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Abstract
This retrospective study investigates two questions: (a) whether speech sound difficulties,
reported by parents looking back on their children’s early speech sound skills and concurrently
at ages 7–8, can predict language comprehension and early reading challenges in children
identified as poor readers and (b) whether there is a relationship between the type of speech
errors and language comprehension and early reading skills in these children. Two hundred
twenty-eight children identified as poor readers were assessed on reading and language
comprehension. The findings revealed that childrenwhose parents reported early speech sound
difficulties, and those with speech sound difficulties at ages 7–8, had significantly poorer
language comprehension compared to children without a history of speech sound difficulties.
This difference in language comprehension skills persisted after controlling for phoneme
awareness. Additionally, both delayed and disordered speech errors significantly predicted
difficulties in language comprehension compared to childrenwithout speech sound difficulties.
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Abstract (Norwegian)
Denne studien undersøker (a) om språklydsvansker, rapportert av foreldre både retrospektivt
fra tidlig barndom og ved 7-8 års alder, kan forutsi betydelige utfordringer i språk- og
leseferdigheter hos barn identifisert som svake lesere, og (b) om det finnes en sammenheng
mellom type språklydsfeil og språk- og leseferdigheter hos disse barna. Barna (n = 228) ble
testet i lesing og språkferdigheter ved 7-8 års alder, og resultatene viste signifikant lavere
språkferdigheter hos barnmed tidlige språklydsvansker og demed språklydvansker ved 7-8 år,
sammenlignet med barn uten språklydvansker. Gruppeforskjellene i språkferdighetene var
fortsatt til stede etter fonembevissthet ble kontrollert for. Både forsinkede og atypiske
språklydsmønstre predikerte vansker i språk, selv etter fonembevissthet ble kontrollert for.
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1. Speech sound skills, language, and early reading development in poor readers

Research has found that many parents worry when their preschool children struggle to
pronounce sounds in words correctly (de Simoni et al., 2019; McAllister et al., 2011). This
is perhaps why speech sound difficulties is one of the main reasons for referral to
educational psychology clinics and speech and language therapy (Eadie et al., 2015). A
prior meta-analysis investigating group differences in language comprehension and
reading between children with and without speech sound difficulties found that these
difficulties can be a risk marker for challenges in language comprehension and reading
(Walquist-Sørli et al., 2024). Furthermore, the meta-analysis revealed a moderate longi-
tudinal relationship between early speech sound skills and reading-related skills, such as
decoding, in school-age children (Walquist-Sørli et al., 2024).

However, little is known about how parent-reported speech sound skills in preschool
children identified as poor readers predict language comprehension and the severity of
reading problems. Additionally, it is unclear when speech sound difficulties for these
children persist into school age and whether the specific nature of their speech errors
significantly predicts language comprehension and literacy development. Therefore, this
study aims to determine whether parent-reported speech sound difficulties, both con-
current and retrospective, can identify children at higher risk for severe language
comprehension and reading problems. Such findings underscore the importance of
considering parental concerns in assessing preschool children’s language development.
As a retrospective study, this paper sheds light on the long-term impact of early speech
sound difficulties, offering a distinct perspective on the progression of language compre-
hension and early reading skills.

1.1. Characteristics of speech sound difficulties

Speech sound difficulties encompass a broad range of challenges related to speech
perception, speech sound discrimination, and speech production. They are considered
an umbrella term for a heterogeneous group of children, depending on the underlying
mechanisms of the disorder (Dodd, 2014). In this study, we use the term “speech sound
difficulties” rather than “speech sound disorders” because of the inclusion criteria
(through parental questionnaires) and a formal diagnosis of SSD was not required.
Children with speech sound difficulties differ in “severity, ethology, type of errors
made, consistency, chance of spontaneous resolution, profile of associated abilities,
and response to therapy” (Dodd et al., 2024, p. 7). The Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition defines speech sound disorders (SSD) as
persistent unintelligible speech that interferes with social participation, occupational
performance, or academic achievement, manifesting in early childhood and not
attributable to another medical or neurological condition (American Psychological
Association, 2013).

