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Abstract 

Purpose: Normal-hearing (NH) children acquire plural morphemes at different rates, with the 

segmental allomorphs /-s, -z/ (e.g., cat-s) being acquired before the syllabic allomorph /-əz/ 

(e.g., bus-es). Children with hearing loss (HL) have been reported to show delays in the 

production of plural morphology, raising the possibility that this might be due to challenges 

acquiring different types of lexical/morphological representations. This study therefore 

examined the comprehension of plural morphology by 3-7-year-olds with HL and compared 

this with performance by their NH peers. We also investigated comprehension as a function of 

wearing hearing aids (HAs) vs. cochlear implants (CIs). 

Method: Participants included 129 NH children aged 3–5 years, and 25 children with HL aged 

3–7 years (13 with HAs; 12 with CIs). All participated in a novel word two-alternative forced 

choice task presented on an iPad. The task tested comprehension of the segmental (e.g., teps, 

mubz) and syllabic (e.g., kosses) plural, as well as their singular counterparts (e.g., tep, mub, 

koss). 

Results: While the children with NH were above chance for all conditions, those with HL 

performed at chance. As a group, the performance of the children with HL did not improve 

with age. However, results suggest possible differences between children with HAs and those 

with CIs, where those with HAs appeared to be in the process of developing representations of 

CVC singulars. 

Conclusions: Results suggest that pre-schoolers with HL do not yet have a robust 

representation of plural morphology for words they have not heard before. However, those with 

HAs are beginning to access the singular/plural system as they get older.  

(word count = 263)  
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Introduction 

Growing up in a rich linguistic environment has been shown to lead to better language 

processing skills (Weisleder & Fernald, 2013). Both the quantity (number of words) and quality 

(lexical and syntactic diversity) of language input are important for language development 

(Hart & Risley, 1995; Hoff, 2003; Hoff & Naigles, 2002). However, children’s ability to 

reliably perceive the language spoken to and around them also plays a vital role in acquisition. 

This is perhaps why children with hearing loss (HL) are at a greater risk of delay in early 

spoken language compared to their normal-hearing (NH) peers (Davis, Elfenbein, Schum, & 

Bentler, 1986; Geers, Nicholas, & Sedey, 2003; Vohr et al., 2008; Wake, Hughes, Poulakis, 

Collins, & Rickards, 2004; Yoshinaga-Itano, Baca, & Sedey, 2010).  

Even with interventions such as hearing aids (HAs) and cochlear implants (CIs), 

children with HL have been shown to experience delays in phonological development (Briscoe, 

Bishop, & Frazier Norbury, 2001; Ching & Cupples, 2015; Delage & Tuller, 2007; Moeller et 

al., 2010; Nittrouer, Sansom, Low, Rice, & Caldwell-Tarr, 2014) and vocabulary growth 

(Ching et al., 2010; Nott, Cowan, Brown, & Wigglesworth, 2009; Percy-Smith et al., 2013; 

Wake et al., 2004). One particular area of concern for children with HL is the acquisition of 

grammatical function words and grammatical morphology, including inflections such as plural 

and tense marking (Elfenbein, Hardin-Jones, & Davis, 1994; Koehlinger, Owen Van Horne, & 

Moeller, 2013; McGuckian & Henry, 2007; Moeller et al., 2010; Young & Killen, 2002). These 

inflectional morphemes contain hard-to-hear fricative phonemes such as /s/ and /z/, which tend 

to be produced later than is generally reported for their NH peers (Koehlinger, Owen Van 

Horne, Oleson, McCreery, & Moeller, 2015; McGuckian & Henry, 2007; Pittman, 

Stelmachowicz, Lewis, & Hoover, 2003; Stelmachowicz, Pittman, Hoover, & Lewis, 2002). 

This raises many questions about when these types of inflectional morphemes come to be 

represented in the developing lexicons of children with HL. Understanding more about this 
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process could have important implication for designing more targeted interventions to foster 

better communicative outcomes. The current study therefore investigated the effect of HL on 

English-speaking pre-schoolers’ comprehension of plural morphology, and what this reveals 

about their developing lexical and morphological representations.  

Different grammatical morphemes are acquired by NH children at different rates, with 

suggestions that this is due to syntactic and/or semantic complexity (Brown, 1973; de Villiers 

& de Villiers, 1973). However, there is also growing evidence that the perceptibility and 

frequency of a morpheme can influence when it is acquired. For example, the greater duration 

of utterance-final syllables can lead to earlier comprehension and production of inflectional 

morphemes utterance-finally compared to utterance-medially (Davies, Xu Rattanasone, & 

Demuth, 2017; Hsieh, Leonard, & Swanson, 1999; Song, Sundara, & Demuth, 2009; Sundara, 

Demuth, & Kuhl, 2011). Thus, even though third person singular -s (3SG; e.g., walks, eats) has 

the same surface forms as the plural, NH children acquire the plural much earlier, partly due to 

the fact that plural nouns tend to occur utterance-finally, whereas verbs (in English) tend to 

occur utterance medially (Hsieh, Leonard, & Swanson, 1999). Plurals may gain an additional 

early advantage in acquisition due to also being more frequent than verbs in the input children 

hear. Thus, the combined effects of tending to occur in the perceptually more salient utterance-

final position and being more frequent in the input children hear may facilitate the earlier 

learning of the plural. 

Another factor that affects children’s acquisition of inflectional morphology is 

allomorphic variation. Many inflectional morphemes in English (as well as other languages) 

have multiple surface forms, or allomorphs, which occur in different phonological contexts. 

The plural has three allomorphs: the voiceless segmental allomorph /-s/ (e.g., cats /kæts/, mops 

/mɔps/); the voiced segmental allomorph /-z/ (e.g., dogs /dɔgz/, bees /biz/); and the syllabic 

allomorph /-əz/ (e.g., kisses /kɪsəz/). Recent research shows that NH children’s acquisition of 
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plural morphology is affected by the perceptibility and frequency of the plural allomorph. For 

example, in a novel-word comprehension task, 24-month-olds showed productive knowledge 

of the voiceless /-s/ allomorph but not the voiced /-z/ allomorph. This was explained by the 

greater duration and higher spectral energy of the /-s/ allomorph compared to /-z/, leading to 

greater perceptual salience (Davies et al., 2017). However, the syllabic allomorph /-əz/ is much 

less frequent in children’s input, accounting for only 6% of plural types and tokens (Davies et 

al., 2017). Despite it being a syllable rather than just a segment, presumably with greater 

perceptual salience, the low frequency of the syllabic plural apparently leads to later acquisition 

in both production (Berko, 1958; Brown, 1973) and comprehension (Davies, Xu Rattanasone, 

& Demuth, in submission). Five-year-old children with Developmental Language Disorder 

(DLD) also exhibit a delay in producing and comprehending syllabic morphemes (Tomas, 

Demuth, & Petocz, 2017; Tomas, Demuth, Smith‐Lock, & Petocz, 2015). Thus, given the 

importance of both perceptual salience and frequency in NH children’s acquisition of 

inflectional morphology, it is not surprising that children with HL might also face challenges 

in this area of language development: if they have difficulty perceiving these fricative 

morphemes, these morphemes will also ‘occur’ much less frequently in the input these children 

hear. 

