
Reading and Writing (2024) 37:1317–1339
https://doi.org/10.1007/s11145-023-10444-0

Abstract
Background: Deaf and hard-of-hearing (DHH) children may experience difficul-
ties in word decoding development. Aims: We aimed to compare and predict the 
incremental word decoding development in first grade in Dutch DHH and hearing 
children, as a function of kindergarten reading precursors. Methods and procedures: 
In this study, 25 DHH, and 41 hearing children participated. Kindergarten measures 
were phonological awareness (PA), letter knowledge (LK), rapid naming (RAN), 
and verbal short-term memory (VSTM). Word decoding (WD) was assessed at three 
consecutive time points (WD1, 2, 3) during reading instruction in first grade. Out-
comes and results: The hearing children scored higher than the DHH children on 
PA and VSTM only, although the distribution of WD scores differed between the 
groups. At WD1, PA and RAN predicted WD efficiency in both groups; but PA was 
a stronger predictor for hearing children. At WD2, LK, RAN, and the autoregres-
sor were predictors for both groups. While at WD3, only the autoregressor was 
a significant predictor. Conclusions and implications: WD development in DHH 
children on average shows similar levels as in hearing children, though within the 
DHH group more variation was observed. WD development in DHH children is not 
as much driven by PA; they may use other skills to compensate.

Keywords  Deaf and hard-of-hearing children · Word decoding development · 
Phonological awareness · Letter knowledge · Rapid automatized naming · Verbal 
short-term memory

Learning to read is fundamental for academic success. Deaf and hard-of-hearing 
(DHH) children may experience difficulties in learning to read. A recent study 
showed that while DHH children in kindergarten scored similar to a norm-group of 
typically hearing children on English word decoding, they were lagging behind after 
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a few months in first grade (Antia et al., 2020). How word decoding in DHH children 
develops during the very first few months of reading instruction compared to typi-
cally hearing children, and how this can be predicted from kindergarten measures 
has not yet been studied. In typically hearing children, key precursor measures for 
word decoding development are phonological awareness, letter knowledge, and rapid 
automatized naming (RAN) (e.g., Caravolas et al., 2012; Landerl et al., 2022; Moll 
et al., 2014; Verhoeven & Perfetti, 2022). Furthermore, verbal short-term memory 
(verbal STM) is an important cognitive ability related to reading (Melby-Lervåg et 
al., 2012; Swanson et al., 2009). In the current study, we compared word decoding 
development in DHH and typically hearing children as a function of these precursors 
during the first six months of first grade.

Word decoding development

Learning to read involves systematic acquisition of mappings between phonemes 
and graphemes (Castles et al., 2018). The triangle model of reading, a connectionist 
model, provides a framework for (skilled) word reading (Harm & Seidenberg, 2004; 
Plaut et al., 1996). This triangular model includes connections between the orthogra-
phy (the graphemes), the phonology (the phonemes) and semantics. The early stages 
of reading are characterized by forming connections between orthography and pho-
nology, while skilled word reading relies more on connections between orthography 
and semantics. When going from decoding to more fluent reading, semantic retrieval 
becomes important. RAN, a measure of lexical retrieval, is thought to measure some 
aspect of the connection between orthography and phonology in the triangle model, 
as it also requires an arbitrary association between visual and phonological stimulus, 
similar to grapheme-phoneme correspondences (Manis et al., 1999). In line with this 
framework, the meta-analysis by Melby-Lervåg et al. (2012) indeed showed that, 
phonological skills (phonological awareness, verbal STM) and grapheme (letter) 
knowledge predict reading skills (Melby-Lervåg et al., 2012; see also Landerl et al., 
2022).

One of the most important predictors for word decoding skills in typically hear-
ing children is phonological awareness (Melby-Lervåg et al., 2012). Phonological 
awareness refers to the ability to attend to, reflect upon, and manipulate the different 
sounds of a word (e.g., Goswami, 2001). Letter knowledge refers to the knowledge 
of grapheme-phoneme correspondences, and together with phonological awareness, 
forms the basis of learning to read in alphabetic writing systems (Byrne, 1998). RAN 
refers to the ability to sequentially name lists of objects, digits, letters, or colours as 
quickly as possible and is a measure for lexical retrieval. RAN has been shown to 
predict unique variance in reading above and beyond phonological awareness (e.g., 
Manis et al., 1999) and has been mostly linked to reading fluency (Landerl et al., 
2019; Moll et al., 2014; Verhoeven & Perfetti, 2022). A large study involving differ-
ent orthographies showed that verbal STM, a measure of phonological processing 
ability, contributed to both word reading speed and accuracy (Moll et al., 2014).

When children learn to read in a language with a transparent orthography, word 
decoding accuracy scores quickly are at ceiling (Landerl & Wimmer, 2008; Schaars 
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et al., 2017). Word decoding speed, however, increases during word decoding devel-
opment (Landerl & Wimmer, 2008; Verhoeven & van Leeuwe, 2009), even as word 
decoding tasks become more difficult with the inclusion of more graphemes during 
the first months of reading instruction (Schaars et al., 2017). In the current study, we 
investigated word decoding efficiency, a combination of accuracy and speed. Only 
few studies examined reading development in typically hearing children during the 
first months of reading instruction. These studies showed that word reading accuracy 
and speed develop from the beginning of reading instruction, although speed devel-
ops mainly after a basic level of accuracy is reached, and that word decoding skills 
can be predicted from kindergarten phonological awareness, letter knowledge, RAN 
(Juul et al., 2014; Schaars et al., 2017), as well as verbal STM (Schaars et al., 2017).

