e.g.,
Boons et al., 2013; Geers & Nicholas, 2013).

Studies examining the morphosyntactic development
of children with CIs have found poorer performances of
children with CIs compared to peers with normal hearing
(NH) matched in chronological age (Boons et al., 2013) or
in vocabulary size (Jung & Ertmer, 2018) and contradic-
tory effects of hearing age (e.g., no effect in Caselli et al.,
2012; better performance with a higher hearing age in
Schouwenaars et al., 2019). Furthermore, early implanta-
tion (i.e., before age 2 years) was a predictor of morpho-
logical and syntactic development for Dutch-speaking chil-
dren (Faes et al., 2015). A high level of variability in mor-
phosyntactic abilities has been observed in children with
HL in general (e.g., Caselli et al., 2012; Ruigendijk &
Friedmann, 2017; Tuller & Delage, 2014) and also in chil-
dren with CIs (Boons et al., 2013; Duchesne et al., 2009;
Szagun, 2000; Young & Killen, 2002).

Although the goal of a number of morphosyntactic
studies was to assess the overall abilities of children with
HL or with CIs, only few studies focused on one or sev-
eral areas within this larger domain, connecting them to
the hearing acuity with a CI. Morphosyntactic abilities
were linked to the use of phonological information and
cognitive abilities in children with HL: Both phonological
short-term memory and wh-question processing were cor-
related to receptive abilities (Penke & Wimmer, 2018),
and processing subject—verb (number) agreement improved

with better working memory abilities when more than one
phonological cue to verb number marking was available
(Schouwenaars et al., 2019).

Only few studies have studied plural marking in
children with HL, and most of them in production. In a
cross-linguistic study with Dutch- and German-speaking
children with CIs and with NH, Laaha et al. (2015)
showed that the most common error made by children
with CIs was to use a singular form when a plural mark-
ing was needed and that Dutch-speaking children had less
difficulties than German-speaking children, which they
explain with the Dutch plural-marking system being more
transparent (i.e., only marked by two possible suffixes and
a limited number of exeptions) than the German system.
To our knowledge, only two studies assessed the receptive
abilities for plural marking in children with typical hear-
ing and children with HL in English (Davies et al., 2023;
Davies, Xu Rattanasone, Davis, & Demuth, 2020). The
first study showed that accuracy was lower in children
with HL using external hearing aids (HAs) or CIs than in
children with NH. It also concluded that the children with
HAs and the children with CIs showed qualitative differ-
ences: The children with HAs were able to identify the
segmental [-s], as in [buks]-“books” and -[z] allomorphs,
as in [dogz]-“dogs,” as plural markers, and, hence, had
used morphology to build a representation of the plural
derived from the singular. For children with CIs, however,
syllabic suffixes [-1z], as in [havziz]-“houses,” are more
robust cues to identify plural novel words, and, hence,
they seem to rely more on syllabic information to identify
the singular or plural form of a word.

Only a small number of studies focus on German-
speaking children with CIs and only in production. Szagun
(2000, 2002) concludes that children with Cls are able to
use at least several plural forms at 18 months following the
cochlear implantation, yet with a high variability between
children (Szagun, 2000). The most frequent error reported
in Szagun (2002) is the absence of an expected plural
marking in children with CIs, whereas for children with
NH, it was the use of a partial marking (e.g., umlaut and
no suffix when both should be used). These studies indi-
cated that with regard to their use of plurals at 2 and a
half years after the cochlear implantation of the children
with a CI showed typical language development. These
findings are consistent with Laaha et al. (2015), who
showed that the most frequent error by both Dutch- and
German-speaking children with CIs was the use of the
item’s singular form, which is similar to errors made by
younger children with NH, when they are matched in
hearing age with the children with ClIs.

Our literature review already gives some insight into
the mechanisms at play when children acquire plural
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marking and also in the possible challenges faced by chil-
dren with HL and with CIs. However, it also shows that
higher levels of language acquisition (i.e., morphosyntax)
are most often treated independently from lower levels of
processing (i.e., phonetic, phonological, or acoustic pro-
cessing). The ability to use nominal plural marking is
never studied by connecting the form of the plural
markers to the types of processes that are involved (pho-
netic, phonological, and/or morphological, see above). It
is, thus, not clear how the segmental information of the
individual inflection markers is processed with a CI and
what the effect is for acquisition.

Several differences have been observed in the process-
ing of speech sounds between children with ClIs and chil-
dren with NH: For example, Bouton et al. (2012) observed
similar abilities in the categorization of speech sounds by
children with CIs and children with NH but less precision
in processing both consonantal and vowel contrasts. Fur-
thermore, perception and production of front, rounded
vowels /y/, /o/, and /&/ have been found especially challeng-
ing for users of ClIs (see, e.g., Verhoeven et al., 2016, for
vowel production by children with CIs in Flemish Dutch).
Therefore, between-group differences in processing plural
markers might arise when these rely on an umlaut contrast,
which corresponds to the fronting of back, rounded vowels
M/, lol, and /o/, resulting in /y/, /e/, and /@&/, which is acousti-
cally correlated to a higher second formant (F2). This is rein-
forced by articulatory properties of these vowels that makes
them visually ambiguous with their back counterparts.

Research Questions and Expectations

Our study aims at understanding how phonetic, pho-
nological, and morphological cues to plural marking are
used for comprehension and processing by children with
CIs. We aim at answering the following research ques-
tions: (1) What are the differences in processing noun plu-
ral marking between children with NH and children with
ClIs, with respect to (a) the type of information used to
mark plural (i.e., phonetic, phonological, and morphologi-
cal) and (b) the salience of the plural types and types of
suffix? (2) How can these possible differences be explained
by factors such as chronological age, vocabulary develop-
ment, or phonological working memory?