For some children, the cause of speech sound difficulties can be explained by, for
example, cleft palate, genetic conditions such asDown syndrome, hearing loss, or cerebral
palsy. However, most children struggling with pronouncing speech sounds correctly have
phonological speech sound difficulties, where the cause is unknown (Williams et al.,
2010). The meta-analysis of Walquist-Sørli et al. (2024) comparing children with and
without speech sound difficulties in language comprehension and reading skills demon-
strated that most studies in the field consist of children with unknown causes of speech
sound difficulties.
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1.2. Speech sound difficulties: possible mechanisms behind language comprehension
and reading problems in children

A number of studies have shown that those with speech sound difficulties have a higher
risk of language comprehension and reading difficulties than peers without such prob-
lems, both concurrently and longitudinally (Burgoyne et al., 2019; Hayiou-Thomas et al.,
2017; Nathan et al., 2004; Walquist-Sørli et al., 2024). The meta-analysis mentioned
earlier (Walquist-Sørli et al., 2024) found moderate concurrent group differences in
language comprehension skills (g = 0.60, number of studies, k = 37) and reading skills
(g = 0.58, k = 17). However, importantly, there was also a longitudinal relationship in
which children with preschool speech sound difficulties showed moderate to large group
differences in language comprehension (g = 0.85, k = 6) and reading skills (g = 0.50, k = 8)
when theywere, on average, 11 years old. Still, there was a large variation in themagnitude
of the relationship between the studies (I2 between 63% and 98%). Concurrently,
phonological awareness was a particularly important moderator in explaining this
variation. Longitudinally, there were not enough studies to perform moderator analyses.

1.2.1. Speech sound difficulties and language comprehension difficulties
Reading is the product of decoding and linguistic comprehension (Gough & Tunmer,
1986). According to the simple view of reading, a reading model, some children may
decode a text well but have limited comprehension due to language comprehension
difficulties (Snowling & Hulme, 2021). Language comprehension refers to the capacity to
understand and produce utterances, including vocabulary, listening comprehension,
syntax, and morphology (Lervåg et al., 2018). These aspects of language comprehension
are highly correlated and are usually well accounted for by a single latent variable
(Bornstein et al., 2016). Research on children diagnosed with developmental disorders
indicates that nearly 50% of children with developmental language difficulties also exhibit
comorbid speech sound difficulties (Snowling & Hulme, 2012). Additionally, a
community-based study identified that 40.8% of children with speech sound difficulties
also present with co-occurring language difficulties (Eadie et al., 2015). A correlational
study of typically developing children aged five years (Burgoyne et al., 2019; n = 569)
found that speech sound difficulties at school entry are associated with poorer language
comprehension skills. In addition, these differences between the children with and
without speech sound difficulties in language comprehension at age five remained evident
six months later.

As for the mechanisms behind the relationship, it has been suggested that pronoun-
cing words provides a particularly strong learning experience in contrast to just being
exposed to those words (Hopman & MacDonald, 2018). Thus, having speech sound
difficulties might lead to missing out on this learning experience since these children
might be more reluctant to speak andmight not get the same learning experience because
they do not pronounce the words correctly. There is some evidence for this explanation.
In one study (n = 125), the participants, undergraduates, were randomly divided into two
groups when they were learning a new language. One group was trained in using
production and expressive language, while the other group was trained using receptive
language (Hopman & MacDonald, 2018). The results showed that the group receiving
expressive production training outperformed the group receiving receptive language
training in both vocabulary and grammar, even after controlling for individual differences
in vocabulary learning (Hopman & MacDonald, 2018). Another study, by (XXX et al.,
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in press), looking into the relationship between early speech sound skills, early language
comprehension skills, and the development of different aspects of language in a group of
typical development children (n = 215) using bi-factor structural equation modeling
(SEM) found that speech sound skills at ages four to five predicted the development of
expressive language skills in school age (ages 7 to 9). In addition, the components shared
between early speech sound skills and language comprehension predicted the develop-
ment of receptive language and reading comprehension.

1.2.2. Speech sound difficulties and reading difficulties
Numerous studies have found an association between speech sound difficulties and
reading difficulties (Bishop & Adams, 1990; Hayiou-Thomas et al., 2017; Nathan et al.,
2004; Peterson et al., 2009; Raitano et al., 2004; Walquist-Sørli et al., 2024). Typically,
phonological awareness refers to the mental representation of the phonological structure
of language, including the manipulation of speech sounds and rhymes (Bishop &
Snowling, 2004; Snowling & Hulme, 2021). Children with speech sound difficulties often
exhibit deficits in phonological skills, like phonological awareness and phonological
memory (simultaneously store and process verbal information) (e.g., Rvachew & Graw-
burg, 2006; Waring et al., 2017), although not all children show similar deficits in these
areas (Roepke et al., 2020). Phonological awareness is foundational to both language
comprehension and decoding skills (Hjetland et al., 2019; Snowling & Hulme, 2021).