Word decoding development in deaf and hard-of-hearing children

Written language is based on spoken language. Due to their limited access to spoken 
language, DHH children are at risk for developing reading problems (Perfetti & San-
dak, 2000). Reasoning from the triangle model, the phonology node is impaired for 
children who are DHH. Previous studies with DHH children or DHH adults yielded 
mixed findings concerning the activation of phonology during reading (Blythe et 
al., 2018; Mayberry et al., 2011; Ormel et al., 2010). However, many studies have 
shown that the development of reading skills is delayed in DHH children compared 
to typically hearing children (e.g., Antia et al., 2020). Evidence from two longitudinal 
studies on reading development of beginning DHH readers in the United Kingdom 
showed that their word decoding skills already lagged behind when children were in 
kindergarten or first grade (Harris et al., 2017; Kyle & Harris, 2011). In both studies, 
the delay in word decoding skills in DHH children increased with every assessment. 
In a study conducted in the United States, the reading progress of beginning DHH 
readers was measured twice a year (autumn and spring), in kindergarten and first 
grade, and accuracy scores were compared to established norms for typically hearing 
children (Antia et al., 2020). In kindergarten, most of the DHH children scored within 
these norms on word decoding accuracy, while in the autumn of first grade, about 
one-third of the DHH children scored below the norm for typically hearing children. 
From the beginning of reading instruction, word decoding thus seems a difficult task 
for DHH children learning to read in English, with its highly opaque orthography.

However, a study involving older DHH children in mainstream schools in Ireland, 
aged seven to 13, showed that the majority of the DHH children had word decod-
ing scores within the normal range, although there was a lot of variation (Mathews 
& Donnell, 2020). Furthermore, a study on reading, phonological and orthographic 
abilities in Spanish, which has a transparent orthography, showed that deaf children 
who received a cochlear implant (CI) before 2;6 were not delayed in word reading 
compared to typically hearing children (Domínguez et al., 2019).
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Precursor measures for reading in deaf and hard-of-hearing children

The known precursors of word decoding development in typically hearing children, 
have also been studied in DHH children. Spoken phonological awareness is more dif-
ficult for DHH children, as their ability to hear speech sounds is limited, the develop-
ment of phonological awareness skills is, therefore, impaired (Johnson & Goswami, 
2010), also in case of early cochlear implantation (Nittrouer et al., 2014). DHH chil-
dren scored lower on phonological awareness tasks compared to norms for typically 
hearing children, in both kindergarten and first grade (Antia et al., 2020). The delay in 
phonological awareness between DHH and typically hearing children increased from 
kindergarten to first grade, but it was not studied whether phonological awareness 
predicted reading development. In other studies, phonological awareness has been 
shown to correlate with concurrent word decoding (Johnson & Goswami, 2010; Kyle 
& Harris, 2011) in 5;6–7;6-year-old DHH children and word decoding two years later 
(Harris et al., 2017). However, phonological awareness did not predict a significant 
amount of variance over and above age, vocabulary, and speechreading (Harris et al., 
2017). In a cross-sectional study, Domínguez et al. (2019) showed that phonological 
skills in Spanish DHH children between six and 18 years old largely contributed to 
their performance on a reading task, similar to typically hearing children.

The second precursor, letter knowledge, is often age-appropriate in DHH chil-
dren (e.g., Ambrose et al., 2012; Easterbrooks et al., 2008). Studies with beginning 
DHH readers show that letter knowledge was related to concurrent word decoding 
(Cupples et al., 2014) and predicted word decoding measured two years later (Kyle 
& Harris, 2011). In a study by Herman and colleagues (2019), although involving 
older children, letter knowledge was associated with nonword decoding in 11-year-
old DHH children.

The third precursor, RAN, has received less attention in relation to word decoding 
development in DHH children. Nittrouer and colleagues (2012) investigated emer-
gent literacy in deaf children with CIs and typically hearing children aged six-seven. 
The DHH children with CIs performed similarly on RAN as typically hearing chil-
dren, but RAN did not predict word decoding accuracy in either of the groups. In two 
recent studies in older DHH children, aged 10–18, RAN explained a unique amount 
of variance in word reading accuracy (Herman et al., 2019; Sun et al., 2022).

Finally, regarding verbal STM, according to Harris et al. (2013), verbal STM in 
deaf children with CIs is delayed compared to age-matched typically hearing peers. 
However, another study found no difference between deaf and typically hearing chil-
dren on verbal STM, but the deaf children were older than the typically hearing chil-
dren (Kyle & Harris, 2011). Verbal STM neither correlated with concurrent word 
decoding nor predicted word decoding one or two years later in either group. Other 
studies found deaf children with CIs or hearing aids (HAs) scored lower on a verbal 
STM task compared to typically hearing peers (Johnson & Goswami, 2010; Nittrouer 
et al., 2012), and verbal STM did not predict word reading accuracy. However, verbal 
STM did correlate moderately to strongly to word decoding in 9-11-year-old DHH 
children (Herman et al., 2019; Johnson & Goswami, 2010). Evidence on verbal STM 
and its relation to word decoding in DHH children is thus mixed.
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To summarize, previous studies on word decoding in DHH children have mostly 
been conducted with children learning to read English, a highly opaque orthography. 
Moreover, only few studies have looked at the prediction of reading precursors on 
word decoding development in DHH children. Furthermore, most studies focused on 
groups of children with a large age range, possibly obscuring effects at play in begin-
ning DHH readers. Additionally, previous studies investigated word decoding accu-
racy or speed, but not efficiency, which combines both accuracy and speed. Finally, 
none of the previous studies involving DHH children have measured word decoding 
development during reading instruction, from the first graphemes to the point where 
all graphemes have been learned. When starting to follow the reading development 
from the very beginning, early identification of reading problems is possible.