Following our definition of salience, we first expect
differences in understanding and processing the different
plural types, suffixes, and types of cues under study. We
further expect that the children with CIs will process spe-
cific types of information available in noun plural markers
with a delay reflecting the specificities of perception and
hearing with CIs. Finally, we expect that differences in
processing might arise from the children’s vocabulary
development or phonological working memory (i.e., we

expect that the processing of the plural markers is facili-
tated with a larger vocabulary size and higher phonolo-
gical working memory abilities), regardless of their hear-
ing abilities.

To test these predictions and specificities of process-
ing plural in children with CIs, we decided to focus on a
group of children as homogeneous as possible, with early
diagnosis of HL, a cochlear implantation before the age
of 2 years and no known additional physical or cognitive
impairments.

Method
Participants

Participants in this study were 16 children with CIs
and 30 children with NH.! All were native speakers of
standard German, spoken in the Northwest of Germany.
Detailed information on the group of children with CIs is
given in Table 2 below.

Thirteen children have bilateral Cls, and three use a
CI in combination with an HA and have, therefore, addi-
tional access to acoustic hearing. The age of the children
with CIs ranged from 5;8 to 11;1 (years;months; M = 84,
SD = 1;10); their age at implantation ranged from 0;5 to
1;10 (M: 1,0, SD = 0;4). Consequently, their hearing age
ranged from 4;6 to 10;4 (M = 7;1, SD = 2;1), and their hear-
ing age and chronological age were highly correlated,
r(14) = .92, p < .001. The age of the children with NH
ranged from 5;1 to 11;10 (M = 8;3, SD = 2;0). The two
groups were matched in chronological age, #(44) = 0.12; p =
.905. For this reason, and because we do not have enough
information about the actual input received by the children
with CIs before implantation, we chose to focus on chrono-
logical age and not hearing age for our analyses. All children
with NH were screened for language delay by means of
parental questionnaire and HL by means of an audiogram.

The recruitment and testing procedures were
approved by the Ethical Commissions of the University of
Oldenburg and of the Hannover Medical School and
followed the COVID-19 guidelines for studies involving
human participants in place at that time at the University
of Oldenburg and at the Hannover Medical School. The
children with NH were recruited through ads in the local
newspaper and on the University’s website and by word
of mouth. The children with CIs were recruited through a
collaboration with the Deutsches HorZentrum Hannover

"Note that this group of children with NH is also part of a study
using the same experimental protocol comparing their processing and
comprehension abilities with adults with NH (Grandon et al., 2023).
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Table 2. Individual information about the group of children with cochlear implants (Cls).

Age at testing Age at implantation
Participant Number of Cls (years;months) (years;months) Device (right ear) Device (left ear)
01 1 9;2 1;0 Medel Hearing aid
02 2 6;1 0;8 Cochlear Cochlear
03 1 9;8 0;5 Cochlear Hearing aid
04 2 11;1 0;9 Cochlear Cochlear
05 2 8;11 1;0 Cochlear Cochlear
06 1 7;1 1;3 Hearing aid Cochlear
07 2 9;6 1;8 Medel Medel
08 2 11;0 0;8 Cochlear Cochlear
09 2 11;2 1;1 Medel Medel
10 2 8;11 0;11 Medel Medel
1 2 6;11 1;10 Cochlear Cochlear
12 2 6;1 0;11 Cochlear Cochlear
13 2 5;8 1;1 Medel Medel
14 2 8,0 1;0 Cochlear Cochlear
15 2 8;10 1;0 Cochlear Cochlear
16 2 6;1 1;5 Advanced bionics Advanced bionics

(German Hearing Center Hannover) and Cochlear
Implant Center Wilhelm Hirte in Hannover. Children
were tested in one or two sessions (i.e., three of 16 chil-
dren with CIs and 29 of 30 children with NH participated
in two sessions) for a maximum of 2 hr in total, and they
received a small present after each session for their
participation.

Testing Procedure

Vocabulary development was assessed by means of
the Peabody Picture Vocabulary Test (PPVT; German
version: Lenhard et al., 2015). The PPVT is a standard-
ized test in which children have to identify the correspond-
ing picture to a word presented orally by an experimenter,
out of a four-picture set. Mean PPVT scores (¢ value) are
54.8 (7.49) for the children with NH and 46.57 (7.21) for
the children with CIs. The PPVT scores were significantly
lower for the children with ClIs, #42) = -3.36; p < .01).
Phonological working memory was assessed by means of
the Language Impairment in the Multilingual Society non-
word repetition test (Crosslinguistic Nonword Repetition
[CL-NWR]; Chiat, 2015; Hinnerichs, 2016, for the
German version), a nonstandardized test in which children
have to repeat 16 items made of sequences of two to five
consonant-vowel (CV) syllables: A two-syllable word is
expected to be easier to recall than a five-syllable word,
since it is less demanding in terms of phonological work-
ing memory. The child’s production was recorded for later
assessment. For our purposes, a whole-word accuracy was
rated for each item. The scores of the children with NH
ranged from 10 to 16 (total: 16 items, M = 13.6; SD =
1.48) and the scores of the children with CIs ranged from

5to 16 (M = 11.13; SD = 2.79). The CL-NWR scores
were significantly lower for the children with Cls, #(44) =
—4.03; p < .001. In both groups of children, most errors
were made for the items with five syllables.

