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Thesis summary 

 

 Oral vocabulary acquisition involves the formation of a link between the phonology 

and semantics of a newly encountered word. There exists a large body of literature that 

describes the processes involved in vocabulary acquisition and the factors that influence 

acquisition in children with typical and atypical development (e.g., Chapman, 2000; de Jong, 

Seveke, & Veen, 2002; Dillon, 2011; He & Arunacham, 2017; Hollich et al., 2000; Kucker, 

McMurray, & Samuelson, 2015; Nazzi & Bertoncini, 2003; Waxman & Lidz, 2007; Yu & 

Ballard, 2007). It is widely acknowledged that vocabulary is crucial for the development of 

language, communication, reading, and literacy (Biemiller, 2009; Lee, 2011; Ouellette, 2006). 

Therefore, it follows that if children are not able to acquire vocabulary appropriately, it would 

impact their overall development and academic success. Vocabulary acquisition is a challenge 

for children with hearing loss, including those who use appropriate hearing devices such as 

hearing aids and cochlear implants (Sarchet, Marschark, Borgna, Convertino, Sapere, & 

Dirmyer, 2014). Surprisingly, there is very little research that directly examines the instruction 

techniques of factors that can support vocabulary learning in children with hearing loss 

(Luckner & Cooke, 2010).  

 One factor that is being increasingly researched as a mechanism to support oral 

vocabulary learning is orthography. There exists evidence for the orthographic facilitation of 

vocabulary learning in children with typical development (e.g., Ricketts, Bishop, & Nation, 

2009), and in special populations (Lucas & Norbury, 2014; Mengoni, Nash, & Hulme, 2013; 

Ricketts, Dockrell, Patel, Charman & Lindsay, 2015). This thesis aimed to review the literature 

on vocabulary acquisition in children with hearing loss and to examine whether they may 

benefit from the presence of orthography during oral word learning. This thesis is organised in 

a 'thesis by publication' format, with two parts, that each represent a journal article. 



 vi 

Part One: Vocabulary acquisition, orthographic facilitation, and its implications for children 

with hearing loss: A Literature Review. This section reviews literature vocabulary acquisition 

in children with typical hearing and children with hearing loss, the rationale and existing 

evidence for orthographic facilitation in different groups of children.  

Part Two: Orthographic facilitation of vocabulary learning in children with hearing loss. This 

section presents an empirical study to examine the possible facilitatory role of orthography for 

acquisition of novel picture-word mappings in school-aged children with hearing loss who use 

spoken language as their main mode of communication. The outcomes of the study are 

discussed in light of the available literature and possible directions for future research in this 

area are suggested. 
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Introduction 

The majority of children acquire new words quickly and efficiently in their early 

childhood (Nagy & Scott, 2014). Given that they receive little, if any, direct instruction, the 

ease with which typically developing children learn new spoken words has intrigued many 

researchers. The important role of vocabulary in learning to read (Ouelltte, 2006; Ouellette & 

Beers, 2010) also warrants further study of the process by which children learn new spoken 

words and their meanings, and possible factors that might facilitate it (Dickinson, 1920; 

Seashore, 1948; Hoff & Naigles, 2002; Ouellette, 2006; Ouellette & Beers, 2010; Ricketts, 

Nation, & Bishop, 2009; Nagy & Scott, 2014; Xu & Tenenbaum, 2007; Yu & Ballard, 2007; 

Yu, 2008).  

 In contrast to children who have typical development, children with hearing loss find 

the task of acquiring new spoken words challenging (Hayes, Geers, Treiman, & Moog, 2009; 

Kirk, Miyamoto, Ying, Perdew, & Zuganelis, 2000). Several researchers have found that 

children with hearing loss lag behind their hearing peers in vocabulary size and rate of 

vocabulary development (e.g., Dobie & Hemel, 2004; Fagan & Pisoni, 2010). Further, it has 

been reported that beginning reading ability in children with hearing loss correlates with their 

vocabulary skills (Kyle & Harris, 2011). It is therefore important to find effective methods for 

supporting vocabulary acquisition in these children.  

 Several studies of children with typical development have found that orthographic 

support—the simultaneous provision of written words when exposing children to new oral 

vocabulary—improves memory for pronunciations and spellings of those words (Chambre, 

Ehri & Ness, 2017; Jubenville, 2012; Mengoni, Nash, & Hulme, 2013; Rosenthal & Ehri, 2008; 

Ricketts et al., 2009; Ricketts, Dockrell, Patel, Charman & Lindsay, 2015; Lucas & Norbury, 

2014). The benefit of orthographic support has also been observed in several groups of children 

who have language-learning difficulties, including children with Down syndrome, Autism 
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Spectrum Disorders and Specific Language Impairments (e.g., Ricketts et al., 2009; Mengoni 

et al., 2013), but no studies to date have examined this phenomenon in children with hearing 

loss. An important question therefore is whether such children would also benefit from 

orthographic support for vocabulary learning. 

 In this review, vocabulary acquisition in children with typical hearing and hearing loss, 

and the way in which it may be supported by orthography, will be examined. Specifically, the 

following issues will be addressed:  

• The mechanisms of vocabulary acquisition and the factors that are known to influence 

vocabulary acquisition.  

• The theoretical bases underlying the concept of orthographic facilitation of spoken 

word learning and the methods and outcomes of previous research in this field.  

• Vocabulary acquisition in children with hearing loss. 

• The potential for orthographic support for vocabulary acquisition in children with 

hearing loss. 

1. Processes of Vocabulary Acquisition in Children 

 A large body of research across different disciplines has addressed the issue of 

vocabulary acquisition in young children, documenting how children begin to acquire, in a 

rapid manner, the spoken words to which they are exposed in their early years (Barrett, 1986; 

Ellis, 1997; Woodward & Maarkman, 1998). A vocabulary burst is said to occur at around two 

years of age, when development is rapid and the child’s repertoire expands significantly 

(Bloom, 1976). However, this is just the beginning. When children begin school, they are 

expected to learn many new words, relating to each taught subject. Vocabulary becomes crucial 

to reading success, and, because reading is a means of acquiring new information, to scholastic 

success.  
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 Central to vocabulary acquisition is the storage of words’ pronunciations and meanings 

in a mental lexicon for consequent retrieval and usage. The earliest modality through which 

children acquire new words is through exposure to spoken language. This process requires the 

child to learn the pronunciation of a word based on its phonology (He & Arunachalam, 2017). 

This new phonology must then be linked to the concept or meaning (semantics) of the word 

and stored in memory. For example, to acquire the word ‘apple’ the child must learn the 

pronunciation /ˈæpəl/, and that it refers to an edible fruit. Thus, the acquisition of a word entails 

consolidation of a link between phonology and semantics in the mental lexicon. 

1.1. Theories of vocabulary acquisition. 

 Several theories have been advanced to explain the process of vocabulary acquisition, 

based on different cognitive, behaviourist, social, and interactionist perspectives (for reviews 

see Chapman, 2000; He & Arunacham, 2017; Hollich et al., 2000; Kucker, McMurray, & 

Samuelson, 2015; Nazzi & Bertoncini, 2003; Waxman & Lidz, 2007; Yu & Ballard, 2007).   

Additionally, the nature of vocabulary acquisition and the factors influencing it may differ 

based on the age of the child. Infants, for example extract the structure of the words in the 

environment, i.e., infants are sensitive to regularities in the language such as frequency of 

phoneme order within a word, phonotactic patterns, stress and prosody. This is known as 

statistical learning, and is believed to assist infants in language acquisition (Jusczyk & Aslin, 

1995, Tincoff & Jusczyk, 1999; Saffran, 2003; Romberg & Saffran, 2010). One extensively 

researched cognitive mechanism that is known to support word learning is termed fast mapping 

(Booth & Waxman, 2003). According to Carey and Bartlett (1978), fast mapping involves the 

formation of a new lexical entry through brief exposure to a word and its referent. Although 

seen in children as young as 13 months, fast mapping is most characteristic in the second year 

of life when the burst in vocabulary development takes place (Alishahi, Fazly, & Stevenson, 

2008). Following this period of fast mapping, a secondary cognitive mechanism has been 
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proposed. This mechanism is term extended mapping and requires a greater number of 

exposures, results in deeper comprehension, and facilitates functional use of the newly acquired 

vocabulary (McLaughlin, 2006). After sufficient exposure to the new word, it is established in 

memory and is available for future use. 

 Aitchison (1987) suggests a different mechanism of vocabulary acquisition that 

involves three tasks: labelling, packing, and network building. First, the child must assign a 

label to a novel object or situation. Labelling is said to emerge before 2 years of age.  Young 

children may use various strategies to help them form labels for new objects, such as the 

principle of mutual exclusivity, which is the assumption that each object has a unique name 

(Hansen & Markman, 2009; Merriman & Bowman, 1989). The role of theory of mind has also 

been implicated for identification of speaker intent and referent in order to learn labels of new 

objects in the environment (Bloom & Markson, 1998). Aitchison suggests that once the label 

has been acquired, children experiment with the use of this new label, and with time learn the 

limits to which each word can be generalised to objects within the semantic category. The task 

of identifying the range of situations where the label or new word can be used is referred to as 

packaging. Finally, through the process of network building the child learns the relations 

between the words in their lexicon.  

 He and Arunachalam (2017) reviewed the various mechanisms that have been 

suggested to support word learning in children. They suggest that the first challenge in 

vocabulary acquisition is ‘finding the word’. Although the incoming speech is variable, there 

exist certain regularities in each language, which assist a child to identify word boundaries and 

find the word. Next, the child must identify the concept to which the word refers. In line with 

Carey and Bartlett (1978), the authors suggest that a meaning representation is formed even 

after minimal exposure, through fast mapping. They also emphasise the role of multiple 
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exposures to the word to allow for extended mapping, which enables generalization to other 

items within the semantic category.  