Current study

The current study aimed to compare the incremental development of word decoding 
in DHH and typically hearing children while learning to read in Dutch, a transparent 
orthography, during the first six months of first grade, as a function of kindergar-
ten precursor measures phonological awareness, letter knowledge, RAN, and verbal 
STM. We aimed to study to what extent these key precursors for word decoding 
development in typically hearing children are also relevant in DHH children. To 
investigate word decoding development and its relation to the precursors, we posed 
the following research questions:

1.	 In what ways do DHH and typically hearing children differ in kindergarten pre-
cursor measures and incremental word decoding development in first grade?

2.	 To what extent can the incremental development of word decoding in first grade 
be predicted from the precursor measures phonological awareness, letter knowl-
edge, RAN, and verbal STM in kindergarten, and does this prediction differ for 
DHH and typically hearing children?

Regarding the first research question, we hypothesized that DHH children and typi-
cally hearing children differ in their phonological awareness and verbal STM, but 
based on previous research, not in their letter knowledge and RAN. As most studies 
found delays in word decoding already in first grade, we expected differences on word 
decoding from the beginning, with the DHH children scoring lower than the typically 
hearing children. Regarding the second research question it was hypothesized that the 
same precursors would predict word decoding in both groups, although the strength 
of the prediction might differ between the groups. This was investigated exploratory.

Method

The current study was approved by the Ethics Committee of the Social Sciences at 
the Radboud University [ECSW-2018-179].
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Participants

Deaf and hard-of-hearing children

In this study, 25 DHH children (16 boys, 9 girls; Mage 6;3 (SD 6.58 months)) and 41 
typically hearing children (24 boys, 17 girls; Mage 5;9 (SD 3.84 months)) participated 
(see Table 1 for the characteristics of each DHH child). Participants were recruited 
through schools and itinerant services. All parents gave active consent. The study 
started when all children were at the end of their second year of kindergarten, which 
is a two-year programme in the Netherlands. The study continued until all partici-
pants were halfway first grade. The group of DHH children was older than the group 
of typically hearing children, t(64)=-4.37, p < .001, d = 0.07. Although differing in 
age, all children received formal reading instruction from the start of the first grade, 
which was the same point in time for all children. The DHH children were from spe-
cial schools (n = 21) and mainstream schools (n = 4). Five DHH children were from 
multilingual backgrounds, other than Sign Supported Dutch (SSD) or Sign Language 
of the Netherlands (SLN).

The typically hearing children were recruited from three mainstream schools 
across the Netherlands. The parents of the typically hearing children reported their 
highest finished level of education: 7.3% of the parents received lower secondary 
education, 22.0% received upper secondary education, and 70.8% were educated at 
college/university. The groups did not differ on the level of education of the reporting 
parent, U = 361.5, p = .06. All typically hearing children had Dutch as home language, 
two children also spoke Russian or Turkish in addition to Dutch.

Instruments

Precursor measures

The precursor measures for reading were administered at the end of kindergarten.

Phonological awareness

Phoneme isolation

We measured phoneme isolation skills with a task in which the first phoneme of a 
high frequency CVC-structured, monosyllabic word had to be repeated (Schaars et 
al., 2017). All items were presented orally. The task comprised 10 items. The reli-
ability of the task was good (Cronbach’s a = 0.89, calculated on the current sample).

Phoneme segmentation

Phoneme segmentation skills were measured with a task in which a high frequent, 
monosyllabic word had to be segmented in phonemes (Schaars et al., 2017). The task 
was administered orally and comprised 10 items which increased in difficulty; the 
first items were CVC-structured words while the last items were CCVC- or CVCC-
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Table 1  Characteristics of the DHH participants
#ID Age at 

testing
Gender Hearing loss Hear-

ing 
devices

Length of 
use hearing 
device

Home 
language

Level of education 
reporting parent

1 5;07 Female Missing HA 5;6 Dutch, 
SSD, SLN

Upper secondary

2 5;07 Female Severe-profound HA 5;6 Dutch Upper secondary
3 5;08 Female Profound CI Missing Dutch, 

SSD, SLN
College/University

4 5;09 Male Profound CI 4;9 Dutch College/University
5 5;09 Female Profound CI 1;0 Dutch, 

SSD
College/University

6 5;10 Male Profound CI 5;9 Dutch, 
SSD

College/University

7 5;11 Male Severe HA 5;7 Dutch, 
SSD

Upper secondary

8 6;01 Male Mild-profound HA 1;0 Dutch, 
SSD

College/University

9 6;01 Male Profound CI 4;6 Dutch Upper secondary
10 6;01 Male Profound CI 4;8 Dutch Lower secondary
11 6;02 Female Profound CI 4;4 SSD College/University
12 6;03 Male Profound CI 3;7 Dutch, 

SSD
Lower secondary

13 6;04 Female Severe HA Missing Dutch Lower secondary
14 6;04 Female Profound CI Missing Dutch, 

SSD
Upper secondary

15 6;05 Male Severe-profound HA Missing Dutch, 
German, 
SSD

College/University

16 6;06 Male Profound CI Missing Dutch, 
SSD

Upper secondary

17 6;07 Male Profound CI 5;7 Dutch College/University
18 6;08 Male Mild-moderately 

severe
HA 5;9 Dutch, 

Turkish
Lower secondary

19 6;08 Male Severe-moderate BAHA Missing Dutch College/University
20 6;08 Male Profound CI 6,1 Dutch, 