Experimental Task

Plural Types and Word Selection

We used a picture-selection task with eye tracking to
test the processing of nominal plural marking. We
departed from the traditional classification of German
plurals (e.g., Kopcke, 1988; Wiese, 2009), and we instead
defined 10 categories. These vary in their combinations of
material used to mark plural (i.e., phonetic, phonological,
and morphological). This allows us to explore the effects
of the segmental salience of the plural. Our categories are
based on three types of cues to mark plural alone or in
combination, namely, vowel change on the stem (i.e.,
umlaut), suffix addition to the singular form, and subse-
quent intervocalic voiced realization of the stem-final stop
consonant. The details of these plural types are presented
in Table 3 (plural types, types of cues to plural marking)
with examples to illustrate them.

For each plural type, eight different words were cho-
sen. These had to be singular-dominant (e.g., words such
as eye were excluded), and they had to be depictable and
understood easily by children (i.e., objects, animals,
people, etc.). We also made sure that lemma frequency
was as homogeneous as possible within and across catego-
ries. Lemma frequency was assessed using the Intellitext
2.6 database (Wilson et al., 2010): mean frequency (SD)
across plural types was 43.40 (98.88) instances per million
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Table 3. Plural types in our study.

Type of contrasting cues available

Phonological

vowel change Morphological Phonetic
Plural type (SG-PL pairs) (umlaut) suffix voicing contrast
No change Kissen—Kissen [kisn]-[kisn], pillow - - -
Vowel change: umlaut Vogel-Vdgel [fo:gl]-[fe:gl], bird + - -
-/s/ suffix Auto—Autos [agto:]-[agto:s], car - + -
-/a/ suffix Tisch—Tische [tif]-[t1f9], table - + -
-/n/ suffix Katze—Katzen [katso]-[katson], cat - + -
Umlaut + -/o/ suffix Ball-Balle [bal]-[belo], ball + -
Umlaut + -/e/ suffix Schloss—Schlosser [[los]-{[lcese], castle + -
Voiced stem-final C + /o/ suffix Pferd—Pferde [pfe:"t]-[pfe:*ds], horse - +
Voiced stem-final C + /e/ suffix Kleid—Kleider [klact]-[klagde], dress - +
Umlaut + voiced stem-final C + / | Wald-Walder [valt]-[velde], forest + +

o/ or /e/

Note. SG-PL = singular—plural.

in four combined corpora. Details per plural type are
given in the supplemental materials (https://osf.io/jmvg6/).
The total number of items was: 10 plural types x 8 words
X 2 numbers = 160 items. The items were presented in
blocks of 20 items, balanced in number (10 plural and 10
singular targets), plural type (two of each type), random-
ized, and split into two testing sessions of 80 items each.
Pauses were provided between blocks. Each testing session
of 80 items took about 10-15 min to complete.

Material

All audio stimuli were recorded by a female native
speaker of German. The recording took place in a sound-
attenuated booth at the university. Recordings were made
with a Neumann KM 184 cardioid Microphon, a Gina
Echo 3G audio interface, and the Adobe Audition soft-
ware (sampling frequency 44.1 kHz, mono, 32 bits, WAV
format). The audio files were then cut and scaled in inten-
sity (60 dB SPL) using Praat (Boersma & Weenink, 2020)
to ensure constant volume of item presentation for the
duration of the study. For each stimulus used, the time
point when each item of a singular—plural pair starts to
differ from the other member of the pair (e.g., the onset
of the stem vowel in /fu:s/~/fy:so/ <foot>) was extracted
with a Praat script for data analyses.

For the picture stimuli, we used black-and-white
drawings of objects, animals, or people retrieved from the
Pixabay (https://pixabay.com) and Shutterstock (https://
www.shutterstock.com) databases. We used one item for
pictures depicting the singular form of the word and two
copies of the exact same item (same drawing, same size) for
pictures of the corresponding plural form of the word. The
position on the screen (left-right) for singular and plurals
was balanced, 50% singular on the left side and 50% on the

right side. The two areas of interest (AOIs) were two white
512 x 384 pixel (127.09 mm X 95.56 mm) rectangles with a
colored frame placed next to each other at the center of the
screen; the singular and the plural version of the item were
placed in the center of each AOI. Figure 1 illustrates the
visual and audio presentation of the stimuli with an exam-
ple (i.e., Kreis—Kreise, circle-circles).

Procedure and Data Recording

Each child could participate in one or two testing
sessions. Each testing session consisted of 80 trials: one
singular and one plural version of four items per category
that correspond to 10 different plural types. Before start-
ing each 80-item testing session, a 5-point calibration was
conducted to ensure appropriate detection of the partici-
pant’s eye gaze.

A Dblank slide was presented for 1,500 ms before
each item. To start the procedure (see Figure 1), we first
presented a fixation cross in the middle of the screen on a
white background. After 500 ms of cross fixation, two pic-
tures depicting the singular and the plural version of the
item were presented. After 500 ms, the prerecorded audio
target word was played in isolation through two speakers
placed on each side of the monitor and set at a comfort-
able level. After hearing the word (singular or plural ver-
sion), participants were asked to select the picture match-
ing that word in pushing the left or right button on a
Chronos response box. They were instructed to answer as
soon as they could after the word ended. Before the test-
ing phase, a training phase with six items was run to
ensure understanding of the task and familiarity with the
response device by the participants. If necessary, the train-
ing phase could be repeated several times before starting
the testing phase.
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Figure 1. Experimental design, with the example of a visual stimulus presentation on the screen (e.g., Kreissg—Kreisep, circle—circles).
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A Tobii Pro Fusion eyetracker was used with a lap-
top and an external screen (size: 21.5 in., 476.57 mm X
268.76 mm) on a one-computer setting. We ran the experi-
ment and collected behavioral data with Eprime 3.0 (Psy-
chology Software Tools). We recorded eye movements
with the Eprime Extensions for Tobii (TET Package) with
a 250 Hz sampling frequency.