In Australia, children identified as having a moderate or greater bilateral hearing loss 

are typically fitted with HAs, provided by Australian Hearing, Australia’s largest provider of 

government funded hearing services, at no cost to their families (King, 2010). Yet, even with 

amplification provided by HAs, these children may not have complete access to the speech 

around them. This is true especially for speech sounds in the higher frequencies (e.g., 2,000 to 

8,000 Hz) (Pittman & Stelmachowicz, 2003), with /s/, /z/ and /t/ being particularly difficult to 

perceive, due not only to sensorineural hearing loss more often affecting the higher frequencies, 

but also because these components are much lower in intensity (circa 20 dB), making them 
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hard to hear in noise. This has important implications for language learning, since English 

inflectional morphemes, such as the plural (e.g., cats), 3rd person singular (3SG) (e.g., walks), 

possessives (e.g., the dog’s ball) and the past-tense (e.g., walked) all contain these sounds. This 

limited access to speech has been shown to have an effect on children’s comprehension of 

inflectional morphology. For example, using a picture-pointing task, Stelmachowicz et al. 

(2002) found that 5- to 13-year-olds with HAs performed less accurately and more variably 

than NH 5-year-olds when identifying familiar plural words inflected with the segmental 

allomorphs /-s/ and /-z/. However, as noted by the authors of that study, a picture-pointing 

comprehension task employing familiar words can be problematic. For example, when children 

were instructed to point to a duck, instead of pointing to the picture depicting a single duck, 

some participants would point to one of the ducks depicted in the plural picture (Stelmachowicz 

et al., 2002). 

Children with HAs appear to have some difficulty using inflectional morphology in 

spontaneous speech (McGuckian & Henry, 2007). Even by eight years of age, children with 

more severe HL were found to be much less likely to produce inflectional morphemes with /s/ 

or /z/ phonemes (e.g., plural, 3SG and possessive), even though they could produce the 

perceptually more salient progressive morpheme with verbs (e.g., running) (McGuckian & 

Henry, 2007). Furthermore, an analysis of the speech of 51 children fitted with HAs aged 2;10 

to 3;8 found that the more perceptually salient syllabic allomorph /-əz/ was correctly produced 

five to eight times more often than its segmental /-s/ and /-z/ counterparts (Koehlinger et al., 

2015). This is the opposite order of acquisition observed for NH children, where the /-əz/ 

allophones are the last to be acquired in both production and comprehension (Brown, 1973; 

Davies et al., in submission). This phenomenon is not limited to English. In an elicitation and 

picture-naming study, German-speaking 3- and 4-year-olds were prompted to inflect verbs 

ending with the perceptually difficult /-s(t)/ and /-t/ morphemes vs. the easier-to-perceive nasal 
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/-n/ counterpart (e.g., the verb lachen 'laugh' inflects for person and number: 2SG: lach+s(t), 

3SG: lach+t; 3PL: lach+(e)n). These children showed little difficulty with the perceptually 

salient /-n/ morpheme, yet struggled with /-s(t)/ and /-t/ (Penke, Wimmer, Hennies, Hess, & 

Rothweiler, 2016). 

In Australia, children with a severe to profound HL are most likely to receive a cochlear 

implant (CI) and have it implanted early (before 12 months) (King, 2010). Unlike HAs, which 

amplify sound, CIs transmit a representation of the source waveform (with the primary 

intensity peaks occurring in the speech-sound range) directly to the auditory nerve via direct 

electric stimulation of the cochlea. While some studies suggest that children fitted with CIs can 

fare better on language skills than their HA-fitted counterparts (Tomblin, Spencer, Flock, 

Tyler, & Gantz, 1999), their acquisition of inflectional morphology still appears to be quite 

variable. For example, one study tested the grammatical comprehension of spoken English 

(using the Test for Reception of Grammar (TROG); Bishop, 1989) by 82 children with 

prelingual HL fitted with CIs at an average age of 4.2 years. Three years after receiving their 

device, only seven percent of that group performed similarly or better (25th–75th percentile) 

than the average NH child of the same age (Nikolopoulos, Dyar, Archbold, & O’Donoghue, 

2004). However, when 30 of those children were tested again two years later, twenty percent 

performed similarly (25th-75th percentile) or better ( > 75th percentile) than the average NH 

child (Nikolopoulos et al., 2004). In a study of seven children, all with five years of CI 

experience, a battery of standardised tests revealed a weakness in grammatical morphology 

despite strong semantic knowledge (Young & Killen, 2002). Another test battery with 181 8- 

9-year-old children with CIs found that only 27% performed at or above their NH peers in the 

use of bound morphemes (Geers et al., 2003). Note, however, that the children in the studies 

above were fitted with CIs at an older age than that now generally advised in Australian practice 

(King, 2010). 
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Variable outcomes have also been observed in the production of inflectional 

morphology by children with CIs learning other languages. A longitudinal study of 22 

German-speaking children receiving CIs between the ages of 1;2 and 3;10, found that only ten 

of the children could use inflected words around 18 months after implantation. They produced 

plural nouns as well as some verbal morphology, and appeared to have the same developmental 

trajectory as that of their age-equivalent NH peers, if slightly behind. However, the remaining 

twelve children struggled to produce more than two-word utterances, let alone inflectional 

morphology, even three years post implantation (Szagun, 2000, 2001). Thus, while some 

children with CIs can acquire inflectional morphology in an age-appropriate fashion, this can 

be an ongoing challenge for others. 

In sum, the research to date suggests that many children with HL, regardless of device 

use, experience delays in the comprehension and production of inflectional morphology. This 

raises questions about the nature of their lexical and grammatical representations. Given the 

potential perceptual difficulty of /s/ and /z/, it is unclear when children with HL will have 

perceived sufficient input to acquire productive morphological representations (e.g., realizing 

that the word cats is actually composed of two morphemes: cat+s = referent + plural). Much 

of the HL research to date has focused on children’s comprehension and production of familiar 

words. While this provides insight into children’s language use, it reveals little about their 

underlying morphological representations. Even if a child with HL is using plural words 

appropriately, it is unclear whether they have developed productive morphological 

representations, or have simply memorised the singular and plural versions of words separately, 

as unanalysed lexical wholes. That is, words like cat and cats may have been learnt and stored 

as separate lexical entries (similarly to irregulars such as mouse/mice). If so, it can be hard for 

children to generalize morphological processes to new words they have never heard before – 

something NH toddlers and school-aged children are both actively involved in every day. Thus, 
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to better understand what children really know about grammar, it is often necessary to use 

novel (unfamiliar) words (e.g., see Sarant, Blamey, Cowan, & Clark, 1997). 

Novel word paradigms have been previously used to probe NH children’s 

understanding of plural morphology in both comprehension (Davies et al., 2017; Kouider, 

Halberda, Wood, & Carey, 2006) and production (‘wug’) tasks (Berko, 1958; Zapf & Smith, 

2007). Davies, Xu Rattanasone, Schembri and Demuth (2019) employed a novel word two-

alternative forced choice task to investigate the acquisition of English plural morphology by 

NH children. Children were presented with two pictures of unfamiliar animals or objects, one 

depicting a single object (singular picture) and another depicting five identical objects (plural 

target). They were then instructed to touch the appropriate picture for what they heard, i.e. 

either singular (e.g., tep, nizz) or plural (e.g., teps, nizzes). That study found that both NH 

3-year-olds and 4-year-olds were able to match singular novel words to singular pictures and 

plural novel words to plural pictures, showing that they have productive representations for 

plural morphology. There was also a positive correlation between age and accuracy on plural 

trials, showing that children were becoming more proficient in plural comprehension with age. 