 Older children have multiple opportunities to acquire new words. Oral language input 

for school-aged children not only inlcudes conversational input, but listening to stories and 

sometimes direct instruction for word learning. Additionally, literate children also learn words 

incidentally through their reading (Krashen 1989; Nagy, Herman, & Anderson, 1985). 

 Finally, numerous computational models have also been developed to account for 

vocabulary acquisition in children, including modelling the period of the vocabulary burst, the 

acquisition of different word categories, and the number of exposures required during the 

process of word learning (Fazly, Alishahi, & Stevenson, 2010; Li, Zhao, & Whinney, 2007; 

Plunkett, Sinha, Moller, Strandsby, 1992; Reiger et al., 2001; Reiger, 2005; Siskind, 1996; Yu 

et al., 2005). 

1.2. Factors influencing vocabulary acquisition. 

 In order to learn a spoken word, a child has to extract the word’s phonology, learn the 

pronunciation, and then link it to the concept in the mental lexicon. Given the complexity of 

this vocabulary acquisition process, it seems inevitable that word learners may combine 

different mechanisms, and use multiple strategies to complete the task successfully. A number 

of environmental, perceptual, cognitive, linguistic, and social factors have been proposed to 

influence vocabulary acquisition (see He & Arunanchalam, 2017; Hollich et al., 2000; Hollich 

et al., 2000).  

 A very important and well-researched factor is the environmental input that the child 

receives.  Studies have suggested that children require multiple exposures to consolidate a new 

word in the mental lexicon (Horst & Samuelson, 2008; McMurray, Horst, & Samuelson, 2012; 

Mather & Plunkett, 2009). Although children learn incidentally during their early years, direct 

vocabulary instruction is invaluable to vocabulary acquisition as children get older and word 
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learning becomes more bound to literate and academic contexts (Biemiller, 2006; McKeown, 

Beck, & Sandora, 2012). To make use of these environmental cues adequately, children need 

to have a social understanding (Baldwin, Markman, Bill, Desjardins, Irwin, & Tidball, 1996; 

Baldwin & Moses, 2001; Ferguson & Waxman, 2016). They need to understand the social 

intent of the speaker for correct identification of the referent and formation of word-referent 

links (Bloom & Markson, 2001).  

  Linguistic factors including phonology, semantics, morphology, and syntax are also 

key factors in word learning. Phonological sensitivity, the ability to encode, discriminate, or 

retrieve phonological representations, is a strong predictor of vocabulary learning in children 

(de Jong, Seveke, & Veen, 2002; Dillon, 2011). Phonological short-term memory, a part of the 

working memory system, is thought to be particularly vital for this process (Baddeley, 

Gathercole, & Papagno, 1998; Gathercole, Hitch, Service, & Martin 1997; Gupta & Tisdale, 

2009; Kim, 2015, 2017; Morra, & Camba, 2009). Morphological awareness is also reported to 

influence vocabulary acquisition in school-aged children, as the words they encounter become 

more complex (Dockrell & Messer, 2004; McBride-Chang, Wagner, Muse, & Shu, 2005). 

Apart from these factors, word-properties such as word class (nouns are acquired more easily 

than verbs or adjectives), length of the word (shorter words are easier to acquire than longer 

ones), morphological complexity, semantic complexity (Dockrell & Messer, 2004), and 

spelling-sound regularity also influence acquisition of new words. Two other properties of 

words, namely, phonotactic probability and neighbourhood density also determine the ease of 

acquisition of new words. Neighbourhood density refers to the number of words in the lexicon 

that are phonologically similar to the given word which can be obtained by replacing or deleting 

one phoneme at a time (Luce & Pisoni, 1998). Storkel & Lee (2011) found that while preschool 

children learned words with sparse neighbourhood density more quickly, there was a definite 

advantage of dense neighbourhood density for word retrieval. Phonotactic probablity is the 
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term used to describe the likelihood of occurrence of a sound sequence in words of the 

language. Studies suggest that words with low probability sound sequences are more easily 

recognised, and therefore learned more efficiently than words with high phontactic probability 

(Heisler & Goffman, 2016; Firsch, Large, & Pisoni, 2000; Storkel & Adolf, 2009; Storkel & 

Lee, 2011). However, studies suggest that children with hearing loss who use cochlear implants 

do not benefit from such effects of phonotactic probability and neighbourhood density (Han, 

Storkel, Lee, & Yoshinaga-Itano, 2015). 

 Among perceptual abilities, the most obviously important skill is auditory perception 

which can directly impact spoken word acquisition. Literature suggests that early auditory 

ability, such as sensitivity to transitional cues, word boundaries, and phonetic distributional 

patterns impacts later language development in children with typical hearing (Benasich & 

Tallal, 2002; Fernald, Perfors, & Marchman, 2006; Trehub & Henderson, 1996; Marchman & 

Fernald, 2008; Mueller, Frederici, & Mannel, 2012). It is with the help of these auditory 

perceptual abilities that infants as young as 7- to 8- months of age are able to segment words 

from the continuous speech stream (Jusczyk & Aslin, 1995), which they can link to meaning 

and acquire new words by the time they are a year old (Werker & Young, 2005; Singh, Reznick, 

& Xuehua, 2012). Children who have impaired auditory perception, such as children with 

hearing loss face challenges in vocabulary acquisition. 

 Several broader cognitive factors have been identified as important for vocabulary 

acquisition. Attentional control is essential for children to be able to identify and benefit from 

relevant word learning opportunities (Akhtar & Gernsbacher, 2007; Reiger, 2005; Sanders, 

Stevens, Coch, & Neville, 2006). Statistical learning ability helps children to predict 

regularities in their language, identify word boundaries in the speech stream, and thereby 

acquire new words (Saffran, 2001, 2002, 2003; Swingley, 2005). Another cognitive skill—

associative learning ability—is thought to be important for learning word-referent links and to 
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attribute meaning to the string of sounds that form a word (McMurray et al., 2012). Finally, 

inferencing skills support the children during incidental word learning (Kuhn & Stahl, 1998). 

1.3. Summary. 

 The process of vocabulary acquisition has received extensive attention in the literature. 

Developmental scientists have identified various mechanisms that children may employ for 

vocabulary acquisition. Young children make use of fast mapping for quick, incidental 

vocabulary learning. However, multiple exposures are required for consolidation of the word 

in the mental lexicon. As children grow older, they are provided with more opportunities for 

word learning through oral input, written input and direct instruction. Overall, children seem 

to use an interactionist approach by making use of various linguistic, cognitive, and social 

abilities to succeed at word learning. 

2.  Learning Spoken Words in the Presence of Orthography 

 Once children learn to read, the skills that can be used to support vocabulary acquisition 

change markedly (Cain & Oakhill, 2011; Duff, Tomblin, & Catts, 2015; Stanovich, 1986). In 

English, children are exposed to the printed alphabet and learn that the letters of the alphabet 

are a code for the language’s most basic sounds, or phonemes. For children with this basic 

orthographic knowledge, the presence of the written form while learning new words introduces 

a new entity into the word-learning equation, as depicted in Fig 1. Children are able to use their 

alphabetic knowledge to form a link between the spelling (orthography) and the pronunciation 

(phonology) of the word, which facilitates its retention in memory (Ehri, 2014). Recently, 

researchers have further suggested that the presence of an orthography-phonology link may 

also strengthen the phonology-semantics link in the mental lexicon and result in better word 

learning and retention; that is, that oral vocabulary learning is supported by the presence of 

orthography (Ricketts et al., 2009; Rosenthal & Ehri, 2008; Jubenville, 2012; Mengoni, et al., 
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2013). The concept of orthographic facilitation of spoken word learning derives support from 

the theoretical frameworks described below. 

 

Figure.1 - Addition of orthography while learning the phonology - semantics link 

 

2.1 Theories of orthographic facilitation. 

One key theory that supports the concept of orthographic facilitation is the word identity 

amalgamation theory (Ehri, 1978, 2014). This theory proposes that every word has a number 

of identities, namely, pronunciation (phonology), meaning (semantics) and grammar (syntax). 

When a child begins to read and becomes capable of identifying printed words, another 

identity—orthography—is added to form a single unit consisting of several identities of the 

same word. This ‘amalgamated’ identity is hypothesised to provide an easier mechanism for 

word recognition than a single identity such as meaning alone. Although this theory was 

initially described in relation to printed word recognition, the benefits of a more efficient 

amalgamated identity for oral vocabulary learning and retrieval has been suggested (Rosenthal 

& Ehri, 2008). Rosenthal et al. (2008) suggested that orthography, being more reliable than the 

transient phonological information, helps to secure the pronunciation of a new word within an 

amalgamated identity. Additionally, introducing orthography provides information of the word 

in two modalities, auditory (pronunciation) and visual (spelling). Doing so may improve 

memory for the words by virtue of the dual coding theory (Sadoski & Paivio, 2004). The second 
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theory that is often used as the basis for a proposed facilitatory effect of orthography for word 

learning is the lexical quality hypothesis (Perfetti & Hart, 2001). Similar to the word identity 

amalgamation theory, the lexical quality hypothesis also places emphasis on the availability of 

more word-specific information. According to Perfetti (2007), the ‘lexical quality’ of a word 

depends on the extent to which the word’s orthography, phonological, syntactic, semantic and 

pragmatic information is available in the mental lexicon. It is argued that greater word 

knowledge results in better quality of representation and hence the word is more ‘available’ for 

recall. It follows that a word learned in the presence of orthography will be of higher lexical 

quality than one without, and so will be identified more easily and pronunciations and spellings 

retrieved more accurately.  

In sum, these two theories suggest that having more detailed information of a word results 

in better learning, retention, and retrieval of the pronunciation, meaning, and spelling of the 

word.  