Data Analyses

Data Preprocessing

Accuracy was measured as the correct or incorrect
identification of the target item presented orally. Reaction
time (RT) corresponds to the time between the word offset
and the participant’s response and log-transformed to
reduce the influence of potential outliers.

For the gaze fixation analyses, we first calculated
the number of fixations toward two AOIs, namely, the
target picture and the competitor, in 100-ms timebins cen-
tered on the item’s first singular—plural formal divergence.
We excluded fixations to the other areas of the screen
from this count. We then calculated a percentage of fixa-
tions toward the target (vs. competitor) for each 100-ms
timebin. We chose 100 ms over smaller timebins to have
more possible data points per timebin, thus, giving as a
more reliable picture of the fixation evolution.

Items for the “No Change” category were excluded
from further analyses, since they do not provide differ-
ences between singular and plural forms. No accuracy can
be computed, and gaze data could not be aligned to a spe-
cific time point.

Statistical Modeling

Accuracy: Generalized linear mixed-effect model. The
dependent variable for the analyses of accuracy is a bino-
mial (0/1) response accuracy. Therefore, it was analyzed
with a generalized linear mixed-effect model. We used the
glmer() function from the /me4 package (Bates et al., 2015)
on the R Software, Version 4.0.3 (R Core Team, 2020). A
first model was created, and one by one, the following
independent variables were added: Group (i.e., children
with NH vs. children with CIs) and Plural Type (nine
levels, see Table 3 above). Number (i.e., plural vs. singular
targets) was added, as a systematically varied variable that
could have an effect on the processing of the items. Model
improvement was assessed through step-by-step model com-
parisons of a reference model and a more complex model
based on the Akaike information criterion (AIC; Akaike,
1974) scores. For categorical predictors such as Group
(children with CIs vs. children with NH), Number (plural
vs. singular), and Plural Types (nine levels), we used a devi-
ation coding that allows each level of a predictor to be
compared to the mean accuracy of all other levels. Details
of model-building and corresponding outputs are given in
the supplemental materials (https://osf.io/jmvg6/), and best-
fitted models are presented in the Results section.

RT: Linear mixed-effect model. The dependent vari-
able of our analyses of log-transformed RT is a continu-
ous variable and was thus analyzed by means of a linear
mixed-effect model using the /mer() function from the
Ime4 package (Bates et al., 2015) on the R software.
Whereas accuracy gives information about the knowledge
of plural marking, RT gives information regarding the
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certainty of the children’s decision. Therefore, for RT
analyses, in addition to Group (children with NH vs. chil-
dren with CIs) and Number (plural vs. singular targets,
included as it systematically varies in the material), we
chose to focus on the individual factors that might influ-
ence the measurements (chronological age, CL-NWR, and
PPVT). We analyze RT for all items, regardless of the
response accuracy. By keeping all RTs for the analyses,
we avoid excluding guessed answers, both accurate and
inaccurate: By only considering accurate answers, we
would include all guessed but correct answers but would
exclude all guessed but incorrect answers. Contrast coding
for the analyses of RT for categorical predictors is similar
as for the analyses of accuracy.

Gaze data: Generalized additive mixed-effect model.
Since we are interested in the processing of short words, we
focused our analyses on the time frame comprising fixations
from 200 ms before the onset of the singular—plural differ-
ence to 1,500 ms after this point. Fixation toward the target
is the dependent variable for gaze data analyses, ranging
from 0 (i.e., no fixation toward the target in a 100-ms time-
bin) to 1 (i.e., fixation only to the target in a 100-ms time-
bin) evolving over time. To model this nonlinear evolution
of fixation toward the target over time, we used generalized
additive mixed-effect models (GAMMSs), with the bam()
function, working with the the mgev (Wood, 2011) and
itsadug (van Rijj et al., 2020) packages on R. As for accuracy
and RT, models were built step by step by adding factors to
the simplest model. By-participant and by-item random
smooths were added to the model.

To address our first research question that focuses
on the processing of plural marking by the two groups of
children, we first considered Group (children with NH and
children with ClIs) as variable of interest in the first analy-
ses (again Number [singular vs. plural] was included, as it
systematically varies in the material). Then, we conducted
separate types of analyses: (a) We first compare the pro-
cessing of the three types of contrasting cues (binary vari-
ables: Umlaut Contrast, Suffix Contrast, Voicing Contrast;
see Table 3), and (b) we then test the effects of the markers’
salience by focusing on the Plural Types (nine different
levels combining different phonetic, phonological, and mor-
phological information; see Table 3), and on comparing the
individual suffixes (-/s/, -/n/, -/e/, and -/a/).

To address our second research question that
explores the individual factors influencing the processing
of plural marking, we finally considered the possible
effects of Chronological Age, Vocabulary Development,
and Phonological Working Memory. For each of these
analyses, we go from the first model including Number
only, to which we add separate composite smooths created
to model the interactions of factors. For example, Group

and individual Plural Types were combined into separate
predictors to explore the singular—plural difference in gaze
fixation for each Plural Type. To build the models for
gaze fixation, we add each variable one by one to a simple
model. We assess the improvement of the new model by
comparing it to the previous model without the new,
added variable of interest using (a) the “deviance
explained” index given by the summary output, and (b)
the comparison of the AIC and fREML scores through
the compareML() function of the itsadug package. As for
RT analyses, we consider gaze fixation data for all items,
regardless of the accuracy of picture selection. This allows
us to consider gaze fixation as informative of the whole
comprehension process.