The present study therefore employed the same novel word task to investigate the 

development of plural morphological representations in children with HL. We then compared 

the results of the children with HL to that of their NH peers, adding 13 5-year-olds to the 3- 

and 4-year-olds used in Davies et al. (2019) to form a more representative sample of Australian 

pre-schoolers. It was predicted that the children with HL might demonstrate comprehension of 

the more perceptually salient syllabic plural allomorph, but perhaps not the others. 

Additionally, because HAs and CIs transmit acoustic information differently (i.e., HAs amplify 

the sound signal, whereas CIs transmit an electrical representation of the soundwave directly 

to the auditory nerve), we explored whether comprehension was different for HA and CI users. 
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Given the findings from previous studies, it was not entirely clear if differences in device types 

would manifest in differences in children’s singular and plural comprehension. 

 

Method 

Participants 

Participants in the Normal-hearing (NH) group were 129 children (66 girls, 63 boys) 

aged three to five years (36–67 months) with a mean age of four years (48.9 months), recruited 

from preschools across greater Sydney, New South Wales, Australia. The children’s parents 

filled out permission forms and language history questionnaires before testing, where 

information was collected on language exposure and any hearing impairments and/or 

developmental disorders. All NH participants were English monolinguals, with less than 10% 

exposure to other language(s). Seven participants reported minor speech production difficulties 

(including a lisp, a slight stutter, a cleft palate). Another participant was diagnosed with “mild 

autism” a few weeks after participating. No NH participants had any reported hearing loss 

(Australia has mandatory newborn hearing screening), though 37 reported having had a 

previous ear infection. All NH participants included in the study passed the PLS-5 Language 

Screener appropriate for their age (Zimmerman, Steiner, & Pond, 2011). An additional 11 were 

excluded from the study either for failing to finish all of the test trials in the task (5), or failing 

to pass the PLS-5 language screener (6). 

Participants in the Hearing Loss (HL) group included 25 children (11 girls, 14 boys) 

aged three to six years (38–82 months), with a mean age of four years (50.7 months). HL for 

all participants was diagnosed pre-lingually, and was detected as a result of Australian newborn 

hearing screening, with the exception of one participant who was diagnosed overseas (King, 

2010). Children with HL had a four-frequency (500 Hz, 1kHz, 2 kHz and 4 kHz) better-ear 
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average bilateral loss ranging from mild to profound (23.8–100 dB1, M = 57.0 dB), and were 

fitted with bilateral HAs (n = 13), CIs (n = 10) or bimodally (n = 2). For the analyses below, 

the children with bimodal fittings were analysed as part of the CI group – thus CIs (n = 12). 

The children with bilateral HAs were fitted for an average of 34.1 months (SD = 13.8 months). 

The average post switch-on period for the children with CIs (including the children with 

bimodal fittings) was 28.2 months (SD = 15.3 months). For the four participants with bilateral 

hearing loss in traditional CI candidacy levels (80 dB), the average age of cochlear implantation 

was 6.8 months (SD = 2.5). This was simultaneous bilateral cochlear implant surgery for three 

of the participants, and the fourth received a sequential cochlear implant within six weeks of 

the first implant procedure. One child received bilateral cochlear implants in an overseas 

program at a later age (32 months). All HA and CI fittings had been optimised for all children 

as part of their regular audiological and early intervention services, and there were no clinical 

concerns for any child in the study regarding their access to any speech sounds in quiet at 

conversational levels (55–65 dBHL). All participants with HL were clients of The Shepherd 

Centre, a charitable organisation that provides team based listening and spoken language early 

intervention services and an integrated cochlear implant program across three states in 

Australia. Participants’ clinical and demographic information was provided by The Shepherd 

Centre through written parental consent, and is presented in Table 1. 

All participants with HL came from English-speaking homes, though three reported 

some limited exposure to another language (see Table 1). No participant had any diagnosed 

additional needs that impacted on learning. The HL group had varying degrees of hearing loss, 

with different aetiologies and different device fittings. One participant had Auditory 

Neuropathy Spectrum Disorder (ANSD) (HL-23). This participant was included in the final 

sample, as the outcomes of children with auditory neuropathy fitted with CIs have been shown 

 
1 dB measurements are Sound Pressure Level (SPL), unless otherwise specified. 
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to be comparable to children with other aetiologies with CIs (Buss et al., 2002; Peterson et al., 

2003). The average four frequency loss reported for this participant may only be representative 

of the date when the audiogram was conducted, which was not on the same day as the study. 

Note also that some of the children in the CI group had previously been fitted with HAs. 

As part of their regular therapy sessions, children’s access to sound had been assessed 

using the Ling Six Sound Test (Ling, 1989), using speech sounds across the speech spectrum 

(/m/, /a/, /u:/, /i:/, /ʃ/, /s/), through audition alone without visual clues. All participants (with 

the exception of one who had just commenced therapy services and had not yet done the Ling 

Six Sound Test) successfully repeated /s/ in at least three out of the previous five therapy 

sessions, with the majority successfully repeating this phoneme in all of their previous five 

sessions. Children’s proficiency with the Ling Six Sound Test demonstrates that they were able 

to detect /s/ reliably (with no visual clues) at a distance of one metre at conversational volume.
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Table 1: Participant demographic and clinical information. 
 
 

ID 
 

Sex 
 

Age 
(months) 

Aetiology 
 

Laterality 
 

Fitting type 
 

Months post 
HA fitting 

Months post 
CI switch-on 

(age at switch-on) 
Better ear average 4 
frequency loss (dB) 

Exposure to 
language other 
than English 

Months in early 
intervention 

HL-01 F 60 Conductive* Bilateral HA 18  23.8 - 10 

HL-02 F 72 Sensorineural Bilateral HA 8  25 - < 1 

HL-03 M 60 Sensorineural Bilateral HA 50  27.5 - 45 

HL-04 M 38 Conductive* Bilateral BAHA 11  28.8 - 10 

HL-05 M 82 Sensorineural Asymmetrical HA(L), CI(R) 47 29 (52) 35 5% 43 

HL-06 F 39 Mixed Bilateral HA 37  37.5 - 28 

HL-07 M 39 Sensorineural Bilateral HA 37  40 - 30 

HL-08 M 41 Sensorineural Bilateral HA 40  41.3 - 30 

HL-09 F 38 Mixed Bilateral HA 36  41.3 10% 28 

HL-10 M 53 Mixed Asymmetrical HA(L), CI(R) 5 5 (48) 42.5 - 3 

HL-11 M 54 Sensorineural Bilateral HA 52  42.5 - 41 

HL-12 M 43 Sensorineural Bilateral HA 42  47.5 - 32 

HL-13 M 43 Sensorineural Bilateral HA 42  47.5 - 33 

HL-14 F 52 Sensorineural Bilateral CI 51 13 (39) 55 - 50 

HL-15 F 60 Sensorineural Bilateral CI 39 25 (34) 56.3 - 38 

HL-16 F 39 Sensorineural Bilateral CI 37 4 (34) 57.8 - 36 

HL-17 M 56 Conductive* Bilateral HA 30  66.3 - 27 

HL-18 F 41 Sensorineural Bilateral HA 40  67.5 - 18 

HL-19 F 44 Sensorineural Bilateral CI 42 27 (16) 70 - 41 

HL-20 M 61 Sensorineural Bilateral CI 58 44 (17) 72.5 - 52 

HL-21 M 52 Sensorineural Bilateral CI - 44 (7) 100 10% 49 

HL-22 F 51 Sensorineural Bilateral CI - 19 (32) 100 - 7 

HL-23 M 51 ANSD Bilateral CI - 41 (10) 100 - 44 

HL-24 M 59 Sensorineural Bilateral CI - 53 (6) 100 - 56 

HL-25 F 39 Sensorineural Bilateral CI - 34 (4) 100 - 37 

*indicates a permanent conductive loss (e.g., atresia), not transient middle ear issues such as OME 
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Equipment 