2.2. Evidence for orthographic facilitation 

In the first research exploring the notion of orthographic facilitation, Ehri and Wilce 

(1979) conducted a series of experiments in children from Grade 1 (mean age: 6.43 years) and 

Grade 2 (mean age: 7.78 years). Using paired-associate learning tasks, they assessed whether 

presence of spellings made it easier to learn and recall consonant-vowel-consonant (CVC) 

sound sequences that were taught as the names of geometric figures. The results were positive 

and the authors concluded that orthography has ‘mnemonic’ value for phonological learning in 

beginning readers.  

 Rosenthal and Ehri (2008) further examined this mnemonic value of orthography for 

learning the pronunciations of new words, by investigating whether the formation of links 

between orthography and phonology strengthened connections with semantics. In two 

experiments, they taught second graders (mean age 7.7 years) and fifth graders (mean age 10.11 
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years) the pronunciations and meanings of a list of concrete nouns. The words were taught with 

drawings of the referents. Each word was given a definition and was embedded in sentences 

for further clarification of meaning. Children learnt the pronunciations and definitions in 

spelling-present and spelling-absent conditions. Word learning was tested after a delay of one 

day, using slightly different tasks for the two groups. The younger children were given three 

tasks (i.e., word recall in response to a definition, spelling to dictation, and matching words to 

sentences) to assess their learning of pronunciation, spelling, and meaning respectively. The 

older group was given four different tasks (i.e., oral cloze task, picture naming, recalling 

definitions on listening to the target word, and matching words to new pictures) as well as 

spelling to dictation. Rosenthal and Ehri found a clear advantage of orthography for learning 

meaning, pronunciation and spelling in both groups of children. They explained the advantage 

of learning in the presence of spelling using the word amalgamation theory. Specifically, they 

suggested that orthography provided a reliable means of clarifying the transient phonemic 

constituents of the word. Another proposed explanation was that the dual coding—visual and 

auditory—enhanced memory for the word. They also reported that better readers, who were 

equipped with superior orthographic knowledge, benefited more from the presence of 

spellings. 

Ricketts et al. (2009) constructed 12 nonwords of varying spelling-sound consistency: 

consistent (e.g., joig - /jↄɪg/), inconsistent consonant (e.g., knarb - /nɑb/), and inconsistent 

vowel (e.g: dowf - /daʊf/). These nonwords were paired with novel pictures and taught to 

children as “objects that an alien might use”. Children were first familiarised with the 

pronunciations of the novel words and then the learning phase was initiated. The words were 

taught in three repetition and three production trials. During the repetition trials, the task was 

to look at the picture, listen to the word and repeat it. Mispronunciations were corrected. In the 

production trials, the task was to name the picture displayed. Half the stimuli were presented 
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with the written word accompanying the picture (orthography present condition) and half with 

the orthography absent; however, no attention was drawn to the presence of the orthography. 

Testing was conducted during the same session and included two tasks; nonword-picture 

matching, and spelling to dictation. Learning was also assessed during training by monitoring 

accuracy on the three production trials. 

Ricketts et al. (2009) found that learning increased over sessions, and that the presence 

of orthography facilitated learning of the phonology-semantics link. They did not analyse 

accuracy on the nonword-picture-matching task because the children’s performance was at 

ceiling. However, they found that reaction times were reduced for items learnt in the presence 

of orthography, pointing towards a facilitatory effect for all of the target nonwords. For the 

spelling test, orthographic facilitation was found for the nonwords with inconsistent spellings, 

but not for consistent ones. Error analysis of spellings revealed that children had not acquired 

word-specific spellings during the brief exposure to orthography and were spelling by 

translating from phonology to orthography. In summary, the study demonstrated orthographic 

facilitation of vocabulary learning in 8- to 9-year-old typically developing children. Based on 

the lexical quality hypothesis, the authors concluded that teaching children new spoken words 

in the presence of orthography enriched the input (i.e., both phonology and orthography) 

provided. The authors further noted that this effect was brought about by a brief and incidental 

exposure to spellings, indicating that children automatically used the orthography-phonology 

link, which then further strengthened the link between phonology and semantics. 

 Jubenville (2012) adapted the paired-associate word learning paradigm and extended 

these findings to another opaque language, French. The same pictures used by Ricketts et al. 

(2009) were used. A group of 79 children in Grade 3, matched for their reading and decoding 

abilities, were divided into 3 groups:  one learning nonwords without orthography, and two 

learning nonwords with orthography under consistent or inconsistent spelling conditions. The 
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outcome measures used were the number of trials required to learn the pronunciations of the 

nonwords, picture naming, nonword-picture matching, and spelling. The results indicated that 

children learned the pronunciations of the words faster in the orthography-present condition, 

further adding to the evidence for orthographic facilitation of word learning. Benefits were also 

evident in the picture naming, nonword-picture matching, and spelling tasks. In order to 

examine whether these benefits extended beyond the learning period, three post-tests were 

conducted one day after testing: recalling the label (expressive vocabulary), spoken-label to 

picture matching (receptive vocabulary) and spelling to dictation. The benefit of orthography 

persisted for receptive vocabulary and spelling. However, in contrast to previous literature, 

orthography did not have a significant effect on the recall of pronunciations during posttest. 

Jubenville (2012) attributed this result to the between-subject design and to the general 

difficulty of the pronunciation-recall task. A recent study by Chambre et al. (2017) 

demonstrated a similar advantage of orthography in slightly younger 6- and 7-year-old 

children. In that study, the benefits persisted two weeks after the learning phase, but were found 

only for learning pronunciations and not meanings. The reason suggested for this finding was 

that, being younger, these children would not have a grapho-semantic system capable of using 

orthography to learn meanings. 

2.3. Orthographic facilitation in special populations 

 Following these studies with typically-developing children, several researchers have 

attempted to extend the findings to different populations. Mengoni et al. (2013), examined 

whether children with Down Syndrome would benefit similarly from the presence of 

orthography. They studied orthographic facilitation for learning spoken words in 17 children 

with Down Syndrome aged 7 to 16 years, and compared it to the effect in reading level matched 

typically-developing children aged 5 to 7 years. Keeping in mind the speech production 

difficulties characteristic of Down Syndrome, 10 nonwords consisting only of phonemes 



 15 

acquired by 4 years of age were chosen as stimuli. These were paired with unfamiliar pictures. 

Vocabulary learning was conducted in two conditions; orthography present, where the spelling 

of the nonword was provided, and orthography absent, where a string of three randomly 

selected Greek letters was presented. Deviating from previous studies, a sentence cue, “This is 

how we spell it” was provided for the presence of orthography and “This is how aliens spell 

it” for Greek symbols in the orthography absent condition. The experiment consisted of a series 

of three trials: (a) repetition and phonological consolidation (b) picture-word matching, and (c) 

picture naming, with each trial repeated four times. Children heard the word again as feedback 

along with the spelling. The outcome measures were performance on the production trials 

during learning, and performance on a post-training picture-naming task. Results revealed a 

similar level of spoken word learning as well as degree of orthographic facilitation for both 

groups of children on both outcome measures. Mengoni et al. expected a greater degree of 

facilitation for the children with Down Syndrome given their strong visual short-term memory 

and weak verbal short-term memory; however, the results did not suggest any such between-

group differences in learning. The authors concluded that having a control group matched for 

decoding ability, rather than single word reading, might prove to be advantageous in exploring 

the relative degree of orthographic facilitation in this population.  

 In a study comparing orthographic facilitation between children with autism spectrum 

disorders (ASD, n = 20) and typically developing children (n=21), Lucas and Norbury (2014) 

taught 16 low frequency secondary school level science words to 7- to 12-year-old children. 

Similar to previous studies, during the learning phase, children learned stimuli in the two 

conditions (orthography present and orthography absent). Deviating from previous studies, the 

stimuli were presented only twice because more exposures resulted in ceiling effects on the 

post-tests for typically developing children. A semantic component was also included by 

categorising the stimuli into ‘plant-related,’ ‘animal-related’ or ‘neither’ categories. Picture 
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naming, spoken-word-to-picture matching, and an orthographic choice task were used to test 

phonological, semantic, and orthographic learning respectively. On testing immediately after 

learning, both groups benefited from the presence of orthography on all measures, with a 

greater degree of facilitation observed for the ASD group. The ASD group demonstrated better 

phonological learning while the typically developing group learned the orthography better. The 

advantage of orthography present over the orthography absent condition was retained 24 hours 

after learning. A particular strength of this study was the use of eye tracking to monitor 

attention given to the orthography during the learning phase. These data revealed that children 

with ASD actively searched for the additional support in the orthography absent condition, 

indicating that the spelling might indeed have supported learning.  

 Ricketts et al. (2015) studied orthographic facilitation in three groups of children; those 

with specific language impairment (SLI), ASD, and typical development. The children where 

between 8- and 13-years-of-age and were matched in triplets for age and nonverbal reasoning. 

The SLI and ASD groups did not differ significantly on word or nonword reading but had 

significantly lower word reading than the typically developing group. The learning paradigm 

followed was identical to Ricketts et al. (2009). All three groups showed benefits of 

orthography for learning oral vocabulary, thereby extending findings to children with SLI as 

well.  

2.4 Summary. 

 To summarise, there is extensive literature on the mechanisms involved in, and factors 

influencing, vocabulary acquisition in children. The role of orthography as an important 

linguistic factor for oral word learning is increasingly being researched. Furthermore, the 

benefits of orthography for spoken word learning are observed not only for children with 

typical development but also children from special populations who are known to display 

weaknesses in oral language, reading skills, and language learning in general. To date, 
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however, there have been no studies of orthographic support for word learning in children with 

hearing loss. 

3. Oral vocabulary learning in children with hearing loss 

 Language development in children with hearing loss shows large variability, owing in 

part to the variability in the nature and level of hearing impairment in this population. For the 

purpose of this review, the focus will be on vocabulary acquisition in children with hearing 

loss who communicate orally and use hearing devices (i.e., hearing aids or cochlear implants).  