Results

To ensure readability of this section, details of each
model building steps for accuracy, RT, and gaze data and
model outputs are provided in the supplemental materials
(https://osf.io/jmvg6/).

Picture Selection

Accuracy of Picture Selection

Mean accuracy of picture selection is provided for
each group and each plural type in Table 4. It was very
high for both groups of children (children with CIs: M =
92.36%, SD = 26.57%; children with NH: M = 94.76%,
SD = 22.29%).

A first model was built to study the effects of the
Plural Types on accuracy. It only included Group (chil-
dren with NH: —1 vs. children with CIs: 1) as a fixed-
effect factor, which had a significant effect on the depen-
dent variable (p = —0.54, z = -2.20, p < .05). Number (sin-
gular: —1 vs. plural: 1) and Plural Type (nine levels) did
not improve the fit of the model; we therefore assumed that
neither variable had a significant effect on accuracy. A sec-
ond model was built to study the effects of individual fac-
tors on the accuracy of picture selection. This model
included Group and Age as fixed-effect factors. Group had
a significant effect on Accuracy (p = —0.59, z = -2.72, p <
.01), as well as Age (higher in older children, p = 0.03, z =
3.73, p < .001). Neither the Group x Age Interaction nor
PPVT and CL-NWR Scores improved the fit of the model.
These factors were therefore not included.

RT in Picture Selection

Mean RT (in ms) for each group and each plural
type are provided in Table 4. RT wvalues were log-
transformed to reduce the effects of outliers. Our best-
fitted model included Group (children with NH: —1 vs.
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Table 4. Mean accuracy (in %) and reaction times (in ms) for children with normal hearing (NH) and children with cochlear implants (Cls).

Accuracy (in %)

Reaction time (in ms)

Plural type Children with NH Children with Cls Children with NH Children with Cls

No change NA NA NA

Vowel change: umlaut 92.67 (26.09) 90.28 (29.73) 864.01 (873.05) 1118.90 (1007.07)

-/s/ suffix 93.75 (24.23) 92.36 (26.65) 885.29 (868.97) 967.03 (751.08)

-/3/ suffix 94.18 (23.43) 93.75 (24.29) 808.44 (986.48) 941.76 (801.56)

-/n/ suffix 94.18 (23.43) 90.97 (28.76) 837.40 (1043.65) 938.18 (750.40)

Umlaut + -/o/ suffix 96.55 (18.27) 92.36 (26.65) 767.04 (744.35) 924.54 (852.69)

Umlaut + -/e/ suffix 95.69 (20.33) 93.06 (25.51) 898.32 (821.16) 1082.04 (1012.14)

Voiced stem-final C + /o/ 95.04 (21.73) 93.06 (25.51) 849.48 (803.16) 1074.03 (1183.17)
suffix

Voiced stem-final C + /e/ 96.12 (19.33) 93.75 (24.29) 787.75 (768.13) 929.66 (671.18)
suffix

Umlaut + voiced stem- 94.61 (22.60) 91.67 (27.74) 794.01 (782.88) 907.85 (820.86)
final C + /o/ or /e/

Note. NA = not available.

children with CIs: 1), Number (singular: —1 vs. plural: 1),
and Age (in months). The results first showed that RT was
similar in both Groups of children (f = 0.10, z = 1.96, p =
.057). They further indicated an effect of Number (p =
—-0.05, z = =3.10, p < .01): RT was shorter, meaning reac-
tion was quicker with a plural target than with a singular
target. The decision was also quicker in older children, as
seen in the effect of Age (B = —0.01, z = —6.55, p < .001).
Finally, there was neither an effect of Phonological Work-
ing Memory nor of Vocabulary Development (CL-NWR
and PPVT scores not included in the model).

Gaze Fixation

As shown in the previous sections describing the
method and procedure to the experiment, participants
were presented two pictures and an audio token of the tar-
get word, which was either plural or singular. When the
first cue to plural marking started,” which corresponded
to either a stem-vowel change, the onset of a contrasting
voiced or voiceless stem-final consonant, or the onset of a
suffix, participants started to direct their gaze toward one
of the two pictures. The time between the first cue and the
end of the word was very brief (between 118 ms and 632
ms for plural items). Very quickly and before the word
offset, the gaze fixation was oriented toward one picture,
then reached a plateau until the end of gaze recording
(which corresponded to the time when the participant
clicked on the chosen picture). In the following sections,
our analyses of gaze fixation data will aim at examining
what picture was being fixated when and what it meant
for the processing of plural marking.

’Indicated as the 0-point on our plots and analyses: see Figures 2 and
3 below and the supplemental materials: https://osf.io/jmvg6/.

° Effects of Group (children with NH vs. children
with CIs) on gaze fixation

We built a first GAMM to study the effects of Group
(children with NH and children with CIs) on the fixation
toward the target picture. Number (plural vs. singular targets)
is also included as a fixed-effect factor. The best-fitted model
included Participant and Item as random effect factors, and
difference smooths for Number (plural vs. singular target),
modeling the nonlinear difference of both factors. Group did
not improve the model fit and was, therefore, not included
(see the supplemental materials: https://osf.io/jmvg6/). The dif-
ference between singular and plural targets is significant (p <
.001), and indicates that the children direct their gaze earlier
and with more amplitude when the target is a plural word.
Group was neither included as a factor alone or in interaction
with Number, which leads us to assume that the groups of chil-
dren do not differ with respect to gaze fixation patterns.

In the next steps, we present the analyses and results
on our first research question: (a) Types of Cues used in
plural marking and (b) Plural Types and type of suffix. In
a further step, we address our second research question by
presenting the results of individual factors influencing gaze
fixation. To this end, we started from the first model
including Number only and added possible fixed-effect
factors one by one.