SSD
College/University

21 6;09 Female Profound CI 5;1 English, 
Telugu

College/University

22 6;10 Male Moderately severe HA 5;8 Dutch Lower secondary
23 6;10 Male Profound CI 5;8 Dutch, 

SSD
Lower secondary

24 6;11 Female Profound CI 3;8 Pashto, 
SSD

Upper secondary

25 8;01 Male Profound CI 0;10 Kurdish, 
SSD

Unknown

Note. CI = Cochlear Implant; HA = Hearing Aid; BAHA = Bone Anchored Hearing Aid;
SSD = Sign Supported Dutch; SLN = Sign Language of the Netherlands.
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structured words. The reliability of the task was good (Cronbach’s a = 0.89, calcu-
lated on the current sample).

Rhyme

Passive rhyme was measured with the rhyme task of the Screeningsinstrument Begin-
nende Geletterdheid (Diagnostic Instrument for Emerging Literacy; Vloedgraven et 
al., 2009). The task comprised two practice items and 15 test items. The task was 
presented on a laptop, each item consisted of three pictures presented on the laptop 
screen, while an audio file was played asking: “What rhymes with…”. The child had 
to point to the picture that rhymed with the word in the audio file. The reliability of 
the task was acceptable (Cronbach’s a = 0.77, calculated on the current sample).

A principal component analysis showed the phonological awareness tasks to have 
high loadings on one component: phoneme isolation (0.83), phoneme segmentation 
(0.86), and rhyme (0.84). The rhyme task was scaled to 10, as the task comprised of 
more items than phoneme isolation and phoneme segmentation. The phonological 
awareness score was the sum of all phonological awareness tasks.

Letter knowledge

Letter knowledge was measured through a passive grapheme-phoneme correspon-
dence task. The task comprised 22 graphemes, excluding c, q, x, y and the digraphs. 
Children were asked: “Where is the /m/ of milk?”. The child had to point to one of 
four graphemes presented on paper. The graphemes were printed in lower case in 
four squares on a card. Arial (Monotype, Microsoft) font type of size 180 was used 
because it is similar to the font used in the reading curricula. The reliability of the task 
was good (Cronbach’s a = 0.87, calculated on the current sample).

Rapid automatized naming

We measured RAN with a lexical retrieval task of objects (Schaars et al., 2017). The 
children were asked to name the pictures as quickly and accurately as possible dur-
ing one minute. DHH children were also allowed to use signs. The task comprised 
five pictures of objects, all corresponding with monosyllabic high frequent words 
in Dutch (saw, pot, thumb, trousers, and tent). The pictured objects were repeated 
over six columns of 22 pictures. We calculated split-half reliability on the even and 
uneven test items. The reliability of the task was excellent (Spearman-Brown Coef-
ficient = 0.99, calculated on the current sample).

Verbal short-term memory

To test verbal STM we used a task from the Testinstrumentarium Taalontwikkel-
ingsstoornissen (“Test Instruments for Developmental Language Disorders”, Verho-
even et al., 2013). In this task, children were asked to repeat strings of words, in the 
same order. The strings of words increased in length, from two to seven words, and 
was presented on a laptop on which the audio files were played. The task comprised 
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one practice item, consisting of three words, and 12 test items. All words included 
in the task were high frequent monosyllabic words. The task was terminated if the 
child answered two items of the same length incorrectly. The reliability was accept-
able (Cronbach’s a = 0.75, calculated on the current sample). As this task did not test 
pronunciation, responses of the DHH children that resembled the targets were also 
accepted as correct.

Systematic reading instruction in first grade

All participating schools used a systematic reading instruction method starting in first 
grade, giving daily reading instruction lessons. Reading instruction started directly 
after the summer holiday. Among the schools, three different reading methods were 
used; Veilig Leren Lezen (“Learning to Read Safely”; Mommers et al., 2003) was 
used at seven schools: four special schools for DHH children (n = 14) and three main-
stream schools for typically hearing children (n = 41). Lijn 3 (“Line 3”; Malmberg, 
2014) was used at six schools with DHH children (n = 8): two schools for special 
education (n = 4) and four mainstream schools (n = 4). Lees en Beslis (“Read and 
Decide”; Quadvlieg, 2002) was used at one special school for DHH children (n = 3).

All three reading methods provide systematic reading instruction, which teach all 
34 graphemes required for reading in Dutch, during the first half of first grade. Veilig 
Leren Lezen and Lijn 3 use an incremental, systematic, phonics-based approach, and 
Lees en Beslis uses an incremental, systematic, orthography-based approach. In all 
three reading methods, children are gradually taught all grapheme-phoneme corre-
spondences, in short monosyllabic words.

Curriculum embedded word decoding tasks

Children who received Veilig Leren Lezen reading instruction were tested with cur-
riculum embedded word decoding tasks. In these tasks, word decoding was assessed 
with 40 monosyllabic CV/CVC/VC-structured words, which had to be read aloud 
as accurately and quickly as possible during one minute. The word decoding tasks 
included all taught grapheme-phoneme correspondences, meaning that with every 
task the set of grapheme-phoneme correspondences increased. These word decod-
ing tasks are part of the curriculum of Veilig Leren Lezen, but are not used in Lijn 3 
and Lees en Beslis. To test all children in a similar manner, three similar curriculum 
embedded word decoding tasks were for Lijn 3 and Lees en Beslis. The occurrences 
of the graphemes in every word decoding task was counterbalanced. Across reading 
methods, all word decoding tasks included more or less the same amount of graph-
emes (see Table 2).