3.1 Vocabulary deficits in children with hearing loss. 

 Children with hearing loss face various challenges in learning new words. In 

comparison to hearing children, they often have access to fewer incidental learning 

opportunities and miss word-learning opportunities because of the diminished quantity and 

quality of auditory input that they receive. Hermans, Wauters, Willemsen, & Knoors (2015) 

reviewed the research on vocabulary acquisition in children with hearing loss. They 

emphasised that research has found repeatedly that children with hearing loss using hearing 

aids or cochlear implants tend to have smaller spoken vocabularies and poorer vocabulary 

learning than hearing children.  

 As described in earlier sections, there are numerous theories of the vocabulary 

acquisition process in children with typical hearing. It is known that children with hearing loss 

face difficulties in word learning. However, fewer studies have focused on the mechanisms of 

vocabulary acquisition in this population. Some researchers have examined fast mapping in 

children with hearing loss (Pittman, Lewis, Hoover, & Stelmachowicz, 2005; Stelmachowicz, 

Pittman, Hoover, & Lewis, 2004). The outcomes of these studies suggest that children with 

hearing loss need a greater number of exposures to learn a new word when compared to their 

hearing peers. Children with hearing loss using hearing aids or cochlear implants seem to be 

able to learn words using fast mapping, which is influenced by age at identification and 
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aiding/implantation (Houston, Stewart, Moberly, Hollich, & Miyamoto, 2012; Schorr, Roth, & 

Fox, 2008), existing vocabulary skills (Pittman et al., 2005), and phonological working 

memory (Willstedt-Svensson, Lofqvist, Almqvist, & Sahlen 2004).  

 A question of particular importance is whether these children are able to learn new 

words and retain them in memory over the longer term. Houston, Carter, Pisoni, Kirk, and Ying 

(2005) examined word learning and retention in 2- to 5-year old children using cochlear 

implants. This group of children was found to be much slower than hearing children in learning 

word-referent pairs. Additionally, word recall was also poor, after only a 2-hour delay.  In 

another study, Walker & McGregor (2013) found that although preschool children using 

cochlear implants performed more poorly than age-matched peers on word learning, their 

performance was on par with hearing children matched for vocabulary skills. However, they 

showed poor retention (tested after 1 day), and were unable to extend the newly learned words 

to similar objects. 

 Therefore, there exists some evidence for the use of fast mapping in children with 

hearing loss who use cochlear implants (e.g., Walker & McGregor, 2013). However, it is 

evident that word learning is a difficult task in this population and that their memory for 

meanings and pronunciations of words is generally poorer than for children without a hearing 

loss.  

3.2 Factors responsible for vocabulary deficits in children with hearing loss. 

 A major factor that results in poor vocabulary skills among deaf children is the 

diminished input and fewer opportunities for incidental word learning (Hermans et al., 2016).  

As previously described in section 1.2, the auditory perceptual abilities are crucial for spoken 

word acquisition. Children with hearing loss have deficits in this domain, which impacts their 

word learning ability to a great extent. Children who receive cochlear implants at an early age 

are at an advantage for word learning when compared to those undergoing late implantation in 
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terms of overall vocabulary outcomes as well as learning rates (e.g. Hayes et al., 2009; Kirk, 

Miyamoto, Lento, Ying, O'Neill, & Fears, 2002; Nicholas & Geers, 2006; Willstedt-Svensson 

et al., 2004).  

 The vocabulary deficits widely reported in children with hearing loss might partially be 

the consequence of poor phonological working memory (Gathercole & Baddeley, 1993; 

Willstendt-Svensson et al., 2004; Houston et al., 2005) and weak phonological representations 

(Harris & Beech, 1998, James, Rajput, Brinton, & Goswami, 2008). Given that oral vocabulary 

acquisition requires children to learn the link between phonology and semantics, a child must 

retain the sound pattern or sequence of a new word in short term memory for long enough to 

link it to the relevant meaning. If the child fails to retain the phonological form of the word, 

they will in turn fail to learn its pronunciation and, as a consequence, the phonology-semantics 

link would not be established. It is also reported that children with hearing loss using cochlear 

implants fail to take advantage of linguistic cues such as phonotactic probablities, 

neighbourhood density and word frequency, which are important in the early stage of spoken 

word learning (Section 1.2). 

 It is evident from this review of literature that a large proportion of children with 

hearing loss do not achieve age appropriate vocabulary skills due to perceptual, linguistic and 

cognitive factors. Hence, there is a great need to identify factors that may facilitate spoken 

vocabulary acquisition, and thereby improve language and literacy outcomes in this population. 

3.3 Interventions to support vocabulary acquisition in children with hearing loss. 

  Luckner and Cooke (2010) completed a review of 41 studies of vocabulary learning in 

children with hearing loss conducted between 1967 and 2008. The age range of the children 

studied was from 3 to 21 years. Of these, 10 studies investigated methods or programs to 

support vocabulary acquisition in children with hearing loss. Overall, the strategies did not 

prove very effective for teaching vocabulary to children. However, the use of multimodal 
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scaffolding via a computer-based program was found to be advantageous for the learning of 

new words (Barker, 2003). Luckner and Cooke emphasised the dearth of research in this area, 

especially in exploring possible vocabulary instruction methods that may support word 

learning in children with hearing loss. 

 Paatsch, Blamey, Sarant, and Bow (2006) have advocated a more direct approach for 

vocabulary instruction. They developed a program to teach 5- to 12-year-old children 70 words 

as part of a 15-week curriculum. The words were presented pictorially. The activities in 

vocabulary training included discussion of the word meanings, using the words in sentences 

and in discourse to learn the semantic and syntactic use of the word. This direct method of 

vocabulary training improved the knowledge of word meanings significantly. 

 There exists some evidence for the effectiveness of a semantic teaching method of 

intervention for vocabulary acquisition in preschool children using cochlear implants (Lund & 

Schuele, 2014). Five children were taught 60 words as labels for unknown pictures over a 

period of ten weeks. They were then provided with detailed semantic descriptions for each 

word. Receptive and expressive word learning were assessed using a picture-word-matching 

task and a labelling task respectively. Results revealed an improvement in receptive word 

learning after semantic teaching. However, the intervention did not show an effect for 

expressive word learning. It is notable that different sets of words were used in training and 

testing, indicating that this study examined whether training affected word learning 

performance in general rather than learning of individual novel words. 

3.4 Summary. 

 To sum up, the studies on vocabulary acquisition in children with hearing loss reveal 

that these children are slower to learn new words and need a greater number of exposures. 

Furthermore, they show poor retention and extension of new words. These learning difficulties 

could be the result of inadequate input, limited word learning opportunities, poor language 
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skills (vocabulary and phonology), and/or limited working memory capacity. There is great 

scope for further research into the mechanisms of word learning in children with hearing loss. 

4. Conclusions and future directions  

 Vocabulary acquisition is a widely researched area of language development in 

children. Numerous theories, based on language, cognition, and social-pragmatics have been 

proposed to explain word learning. Additionally, some hybrid models have also been proposed, 

acknowledging the use of multiple mechanisms and strategies for vocabulary acquisition (e.g. 

e.g., Hollich et al., 2000). In typical populations, several factors that support vocabulary 

development have been identified, including the use of direct instruction. 

 A more recent line of research has focused on the facilitatory effect of orthography for 

vocabulary learning. Drawing support from theories such as dual coding theory, word identity 

amalgamation theory, and the lexical quality hypothesis, researchers have provided evidence 

for the effective use of orthography to support vocabulary acquisition in children with typical 

development, SLI, ASD and Down Syndrome. The results are promising, and encourage 

further research in other populations that face word learning difficulties, such as children with 

hearing loss. 

 It is evident from the available literature that vocabulary learning poses a challenge to 

children with hearing loss. Several studies propose direct instruction strategies and suggest the 

use of some scaffolding to support vocabulary learning (Hermans et al., 2015). However, little 

empirical support for the effectiveness of different methods exists. Ricketts et al. (2009) 

suggested that the orthography could be used as a compensatory strategy for children who have 

good visual or orthographic skills but face difficulty in learning new spoken words. It would 

appear possible that orthography could provide the necessary scaffolding, release the load on 

phonological short-term memory, and facilitate formation of the crucial phonological-semantic 

link and might result in better word learning in children with hearing loss.  
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Abstract 

 Vocabulary is known to play a crucial role in children’s reading and literacy acquisition. 

Therefore, several attempts have been made to identify factors that may support vocabulary 

learning, such as the presence of orthography while learning new words. Researchers have 

established that the presence of orthography has a facilitatory effect on learning the 

pronunciation and meanings of new words in school-aged children (e.g., Ricketts, Nation & 

Bishop, 2009). The aim of this study was to examine whether the incidental presence of 

orthography can also facilitate word learning in children with hearing loss. Since children with 

hearing loss often have weak phonological skills, we hypothesised that orthography would 

provide scaffolding for the acquisition of novel words and strengthen the phonology-semantics 

link in the mental lexicon. Fourteen children aged 7 to 12 years were taught novel picture-word 

pairs using repetition and production tasks. The orthographic forms were presented incidentally 

for half of the stimuli. Word learning was assessed using pronunciation, picture-word 

matching, and a spelling test. During training, children named pictures more accurately when 

their names were learned in the presence of orthographic forms than without them.  However, 

a corresponding benefit of orthography was not found for either accuracy or reaction time in 

the word-picture matching task. Despite only brief incidental exposure, the children were better 

able to retrieve the spellings of words learned in the orthography present condition. Overall, 

the results suggest that children with hearing loss show some benefit from the presence of 

orthography in learning new spoken words.
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Introduction 

Acquisition of new oral vocabulary is a complex process that involves learning a word’s 

pronunciation (phonology) and meaning (semantics), and forming a link between the two. 