The experiment was performed on an Apple iPad Air 2 (240 × 169.5 mm, with a 2048 × 1536 

resolution at 264 dpi). The experimental software was built using the Serenity Engine, a 

multiplatform engine written in C using the OpenGL library (Budziszewski, 2003; see Xu 

Rattanasone, Davies, Schembri, Andronos, & Demuth, 2016). In order to minimise noisy 

distractions in the preschool environment, the children in the NH group listened to the auditory 

stimuli through Sennheiser HD 280 pro headphones (with a frequency response of 8 Hz – 25 

kHz, -10 dB referred to 1 kHz, with a maximum noise attenuation of 32 dB). The auditory 

stimuli for the HL group were played out of a bi-amplified GENELEC 8020A active 

monitoring loudspeaker (with a free field frequency response of 66 Hz – 20 kHz ± 2.5 dB) in 

a quiet therapy room. 

Auditory Stimuli and Preparation 

The auditory stimuli were produced by a female speaker of Australian English using a 

child-directed speech register. The stimuli were recorded during a single session in a sound-

treated room using the program Cool Edit Pro 2.0 (at 48 kHz). Each stimulus item consisted of 

a carrier phrase and a familiar or novel target word. The carrier phrase used for the training 

trials and the singular/plural trials was “touch [the target]”. The singular and plural familiar 

words used in the segmental allomorph trials were bat(s), pig(s), mop(s) and crab(s), and for 

the syllabic allomorph trials were horse(s), bus(es) and rose(s). The training trials consisted of 

three singular familiar words, dog, bird and cat, and two singular novel words, nug, and mib. 

The novel words used in each test block are shown on Table 2. The novel word onsets were all 

early-acquired oral or nasal stops (/p/, /b/, /t/, /d/, /k/, /g/, /m/ and /n/; see Smit et al., 1990), 

and the vowels were all Australian English short vowels (/ɪ/, /e/, /æ/, /ɐ/ and /ɔ/; see Harrington, 

Cox, & Evans, 1997). 
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Table 2: Novel words used in the segmental and syllabic trials. 

 

 

 

 

 

 

 

 

 

 

 

To ensure there was no phonetic variation within the plural allomorph conditions, we 

spliced the stimuli using Praat (Boersma & Weenink, 2016). All stimuli with the voiceless 

segmental plural allomorph were spliced with the same /ps/ coda-cluster, all voiced segmental 

plural tokens were spliced with the same /bz/ cluster, and all syllabic plural items were spliced 

with the same recorded version of the allomorph /-əz/. The same recorded carrier word, 

“Touch…” was spliced onto each stimulus item. For the segmental allomorph trials, one 

recorded version for each target word stem was used (e.g., the mop, the tep, the mub, etc.) for 

both singular and plural versions. For the syllabic allomorph trials, different recordings of the 

singular and plural target words were used due to durational differences between the stressed 

syllable in the monosyllabic singular word (e.g., koss, bus) and that of the disyllabic plural 

(e.g., kosses, buses). Two phoneticians specialising in Australian English then vetted the 

spliced stimuli to ensure all sounded like naturally produced speech. 

Segmental allomorph trials (/-s/, /-z/)  Syllabic allomorph trials (/-əz/) 
singular plural  singular plural 

tep /tep/ teps /teps/  koss /kɔs/ kosses /kɔsəz/ 

bip /bɪp/ bips /bɪps/  nass /næs/ nasses /næsəz/ 

dup /dɐp/ dups /dɐps/  poss /pɔs/ posses /pɔsəz/ 

mup /mɐp/ mups /mɐps/  dass /dæs/ dasses /dæsəz/ 

noop /nʊp/ noops /nʊps/  bess /bes/ besses /besəz/ 

gop /gɔp/ gops /gɔps/  giss /gɪs/ gisses /gɪsəz/ 

pab /pæb/ pabs /pæbz/  nizz /nɪz/ nizzes /nɪzəz/ 

tib /tɪb/ tibs /tɪbz/  kezz /kez/ kezzes /kezəz/ 

geb /geb/ gebs /gebz/  mozz /mɔz/ mozzes /mɔzəz/ 

mub /mɐb/ mubs /mɐbz/  tizz /tɪz/ tizzes /tɪzəz/ 

koob /kʊb/ koobs /kʊbz/  dozz /dɔz/ dozzes /dɔzəz/ 

tob /tɔb/ tobs /tɔbz/  pazz /pæz/ pazzes /pæzəz/ 
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Visual Stimuli 

The visual stimuli contained child-friendly cartoon pictures of objects and animals. The 

training trials consisted of four familiar animals (dog, cat, bird, cow) and two novel animals. 

The test trials consisted of 16 novel objects, 32 novel animals and 14 familiar objects/animals. 

The familiar items (i.e., bat, bear, bug, bus, cake, crab, horse, house, mop, pig, rat, rose, snake, 

and tree) were used to maintain children’s attention, and as a control to ensure that children 

were paying attention to the task. Singular pictures displayed a single object/animal, while 

plural pictures displayed five identical objects/animals. The objects/animals in the singular and 

plural pictures were matched for size, meaning that each individual object/animal in a given 

plural array was roughly one fifth of the size of its singular counterpart. This was done so that 

the plural pictures were not considerably larger and more attractive than the singular pictures. 

Each test trial consisted of a singular picture and a plural picture displayed side-by-side, all 

controlled for animacy. Figure 1 shows examples for each condition. 

 
Figure 1: Examples of (A) training trial, (B) familiar word trial, (C) novel object trial, (D) novel 
animal trial. 
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Procedure 

Children in the NH group were tested in a quiet area of their preschool by a researcher. They 

wore headphones to minimise potentially noisy distractions. Children in the HL group were 

tested during their regular intervention session by their therapist in a quiet therapy room where 

they listened to the stimuli through a loudspeaker, as headphones can be uncomfortable to wear 

over hearing devices such as HAs and CIs. To ensure that all children were able to perceive 

the relevant plural morphemes during the task, all were asked to listen and repeat the segmental 

plural allomorph /-s/ and the syllabic plural allomorph /-əz/ spliced from the stimuli before 

starting the experiment. The volume was adjusted until the researcher/therapist was convinced 

that both allomorphs could be heard clearly in isolation, either through the participant repeating 

the sound or describing what it sounded like (e.g., /-s/ sounds like a snake). For the NH 

participants, the iPad volume was set at four dots below maximum (/-s/ presented at ~ 50 dBA 

and /-əz/ at ~ 55 dBA), adjusted upwards if needed. For the participants with HL, the iPad 

volume was set at four dots below maximum with the speaker volume between half and full 

volume when sitting one meter away (/-s/ presented at ~ 50–60 dBA and /-əz/ at ~ 55–65 dBA), 

adjusted as needed. 