The relationship between phonological awareness and speech sound difficulties, as the
link between language comprehension and reading problems, is strong. Several studies
have concluded that children with a history of speech sound difficulties should be
routinely screened for phonological awareness skills in order to provide early reading
interventions (Burgoyne et al., 2019; Walquist-Sørli et al., 2024). Phonological awareness
is a key moderator in the relationship between speech sound skills, language compre-
hension, and literacy, as demonstrated in the meta-analysis (Walquist-Sørli et al., 2024).
Still, research indicates that phonological awareness does not necessarily account for the
entire relationship between speech sound skills and language comprehension (XXX et al.,
in press). The study by XXX et al. (in press) found that speech sound skills at ages four to
five predicted the development of expressive language skills at ages 7 to 9, even after
accounting for phonological awareness. Based on the findings, the study suggests a
plausible causal relationship where speech sound skills can influence language compre-
hension development.

A study by Tambyraja et al. (2020) investigated co-occurring reading difficulties in
children with speech sound disorders who received school-based speech therapy
(n = 120). It examined the extent to which phonological processing and speech produc-
tion abilities were associated with an increased likelihood of reading risk. Descriptive
results indicated that approximately 25% of children with speech sound difficulties had
concurrent deficits in word decoding, and these decoding difficulties were likely to persist
throughout the academic year (Tambyraja et al., 2020). The study also revealed that
phonological awareness and speech production ability were important indicators of
subsequent reading problems, after accounting for children’s age, language comprehen-
sion skills, and socioeconomic status (Tambyraja et al., 2020).

Regarding the mechanisms behind this, it has been suggested that the relationship
between speech sound skills, phonology, and reading can be explained by the segmen-
tation theory (e.g., Boada & Pennington, 2006). This theory proposes that speech
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processing is the foundation of phonological skills andword-reading ability. According to
this theory, the increasing segmentation of speech sounds during speech development
leads to more detailed phonological representations. This, in turn, leads to the develop-
ment of phonological awareness and vocabulary growth. In line with this theory,
difficulties with speech segmentation can impact phonological awareness, which can lead
to difficulties in language comprehension and reading skills (Boada & Pennington, 2006).
Another theory, output phonology theory (Hulme & Snowling, 1992), argues that deficits
in speech production, output phonology, can lead to decoding (reading) and spelling
(writing) problems. This theory posits that difficulties in producing speech sounds may
disrupt the development of phonological representations, which are critical for decoding
and spelling. Further development of this theory suggests that the relationship between
speech sound difficulties and reading is mediated by phonological awareness (Brosseau-
Lapré & Roepke, 2019; Burgoyne et al., 2019). However, there is also evidence indicating
that speech perception contributes to this issue (Benway et al., 2021), and impaired speech
production might also reflect speech perception processes (input phonology).

Although speech sound difficulties are acknowledged as a risk factor for language
comprehension and reading problems, not all children who struggle with pronouncing
speech sounds correctly develop difficulties in these areas (Hayiou-Thomas et al., 2017;
Lewis et al., 2000). Research has tested several possible moderators and risk factors for
poor reading outcomes in children with speech sound difficulties, including low phono-
logical skills, the persistence of speech sound difficulties into school age, and the
characteristics of the speech errors made (e.g., Burgoyne et al., 2019; Hayiou-Thomas
et al., 2017; Peterson et al., 2009).

1.3. Persistence of speech sound difficulties in school-age

The critical age hypothesis, introduced by Bishop and Adams (1990), posits that speech
sound difficulties become a risk factor for reading problems if they persist into the age
when children are learning to read. Several studies have supported this theory (Hayiou-
Thomas et al., 2017; Raitano et al., 2004). Nevertheless, other studies have found a weaker
association between speech sound difficulties at school entry and reading skills, as the
relationship was attributed to co-occurring language difficulties (Nathan et al., 2004;
Peterson et al., 2009). The longitudinal study by Nathan et al. (2004) found that children
with co-occurring speech and language difficulties, rather than those with isolated speech
sound difficulties, experienced problems in early literacy development. However, the
study reported that children with isolated speech sound difficulties were not exempt
from literacy challenges, particularly if their speech sound difficulties persisted into the
school-age years. Thus, it is important to assess whether the persistence of speech sound
difficulties in school-age children who are poor readers increases the likelihood of
severe language comprehension and early decoding problems, as these skills form the
foundation for developing reading comprehension (Gough & Tunmer, 1986; Hjetland
et al., 2019).