° Processing of the Types of Cues to plural marking

Since we aimed at understanding the role of each
Type of Cue (i.e., phonetic vs. phonological vs. morpholog-
ical) available to mark plural, we first analyzed vowel
change (i.e., umlaut), voicing contrast, and suffix as binary
variables as presented in Table 2 above: plural marking
relied on vowel change for four Plural Types, on suffixation
for eight Plural Types and on voicing for three Plural
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Types (several Plural Types relying on more than one Type
of Cue). For example, plural marked with “-/n/ suffix* was
described as [—umlaut], [-voicing], and [+suffix]. We
started from the model presented in the previous section
and added these possible binary fixed-effect factors one by
one. Main effect of Number was still present but will not
be discussed further in this section. The best-fitted model
for these analyses included Participant and Item as
random-effect factors, and difference smooths for Number
(plural vs. singular target), Umlaut (contrast vs. no con-
trast), and Suffix (contrast vs. no contrast), modeling the
nonlinear difference of these factors. Voicing (contrast vs.
no contrast) did not improve the model and was therefore
not included. Figure 2 presents the evolution of the fixation
toward the target when plural was marked with umlaut
(e.g., Wald-Wilder, forest) or without umlaut contrast
(e.g., Auto-Autos, car) and when plural was marked with a
suffix (e.g., Wald-Wilder, forest) or without a suffix (e.g.,
Vogel-Vogel, bird).

A visual inspection of the smooths for the presence
or absence of an umlaut contrast and the corresponding
difference of smooths (Figures 2A and 2B) indicated that

gaze fixation toward the target occured later when plural
was marked with an umlaut contrast than when it did not
include an umlaut, indicating a quicker access when the
word stem was identical in singular and plural forms. In
contrast, the smooths corresponding to gaze fixation when
plural was marked with a suffix or without a suffix and
their corresponding difference of smooths (Figures 2C and
2D) show that Plural Types involving a suffix were proc-
essed quicker than the Plural Types not involving suffixes.
The use of a voicing contrast to mark plural did not
improve the model, meaning that at this point we do not
have results that show it had an effect in plural processing.

° Processing of the different plural types and types of
suffix

Starting again from the model built in the first sub-
section for the analysis of the effect of the Group, we
added Plural Types (nine levels) from Table 2 as the next
factor to create a new model. We then added separate
composite smooths to model the interactions of Plural
Type with Group and Number (singular vs. plural tar-
gets). The best-fitted model included Participant and Item
as random effect factors, and smooths for each Group X

Figure 2. Gaze fixation toward targets (A) and difference in fixation with or without umlaut contrast (B) and gaze fixation toward targets (C)
and difference in fixation with or without suffix contrast (D). Excl. = excluding; Est. = estimated.

90

80

60
I

Proportion of fixation toward target
70
]

~ with Umlaut contast
+* = without Umlaut contrast

I T T 1
0 500 1,000 1,500

50

80
|

70
|

Proportion of fixation toward target

with suffix contast
* without suffix contrast

50

[ T T 1
0 500 1,000 1,500

Time

fitted values, excl. random

fitted values, excl. random

-10

Est. difference in fixation
difference, excl. random

-15

[ : | : T 1
0 500 1,000 1,500

10

Est. difference in fixation
5

difference, excl. random

[ : | | ;l
0 500 1,000 1,500

Grandon et al.: Plural Noun Processing in Children With NH or CI 863

Downloaded from: https://pubs.asha.org 193.52.103.20 on 05/24/2024, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions



Plural Type and each Number x Plural Type interaction.
This allowed us to explore the significance of the between-
group and singular—plural differences in gaze fixation for
each plural type. Interaction smooths, difference plots for
both interactions, and a table summarizing all differences
for the Number x Plural Type interaction are presented in
the supplemental materials (https://osf.io/jmvg6/): Even
though separate smooths for each Group x Plural Types
interaction contributed to the best-fitted model, we found
no between-group difference for any of the Plural Types
under consideration.

To further compare the role of the segmental cues in
processing, we then focused on plurals involving suffix as
the single cue to plural marking, namely, -/o/, -/n/, and -/s/,
and excluded all other plural types. For these suffix com-
parisons, our best-fitted model included all Suffixes alone
and in interaction with Number (plural vs. singular) as sep-
arate composite smooths. As seen in Figure 3, gaze directed
earlier to plural targets marked with the -/o/ suffix, followed
by the -/n/ suffix and the -/s/ suffix.

The differences between smooths on Figure 3 further
indicate that these delays were significant for -/of
versus -/n/ and -/o/ versus -/s/, starting around the time the
suffixes were heard (at the 0 mark on the difference plots),
and a little later for the -/s/ versus -/n/ difference (around
240 ms after suffix onset), that is, after the entire suffix
had been heard. For these analyses, Group was not
included in the corresponding GAMMs, as it did not lead
to model improvement.

° Effect of chronological age, vocabulary development,
and phonological development on gaze fixation

In order to understand which individual factors
(Chronological Age, Vocabulary Development, and Pho-
nological Working Memory) influence processing of plural
in the children, we built a separate model with these indi-
vidual factors. The best-fitted model included Participant
and Item as random-effect factors and Number (singular
vs. plural), Age, and PPVT score (i.e., Vocabulary

Development Score) as fixed-effect factors. Our variable
selection procedure led us to leave out the CL-NWR score
(i.e., Phonological Working Memory score). The results
indicated that (a) chronological age had a significant effect
on both singular (p < .001) and plural targets (p < .05) pro-
cessing and (b) vocabulary development (i.e., PPVT score)
also had a significant effect on singular (p < .001) but not
on plural targets (p = .596). Table 5 summarizes all results
presented in this section and reflects a contrasted picture in
response to our two main research questions.