All word decoding tasks consisted of high frequency words and words that were 
part of the reading method. All words were CV/CVC/VC-structured. Words for the 
tasks for Lijn 3 and Lees en Beslis were chosen from the curriculum or from the 
Streeflijst Woordenschat voor Zesjarigen (Target List Vocabulary for Six-year-olds; 
Schaerlaekens et al., 2000). The latter is a word list with teacher ratings of the per-
centage of children in kindergarten and first grade expected to know a certain word. 
We used words from this list that were expected to be known by at least 75% of the 
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children in first grade. To test whether the words in the word decoding tasks for Veilig 
Leren Lezen, Lijn 3, and Lees en Beslis were comparable, we conducted Kruskal-
Wallis Tests to compare the ratings from the Streeflijst Woordenschat voor Zesjarigen 
(Schaerlaekens et al., 2000) for the words. The three word decoding tasks (WD1, 2, 
and 3) did not differ on the percentage of kindergartners and first-graders assumed to 
know the words, for WD1: H(2) = 3.15, p = .21, for WD2: H(2) = 3.21, p = .20, and for 
WD3: U = 554, p = .16.

Procedure

In kindergarten, the children were tested towards the end of the school year with 
three individual assessments, which took place at two different days. These assess-
ments were part of a larger study, in which other tasks were also administered, not 
included in this study. The precursor measures were administered by the first author 
of this paper and four trained research assistants. The tasks were administered in the 
following order: letter knowledge, phonological awareness, and RAN on the first 
day, verbal STM on the second day. Instructions were provided in Dutch for typically 
hearing children and DHH children in mainstream schools, since the latter ones did 
not use SSD or SLN at school. For the DHH children in special schools, instructions 
were given in SSD, as they were used to receiving instructions in SSD. The instruc-
tions were repeated if necessary. All tasks were administered in spoken language, 
responses were required in spoken language, except for rhyme and letter knowledge, 
which required pointing, and RAN, for which participants were also allowed to sign 
(though only two DHH children responded with signs). Tasks were administered 
individually in a separate room. Some DHH children used frequency modulation 
(FM) systems (n = 9) during the individual assessments, to play the speech of the 
experimenter or the sound of the laptop directly on their CIs or HAs. The volume of 
the laptop was set at 70 dB prior to testing for all children. For the DHH children, 
adjustments were made to the volume if required, with a maximum volume of 75 dB.

The first grade word decoding tasks were administered by the (remedial) teacher 
at school, after instructions by the first author. The tasks were administered individu-
ally. For the school that used Lees en Beslis, it was not possible to administer WD3 as 
the school was closed due to the COVID-19 pandemic. See Table 2 for an overview 
of when the children were tested.

Analyses

For the analyses we used IBM SPSS (version 27). To answer the first research ques-
tion, group differences were tested with Mann-Whitney U Tests, as scores on pho-
nological awareness, letter knowledge, verbal STM and WD1 and 3 for the typically 
hearing children were not normally distributed. For the DHH children, scores on 
letter knowledge, verbal STM and WD1 were not normally distributed. Group dif-
ferences on RAN and WD2 were tested with independent samples t-tests. To test 
whether the groups increased their word decoding scores, a two-way mixed ANOVA 
was conducted, with group as a between-subjects factor and time as within-subjects 
factor. We report the results with the Huynh-Feldt correction, as Mauchly’s test of 
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sphericity indicated that sphericity had been violated, χ2(2) = 17.92, p < .001. Post 
hoc tests are reported with Bonferroni correction. We conducted correlation analyses 
to investigate the relations between the tasks per participant group. We report Pear-
son correlations for the normally distributed tasks and Spearman correlations for the 
other tasks (see Table 5).

For the second research question, on the prediction of word decoding, we con-
ducted linear regression analyses, with phonological awareness, letter knowledge, 
RAN, and verbal STM as independent variables and the word decoding tasks as the 
dependent variables. For WD2 and 3 we included the previous word decoding task 
as autoregressor. In step 1 of the regression analyses we entered group and the tasks, 
while in step 2 we entered the interaction terms of group and the tasks. If step 2 was 
not a significant improvement of the model, we only report step 1 of the regression 
analysis.

Results

Group differences

To answer the first research question, we compared the groups on the precursors 
and word decoding. The groups differed on phonological awareness, U = 151.5, 
p = < 0.001, η2 = 0.35, and verbal STM, U = 58, p = < 0.001, η2 = 0.57, with the typi-
cally hearing children scoring higher on both tasks. No differences were found on 
letter knowledge, U = 408, p = .17, η2 > 0.01, RAN, t(64) = 1.06, p = .29, gHedge=0.27, 
WD1, U = 385, p = .34, η2 = 0.01, WD2, t(63)=-1.14, p = .26, gHedges=-0.29, and WD3, 
U = 416.5, p = .98, η2 > 0.01 (see Table 3).