1.4. The nature of speech errors as a possible risk factor

Categorizations of types of speech errors have been highlighted as an important factor for
constructing speech interventions specifically adapted to the difficulty type in children
(Dodd, 2014). There are different ways to classify and generate subgroups of speech sound
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difficulties (Dodd, 2014; Stringer et al., 2024; Waring & Knight, 2013). In a review of
evidence concerning the classification of subgroups of SSD, three common groups were
identified across three specific pediatric SSD classification systems: an articulation-based
subgroup, a phonological subgroup, and a motor planning/programming group (Waring
& Knight, 2013). Phonological-based speech sound difficulties is a cognitive-linguistic
difficulty (McLeod & Masso, 2019) and is the most frequent subtype (Dodd et al., 2018).
Some children with phonological speech sound difficulties exhibit delayed developmental
error patterns that persist beyond the expected developmental age, while others display an
atypical error pattern characterized by disordered speech errors (Dodd, 2014; Dodd et al.,
2024; McLeod & Masso, 2019).

It should be noted, however, that further research is needed on the nature of the
differences between subgroups (Waring&Knight, 2013). Although there are some studies
on validating subgroups (Ttofari Eecen et al., 2019), no study we know of has used latent
profile analysis between subgroups for validation. Several standardized assessments of
SSD differentiate phonological speech errors between delayed errors (e.g., prevocalic
voicing, cluster reduction, and substitution of velar by alveolar sounds) and disordered/
atypical errors (e.g., initial consonant deletion and backing of alveolars) (Dodd, 2014;
Dodd et al., 2002; McIntosh & Dodd, 2008; Sandø-Frank & Bjerkan, 2023). Since this is a
convention in the field, we have also used this categorization here, despite the lack of
validation studies of these categorizations.

When analyzing studies that provide different categorizations of speech sound diffi-
culties and examine their association with language comprehension and reading out-
comes, the number of studies is limited. However, previous studies have found that
children with a history of disordered speech often exhibit more literacy difficulties at
school age compared with those who have delayed speech errors or no speech sound
difficulties (Leitão & Fletcher, 2004). A longitudinal study tracking children with early
speech sound difficulties until they were eight years old found that children with
disordered speech errors had poorer word reading skills than children with speech errors
classified as delayed (Hayiou-Thomas et al., 2017). Another longitudinal study found that
atypical errors at 4 years predicted reduced speech, phonological awareness, and literacy
skills at age 8 (Preston et al., 2013).

Regarding explanations for why individuals with disordered speech errors experience
more reading problems, the theory is that they have greater difficulties with phonological
awareness skills (Dodd et al., 2024; Leitão & Fletcher, 2004). Studies comparing children
with speech errors classified as delayed and disordered speech have found that children
with disordered speech errors have more difficulties with phonological awareness than
those with delayed speech errors (Holm et al., 2008; Leitão et al., 1997).

1.5. The present study

We know that early speech sound difficulties of unknown origin can be a risk marker for
difficulties in language comprehension and reading skills, both concurrently and longi-
tudinally, and this relation is highly moderated by phonological awareness (Walquist-
Sørli et al., 2024). However, the relationship between speech sound skills in a sample of
children with reading difficulties and the development of language comprehension and
early reading remains unclear. Moreover, to the best of our knowledge, no studies have
investigated whether parental reports of speech sound skills, both retrospective and
concurrent, serve as a significant predictor of language comprehension and early reading
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skills. Additionally, it has not been explored whether parental reports of speech sound
difficulties can identify children with language comprehension difficulties alongside
reading difficulties, or those with particularly severe reading difficulties within a sample
of children identified as poor readers. Moreover, the relationship between the type of
reported speech error and the risk of language comprehension and early reading diffi-
culties in these children remains unclear. If parental-reported speech sound skills play a
significant role in predicting the development of language comprehension and early
reading skills, this study has two important implications. First, it provides crucial
information for the early identification of at-risk children. Second, it underscores the
importance of taking parental concerns seriously when determining which children
should be referred to educational psychology clinics for the comprehensive screening
of language and early reading skills.