Children’s oral vocabulary is typically measured in terms of tests of receptive vocabulary, 

which assess children’s ability to go from phonology to meaning in comprehension tasks, and 

expressive vocabulary which assess children’s ability to go from meaning to phonology in 

production tasks (Burger & Chong, 2011).  In young children, vocabulary acquisition is of 

utmost importance for development of language, communication, and subsequent reading and 

literacy skills (e.g., Biemiller, 2009; Ouellette, 2006; Ricketts, Nation, & Bishop, 2009). 

Therefore, it is unsurprising that children’s vocabulary acquisition and factors that facilitate 

such acquisition have been extensively researched. Here, we explored vocabulary acquisition 

in children with hearing loss and, specifically, examined whether providing orthographic 

(written word) support could assist in the learning of new spoken words.  

The Process of Vocabulary Acquisition. 

 Young typically-developing children rapidly and automatically acquire the meanings 

and pronunciations of words they encounter in their native language, in an apparently incidental 

fashion. Several theories have been proposed to describe this incidental process of vocabulary 

acquisition. Carey and Bartlett (1978) suggested that children as young as 13 months can form 

word-referent links following very few exposures, using a mechanism known as ‘fast 

mapping’. Similarly, Aitchison (1987) posits three tasks that are required for vocabulary 

acquisition; namely, labelling, packaging and network building. According to this theory, a 

child first learns to assign labels to objects or events in their environment. After labelling, the 

child learns to package together all instances in which the word can be correctly used. Finally, 

the child learns the semantic relations between words in their vocabulary through network 
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building. In young children, this learning appears to occur with minimal explicit instruction or 

assistance from parents or teachers. 

 Apart from incidental vocabulary acquisition (e.g., Carey & Bartlett, 1978; Aitchison, 

1987), children also receive explicit vocabulary instruction during the early preschool and 

school years, aimed at maximising their learning. It has been suggested that explicit vocabulary 

instruction must start early and provide rich conceptual and contextual information to 

consolidate the word in the mental lexicon (Beck, McKeown & Kucan, 2002; McKeown, Beck, 

& Sandora, 2012; Perfetti & Hart, 2002). Many different methods of vocabulary instruction 

have been proposed, examined and compared in typically developing children at different 

grade levels (e.g., Biemiller & Boote, 2006; Coyne, McCoach, Loftus, Zipoli, & Kapp, 2007; 

Marulis & Neuman, 2010). In addition, as children learn to read, a major part of vocabulary is 

acquired through the process of reading itself (Nagy, Herman, & Anderson, 1985). 

Vocabulary acquisition in children with hearing loss. 

 Hearing loss is known to affect language development in children, including the 

development of receptive and expressive vocabulary (e.g., Sarchet, Marschark, Borgna, 

Convertino, Sapere & Dirmyer, 2014). With technological advancements, hearing aids and 

cochlear implants are able to provide language input to children learning spoken language. 

Nevertheless, vocabulary acquisition remains a challenge in this group of children (e.g., Geers, 

2006; Hermans, Wauters, Willemsen, & Knoors, 2016; Lund & Douglas, 2016; 

Stelmachowicz, Pittman, Hoover & Lewis, 2004). The word learning task continues to be a 

challenge during the school years, when children are expected to learn a large number of 

subject-specific novel words. Many school-aged children with hearing loss learn fewer words 

than their age-matched peers, and most fail to attain vocabulary skills similar to their peers 

throughout their school years despite use of adequate amplification such as hearing aids and 

cochlear implants (e.g. Hayes, Geers, Treiman, & Moog, 2009; Lund, 2016; Sarchet, 
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Marschark, Borgna, Convertino, Sapere, & Dirmyer, 2014; Walker & McGregor, 2013). For 

instance, Johnson and Goswami (2010) found that 5-15-year-old children with hearing loss 

who used hearing aids and cochlear implants had lower receptive and expressive vocabularies 

than their reading-matched peers with normal hearing.   

 Although great variability has been reported (e.g. Marschark, Convertino, McEvoy & 

Mastellar, 2004), it is clear that at a group level, children with hearing loss exhibit poorer 

vocabulary skills than children with typical hearing.  The importance of vocabulary skills for 

reading and literacy success is well known (Kyle & Harris, 2011). Given that children with 

hearing loss do not benefit greatly from opportunities for incidental oral word learning 

(Hermans et al., 2016), and that most fail to attain vocabulary skills similar to their peers 

throughout their school years (e.g., Geers, 2006; Lund & Douglas, 2016; Sarchet et al.,2014; 

Stelmachowicz et al., 2004), it is of great importance to identify vocabulary instruction 

strategies that are effective in this group of word-learners. 

 A review of studies examining vocabulary learning in children with hearing loss 

(Luckner & Cooke, 2010) revealed that, among 41 studies conducted between 1967 and 2008, 

only 10 studies focused on vocabulary intervention. This finding directs attention to the need 

for further research in this field. Some of the studies provided evidence for the use of 

technology to teach pronunciations and spellings of words to children with hearing loss (e.g. 

Barker, 2003; Hermans et al., 2016). The use of linguistic strategies was also suggested, such 

as semantic, morphological and metalinguistic strategies (Easterbrooks & Beal-Alvarez, 2013; 

Hermans et al., 2016; Lund & Schuele, 2013). In a recent study, Lund et al. (2016) compared 

the effectiveness of three methods of vocabulary instruction for preschoolers with hearing loss. 

The results indicated that children with hearing loss learned vocabulary better when given 

direct instruction (which encompassed repetition, picture matching and picture naming) than 

they did through play-based or incidental exposure. 
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 Although there is evidence that children with hearing loss benefit from direct 

instruction and linguistic support during word learning, further research is warranted to identify 

factors that can effectively support word learning and memory for pronunciations in children 

with hearing loss. Similar to hearing children, children with hearing loss must retain the sound 

pattern of a novel word in phonological short-term memory, and link this new phonological 

form to the meaning to form a new entry in the mental lexicon. The word learning difficulties 

in the DHH population could partially arise from their documented weak phonological 

representations (Nittrouer, Caldwell-Tarr, Low, & Lowenstein, 2017; Pisoni & Cleary, 2003), 

making it difficult for them to learn the word’s pronunciation and subsequently, to acquire the 

word. The key therefore is to identify strategies that have the potential to overcome these 

difficulties.   

Orthographic Facilitation of Oral Vocabulary Acquisition. 

 An interesting line of research being pursued in the last decade highlights the provision 

of spelling or orthography as an important factor that can facilitate vocabulary acquisition in 

young children (Jubenville, 2012; Lucas & Norbury, 2014; Mengoni et al., 2013; Ricketts et 

al., 2009; Ricketts et al., 2015; Rosenthal & Ehri, 2008). Vocabulary learning, as described 

earlier, requires a child to learn the link between pronunciation (phonology) and meaning 

(semantics) of a new word. Once literacy instruction commences, children are able to develop 

basic orthographic knowledge, which enables them to add additional information to the 

representations of words in their mental lexicon, namely, spelling.  

 Two theories have been proposed to explain the benefits of additional orthographic 

information for word learning: (1) word amalgamation theory and (2) the lexical quality 

hypothesis. According to the word amalgamation theory (Ellis, 1978) children learn a number 

of identities for each word during acquisition, such as their phonological, semantic and 

syntactic identities. The identities for each word, though acquired over time, become 
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amalgamated to form a single unit representing that word. The theory suggests that this 

amalgamated form provides an easier word recognition strategy. For example, if the child sees 

the word ‘apple’ which has an amalgamated identity, they could use the orthographic image to 

retrieve the pronunciation, without having to perform letter-by-letter decoding. In a similar 

vein, Perfetti and Hart (2001) have proposed the lexical quality hypothesis, which posits that 

word retrieval becomes more accurate and efficient as the quality of representation improves. 

The ‘lexical quality’ of a word’s representation is determined by the extent to which 

phonological, semantic, syntactic and pragmatic information specific to the word are available 

in the lexicon. Therefore, if orthography were to be provided while learning a new word-

referent pair, it would result in a better-quality representation of the word in the mental lexicon, 

and allow for more accurate and efficient retrieval of the word’s pronunciation and spelling 

(Figure 2). 

 

Figure 2. Word representation in the mental lexicon (Based on the lexical quality hypothesis, 
Perfetti & Hart, 2001) 

Based on these theories, several researchers have examined the influence of orthography 

on word learning in children. Rosenthal and Ehri (2008) taught a group of 2nd and 5th grade 

children low frequency nouns paired with picture referents and their definitions. Word learning 

was tested after one day using tasks such as picture naming, definition recall, spelling, and 

spoken word-to-picture matching. The presence of orthography benefitted the children’s 
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performance on all the post-training tests, leading the researchers to conclude that the presence 

of orthography served as a mnemonic for learning the pronunciations of new words.  

 Ricketts et al. (2009) examined whether orthography facilitated novel word learning in 

58 school children aged 8 to 9 years. Twelve nonword stimuli were paired with novel pictures 

and were taught in the presence or absence of orthography. Before the word learning phase, 

children were familiarised with the pronunciations of the nonword stimuli. During the training 

phase, the children were required to repeat words and produce the name from pictures, with 

feedback. Testing was conducted in the same session and included two tasks: nonword-picture 

matching, and spelling to dictation. In the nonword-picture matching task, children heard the 

stimulus and matched it to the target from among four distractors. Participants were faster in 

this task in the orthography present condition than in the orthography absent condition, but 

there were no differences in accuracy between the two conditions. Spellings of the stimuli were 

also manipulated to represent different levels of spelling-sound consistency, and the presence 

of orthography was found to be important only for learning the spellings of inconsistent words. 

Therefore, Ricketts et al. concluded that children had not learned word specific orthography 

during the brief, incidental exposure, but were spelling by translating from phonology to 

orthography. 