The procedure was the same for every trial. Children were presented with two pictures 

alongside each other. After two seconds the auditory stimulus played, instructing participants 

to “touch the [target]”. The picture that the child selected then flashed, and a chirrup sound 

played, keeping them engaged. The flashing occurred regardless of whether the child selected 

the target or the distractor. While no positive or negative feedback was provided during the 

task, the researcher/therapist gave positive encouragement if participants appeared shy or 

unsure (e.g., “good try” or “keep up the good work”). 

The first five trials were training trials, introducing participants to the experimental 

paradigm and familiarising them with the iPad. The first two of these trials contained familiar 
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pictures (target words underlined), i.e., dog vs. cat and cow vs. bird. The third trial contained 

the target picture cat next to a novel picture (novel animal A). The fourth and fifth trials were 

dog vs. novel animal A, and bird vs. novel animal B, with the auditory stimuli “touch the nug” 

and “touch the mib”. 

Upon completing the training trials, participants progressed to the test trials, each 

displaying a singular picture alongside plural picture. The auditory stimuli were all CVC 

singular words (e.g., tep, mub, koss) and CVCs/CVCz/CVCəz plural words (e.g., 

teps/mubz/kosses). The use of novel pictures and words ensured that children were being tested 

on their comprehension of plural morphology and not on previously learned lexical 

representations. Thus, above chance performance would provide evidence of productive 

morphological representations, that is, the ability to generalize their knowledge of English to 

words they had not heard before. Familiar (easier) word trials were also inserted throughout 

the task to keep children engaged and ensure that they were paying attention rather than 

randomly selecting pictures. 

There were 31 test trials, consisting of two different trial types presented in blocks: the 

segmental allomorph trials (16 trials; 12 novel, 4 familiar) and the syllabic allomorph trials (15 

trials; 12 novel, 3 familiar). The order of presentation was counterbalanced across participants, 

with no participant being presented the singular and plural version of the same novel word 

during the experiment. (There was a third test block of 16 test trials examining children’s 

comprehension of copula agreement: this is not reported here). The segmental trials thus 

examined children’s comprehension of the segmental plural allomorphs /-s/ and /-z/ (e.g., teps, 

mubz) and their singular counterparts (e.g., tep, mub), while the syllabic trials examined 

children’s comprehension of the syllabic plural allomorph /-əz/ (e.g., kosses) and its singular 

counterpart (e.g., koss). 
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Ethical Approval 

The study was conducted under the ethical oversight of the Macquarie University Faculty of 

Human Sciences Ethics Committee (Ref: 5201401065) and conformed to the requirements of 

the National Statement on Ethical Conduct of Human Research (NHMRC, 2018). 

 

Results 

The following statistical analyses were performed using R (R Core Team, 2016). 

Performance on Training Trials and Familiar Word Test Trials 

To ensure participants understood the task and were attending throughout the experiment, 

planned t-tests were used to compare mean accuracy to chance (0.5) for the training trials 

(familiar and novel) and the familiar word test trials (singular and plural). We expected both 

the NH and HL groups would be significantly above chance for all conditions. To control for 

multiple comparisons, p-values were adjusted using the Holm-Bonferroni method (Holm, 

1979), using the base R p.adjust function. As predicted, both groups performed significantly 

above chance for all training/familiar word conditions (Table 3). This suggests that all 

participants understood and were attending to the task. 
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Table 3: Training trials (familiar and novel) and familiar word test trials (singular and plural) for children with NH and HL t-test results against chance (0.5).  
Means and standard deviations show proportion of target picture chosen.  
 

 
 
 
 
 
 
 
 
 
 
 

 

 Children with NH  Children with HL 

      95% CI  p value       95% CI  p value 

 df M SD t d lower upper  raw adjusted  df M SD t d lower upper  raw adjusted 

Familiar training trials 
(e.g., touch the dog) 128 0.98 0.11 46.93 4.13 0.96 1.00  < .001 < .001***  24 0.99 0.07 36.50 7.30 0.96 1.01  < .001 < .001*** 

Novel training trials 
(e.g., touch the nug) 128 0.97 0.14 37.12 3.27 0.94 0.99  < .001 < .001***  24 0.92 0.19 11.22 2.24 0.84 1.00  < .001 < .001*** 

Singular familiar test trials 
(e.g., touch the mop) 128 0.95 0.14 35.65 3.14 0.93 0.98  < .001 < .001***  24 0.86 0.19 9.30 1.86 0.78 0.94  < .001 < .001*** 

Plural familiar test trials 
(e.g., touch the crabs) 128 0.94 0.16 31.39 2.76 0.91 0.97  < .001 < .001***  24 0.86 0.22 8.11 1.62 0.77 0.95  < .001 < .001*** 
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NH and HL Performance on Novel Word Trials 

Once assured that both groups understood the task, planned t-tests were carried out to compare 

mean accuracy to chance (0.5) for the singular and plural novel words across the segmental 

and syllabic trials for both NH and HL groups. Multiple comparisons were controlled for by 

adjusting p-values using the Holm-Bonferroni method (Holm, 1979). The NH group was found 

to be significantly above chance for every condition. However, the HL group did not differ 

from chance for any condition, suggesting that they did not comprehend the number conditions 

of the novel words (Figure 2; Table 4). 

 

 

Figure 2: Proportion of times the target picture was chosen (accuracy) during singular and plural, 
segmental and syllabic novel word test trials, for children with NH and HL. 
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Table 4: Singular and plural, segmental and syllabic novel word test trials for children with NH and HL: planned t-tests against chance (0.5). Means and 
standard deviations show proportion of target picture chosen. 
 

 
 
 

 

 Children with NH  Children with HL 

      95% CI  p value       95% CI  p value 

 df M SD t d lower upper  raw adjusted  df M SD t d lower upper  raw adjusted 

Singular segmental trials 
(e.g., touch the tep) 128 0.68 0.28 6.93 0.61 0.62 0.72  < .001 < .001***  24 0.61 0.26 2.06 0.41 0.50 0.71  .05 .2 

Singular syllabic trials 
(e.g., touch the koss) 128 0.63 0.29 4.87 0.43 0.57 0.68  < .001 < .001***  24 0.52 0.27 0.37 0.07 0.41 0.63  .71 1 

Plural segmental trials 
(e.g., touch the teps) 128 0.74 0.29 9.48 0.83 0.69 0.79  < .001 < .001***  24 0.53 0.29 0.58 0.12 0.41 0.65  .57 1 

Plural syllabic trials 
(e.g., touch the kosses) 128 0.74 0.29 9.50 1.12 0.73 0.82  < .001 < .001***  24 0.55 0.28 0.82 0.17 0.43 0.66  .42 1 
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Comparing NH and HL Performance 

We next compared the accuracy of the children with HL to their NH peers. A binomial 

generalized linear mixed-effects model was fitted over the novel segmental and syllabic test 

trials in order to examine the extent to which number (singular/plural) and allomorph type 

(segmental/syllabic) affected children’s comprehension. We predicted that children with NH 

would be more accurate overall. We also predicted the HL group might be comparable to NH 

group in the perceptually-salient syllabic plural trials, but less accurate on the harder-to-

perceive segmental plural trials. The model also looked at children’s accuracy as a function of 

age, with the prediction that the older children would be more accurate overall. 

A logistic model was fitted using the glmer function in the lme4 package (Bates, 

Mächler, Bolker, & Walker, 2014). Fixed effects and interactions (intercepts underlined) 

included were Group (NH, HL), Number (singular, plural) and Allomorph (segmental, 

syllabic). Age in Months was included as a fixed effect. The model included a maximal random 

effects structure (Barr, Levy, Scheepers, & Tily, 2013), which converged on the random slopes 

and intercepts of Participant (by Group) for Allomorph2. 