The hypotheses of this study are as follows:

1. There is a retrospective relationship between children whose parents recall speech
sound difficulties at ages 4–5 and language comprehension and reading outcomes
at ages 7–8 within a group identified as poor readers. This relationship remains
significant even after controlling for phoneme awareness skills.

2. Speech sound difficulties persisting into ages 7–8 predict subsequent reading and
language comprehension outcomes in children identified as poor readers, with the
relationship remaining significant after controlling for phoneme awareness skills
and early speech sound skills.

3. At ages 7–8, disordered speech errors significantly predict language comprehen-
sion and reading compared to delayed speech errors or the absence of reported
speech errors.

2. Method

2.1. Participants

The present study is a substudy of a larger reading intervention, a randomized controlled
trial known as UiT-ReadWell, carried out in Northern Norway. The children were
recruited through schools across three different municipalities, and the criterion for
participation was scoring at or below the 20th percentile in one or more subtests of the
national reading test in the first or second grade. Parents of these children were invited to
complete a retrospective survey about their children’s speech sound status before starting
school (ages 4–5) and their current speech status. A total of 228 parents responded to the
survey. Among these, 21.5% of parents expressed concern about their children’s language
development during the preschool years, and 16.2% reported that kindergarten teachers
shared similar concerns regarding their children’s speech or language development.
When comparing our sample with a sample of typical developmental Norwegian children
aged 7 (Hjetland et al., 2019) in decoding, it confirmed that our sample of children were
poor readers (nonword A [TOWRE; Torgesen et al., 1999] Cohen’s d = �1.09 and
nonword B Cohen’s d = �1.13). As part of the main project, all children underwent
comprehensive testing of their language comprehension and reading skills before begin-
ning the intervention at ages 7 (second grade) and 8 (third grade). Children in Norway
begin formal reading instruction in the first grade, at the age of 6. This study utilizes these
pretest data. The main study excluded children who had issues with hearing or vision, as
well as those with more pervasive developmental disorders, such as autism spectrum
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disorder. The parents gave informed consent for their children’s participation and had the
option to withdraw their consent at any time.

2.2. Measures

2.2.1. Speech sounds
The status of speech sounds was determined using a parent questionnaire, which was
available online and divided into two parts. The questionnaire consisted of 36 items, with
half focusing on the children’s speech sound skills at ages 4–5 (retrospective) and the
other half addressing their current speech sound status (See S2 in supplementary
materials). As for the validation of the questionnaire, the items were developed using
prior research of subgroups of speech sound difficulties (Hayiou-Thomas et al., 2017;
Leitão& Fletcher, 2004), information fromDifferential Diagnostic Assessment for Speech
Sound Disorders in Norwegian Children – Diffkas, normed on 407 Norwegian children
(Sandø-Frank & Bjerkan, 2023) and items that addresses speech and speech sound skills
from the Children’s Communication Checklist (CCC-2) (Bishop, 2003), normed on 731
Norwegian children (Helland & Heimann, 2007). The reliability was α = 0.93. The
questions assessed the intelligibility of the child’s speech and whether the child experi-
enced difficulties with substitution and omission processes. Children were classified as
having a history of speech sound difficulties if they had problems pronouncing one or
more speech sounds into words according to the questionnaire. Ninety-six children
(42.1%) were reported to have parent-reported speech sound difficulties at ages 4–5.
The second part of the questionnaire was used to check for persistent difficulties with
speech sounds at ages 7–8. Fifty children (20.9%) were reported to have persistent speech
sound difficulties at this age. The groups of childrenwith speech sound difficulties, both at
ages 4–5 and 7–8, included children with both delayed and disordered speech sound
errors. Furthermore, to answer the third research question, the 50 children with reported
persistent speech sound difficulties (ages 7–8) were divided into two subgroups due to a
Norwegian differential classification system of SSD (Diffkas) (Sandø-Frank & Bjerkan,
2023): delayed speech errors (one ormore typical, but delayed, speech errors) (n= 34) and
disordered speech errors (one or more atypical speech errors in their speech) (n = 16).
Using parental questionnaires is considered an effective method for accurately repre-
senting a child’s current developmental status (Ebert, 2017; Libertus et al., 2015). This
approach has also been employed to assess speech intelligibility in children (Jin et al.,
2020). Additionally, research has found that parent reports have good sensitivity and
specificity in identifying children with speech and language difficulties (McAllister et al.,
2011; McLeod & Harrison, 2009).