Regarding word decoding, descriptive results suggest that the distribution of the 
scores between the groups differs. Some DHH children scored at the top end at all 
WD tasks, while other DHH children scored very low. Variation exists in the typically 
hearing group as well, however, it was more normally distributed, while for WD1 and 
WD2 the distribution for the DHH group was more dichotomous. This was also evi-
denced by Levene’s test, which indicated unequal variances between the groups for 
all three tasks; WD1, F(1,54) = 8.70, p = .005, WD2, F(1,54) = 8.28, p = .004, WD3, 
F(1,54) = 5.26, p = .026. Also, standard deviations for the DHH group were larger 

Table 3  Descriptive statistics for DHH children and hearing children
Task DHH children Hearing children

n m SD Mdn n m SD Mdn Max. score p
Phonological awareness 25 11.41 5.56 12 41 19.74 5.68 21.33 30 < .001
Letter knowledge 25 17.76 4.73 20 41 16.85 4.13 18 22 .16
RAN 25 35.40 11.46 37 41 37.98 8.27 38 132 .29
Verbal STM 25 1.28 1.34 1 41 4.41 1.41 4 12 < .001
WD1 22 15.41 12.18 12 41 15.29 7.94 14 40 .34
WD2 24 23.75 11.83 23 41 20.85 8.51 21 40 .26
WD3 22 24.64 13.16 24 38 24.29 10.06 21 40 .98
Note. Means, standard deviations and medians are based on raw scores.
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than for the typically hearing group, thus evidencing more variation within the DHH 
children. There was no significant interaction between group and word decoding 
task, F(1.62, 87.55) = 0.07, p = .90, ηp

2 = 0.001. There was a main effect of time; the 
word decoding scores increased with every measurement for the whole group F(1.62, 
87.55) = 39.39, p < .001, see Table 4 for differences between the word decoding tasks. 
There was no significant effect of group, F(1.54) = 0.72, p = .40.

With regard to the second research question, the correlation analysis (Table  5) 
revealed several significant correlations. For the DHH children, WD1 did not have 
any significant correlations with the precursor measures. WD2 and WD3 correlated 
strongly with letter knowledge and RAN. Furthermore, all word decoding tasks were 
strongly intercorrelated.

For the typically hearing children, all precursor measures had moderate to strong 
correlations to the word decoding tasks, except for verbal STM, which did not have 
any significant correlation with the word decoding tasks. Finally, all word decoding 
tasks were intercorrelated.

Predicting word decoding development

Regarding the second research question, the analyses showed no differences between 
the groups in which precursor measures predicted word decoding. Only for WD1, 
phonological awareness was a stronger predictor for typically hearing children, as 
there was an interaction between phonological awareness and group (Table 6). How-
ever, in both groups, phonological awareness and RAN predicted WD1, explaining 
65% of the variance. For WD2, letter knowledge and RAN predicted a significant 
amount of variance in both groups, even when the autoregressive effect of WD1 was 
high (Table 7), together explaining 64% of the variance. There were no significant 
interactions between group and the tasks; step 2 of the regression analysis was not 
a significant improvement of the model for WD2. For WD3, none of the precursors 
explained a significant amount of variance over and above the autoregressor in both 
groups (Table  8). The model explained 72% of the variance in WD3. There was 
no significant interaction between group and the tasks in step 2 of the regression 
analysis.

Discussion

Our aim was to compare and predict the incremental word decoding development in 
DHH and typically hearing children learning to read in Dutch, and predict their word 
decoding development (WD1, 2, 3) from kindergarten reading precursors. Concern-
ing the first research question, the results mostly support the hypotheses. As expected, 

Difference 
in mean

p 95% CI

WD 1–2 -6.12 < .001 [-8.53,-3.71]
WD 1–3 -9.28 < .001 [-12.52,-6.04]
WD 2–3 -3.16 .001 [-5.25,-1.07]

Table 4  Repeated measures 
ANOVA for word decoding for 
the total sample
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typically hearing children scored higher on the auditory tasks, phonological aware-
ness and verbal STM, but there were no differences between DHH and typically 
hearing children on letter knowledge and RAN. This is in line with previous research 
(e.g., Ambrose et al., 2012; Antia et al., 2020; Easterbrooks et al., 2008; Harris et al., 
2013; Johnson & Goswami, 2010; Nittrouer et al., 2012).

We expected differences on word decoding between the groups. However, on 
average, the DHH and typically hearing children did not differ on word decoding. It 
is noteworthy though, that in our sample, for WD1, 27% of the DHH children scored 
below 1 SD below the mean for typically hearing children. For WD2, this was 21%, 
and for WD3 it was 32%. While we did not find differences at group level, a con-
siderable part of the DHH children scored below the means of the typically hearing 
children. In the study by Antia et al. (2020), also about one-third of the DHH children 
scored 1 SD below norms for typically hearing children. Interestingly, also a consid-
erable amount of DHH children scored more than 1 SD above the means for typi-
cally hearing children; for WD1 this was 23%, for WD 2 it was 38%, and for WD3 
it was 36%. Furthermore, we investigated word decoding efficiency, while Antia et 
al. (2020) looked at word decoding accuracy. Research shows that for children learn-
ing to read in Dutch accuracy scores are generally high from the start, while word 
decoding efficiency increases until Grade 6 (Schaars et al., 2017; Verhoeven et al., 
2022). Our study shows that efficiency already increases during the first half of Grade 
1. Furthermore, our results show that some DHH children acquire word decoding 
skills very quickly and accurately, while other DHH children still struggle after six 
months of formal reading instruction. Possible explanations for the differences within 
the DHH group could be related to differences in reading instruction, child charac-
teristics or school setting (mainstream or special education), however future studies 
should investigate this further.

As for the second research question, regarding the prediction of word decoding 
development, we expected that the same precursors would predict word decoding in 
both groups. In line with the triangle model, the beginning stages of learning to read 
are characterized by making connections between orthography and phonology (Harm 
& Seidenberg, 2004; Plaut et al., 1996). Indeed, we found the same precursors to 
predict word decoding, namely phonological awareness, letter knowledge and RAN, 
although the strength of the prediction of phonological awareness differed between 
the groups. This is noteworthy as the DHH children might not be able to establish 
connections between orthography and phonology in the same way as typically hear-
ing children. However, DHH children might use sign language phonology as a form 
of compensation (Brysbaert, 2022; Lederberg et al., 2019; Segers & Verhoeven, 
2015). Verbal STM did not predict word decoding in either of the groups.