Research Question 1: Processing is mostly similar
for the two groups, plural targets are processed quicker
than singular targets and the Type of Cues available affect
processing the most, in the sense that suffixes result in ear-
lier fixation of the target than umlaut.

Research Question 2: An older chronological age
and a more advanced vocabulary development (i.e., PPVT
score) are predictors of more efficient processing.

Discussion

This study examined the factors influencing compre-
hension and processing of nominal plural in children with
NH and a specific and homogeneous group of children
with CIs who all had an early identification of HL, an
early cochlear implantation, and no further known physi-
cal or cognitive impairments. The factors under study are
of linguistic nature (phonetic, phonological, and morpho-
logical cues) and of individual nature (chronological age,
vocabulary development, phonological working memory).
We argued (a) that cues relying on phonetic, phonological,
and morphological materials, which are not equally
salient, lead to differential processing when children are
not provided full acoustic characteristics of speech sounds,
as is the case with ClIs, but also (b) that individual factors
such as chronological age, vocabulary development, and
phonological working memory can contribute to explain
possible processing differences.

Figure 3. Gaze fixation toward the target for each suffix type (A) and between-category fixation differences between plural types marked with

suffixes only: -e versus -n (B), -e versus -s (C), and -s versus -n (D).
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Table 5. Summary of all the results (accuracy, reaction time [RT], and gaze fixation).

Research question Fixed-effect factor Accuracy RT (log) Gaze fixation
RQ1: Group Higher accuracy in n.s. n.s.
Group and linguistic children with NH, p
factors < .01
Number n.s. Shorter RT with plural | Earlier fixation toward plural targets
targets, p < .01 (main effect)
Plural Type n.s. Not tested n.s.
Type of Cues n.s. Later fixation with umlaut contrasts (vs.
without umlaut contrast)
Earlier fixation with suffix contrasts (vs.
without suffix contrast)
No effect of voicing on fixation
Suffix Type not tested Earlier fixation with -/o/, then -/n/,

then -/s/

RQ2:
Individual factors

Chronological Age

Higher accuracy in
older children, p <

Longer RT for Earlier fixation for older children

younger children, p

.001 < .001
Vocabulary n.s. n.s. Earlier fixation for children with higher
Development PPVT
(PPVT)
Phonological Working | n.s. n.s. n.s.

Memory (CL-NWR)

Note.

guistic Nonword Repetition.

Our first expectation based on the difference in
levels of processing (i.e., phonetic, phonological, and mor-
phological) was that suffixation would be the most salient
cue since it consists in adding material after the stem,
followed by umlaut, which is a change in a stem-medial
vowel and that voicing alternation would be the least
salient cue as it is a phonetic alternation in a stem-final
consonant following a suffixation. Our second expectation
was that the plural markers involving vowels (i.e.,
umlaut, -/o/ and -/e/ suffixes) would be more salient that
those involving consonants (i.e., voicing of stem-final con-
sonant, -/s/ and -/n/ suffixes): From a phonetic perspective,
vowels are produced with more energy than consonants,
and from a phonological perspective, they are also more
sonorant than consonants; for the same reasons, we were
expecting that voicing of the stem-final consonant would
facilitate processing by providing additional information
about the word’s number.

These two expectations were, however, different for
both groups due to the children’s hearing abilities and the
use of Cls specifically: Between-group differences in pro-
cessing plural markers coming would arise from difficul-
ties for the children with CIs to process certain speech
sounds and specific phonological features (e.g., Bouton
et al., 2012; Giezen et al., 2010), specifically those related
to the umlaut plural. Identifying changes on the vowels’
front-back dimension, which is necessary for perceiving
the umlaut, strongly relies on a difference in F2 for seg-
ments that are otherwise visually ambiguously articulated.
The combination of its acoustic characteristics and visual

Grandon et al.: Plural Noun Processing in Children With NH or CI

RQ = research question; NH = normal hearing; n.s. = not significant; PPVT = Peabody Picture Vocabulary Test; CL-NWR = Crosslin-

ambiguity makes the fronting contrast especially difficult
for children with CIs to process and, consequently, to pro-
duce, as evidenced by a more centralized production of
front vowels than in children with NH (e.g., Verhoeven
et al., 2016). Therefore, our strongest expectation was that
processing vowels (i.e., umlaut) would be more challeng-
ing for the children with ClIs, since the fronting of the
stem-medial vowel in plural forms has been found chal-
lenging for users of Cls.

Below, we provide a step-by-step discussion of how
all these expectations were met in our study for all three
measurements (accuracy, RT, and gaze fixation): We first
discuss the use of different linguistic processes (i.e., pho-
netic, phonological, and morphological), we then turn to
between-group differences in processing the plural types
and their segmental information, and, finally, we address
how individual factors affect these three measurements.