At ages 7–8, children completed various measures that assessed different aspects of
language comprehension and reading skills as part of a broader evaluation. The children
were assessed at school by trained research assistants during the first semester in second
or third grade, and the session lasted approximately one hour. The analyses in our study
are based on unstandardized raw scores from the measures described below. The
reliability score of each measure is reported in Table 1.

2.2.2. Phoneme awareness
Phoneme awareness was measured using the “Change Sound” subtest from the Dyslexia
Marker Test (Dysmate) (Nergård-Nilssen, 2024), a digital test standardized for Norwe-
gian children. This subtest evaluates phoneme awareness and phonological processing
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speed by asking the candidate to replace a specific sound in one word with another,
thereby creating a new word. For example, the child might be instructed to replace the /b/
sound in theNorwegianword “bil” (car) with the /p/ sound, resulting in “pil” (arrow). The
child has 10 seconds to select the correct answer. The test consists of 21 items and is
discontinued after 5 consecutive wrong answers.

2.2.3. Language comprehension
Sentence repetition. This is a subtest from the Clinical Evaluation of Language Funda-
mentals, Fourth Edition (CELF-4) (Semel et al., 2003). In “Sentence Repetition,” the child
listens to a sentence read aloud and is then required to repeat the sentence accurately
without altering its morphology. Each sentence progressively increases in length and
complexity, with a total of 18 sentences. The scoring for each sentence is as follows:
3 points for no errors, 2 points for one error, 1 point for two to three errors, and 0 points
for more than three errors. The test is terminated after four consecutive 0-point scores.
The CELF-4 is normed on a sample of 600 Scandinavian children.

Grammatical structures. This is another subtest of CELF-4 (Semel et al., 2003). In
“Grammatical Structures,” the child is presented with one or more pictures, and the test
leader might say, “Here is a teddy bear,” while pointing to the picture of a teddy bear.
Subsequently, the test leader points to the picture of two teddy bears and begins the
sentence with, “Here are two….” The child is then expected to complete the sentence by
saying, “Two teddy bears.” This subtest is designed to assess the child’s ability to a) use
regular and irregular plurals, various tenses, and comparative forms, b) employ possessive
pronouns, and c) understand receptive negations and the expression “neither/nor.” The
test comprises 39 items, and the child is required to attempt all the items.

Expressive vocabulary. This is a component of the “Listening Comprehension”
subtest from the Wechsler Individual Achievement Test, Fourth Edition (WIAT-4)
(Wechsler, 2020). In this test, the child is presented with a single picture accompanied
by a sentence that describes the picture. The child must identify a word that has the same
meaning as the one depicted in the picture. Each correct answer is scored as 1 point, while
an incorrect answer receives 0 points. The test comprises 15 items, and the administration
is terminated after six consecutive incorrect responses.

Table 1. Descriptive statistics

Variable N M SD Item Min Max Rel.α

Parental questionnaire 228 44.21 13.45 34 34 34 0.93

CELF–4 grammatical structure 227 24.96 5.90 39 7 38 0.79

CELF–4 sentence repetition 228 21.76 7.06 18 0 45 0.83

WIAT expressive 227 2.78 1.77 15 0 9 0.91

WIAT word 227 10.31 2.67 16 2 16 0.89

WIAT sentence 227 6.31 1.61 10 1 10 0.59

WIAT focus word 220 16.85 7.43 26 0 26 0.91

DYSMATE word-chain 224 1.48 1.36 28 0 7 0.60

DYSMATE change sound 220 9.02 4.22 21 0 19 0.76
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Receptive vocabulary word. This is a component of the “Listening Comprehension”
subtest from the WIAT-4 (Wechsler, 2020). In this test, the child is shown four pictures
and presented with a single word. The child is expected to point to a picture that
corresponds to the word. Each correct answer is scored as 1 point, while an incorrect
answer receives 0 points. The test includes 16 items and is terminated after six consecutive
incorrect responses.