Regarding phonological awareness, we found differences between DHH and typi-
cally hearing children on the prediction of the first word decoding task; phonological 
awareness predicted word decoding in both groups, but phonological awareness was a 
stronger predictor for the typically hearing group. Phonological awareness predicted 
word decoding in the DHH participants, who had all used hearing amplification, most 
from a very young age, and were exposed to spoken language. Furthermore, there 
was a strong association between phonological awareness and letter knowledge in 
the DHH children. This differs from Harris et al. (2017); phonological awareness did 
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not predict word decoding one or two years later in their sample of DHH children, 
however, concurrent phonological awareness at the third measurement did predict 
word decoding in their study.

Letter knowledge predicted WD2 in both DHH and typically hearing children. 
Furthermore, the correlation between letter knowledge and WD1 within the DHH 

Table 6  Predictors for word decoding task 1 for the total sample (n=63)
Independent variable B SE B β p 95% CI ΔR2

Step 1 Group 3.23 3.83 .16 .40 [-4.47,10. 29] .28**

Phonological awareness .26 .25 .18 .30 [-.24,.75]
Letter knowledge .68 .30 .31 .03 [.08,1.28]
RAN .24 .14 .23 .08 [-.03,.51]
Verbal STM .26 .89 .05 .77 [-1.52,2.04]

Step 2 Group 6.26 7.84 .31 .43 [-9.50,22.03] .42***

Phonological awareness .44 .17 .31 .01 [.10,.77]
Letter knowledge .40 .22 .18 .08 [-.05,.84]
RAN .29 .11 .27 .02 [.06,.52]
Verbal STM .64 .67 .14 .35 [-.71,1.98]
Phonological awareness x group 1.04 .19 1.07 < .001 [.65,1.42]
Letter knowledge x group − .12 .23 − .18 .61 [-.59,.35]
RAN x group − .29 .25 − .55 .27 [-.80,.23]
Verbal STM x group -2.19 1.39 − .21 .12 [-4.98,.60]

Note: R2 final model = .71, R2
adj final model = .65, f2 final model = 2.45

*p < .05; **p < .01, ***p < .001

Table 7  Predictors for word decoding task 2 for the total sample (n=65)
Independent variable B SE B β p 95% CI ΔR2

Group 2.22 3.00 .10 .46 [-3.81,8.26] .68***

Phonological awareness − .01 .18 − .01 .94 [-.38,.35]
Letter knowledge .52 .23 .22 .03 [.06,.98]
RAN .24 .11 .20 .03 [.03,.45]
Verbal STM .27 .67 .05 .69 [-1.08,1.62]
WD1 .65 .10 .59. < .001 [.44, 86]
Note: R2 final model = .68, R2

adj final model = .64, f2 final model = 2.13
***p < .001

Table 8  Predictors for word decoding task 3 for the total sample (n = 60)
Independent variable B SE B β p 95% CI ΔR2

Group − .58 3.04 -,02 .85 [-6.69,5.53] .74***

Phonological awareness .17 .18 .10 .35 [-.20,.54]
Letter knowledge .12 .25 .04 .65 [-.39,.62]
RAN .20 .12 .14 .10 [-.04,.44]
Verbal STM − .67 .68 − .12 .33 [-2.03,.70]
WD2 .83 .11 .75 < .001 [.61,1.05]
Note: R2 final model = .78, R2

adj final model = .72, f2 final model = 3.55
***p < .001
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group was marginally significant (p = .052), indicating a possible relation between 
kindergarten letter knowledge and word decoding already from the first measure-
ment. Letter knowledge in kindergarten could be an important precursor for later 
word decoding development. Already many special schools for DHH children start 
practicing some letter knowledge skills in kindergarten, to get a bit of a head start in 
Grade 1.

RAN predicted word decoding in both groups at the first two measurements (WD1 
and WD2). It thus seems that RAN is as important for learning to read for DHH 
children as it is for typically hearing children, although when looking at the correla-
tions, RAN seems to pick up a bit later for the DHH group. The relevance of RAN is 
noteworthy, as it involves the fast retrieval of a phonological form from memory, and 
phonological skills are often less well-developed or precise in DHH children (e.g., 
Nittrouer et al., 2014). It is important to note that the DHH children were allowed to 
respond in sign language, but only two children did. Apparently, despite their hearing 
loss, DHH children are not hampered in their lexical retrieval skills and these skills 
also relate to their word decoding efficiency, and not only accuracy which was found 
in previous studies (Herman et al., 2019; Nittrouer et al., 2012; Sun et al., 2022).

We did not find evidence of a relation between verbal STM and word decoding 
in DHH children. This finding is in line with previous studies (Kyle & Harris, 2011; 
Nittrouer et al., 2012). For typically hearing children, verbal STM and WD1 corre-
lated. The verbal STM task was difficult for the DHH children, as evidenced by their 
low mean score. This restriction of range may explain why we did not find a relation 
between verbal STM and word decoding. Some studies did find a relation between 
verbal STM and word decoding (Herman et al., 2019; Johnson & Goswami, 2010), 
but the participants in these studies were older.