The model returned a significant intercept (z = -2.40, p = .02). Significant main effects 

were found for Number (z = 3.30, p = .001), Allomorph (z = -2.42, p = .02) and Age in Months 

(z = 4.35, p < .001). Contrary to prediction, a significant effect was not found for Group 

(z = -1.72, p = .08). However, significant two-way interactions were found for Group and 

Number (z = -2.67, p < .01) and Number and Allomorph (z = 2.56, p < .01). Again, contrary to 

prediction, no significant interactions were found for Group and Allomorph (z = -0.40, p = .69) 

or Group and Number and Allomorph (z = -0.03, p = .97).  

 
2 glmer(Accuracy~Group*Number*Allomorph + Age + (1+Allomorph|ID:Group), family=binomial,  

data=data, control=glmerControl(optimizer="bobyqa")) 
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To explore the interaction between Group and Number, post hoc analyses were 

conducted using the lsmeans package (Lenth, 2016), which corrects alpha for multiple 

comparisons using the Tukey-HSD method. The results showed that NH children performed 

significantly better on the plural trials (M = 0.76) than the singular trials (M = 0.65, z = -7.21, 

p < .001). The NH children’s plural trials were also significantly more accurate than the both 

the singular (M = 0.56, z = 4.80, p < .001) and plural (M = 0.54, z = 2.74, p = .03) trials of the 

children with HL. However, the NH children did not appear to have an advantage in the 

singular trials: there was no significant difference between NH singular and HL singular 

(z = 2.30, p = .10).  The children with HL also showed no significant difference in accuracy 

between the singular and plural trials (z = 0.63, p = .92) (Figure 3). 

 

Figure 3: Interaction between Group and Number for children’s accuracy on novel word test trials 

(error bars ± 95%C.I.). 
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Children’s Developing Accuracy over Age 

As a group, the children with HL did not demonstrate productive comprehension of plural 

morphology for any number or allomorph type, and were significantly worse than their NH 

peers at identifying novel plural words. However, the binomial generalized linear mixed-effect 

model revealed Age in Months to be a significant main effect, suggesting that both groups of 

children got better at identifying novel singular and plural words with age. We thus performed 

Spearman's rank correlation tests to explore the relationship between age and accuracy over 

the segmental and syllabic novel word test trials for both the NH and HL groups. The non-

parametric Spearman rank correlation tests were used to ensure that the two older participants 

of the HL sample group (i.e., HL-02, HL-05) would not have an over representative effect on 

the results while still preserving any effect over development. Multiple comparisons were 

controlled for by adjusting p-values using the Holm-Bonferroni method (Holm, 1979). 

Children with HL were predicted to show improvement with age for at least the perceptually-

salient syllabic plural trials. 

For the NH children, significant correlations were found for both plural conditions, yet 

no significant correlation was found for either singular condition. Similar results are reported 

and discussed in Davies et al. (2019). For the children with HL, no significant correlations were 

found for any condition, after correction. However, note that the children with HL returned a 

positive correlation for the segmental singular trials with a pre-corrected p value of .04 (Table 

5; Figure 4). 
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Figure 4: Correlations between age (in months) and proportion of choosing the target picture 

(accuracy) during novel word test trials, for children with NH and HL. 

 

 

Table 5: Spearman's rank correlations between accuracy and age for novel word trials for children 

with NH and HL. 
 

 

 Children with NH  Children with HL 

    p value     p value 

 n rs  raw adjusted  n rs  raw adjusted 

Singular segmental trials 
(e.g., touch the tep) 129 .12  .16 .17  25 .42  .04 .15 

Singular syllabic trials 
(e.g., touch the koss) 129 .17  .06 .12  25 .04  .84 .84 

Plural segmental trials 
(e.g., touch the teps) 129 .38  <.001 <.001***  25 .26  .21 .62 

Plural syllabic trials 
(e.g., touch the kosses) 129 .36  <.001 <.001***  25 .26  .20 .62 
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Overall, these results suggest that as a group, the children with HL did not yet possess 

productive representations of plural morphology. However, while there were no significant 

findings, there were some indications that they may have an emerging ability with the 

segmental singular, or at least a similar ability to comprehend singulars than their NH peers. It 

is worth noting that some of the NH children did not reliably demonstrate comprehension 

during this task, while some of the children with HL did (see Figure 4). Given these findings, 

we then looked at whether performance differed as a function of device use. 

Comparing HA and CI Participants 

Roughly half of the children with HL in this study were fitted with HAs and the other half with 

CIs. Because HAs and CIs transmit sound information in different ways (i.e., amplification vs. 

direct electric stimulation of the auditory nerve), we then also explored the role that device type 

might played in the results above. As a group, the children with CIs had more severe HL 

overall, with two sample t-tests showing them to have a significantly greater average four-

frequency loss than those with HAs (means = HA: 41.3 dB; CI: 74.1 dB; 

t(16.95) = -4.02, p < .001). However, there were no significant differences between the two 

groups in terms of chronological age (means = HA: 48.0 months; CI: 53.6 months; 

t(22.65) = -1.23, p = .23), age of device fitting (means = HA: 13.9 months; CI: 24.9 months; 

t(22.82) = -1.48, p = .15) or length of device use (means = HA: 34.1 months; CI: 28.2 months; 

t(21.92) = 0.99, p = .33). 

HA and CI Performance on Novel Word Trials 

To test if children fitted with HAs or CIs were above chance in their comprehension of the 

number condition of any of the novel words, planned t-tests compared children’s mean 

accuracy to chance (0.5) across number and allomorph type. Based on the performance of the 

children with HL overall on a group level, we did not expect that any conditions would be 

different to chance. Multiple comparisons were controlled for by adjusting p-values using the 



HEARING LOSS AND THE PLURAL 

 

 28 

Holm-Bonferroni method (Holm, 1979). Neither the HA nor the CI group were significantly 

above chance for any condition (Table 6). Although the children with HAs returned a pre-

adjusted p-value of .04 for the segmental singular trials, this was not a significant result after 

adjustment due to the number of comparisons performed (four). However, given that seven of 

the thirteen participants with HAs correctly identified at least five out of six for this condition, 

this warrants future inquiry. 
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Table 6: Singular and plural, segmental and syllabic novel word test trials for children with HL fitted with HAs and CIs: planned t-tests against chance (0.5). 
Means and standard deviations show proportion of target picture chosen. 
 

 

 Children with HAs  Children with CIs 

      95% CI  p value       95% CI  p value 

 df M SD t d lower upper  raw adjusted  df M SD t d lower upper  raw adjusted 

Singular segmental trials 
(e.g., touch the tep) 12 0.69 0.30 2.35 0.65 0.51 0.87  .04 .15  11 0.51 0.18 0.26 0.08 0.40 0.63  .79 1 

Singular syllabic trials 
(e.g., touch the koss) 12 0.50 0.31 0.00 0.00 0.30 0.69  1 1  11 0.54 0.22 0.64 0.18 0.40 0.69  .54 1 

Plural segmental trials 
(e.g., touch the teps) 12 0.56 0.30 0.75 0.21 0.38 0.75  .47 .94  11 0.50 0.27 0.00 0.00 0.33 0.67  1 1 

Plural syllabic trials 
(e.g., touch the kosses) 12 0.60 0.25 1.43 0.40 0.45 0.76  .18 .53  11 0.49 0.30 0.16 0.05 0.29 0.68  .88 1 
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Comparing HA and CI Performance 

In order to compare the performance of children with HAs to those with CIs, a second binomial 

generalized linear mixed-effect model was fitted. The model was again fitted using the glmer 

function in the lme4 package (Bates et al., 2014). Fixed effects and interactions (intercepts 

underlined) included were Device Group (HA, CI), Number (singular, plural) and Allomorph 

(segmental, syllabic). To account for any potential singular/plural biases, random slopes of 

Participant (by Device Group) for fixed effects were included (Number and Allomorph). To 

account for any left- or right-side selection biases, a random slope and intercept for Target 

Picture Side by Participant was also included3. 