Sentence comprehension.This is another component of the “ListeningComprehension”
subtest from the WIAT-4 (Wechsler, 2020). In this part, the child is presented with a
sentence and must identify the correct picture (from a set of four) that best represents the
sentence. This test consists of 10 items, and the scoring and termination procedures are
the same as those used for “Receptive Vocabulary.”

2.2.4. Early reading
Word chain. This measure is part of the Dysmate (Nergård-Nilssen, 2024) and serves as a
silent reading assessment that measures rapid word recognition and orthographic know-
ledge. In this task, the child is asked to insert spaces between words that are written
together in a continuous chain. Each chain comprises four random words. The child has
four minutes to solve as many word chains as possible. One point is awarded for each
correct answer (maximum 36 points).

Focus word. This is a measure fromWIAT-4 (Wechsler, 2020). In “FocusWord,” the
child reads a sentence aloud, and the test leader scores the highlighted focus words as
either correct or incorrect, awarding one point for each correct focus word. There are
25 items, and each correct word is rewarded with one point (maximum 25 points). The
child is required to attempt all the sentences.

3. Statistical analyses

All analyses were conducted using the SEM software Mplus version 8.9 (Muthén &
Muthén, 2016). We first examined the measurement model fit using confirmatory factor
analyses (CFA) of the latent variables representing the language comprehension and
reading variables at ages 7–8 to decide which model should go into the full SEM. We
considered three possible measurement models: 1) a simple uni-dimensional model
accounting for all language comprehension and reading indicators, 2) a correlated two-
factor model specifying a language comprehension and an early reading latent variable
accounting for their respective indicators, and 3) a correlated three-factormodel being the
same as the second model, except splitting the first factor (language comprehension) into
two further latent variables representing receptive and expressive language skills.

The full structural model specified the direct effects of early and current speech sound
difficulties on the best-fitting measurement model representing the latent variables of
language comprehension and early reading abilities. The speech sound variable was a
dichotomous variable (0 = no speech sound difficulties or 1 = speech sound difficulties)
registered at two time points: ages 4–5 and 7–8. These two variables were estimated as
continuous to retain model fit indices (e.g., Root Mean Square Error of Approximation
[RMSEA] and Comparative Fit Index [CFI]) since estimating them as categorical only
provides information criteria (e.g., Akaike Information Criterion [AIC] or Bayesian
Information Criterion [BIC]) as fit indices. Since the improvement in BIC was negligible
(3.28) by estimating them as beta log-odds, the continuous parameters were preferred
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(their odds ratios are nevertheless provided in Figures 2–5 for interpretation purposes). The
full SEMprovides regression coefficients standardized for the outcome only, thus yielding a
standardized mean group difference (equivalent to a Cohen’s d) for the difference between
children with and without speech sound difficulties. A Cohen’s d of 0.2, 0.5, and 0.8
indicates a small, medium, and large effect size, respectively (Cohen, 2013).

Phoneme awareness was added for covariate adjustment. Since we only had access to a
single observed sum score, we estimated its latent variance by multiplying the presumed
latent error variance (1-reliability) with the observed sum score variance. Finally, we
estimated two indirect (mediation) effects of early speech sound skills on the latent
language comprehension and early reading variables going through the current level of
speech sound skills. In addition, the size of themediation effect was calculated by dividing
the indirect effect by the total effect. Bias-corrected bootstrap 95% confidence intervals
(CIs) are presented for all coefficients based on 2,000 bootstrap re-samplings.

All models were evaluated for model fit. A nonsignificant chi-square statistic is
preferable, as it indicates a perfectly fitting model; however, since the chi-square index
is associated with sample size (Bentler, 1990), and full SEM models include both
measurement and structural coefficients that contribute to the deviance statistics, we
also provide discrepancy and relativemodel fit criteria: RMSEA, Standardized RootMean
Square Residual (SRMR), CFI, and Tucker–Lewis Index (TLI). Model fit is normally
considered good if CFI and TLI are greater than 0.95 and RMSEA is smaller or equal to
0.06 (Hu & Bentler, 1999). The size of the residual correlations may be considered, in
addition, with SRMR being smaller than 0.08 as the minimum.

In a final analysis, we categorized children with persistent speech sound difficulties at
ages 7–8 years into two groups: 1. Children with delayed speech errors (one or more
typical but delayed phonological errors), 2. children with disordered speech (one or more
atypical phonological errors). Additionally, a third group included children without
reported speech sound errors at school age, where created. Three additional regression
analyses were run for all group combinations to provide standardized mean group
differences in language comprehension and early reading skills.