 Following a slightly different, between-subjects design, Jubenville (2012) extended 

these findings to French speaking children in Grade 3. Similar to Ricketts et al. (2009), benefits 

of orthography were obtained during learning (as evidenced by improved naming accuracy and 

faster learning of pronunciations), and in the post-learning nonword-picture matching and 

spelling tests. However, the benefit for memory of pronunciations did not remain when 

children were re-assessed the next day. 
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Orthographic Facilitation in Special Populations. 

 Orthography has also been found to support spoken vocabulary acquisition in different 

groups of children who are known to have word learning difficulties. Mengoni et al. (2013), 

examined the orthographic facilitation effect for word learning in 17 children with Down 

syndrome aged 7 - 16 years. The children were taught 10 nonwords which consisted only of 

phonemes acquired by 4 years of age, since children with Down syndrome often display speech 

production difficulties. Similar to the previous studies, Mengoni et al. conducted a paired-

associate word learning task in two conditions: orthography present and absent. However, in 

this study, the orthography absent condition consisted of a string of three randomly selected 

Greek letters; and attention was drawn to the presence of the spelling or letter string using a 

simple sentence cue. The study also included a control group matched for reading level. The 

results revealed a similar degree of orthographic facilitation during learning and in a post-

training picture naming task in both the control and Down syndrome groups. 

 Lucas and Norbury (2014) examined whether children with autism spectrum disorders 

(ASD) and typically developing children benefited to a similar degree from the presence of 

orthography while learning 16 low-frequency secondary-school level science words. Similar 

to previous studies, a paired-associate word learning task was used. The semantic information 

provided was that of ‘semantic category’ (i.e. ‘plant related’ or ‘animal related’), and the 

children were exposed to the words only twice in order to avoid ceiling effects. The ASD group 

showed a greater degree of orthographic facilitation than the control group, and eye tracking 

results revealed that the children with ASD actively searched for the spellings while learning 

words. Learning of semantic category was not assessed after the training phase. Also, the 

benefit persisted when tested one day after the word learning experiment. In a recent study 

Ricketts et al. (2015), further explored orthographic facilitation for spoken word learning in 

children with specific language impairment (SLI), ASD, and typical development. The 
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experiment was conducted using the same paradigm as Ricketts et.al (2009). All three groups 

benefitted equally from the presence of orthography. Thus, the concept of orthographic 

facilitation of vocabulary acquisition has empirical support in different populations, including 

children with typical development, Down Syndrome, SLI and ASD.  

The Present Study. 

  As previously described, there is evidence for orthographic facilitation of vocabulary 

acquisition in special populations, including children with ASD, Down syndrome and SLI 

(Lucas et al., 2014; Mengoni et al., 2013; Ricketts et al., 2015).  However, the presence of an 

orthographic facilitation effect in children with hearing loss remains to be explored.  

The possible facilitatory influence of orthographic information is of particular relevance 

in the context of children with hearing loss, whose marked difficulty in learning new spoken 

words presumably reflects, at least in part, the need to extract word-level phonology and hold 

it in short-term memory for long enough to form a link with meaning. As a consequence of 

their phonological deficits (Park & Lombardino, 2012), an additional cognitive load is placed 

on children with hearing loss, when they are attempting to learn a new spoken word, which 

could therefore result in a failure to establish a link between phonology and semantics (Panel 

A, Figure 3). 
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Figure 3. The formation of the phonology-semantics link in DHH children     

 In contrast to auditorily presented information, however, orthography is less transient 

and provides a mechanism for children to confirm the pronunciation of a new word, thereby 

reducing the cognitive load (Ehri & Rosenthal, 2007). This may be of particular benefit to DHH 

children, given their weak phonological skills. The lexical quality hypothesis (Perfetti et al., 

2001) and the word amalgamation theory (Ehri, 1978) further support the idea that having 

additional orthographic support could be particularly beneficial for word learning in DHH 

children. Orthography could potentially provide the necessary scaffolding for phonology and 
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therefore facilitate the formation of the phonology-semantics link for successful word learning 

in these children (Panel B, Figure 3). 

 The present study aimed to provide evidence for orthographic facilitation of vocabulary 

learning in orally communicating DHH children, following the design of Ricketts et al. (2009). 

Primary school children with hearing loss were given novel vocabulary items to learn either in 

the presence or absence of orthography. We hypothesised that children would benefit from the 

incidental presence of orthography in this word learning paradigm (i.e., following Ricketts et 

al.). 

Method 

Participants 

 Participants were 14 children aged 7 - 12 years (M age = 8 years; 10 months, SD = 16 

months) who had varying degrees of hearing loss, ranging from mild to profound (Appendix 

A). All the children used hearing aids or cochlear implants in both ears. They were recruited 

from a school for children with significant hearing loss in the region of Sydney, Australia. The 

school follows the regular curriculum with intensive intervention in speech and language 

development as required. Because the school aims to prepare the students for full inclusion in 

a regular school, they all attend a local mainstream school for a part of each day. Consent forms 

were distributed to the families of 16 children who fit the age criteria for the study; 14 

consented to take part.  

Standardised tests 

Standardised measures of language and vocabulary were obtained from school records. 

These included the Clinical Evaluation of Language Fundamentals (CELF- 4; Semel, Wiig, & 

Secord., 2006) and the Peabody Picture Vocabulary Test (PPVT; Dunn & Dunn, 2007). 

Reading ability was assessed using the Castles & Coltheart 2 (CC2; Castles, Coltheart, Larsen, 

Jones, Saunders & McArthur, 2010). The CC2, which was administered individually, assesses 
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single word reading using 40-word lists of regular, irregular and nonwords. These tests were 

included to determine whether orthographic facilitation observed in the participants was 

dependent on their language and reading abilities. Additionally, reports of the Diagnostic 

Evaluation of Articulation and Phonology (DEAP) were obtained from school records in order 

to determine any speech errors exhibited by the participants. A summary of scores obtained on 

standardised measures is provided in Table 1.  

Table 1 

Participants’ age and performance on standardised tests. 

 M SD Min Max 

Age 8;10 16 months 7;11 12;0 

Language (CELF-4)     

      Receptive language a 73.40 15.01 52 98 

    Expressive language a 74.00 17.89 49 100 

Vocabulary (PPVT) b 84.10 19.22 50 118 

Reading ability (CC2) c     

    Regular words 32.50 7.833 11 38 

    Irregular words  19.67 5.348 6 29 

    Nonwords  26.33 10.06 6 37 

Note: CELF - 4, The Clinical Evaluation of Language Fundamentals; PPVT-4, Peabody Picture 

Vocabulary Test ; CC2, Castles & Coltheart 2. 
aStandard scores;   bStandard scores;   cRaw scores (Total=40) 

 

Experimental materials 

 Twelve nonwords containing 3 or 4 letters were chosen from previous studies (Ricketts 

et al.,2009; Wang, Castles, Nickles & Nation, 2011). These items were paired with pictures 
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used to study orthographic facilitation by Ricketts et al. (2009). The referents were pictures of 

unusual 3D objects, which they child was unlikely to have ever encountered. At the beginning 

of the experiment, it was explained to participants that they would learn the names some new 

things. Things that an alien may use in a spaceship. An example stimulus is provided in Figure 

4. 

  

Figure 4. Example of an a nonword-picture pair used in the experiment 

 

 

 The stimuli were divided into 2 groups of 6 items each and presented in two conditions, 

orthography present and orthography absent. For the orthography present condition, the written 

word was printed above the picture, in black Arial regular font, 30-point size. Assignment of 

items to the two orthography conditions was counterbalanced across participants. Table 2 

shows the full set of items used in the experiment.   
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Table 2 

Experimental stimuli  

Item number  Phonology Orthography 

1  /dʒiːl/  jeal 

2 /daʊd/  doud 

3 /həʊt/  hote 

4  /miːm/  meem 

5 /væk/  vack 

6 /lɔːk/  lork 

7 /nɔːn/  nawn 

8 /fɜːd/  furd 

9 /preɪf/  praif 

10 /gəʊk/  goak 

11 /cliːp/  cleap 

12 /sɜːn/  sern 

 

The word-learning paradigm 

 For direct comparison and consistency with previous studies of orthographic 

facilitation of spoken word acquisition, the word learning paradigm used in previous studies 

was incorporated (eg., Ricketts et al., 2009). Non word stimuli and pictures of novel 3D objects 

(Ricketts et al., 2009) to ensure that the words were not already a part of the participants' 

lexicon. 

Learning phase. A paired-associate word learning task was employed to teach children the 

nonwords. The experiment was conducted in individual sessions, in a quiet room within the 

school premises. The children learned the 12 nonword-picture pairings across two days, 6 items 
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per day (3 in each orthography condition). Coloured pictures of the unfamiliar objects were 

printed onto individual cards. For stimuli in the orthography present condition, the spelling of 

the nonword was printed above the picture, on the card. Children were assigned alternatively 

to Set 1 or Set 2. Set 1 children learned the first 6 items in the orthography present condition 

while Set 2 children learned the second 6 items in the orthography present condition.  

 The children were first told that they would see pictures of new objects and would be 

learning their names. The training consisted of 3 blocks. Each block included one repetition 

and one production task. For the repetition task, the experimenter showed the picture and 

named it, and the child was instructed to repeat the name after the experimenter. After 

completing the repetition task for the 6 pictures, the child completed the production task, in 

which they were required to try and say the name of each picture in the same sequence as the 

repetition task. The child received feedback after each item; the experimenter showed the 

picture again (with or without the spelling based on the orthography condition) and provided 

the label. Thus, in every block the child was exposed to the picture four times and heard the 

nonword three times. This procedure was repeated two more times (Fig. 5).  Performance on 

the production task was used to measure word learning in each block. Reports of the Diagnostic 

Evaluation of Articulation and Phonology (DEAP) were obtained from school records and 

taken into consideration while scoring the audio-recorded responses of the participants. If 

errors on particular phonemes were in the DEAP test, then those were taken as correct 

responses in the test. For example, according to the DEAP report participant 13 exhibited 

cluster reductions and replaced 'w' for 'r', Thus, the response 'pwaif' instead of 'praif' was 

accepted as a correct response for this participant. However, such instances were very few 

among the students who participated in this experiment. 
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 Figure 5. The word learning paradigm.  