The model returned a significant intercept (z = 2.94, p < .01). A significant main effect 

was found for Device Group (z = -1.99, p < .05), as well as a significant main effect for 

Allomorph (z = -2.37, p = .02). No significant main effect was found for Number (z = 0.94, 

p = .35), yet there was a significant two-way interaction for Number and Allomorph (z = 2.01, 

p = .04). Device Group and Allomorph approached significance (z = 1.92, p = .05), while no 

significant interactions were found for Device Group and Number (z = 0.64, p = .52) or Device 

Group and Number and Allomorph (z = -1.73, p = .08).  

The children with CIs had significantly greater HL than those with HAs, potentially 

confounding the main effect found above. In other words, it was unclear whether the significant 

main effect found for Device Group was driven by children’s different device types or by 

differences in their degree of HL. Therefore, in order to test the role played by degree of HL in 

this task, we performed Pearson R correlation tests over children’s average four-frequency loss 

and accuracy for each number and allomorph type. No (raw or adjusted) significant correlations 

 
3 glmer(Accuracy~Device*Number*Allomorph + (1+Number*Allomorph|Participant:Device) + 
(1+TargetSide|Participant), family=binomial,  data=data, control=glmerControl(optimizer="bobyqa")) 
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were found, suggesting that children’s degree of pre-fitted HL was not driving the main effect 

found between the HA and CI groups above (Table 7). 

 

Table 7: Pearson R correlations between children’s average four-frequency loss and accuracy and age 
for novel word trials. 
 

 

 

 

 

 

 

 

Developing Accuracy with Age as a Function of Device Type 

When analysed as a group, the children with HL did not demonstrate improvement with age at 

identifying novel singular and plural words (see above). However, the significant main effect 

found for Device Group suggests that children fitted with HAs and those with CIs are not a 

homogenous group, and may have different language abilities. Therefore, we next tested 

whether children’s hearing device played a role in their development of productive 

representations of plural morphology. We performed Spearman's rank correlation tests over 

age and accuracy for children with HAs and CIs, controlling for multiple comparisons by 

adjusting p-values using the Holm-Bonferroni method (Holm, 1979). We expected that either 

the HA and CI group would show a relationship between age and accuracy for at least the 

perceptually more salient syllabic plural trials. 

For the children with HAs, a significant positive relationship was found between age 

and accuracy for the segmental singular trials, suggesting that when it comes to identifying 

   95% CI  p value 

 df r lower upper  raw adjusted 

Singular segmental trials 
(e.g., touch the tep) 23 -.26 -.60 .15  .20 .60 

Singular syllabic trials 
(e.g., touch the koss) 23 .17 -.24 .53  .17 .84 

Plural segmental trials 
(e.g., touch the teps) 23 -.13 -.50 .28  .55 .84 

Plural syllabic trials 
(e.g., touch the kosses) 23 .09 -.65 .06  .09 .38 
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stop-final singular words (e.g., tep), their performance improved with age. No significant 

correlations between age and accuracy for either plural condition, nor for the syllabic singular 

condition, were found (Table 8). However, a different pattern emerged for children fitted with 

CIs. While no significant correlations were found for any condition after correction, children 

with CIs returned a positive correlation for the syllabic plural words (e.g., kosses), with a pre-

corrected p value of .02 (Table 8; Figure 5). 

 

 

Figure 5: Proportion of times the target picture was chosen (accuracy) during singular and plural, 
segmental and syllabic novel word test trials, for children with HL who were fitted with HAs and CIs. 
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Table 8: Spearman's rank correlations between accuracy and age for novel word trials for children 
with HAs and CIs. 

 

 

Discussion 

Using a novel word two-alternative forced choice task, we examined the developing 

comprehension of plural morphology by young children with hearing loss (HL) and compared 

this to that of their normal-hearing (NH) peers. While previous studies have looked at the 

comprehension of plural words by children with HL using familiar words (e.g., Stelmachowicz 

et al., 2002), the present study employed novel words, meaning children needed to tap into 

their morphological knowledge in order to identify whether a word was singular or plural, 

rather than being able to rely on their lexical knowledge. Despite previous research showing 

that young children with HL can use plural words in their everyday speech (Koehlinger et al., 

2015; McGuckian & Henry, 2007), the present study found little evidence that they have 

acquired a productive plural morphological process. Unlike their NH peers, children with HL 

were unable to identify the morphological structure of previously unheard words. For example, 

they did not comprehend a novel plural word, such as teps as being composed of a referent and 

a plural morpheme (e.g., tep+s). Previous research has suggested that children with HL may 

acquire words inflected with the perceptually-salient (yet less-frequent) syllabic plural 

allomorph /-əz/ (e.g., buses, kisses) before those inflected with the less perceptually-salient 

 Children with HAs  Children with CIs 

    p value     p value 

 n rs  raw adjusted  n rs  raw adjusted 

Singular segmental trials 
(e.g., touch the tep) 13 .77  <.01 <.01**  12 .26  .42 1 

Singular syllabic trials 
(e.g., touch the koss) 13 .04  .89 1  12 -.06  .85 1 

Plural segmental trials 
(e.g., touch the teps) 13 .33  .28 .83  12 .13  .68 1 

Plural syllabic trials 
(e.g., touch the kosses) 13 .13  .68 1  12 .67  .02 .08 
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segmental allomorphs /-s/ and /-z/ (e.g., cats, dogs) (Koehlinger et al., 2015). However, the 

present study found that, as a group, children with HL did not comprehend novel plural forms, 

regardless of the plural allomorph used (e.g., teps, kosses), and did not improve at identifying 

the number condition of novel words with age. 

These results suggest that some of the language delays observed in children with HL 

may be attributable to difficulties acquiring productive morphological processes (e.g., 

Elfenbein, Hardin-Jones, & Davis, 1994; Koehlinger, Owen Van Horne, & Moeller, 2013; 

McGuckian & Henry, 2007; Moeller et al., 2010; Young & Killen, 2002). Note, however, the 

use of novel words can introduce extra processing challenges, making the task harder. For 

example, a similar task found that young NH children’s comprehension of Mexican-Spanish 

subject-verb agreement with familiar words vanished with the introduction of novel words 

(Gonzalez-Gomez, Hsin, Barrière, Nazzi, & Legendre, 2017). Yet the NH peers in the current 

study had little difficulty with this task. In other studies that implement novel word tasks, such 

as word-learning and fast-mapping paradigms, NH children have also outperform children with 

HL (Gilbertson & Kamhi, 1995; Lederberg, Prezbindowski, & Spencer, 2000). This suggests 

that encountering words for the first time is potentially more challenging for children with HL, 

perhaps increasing their working memory load due to the difficulty of encoding phonological 

information (Gilbertson & Kamhi, 1995; Lederberg et al., 2000). However, children with HL 

— just like children with NH — encounter many new words every day, requiring them to rely 

on various contextual and grammatical cues in order to figure out what these words mean. The 

results of the present study suggest that, as a group, pre-schoolers with HL may not yet be able 

to use these morphological cues to interpret the meanings of new words. A delay in acquiring 

productive representations of morphological processes may have a detrimental effect not only 

for children’s vocabulary growth (Ching et al., 2010; Percy-Smith et al., 2013; Wake et al., 

2004), but may also help account for some of the reported slower language processing abilities 
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found even for older children with much longer use of devices (Holt, Demuth, & Yuen, 2016; 

Holt, Yuen, & Demuth, 2017; McMurray, Farris-Trimble, Seedorff, & Rigler, 2016). 