Our study is one of the few studies to investigate early word decoding devel-
opment in beginning DHH readers. On average, we found no differences between 
DHH and typically hearing children on word decoding in first grade, though some 
DHH children struggled with word decoding skills, while others had above-average 
word decoding skills. Additionally, we found evidence for different mechanisms to 
learning to read; the effect of kindergarten precursors differed between the groups. 
Phonological awareness was a stronger predictor for word decoding development in 
the typically hearing children. Letter knowledge and RAN were important predictors 
of word decoding for both DHH, and typically hearing children. Finally, previous 
word decoding tasks predicted scores on the subsequent word decoding task, show-
ing high stability in word decoding skills in both groups. Indicating that also for DHH 
children, word decoding development can be predicted from the beginning of formal 
reading instruction, similar as has been shown for typically hearing children (e.g., 
Schaars et al., 2017). In our study, we did not find that as a group, DHH children were 
delayed in their word decoding development compared to typically hearing children.

Despite the positive finding that there were no differences between group averages 
on word decoding, the hearing loss of the DHH children is likely to impact their read-
ing development. Our study shows that, in line with the triangle model of reading, 
both orthography (as measured by letter knowledge), phonology (as measured by 
phonological awareness), and RAN are important for early word decoding develop-
ment in DHH and typically hearing children (Harm & Seidenberg, 2004; Manis et al., 
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1999; Plaut et al., 1996). However, as children who are DHH do not have full access 
to phonology, their connections between orthography and phonology likely differ 
from typically hearing children. The phonology part of the triangle is constrained, 
which might lead to other connections between the nodes in DHH children and a dif-
ferent reading development (see also Segers & Verhoeven, 2015). This constraint on 
phonology is also evidenced by our finding of a weaker prediction of phonological 
awareness to WD1 in DHH children. Furthermore, in the beginning stages of learning 
to read it is especially important to establish strong connections between orthography 
and phonology, in order to become a skilled reader and then make stronger connec-
tions between orthography and semantics. This likely does not only influence word 
reading fluency, but also later reading comprehension, as for good reading compre-
hension, word reading has to be efficient and effortless, with flexible representations 
of the orthography, phonology and semantics of a word, as stated by the Lexical 
Quality Hypothesis (Perfetti & Hart, 2002). At least some DHH children may use a 
different route to learning to read (e.g., Lederberg et al., 2019). This is corroborated 
by a recent study on the Lexical Quality Hypothesis with deaf and typically hear-
ing adults, which showed that reading comprehension in deaf adults was predicted 
only by orthographic and semantic knowledge, while for the typically hearing adults 
phonological awareness was a strong predictor (Sehyr & Emmorey, 2022). Further-
more, DHH children who use sign language may use sign language phonology as a 
compensatory mechanism in their reading development (Keck & Wolgemuth, 2020; 
Lederberg et al., 2019; Segers & Verhoeven, 2015).

Limitations and future directions

A limitation of the current study is the sample of the DHH group; most children were 
enrolled in special education; four children were in mainstream education. Further-
more, due to the Covid-19 pandemic, it was not possible to recruit a larger sample of 
DHH children. A larger sample size would have allowed for more advanced statisti-
cal models and more comparisons within the DHH group. Future studies should seek 
to include more DHH children, as well as a more balanced sample of DHH children.

The current study investigated the predictive relation of known precursor mea-
sures for reading in typically hearing children also in DHH children. It may very 
well be the case that DHH children use compensatory mechanisms to develop word 
decoding, such as speechreading or fingerspelling, (Harris et al., 2017; Lederberg et 
al., 2019). Especially since the mean word decoding scores did not differ between the 
groups despite the difference in phonological awareness, we expect some compensa-
tory skills in the DHH group. However, that was not the focus of the current study, in 
which we made the direct comparison with typically hearing children. Future stud-
ies should investigate the effect of such variables on word decoding in DHH chil-
dren. Furthermore, future studies should investigate the further development of word 
decoding skills, as we have only investigated the very beginning. Studies show that 
differences between DHH and typically hearing children in word decoding increase 
with age (Antia et al., 2020; Kyle & Harris, 2011). An interesting future direction 
would also be to study the reciprocal relation of learning to read and phonological 
awareness in DHH children, as they likely develop their phonological awareness 
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skills during reading instruction. Also, despite the positive outcome that word decod-
ing skills, on average, do not differ between DHH and typically hearing children, the 
relation between word decoding and reading comprehension should be investigated, 
as previous studies with DHH children have shown a gap between the two; where 
the level of word decoding skills was higher than the level of reading comprehension 
(Mathews & Donnell, 2020; Wauters et al., 2006).

Implications

Our study provides a number of implications for practice. Firstly, letter knowledge, 
phonological awareness, and RAN are important skills for later word decoding, and 
they develop already prior to formal reading instruction. Children with weaker pre-
cursors may be at risk for delays in word decoding development. Secondly, despite 
the positive outcome that on average DHH children and typically hearing children 
do not differ on their word decoding abilities during the first six months of reading 
instruction, a larger part of DHH compared to typically hearing children have not yet 
mastered word decoding skills after acquiring all graphemes. These children should 
receive extra support to develop word decoding skills.

Conclusions

To conclude, DHH and typically hearing children only differ on auditory precursors, 
and word decoding development does not differ between the groups at the begin-
ning of first grade, even with the majority of the DHH children enrolled in special 
education. However, more variation in word decoding scores was observed within 
the DHH group, more DHH children struggle with word decoding development com-
pared to typically hearing children, while other DHH children perform above aver-
age. Our study shows similar precursors for word decoding in DHH and typically 
hearing children, but also provides evidence for different mechanisms in learning 
to read in the two groups, as phonological awareness was a stronger predictor in the 
typically hearing group.
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