Testing phase.  A nonword-picture matching test was conducted immediately after each 

training session, on both days, using the Psyscope X B77 program on a laptop. The children 

listened to a nonword, spoken by the experimenter, and then saw four previously trained 

pictures on the screen. They were asked to match the nonword to the correct picture using the 

laptop keys (Figure 6).  

 

Figure 6. Nonword-picture matching task 

 For easy access, four keys on the laptop had been labelled with the numbers 1 - 4, 

corresponding to the pictures on the screen. Response accuracy and reaction times were 

recorded by the software. Two practice trials using pictures of common objects were provided 
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at the beginning to familiarise the children with the task. At the end of Day 1, learning of the 

6 taught nonwords was assessed using a nonword-picture matching task. On Day 2, the children 

were taught another 6 words. At the end of Day 2, learning of all 12 nonwords was assessed 

using a nonword-picture matching task. Finally, spelling was also assessed. 

Spelling. Following the nonword-picture matching task, the experimenter dictated the 

nonwords one by one. The child was asked to write down the spellings of the nonwords on the 

form provided. This task provided a means to check whether the children had acquired 

knowledge about the spellings of the written words from the brief incidental exposure during 

the word learning experiment. Responses were categorised as correct or incorrect, and a 

spelling accuracy score was calculated. 

 

Results 

Learning Phase 

 For the purpose of the analysis, data from the two days were combined and learning of 

all 12 nonwords was examined. Performance on the production task in each block was taken 

as a measure of learning. Children were able to perform this task quite well, producing a 

proportion of 0.75 (range: 0.33-1) items correctly on average at the end of training block 3. As 
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shown in Figure 7, learning gradually improved across blocks, and learning appeared to be 

consistently better for the words in the orthography present condition. 

 

Figure 7. Performance on production task across 3 blocks in the 2 orthography conditions 

  

To examine whether orthography influenced learning across the blocks, a 2x3 Analysis 

of Variance was conducted with Orthography (present vs. absent) and Block (1 vs. 2 vs. 3) as 

repeated measures. Significant main effects were obtained for both Orthography conditions, 

F(1,13) = 9.01, p=0.01, η2  = .41 and block F(2,26) = 55.89, p<.001, η2  = .81 but not for the 

Orthography x Block interaction, F(2,26) = .23, p=.79, η2= .01. As the data were not normally 

distributed, a nonparametric test, the Wilcoxon Signed Rank test, was conducted to verify the 

results obtained using ANOVA. The difference in naming accuracy between the two 

orthography conditions during the production task, was significant in blocks 2, z= 2.22, p=.02 

and 3, z=2.22, p= .02 and marginally significant in block 1, z=1.90, p = .05. 
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Testing Phase 

 The testing phase consisted of the nonword-picture matching task and the spelling test. 

Table 3 shows participants’ scores on the two tasks as a function of orthography condition.  

 Nonword-picture matching task. Accuracy and reaction time data were collected for 

the nonword-picture matching task. Participants were slightly more accurate on this task for 

words learned in the orthography absent condition. However, the difference between accuracy 

in the orthography present (M=5.28, SD=1.48) and orthography absent (M=5.35, SD= 1.15) 

conditions was not statistically significant; t(13)= -0.32, p=0.75.  

 For the analysis of reaction time, only the reaction times for correct responses were 

included. Therefore, 13.19% of the RTs, corresponding to incorrect responses were excluded 

from the analysis. The participants appeared to be generally slow to perform the task, although 

variability is evident in this measure. Participants produced correct responses faster for words 

Table 3 

Performance on experimental parameters      

 Orthography present  Orthography absent 

 M SD Min Max  M SD Min Max 

Nonword-picture 
matching task 1 

         

Accuracy  5.28 1.48 1 6  5.35 1.15 3 6 

     Reaction time 2926 851 1466 4474  3128 1364 1228 6700 

Spelling accuracy 1 3.25 2.05 0 6  0.5 0.67 0 2 

Note: The table displays raw scores. 1 Six items 
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taught with orthography than without. However, there was no statistically significant difference 

in mean reaction times for the orthography present and orthography absent conditions, t(13) = -

0.74, p=0.47.  

Spelling. The spellings produced by the participants were scored as correct or incorrect 

according to the target spellings as provided in the orthography present condition during 

training (Table 2). Children spelled the words learned in the orthography present condition 

more accurately than in the orthography absent condition. There was a statistically significant 

difference in these scores, indicating that the children did learn about the orthography of the 

nonwords from the brief exposure to their spellings during the training phase, t(13)= 4.750, 

p<.001. 

 Orthographic Facilitation. As described earlier, children’s performance on the 

production task during the learning phase differed significantly between the two orthography 

conditions, across blocks. In order to quantify this facilitatory effect, an orthographic 

facilitation (OF) measure was obtained across the training period. The difference in mean 

accurate naming responses between the orthography present and absent conditions was 

calculated, yielding an OF value for each block (Table 4). 

 

Table 4 

Orthographic facilitation  

 M SD 

Block 1 0.83 1.00 

Block 2 1.70 1.28 

Block 3 0.83 1.00 
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The Wilcoxon Signed Rank test showed that there was no significant difference in the 

orthographic facilitation between Block 1 and Block 2 (Z= -0.54, p=0.58), Block 2 and Block 

3 (Z=-0.49, p=0.62) or Block 1 and Block 3 (Z=-0.05, p=0.95). To examine individual 

variation, the orthographic learning effect was examined for each participant separately across 

the blocks. The results are presented in Figure 8. As the figure shows, 12 participants displayed 

a numerical facilitatory effect at some point during training. However, there was considerable 

variation in when the benefit emerged. For participants 1, 2, 3, 4, 8, 13, and 14, facilitation was 

evident immediately after the first exposure (Block 1). In contrast, for participants 5, 6, 10 and 

12, OF emerged at the end of training. Participant 11 experienced no facilitation during 

learning, and the presence of orthography appeared to interfere with, rather than facilitate, 

learning for participant 9. 
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Figure 8. Orthographic facilitation across participants 

Correlations with background measures 

 The outcome measures for the learning and testing phase were correlated with 

background measures including receptive and expressive language, vocabulary, and reading 

(regular, irregular and nonwords) using Spearman’s rank order correlation coefficients. None 

of the background measures correlated with orthographic facilitation for picture naming 

accuracy during training, nonword-picture matching accuracy, or reaction time (Figure 9). 

However, the ability to learn spellings in the orthography present condition was related to the 

children’s reading ability. The difference in spelling accuracy between the two orthography 
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conditions, correlated significantly with regular word reading (rs =0.644, p=0.024), irregular 

word reading (rs =0.592, p=0.042) and nonword reading (rs =0.611, p=0.035).  

 

Figure 9. Scatterplot of performance on language and reading tests versus orthographic 
facilitation scores, averaged over the three blocks 

Discussion 

 The present study aimed to investigate whether orthography can support oral 

vocabulary learning in children with hearing loss. A likely cause of spoken-word learning 

difficulties faced by children with hearing loss is weak phonological skills and/or poor 

phonological working memory. In accordance with this possibility, and the growing evidence 

for orthographic facilitation of oral vocabulary development in children with typical 

development (e.g., Ricketts et al., 2009) and various forms of developmental disability (e.g., 

Ricketts et al., 2015), we hypothesised that children with hearing loss would benefit from the 

presence of spellings while learning new spoken words. Further, drawing from the lexical 

quality hypothesis and the word identity amalgamation theory, we expected that spellings 

would help to better secure the pronunciations of the new words in memory for these children. 

To examine this hypothesis, 14 children with hearing loss were taught 12 novel-word-picture 
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pairs using a paired-associate word learning paradigm, over two days. The results of the study 

are discussed in light of previous literature.  

 During the learning phase, naming accuracy on the picture-naming task was 

significantly better for words learned with spellings than without, thereby indicating that 

orthography facilitated word learning in our sample of children with hearing loss. This result 

is consistent with previous studies that show a facilitatory influence of orthography on the 

learning of words’ pronunciations in children with typical and atypical development 

(Jubenville, 2012; Lucas & Norbury, 2014; Mengoni et al., 2013; Ricketts et al., 2009; Ricketts 

et al., 2015; Rosenthal & Ehri, 2008). An orthographic facilitation measure was obtained for 

each training block by measuring the difference in naming accuracy on the production task. 

The lack of difference in the degree of facilitation across the three blocks can be attributed to 

individual variability in the onset of orthographic facilitation. While some children 

immediately derived benefits from the incidental presence of spelling, others were more 

gradual in making use of the spellings. However, for one participant (9) the presence of spelling 

appeared to hinder word learning. This participant is known to have Attention Deficit 

Hyperactivity Disorder, where processing of multiple stimuli is often a challenge (Corbett & 

Constantine, 2006; Dionne-Dostie, Paquette, Lassonde, & Gallagher, 2015). The incidental 

presence of the spelling, along with the picture and the auditory stimulus, may have distracted 

this child from learning the pronunciation of the words presented with spellings. Overall, our 

results suggest that orthography facilitates spoken word learning in children with hearing loss, 

at least during the active learning phases.  