In our study, we used three different measures, pro-
posing a broad picture on the mechanisms at play in com-
prehension of plural: accuracy of picture selection, RT as
an indicator of certainty of decision, and fixation toward
target as an index of information processing. The main
motivation behind our study was to understand the use of
different phonetic, phonological, and morphological cues
in children with CIs and children with NH (Research
Question 1): We hypothesized that the processing of a
speech sound or of a morpheme was directly related to
their salience, which would be reflected in a delayed pro-
cessing pattern for the children with CIs when compared
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to their peers with NH. On the one hand, not all three
measurements (accuracy, RT, and gaze fixation) are
affected in the same way by the factors of interest, and we
do not find a clear and general preference for one plural
type in our measurements. Accuracy is not different across
plural types, and we did not find an effect of the type of
cues that mark the plural. However, the analyses of gaze
fixation show a clear effect for suffix as the easiest cue to
process, stem vowel (i.e., umlaut) as the most difficult cue to
process, and voicing as nonrelevant for comprehension and
processing. This suggests that indeed not all cues to plural
are processed similarly, with morphological material (i.e.,
suffixes) being easier to process than phonological material
(i.e., umlaut) and, finally, phonetic information (i.e., voic-
ing). This is in contradiction with our expectation that all
vowel cues are more salient than consonantal cues but con-
sistent with the study by Saiegh-Haddad et al. (2012) on Pal-
estinian Arabic that found differential processing of the dif-
ferent types of material used in plural marking, namely, bet-
ter accuracy with suffixation than with stem changes.
Finally, the syllabic -/o/ suffix is processed faster than the
segmental -/n/ and -/s/ suffixes. This is in line with the better
accuracy found for syllabic than segmental suffixes in the
study by Davies, Xu Rattanasone, Davis, and Demuth
(2020) in English and supports our argumentation that syl-
labic suffixes are more salient than segmental suffixes, due
in part to a higher salience of cues realized by vowel mate-
rial and the subsequent resyllabification of the stem.

On the other hand, our results only showed a
between-group difference for accuracy (i.e., lower for chil-
dren with CIs) but not one for RTs or gaze fixation. This
does not support our overall expectation related to the
children’s hearing abilities: The processing abilities of this
specific group of children with CIs have indeed been
developed and caught up with their age-matched peers
and only minor difficulties remain in identifying the accu-
rate target number, which is possibly linked to the quality
of the signal provided by the CIs. This is consistent with
the production study by Penke and Wimmer (2018), in
which children with CIs had caught up with their peers
with NH at the age of 6 years, and with the study by Faes
et al. (2015) that showed that the morphological develop-
ment of children with CIs had reached that of children
with NH by the age of 5 years. However, our results con-
trast with the comprehension study by Davies et al.
(2023), which found that processing singular versus plural
auxiliary led to delayed processing in 8- to 12-year-old
children with HL. when compared with age-matched peers
with NH. Note that in that specific study and unlike our
present study, the group of children with HL was quite
heterogenous as far as hearing devices were concerned
(types of devices, age at first fitting, and duration of
device use). Our next result indicated that processing is

different for singular and plural targets, as evidenced by
quicker response times and earlier fixation to plural target
pictures, whereas accuracy is similar for singular and plu-
rals. For plural items, pictures contain more visual informa-
tion (i.e., for plural items, two objects of the same size are
presented in the same space as for the singular items) and
could, therefore, gain more attention from the children.
Furthermore, this preferential fixation toward plural targets
is consistent with the studies by Davies et al. (2019) in 3-
and 4-year-old children with typical development and
Davies et al. (2023) in school-age children with and without
HL. When it comes to processing phonetic, phonological,
and morphological material, we expected the two groups of
children of our study to show different processing patterns
(Research Question 1), coming from their different hearing
abilities, especially when plural markers include a vowel
change (i.e., umlaut). This is not the case, as evidenced by
the similarity in processing by the two groups: The differ-
ence in the plural markers’ salience that is coming from
their different speech sounds did not result in a different
processing pattern in the two groups of children.

Finally, our study was also interested in the effects
of individual factors on the development of processing
(Research Question 2). All the three measurements (i.c.,
accuracy, RT, and gaze) proved to be affected by chrono-
logical age, indicating that even though the two groups of
children process plural marking in a similar way, it still
evolves and has not fully stabilized by the age of 11 years:
Accuracy is higher in older children, almost reaching ceil-
ing, RT decreases with age, and gaze fixation is also
affected by age. More specifically for gaze fixation, spe-
cific effects of individual factors on the processing of plu-
ral versus singular target were found in the form of differ-
ent effects of vocabulary development on gaze fixation
toward singular and plural targets (i.e., only singular tar-
gets are affected by vocabulary development); this might
indicate a difference in certain lexical representations that
is not fully stabilized up to the age of 11 years. Note that
we chose not to analyze possible effects of hearing age in
the group of children with CIs: Since the group is very
homogeneous as they all had early implantation between
0;5 and 1;10 years, their hearing age is strongly correlated
with their chronological age, and any findings for hearing
age might prove to be a hidden effect of chronological
age. In this study, we chose to consider chronological age
over hearing age: All of the children with CIs in this study
had early diagnoses of HL along with early age at implan-
tation; however, due to this fact, we do not have enough
information about the quality of the input they had
received prior to implantation, both with and without
HAs. For this reason, both groups were matched in chro-
nological age, not in hearing age. Taken together, the
absence of a group effect and the presence of an age effect
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indicate that despite a later access to input, and despite input
that is qualitatively different as provided by ClIs, these chil-
dren with CIs seem able to catch up with their peers with
NH and follow the same developmental trajectory.

Conclusions

This study’s contribution is to question the role of
the intrinsic phonetic, phonological, and morphological
characteristics of plural marking in its processing and the
influence of their segmental salience on the processing of
plural in children with CIs, who only receive an incomplete
(and later) input through their CIs. We were able to show
that not all cues are processed equally, specifically suffixes
in German seem easier to process than stem-vowel changes,
although they are not necessarily more salient. Importantly,
the differences in salience of the cues to plural do not pre-
vent this homogeneous group of children with CIs with
early identification of HL and early cochlear implantation
before the age of 2 years to develop processing abilities that
appear comparable to those of their peers with NH.
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