Half of the children with HL tested in this study were fitted with hearing aids (HAs) 

and the other half with cochlear implants (CIs). Because HAs amplify the sound signal while 

CIs convert auditory information directly into electrical impulses, we explored whether these 

groups differed in their comprehension of novel singular and plural words. Because the 

different devices affect what types of singular and plural words are more or less perceptible in 

children’s input, those with HA vs. CI devices may make different predictions about what the 

grammatical rules for plural may be. Previous studies looking at children’s speech have found 

differences between HL and NH populations with regards to the order of acquisition of various 

inflectional morphemes (McGuckian & Henry, 2007) as well as the order of acquisition of 

various allomorphs (Koehlinger et al., 2015). The results of the present study suggest that there 

may be differences in the comprehension of plural morphology between children fitted with 

HAs and those with CIs. That is, children with HAs appear to be developing initial 

representations of the singular, while there is a (very slight) suggestion that those with CIs may 

first be developing comprehension of the syllabic plural allomorph.  

Even though the participants fitted with HAs showed evidence of becoming more 

accurate at identifying uninflected stop-final singular novel words (segmental singular, e.g., 

tep, mub) as they got older, as a group they were not significantly above chance when it came 

to identifying these novel singulars. However, this may be due to low statistical power, as 

suggested the moderate effect size (0.64) and low pre-adjusted p-value (0.04) returned by the 

planned t-test against chance. Demonstrating an emerging comprehension of novel singulars 

before comprehension of plurals is the opposite of what is observed in younger (2–3-year-old) 

NH children (Davies et al., 2017; Kouider et al., 2006). Indeed, even the NH children in this 

study did not show improving comprehension of the segmental singular condition over age. 
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One possible explanation is that, because the novel segmental singular words were the only 

ones in the task without final fricatives, they may have required less phonological processing 

than words with the harder-to-perceive fricative sounds, thus freeing up children’s cognitive 

resources for morphological analysis. However, these results raise questions about what sort 

of morphological system children with HAs are acquiring. That is, do they understand that 

CVC words are singular because of their morphological structure (e.g., cat + ø = singular), or 

do they recognise them as singular because of their phonotactic structure (e.g., cat = CVC = 

singular)? Further research is needed to better understand this result and the implications for 

the developing singular/plural system. 

Unlike the children with HAs, those with CIs did not return a single significant result 

demonstrating comprehension of plural morphology. But, again, this may be due to the number 

of tests performed and the number of participants we were able to test. The children with CIs 

did show a trending relationship between age and comprehension of novel words inflected with 

the syllabic plural allomorph /-əz/ (e.g., kosses). Yet, while these results may hint that children 

fitted with CIs may first start developing representations of the syllabic plural allomorph, this 

must be taken with a grain of salt. Syllabic inflections are not only more perceptually salient 

than their segmental counterparts, but because the morpheme and syllable boundaries co-occur 

(e.g., bus-es, koss-es), the morphological structure of these inflected words may be easier to 

parse as well as hear. Yet the syllabic plural is very low in frequency compared to its segmental 

counterparts, only making up 6% of plural types and tokens in children’s language input 

(Davies et al., 2017). This means that despite their greater perceptibility, it may take longer for 

young children with CIs to be exposed to a sufficient number of syllabic plural tokens/types to 

allow them to generalise the morphological process. This may be why, as a group, the younger 

children with CIs did not demonstrate comprehension at a level greater than chance. Note that 

children with NH initially comprehend only the voiceless segmental plural allomorph /-s/ 
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(Davies et al., 2017), and only later demonstrate comprehension of all plural allomorphs 

(Davies et al., in submission; Kouider et al., 2006). Further investigation, with older children, 

will be needed to explore the effects of HL on the develop of morphological representations 

over time. 

Study Limitations 

There are several potential limitations in this study. As mentioned above, the use of novel 

words may have made the task especially difficult for children with HL. Furthermore, the 

available sample size used should be taken into account when interpreting these results. In 

particular, some of the non-significant findings (e.g., comprehension of the segmental singular 

condition by children with HAs, correlation between age and comprehension of the syllabic 

plural by the children with CIs) may be due to the number of participants we were able to test, 

and the number of analyses performed (accordingly, both raw and adjusted p-values have been 

reported throughout). However, even with this number of participants, a significant main effect 

was found for Device Group when comparing the performance of HA and CI users, suggesting 

that fitting type played a role in children’s developing morphology. This paves the way for 

more research exploring the potential effects of hearing device in children’s acquisition of 

grammatical representations.  

It would also have been helpful to measure children’s aided access to frequencies over 

4 kHz on the day of testing. Even though steps were taken to ensure that children were able to 

perceive the fricatives used in the task (e.g., indicating they could hear /s/ and /-əz/ in isolation, 

complementing evidence from previous success in the Ling Six Sound test), a quantified 

measure of children’s aided access to higher frequencies would have allowed exploration of 

the direct correlations between perceptual access and comprehension of the plural morpheme. 

This measurement would have provided further insight into how reliably children were able to 

perceive higher frequency sounds, as even with appropriately-fitted devices, sounds such as /s/ 
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and /z/ can be difficult for children with HL to perceive, and may depend on both the context 

and condition.  

Another potential limitation of the present study is that the stimuli were presented to 

children through a loudspeaker, rather than with a live voice. A sound signal undergoes some 

degree of degradation when digitally recorded. Furthermore, children with HL show a 

comprehension advantage when they receive visual plus auditory cues (Bergeson, Pisoni, & 

Davis, 2003). Perhaps the absence of a human interlocutor put the children with HL at a 

disadvantage in interpreting only auditory cues to singular vs. plural. This suggests that follow 

up experiments could implement the same paradigm using an interactive task to test 

performance under different auditory environments. 

Conclusions 

Overall, this study raises many questions about how and when children with HL acquire 

representations of grammatical morphology. The findings presented here do suggest that some 

of the production differences observed between children with NH and HL (e.g., Koehlinger et 

al., 2013; McGuckian & Henry, 2007) may be due to differences in their abstract grammatical 

representations. Further research needs to be carried out to determine when children with HL 

are able to reliably identify singular and plural novel words. However, while as a group the 

children with HL did not demonstrate comprehension, these results suggest that children fitted 

with HAs (and maybe those with CIs) demonstrate some evidence of gaining a more productive 

plural system with age. Finally, these results may be useful for speech therapy for those with 

HL. While interventions typically examine children’s use of real and familiar words, this study 

suggests that there is a place for novel words in assessing – and hopefully teaching – productive 

grammatical morphology. 
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