 Contrary to expectation, the presence of orthography did not result in significantly 

better performance on the nonword-picture matching post-test. Although the children were 

numerically faster in making accurate responses for words learned with spellings than without, 

this difference was not statistically significant. A number of other studies have used a similar 
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measure to assess orthographic facilitation of nonword learning (Lucas et al., 2014; Ricketts et 

al., 2009; Ricketts et al., 2015), and the findings have been mixed. In two studies, Ricketts et 

al. (2009) which tested children with typical development, and Ricketts et al. (2015) which 

tested children with typical development, ASD and SLI, accuracy on the nonword-picture 

matching task was not analysed as the scores were at ceiling; however, they did find a 

significant difference in reaction time between the words learned in the orthography present 

vs. orthography absent conditions. In Ricketts et al. (2015), this effect was similar for children 

with SLI and children with typical development. Contrastingly, Lucas et al. (2014) reported 

that a group of children with ASD showed greater accuracy on the word-picture matching task 

for words learned with orthography, whereas no such effect was observed for typically 

developing children.  

 The nature of the nonword-picture matching task is such that the child is required to 

access meaning (the picture of the novel object) on hearing the novel word. It would appear 

from the current results that learning in the presence of spellings speeds up this access to 

meaning, but that spellings are not absolutely necessary for children with hearing loss to form 

a link between phonology and semantics. This lack of an effect of orthography condition on 

accuracy in the nonword picture matching task at post-test, despite a significant effect during 

training may need to be further explored in future studies. Interestingly, there is evidence for 

orthographic support for learning meanings and recall of definitions of new words (Rosenthal 

& Ehri, 2008). In our study, the meaning of the novel word was represented by the picture 

alone. It may be worthwhile to examine orthographic facilitation for word learning in more 

semantically-rich contexts, which would better depict a natural word learning situation. 

Another interesting line of research would be to examine how orthography supports learning 

of meanings and pronunciations of words that are less picturable. 
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The results of the spelling to dictation post-test provide additional evidence that despite 

brief incidental presentation, the children were able to learn the spellings of the words in the 

orthography present condition. For the sake of simplicity, this initial study did not manipulate 

spelling-to-sound consistency of the nonword stimuli. It would be worthwhile to examine 

whether consistency affects the facilitation of word learning observed children with hearing 

loss. Given that children may use spelling as a checking mechanism to confirm the auditory 

input (Ehri, 1987; Rosenthal & Ehri, 2008), it is plausible that a discrepancy between the two 

may lead to confusion, especially in this population.  

 In an effort to understand the substantial individual variation that was observed between 

participants in the degree of orthographic facilitation, we examined its association with 

language and reading abilities. Orthographic facilitation for spoken word learning measured 

during the learning phase did not correlate with receptive language, expressive language, or 

any of the reading measures (regular, irregular or nonword reading). This result is in contrast 

to previous studies which reported that children with better reading abilities benefit more from 

the presence of spellings during spoken word learning (Rosenthal & Ehri 2008). Since there 

was no difference in accuracy on the nonword-picture matching task, those results were not 

compared with background measures of the participants in this study. Ricketts et al (2009) did 

not find an effect of language and reading abilities during training tasks such as those used 

here, which required repetition and picture-naming. However, better readers showed greater 

orthographic facilitation in the nonword-picture matching and spelling post-tests. We found 

similar results on the spelling-to-dictation task; regular, irregular and nonword reading abilities 

significantly correlated with the difference in spelling accuracy between the orthography 

present and orthography absent conditions. From these results, we infer that children with 

hearing loss who are better readers are able to better learn spellings incidentally than those who 

are poorer readers. However, more detailed assessments would be required to explore the 
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relations between orthographic facilitation and the reading abilities of children with hearing 

loss.  

 One limitation of this study is the small sample size. Given the great variability between 

participants, a larger sample size would be required to draw strong conclusions regarding the 

association between orthographic facilitation and language and reading abilities. We have 

demonstrated the variance in the orthographic facilitation of vocabulary learning among our 

participants. A larger sample size is required to examine the effects of degree of hearing loss 

and hearing device usage, and whether these factors could explain the variation observed in the 

orthographic facilitation in children with hearing loss. Another limitation is that the ceiling 

effects were not accounted for. In addition, including a larger number of post-test assessments 

such as a picture-naming test could be advantageous to assess children’s ability to access 

phonology from semantics. Also, in the present study, vocabulary acquisition was defined as 

the acquisition of a phonology-semantics link. It is of equal importance to examine the 

retention of newly-learned words. Therefore, future studies could examine the extent to which 

orthography helps to secure the pronunciations of new words in memory over a more extended 

period of time. Another area of interest would be to manipulate the orthographic consistency 

of the words and observe the effect on orthographic facilitation in this population.  

Conclusion 

 In conclusion, this study provides evidence for orthographic facilitation of spoken word 

learning in children with hearing loss during the learning process, thus extending the existing 

literature on orthographic facilitation for oral vocabulary acquisition to this new population 

(Jubenville, 2012; Lucas et al., 2014; Mengoni et al., 2013; Ricketts et al., 2009; Ricketts et 

al., 2015; Rosethal et al., 2008). Children were able to learn pronunciations of nonwords better 

in the presence of orthography than in its absence, even though no attention was drawn to the 

spellings in the word learning paradigm. However, the beneficial effect during learning could 
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not be demonstrated on post-test measures. Given that oral vocabulary acquisition is 

challenging for children with hearing loss (e.g. Hermans et al., 2015), the identification of 

factors that support word learning is of utmost importance in the field of deaf education. These 

results prompt the further investigation of this effect in a larger population of children with 

hearing loss.  
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Appendix A 
 
 
Information on participants' hearing loss and device-use  

Device Hearing Loss No. of 

participants 

Participant IDs 

Cochlear implants Bilateral Profound 6 4, 6, 9, 11, 12, 

14 

 Bilateral Severe-Profound 1 8 

 Bilateral sloping Mild-Severe 1 2 

 Bilateral Moderate Hi Frequency 1 10 

    
Cochlear Implant + 

Hearing Aid 

Left: Moderate sloping (HA)  

Right: Moderate-Severe (CI) 

1 13 

    
Hearing Aids Bilateral Mild-Moderate 1 1 

 Left Mild-Moderate: Right 

Profound 

1 3 

 Bilateral Mild sloping to Profound 1 5 

 Left Severe: Right Moderate-

Severe 

1 7 
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Appendix B 
 

Detailed participant information. 
 

Particip-

ant IDs 

Age  

(years;months) 

 CELF - 4  a  PPVT  a CC-2  b 

 At time 

of 

testing 

HA 

fitting 

CI- 

impla

nt 

 Recep

-tive 

Expre- 

ssive 

  Regular 

word 

reading 

Irregular 

word 

reading 

Non- 

word 

reading 

 

1 

 

12;0 0;3 - 

  

64 

 

61 

  

 

 

37 

 

23 

 

31 

2 9;5 - 4;2  88 89  103 37 22 37 

3 9;5 3;2 -  57 65  79 27 17 12 

4 11;7 - 1;8  81 82  93 38 22 32 

5 8.9 4;5 -  58 49  63 38 18 33 

6 9;7 - 0;8  82 80  83 30 20 16 

7 9;7 0;3 -  77 68  76 38 29 35 

8 11;3 - 2;4  52 51  50 11 6 6 

9 10;5 - 0;7  77 95  90 30 19 30 

10 9;7 - 5;3  98 100  118 38 22 33 

11 9;4 - 2;3  72 65  75  31 18 21 

12 8;7 - 0;8  75 70  86 35 20 30 

13 9;1 2;3 4;2  74 57  82 33 27 28 

14 7;11 - 3;7  54 52  80 15 10 10 

 
Note: HA- Hearing Aid; CI- Cochlear implant; CELF - 4, The Clinical Evaluation of Language 

Fundamentals; PPVT-4, Peabody Picture Vocabulary Test ; CC2, Castles & Coltheart 2. 
aStandard scores;   cRaw scores (Total=40) 
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Appendix C 
 
27 April 2017  

Dear Professor Castles�Reference No: 5201700105�Title: 
Orthographic facilitation for word learning in children with hearing 
loss  

Thank you for submitting the above application for ethical and 
scientific review. Your application was considered by the Macquarie 
University Human Research Ethics Committee (HREC (Human 
Sciences & Humanities)).  

I am pleased to advise that ethical and scientific approval has been 
granted for this project to be conducted by:  

• Macquarie University�This research meets the requirements set out 
in the National Statement on Ethical Conduct in Human Research 
(2007 – Updated May 2015) (the National Statement). Standard 
Conditions of Approval:  

1. Continuing compliance with the requirements of the National 
Statement, which is available at the following website:  

http://www.nhmrc.gov.au/book/national-statement-ethical-conduct-
human-research  

2. This approval is valid for five (5) years, subject to the submission of 
annual reports. Please submit your reports on the anniversary of the 
approval for this protocol.  

3. All adverse events, including events which might affect the 
continued ethical and scientific acceptability of the project, must be 
reported to the HREC within 72 hours.  

4. Proposed changes to the protocol and associated documents must 
be submitted to the Committee for approval before implementation.  

It is the responsibility of the Chief investigator to retain a copy of all 
documentation related to this project and to forward a copy of this 
approval letter to all personnel listed on the project.  
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Should you have any queries regarding your project, please contact the 
Ethics Secretariat on 9850 4194 or by email 
ethics.secretariat@mq.edu.au   

The HREC (Human Sciences and Humanities) Terms of Reference 
and Standard Operating Procedures are available from the Research 
Office website at:  

http://www.research.mq.edu.au/for/researchers/how_to_obtain_eth
ics_approval/human _research_ethics  

The HREC (Human Sciences and Humanities) wishes you every 
success in your research. Yours sincerely  

Dr Karolyn White  

Director, Research Ethics & Integrity,�Chair, Human Research Ethics 
Committee (Human Sciences and Humanities)  

  

 
This HREC is constituted and operates in accordance with the 
National Health and Medical Research Council's (NHMRC) National 
Statement on Ethical Conduct in Human Research (2007) and the 
CPMP/ICH Note for Guidance on Good Clinical Practice.  

  
 