4. Results

The results are organized as 1) descriptive statistics for the included variables, 2)
measurementmodel comparisons, 3) estimation of direct and indirect (mediation) effects
between previous speech sound skills (predictor), current speech sound skills (mediator)
and language comprehension and early reading (as outcomes), and 4) group comparison
of language comprehension and early reading skills based on types of speech sound errors.
The dataset and correlation matrices are available as supplementary material.

4.1. Descriptive statistics

Table 1 displays the descriptive statistics for all the included measures.

4.2. Confirmatory factor analyses

Three different measurement models (see the Method section) of the language com-
prehension and reading variables were examined with CFA. According to Table 2,
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a correlated two-factor model was preferable in terms of least model discrepancy and best
relative fit.

Figure 1 shows that the two-factor model consisting of two latent factors, one for
language comprehension and another for early reading that, displayed in Table 2, fitted
the data best. The latent factor for language comprehension was measured with five
variables: CELF-4 sentence repetition (λ = 0.78), CELF-4 grammatical structure
(λ = 0.77), WIAT expressive word (λ = 0.68), WIAT receptive word (λ = 0.48), and
WIAT receptive sentence (λ = 0.45). The latent reading factor was measured by two
reading indicators: Dysmate word chain (λ = 0.58) andWIAT focus word (λ = 0.56). The
factor correlation was 0.68.

Table 2. Language comprehension and early reading fit measures

Fit indices for the model

Fit measure 1-factor 2-factor 3-factor

Chi-square. 37.63 (14) ** 41.68(19)** 40.29(11)**

RMSEA 0.086 0.071 0.080

SRMR 0.052 0.044 0.043

CFI/TLI .936/.904 .960/.935 .957/.918

BIC 7895.53 7892.25 7901.74

Notes: Significant chi-square values are flagged with *p < .05, **p < .01, and ***p < 0.001.

Figure 1. Two-factor model of the observed language comprehension and early reading variables.
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4.3. Prediction of language comprehension and early reading skills at 7–8 years

Figure 2 displays a structural equation model adjusted for phoneme awareness that
examines the statistical significance and size of the direct and indirect relation between
early speech sound skills and the latent language comprehension and reading variables,
with current speech sound skills as the indirect or intermediate path (model fit:
χ2df = 54.5330, p = 0.004, RMSEA = 0.060, CFI = 0.948, TLI = 0.922, SRMR = 0.058).
The presence of speech sound difficulties at 4–5 years of age predicted language com-
prehension skills three years later after controlling for phoneme awareness skills. The
standardized betawas�0.31 (p < 0.05, 95% CI [�0.613,�0.006], odds ratio = 0.73). This
mean group difference between the children with (n = 96) and without (n = 138) early
speech sound difficulties was of a small to medium effect size, favoring those without
speech sound difficulties. As for early reading skills, early speech sound difficulties were
not statistically significant after controlling for phoneme awareness.

As Figure 2 shows, language comprehension skills at ages 7–8 were poorer if the child
had concurrent speech sound difficulties (n= 50) compared to not having difficulties with
speech (n = 178), even after controlling for early speech sound skills and phoneme
awareness. The standardized beta coefficient was�0.25 (p < 0.01, 95%CI [�0.42,�0.09],

Figure 2. The full regression model in which language comprehension and early reading skills are regressed on
early speech sound skills and current speech sound skills and phoneme awareness is incorporated as a covariate.
Notes. Significant chi-square values are flagged with *p < 0.05, **p < 0.01, and ***p < 0.001 OR = odds ratio.
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odds ratio 0.78), indicating that having concurrent speech sound difficulties implied
worse language comprehension skills than not having concurrent speech sound difficul-
ties. Thus, being in the speech sound difficulties group at ages 7–8 was associated with
scoring 0.25 of a standard deviation unit under the mean in language comprehension.
Again, this was not the case for early reading after controlling for phoneme awareness.
Notably, phoneme awareness was a significant predictor of language comprehension and
early reading skills.

4.3.1. Indirect (mediation) effects
We examined whether current speech sound difficulties might act as a mediator between
early speech sound skills and current language comprehension and reading skills by
estimating their two indirect effects or paths through current speech sound skills. The
standardized indirect regression beta coefficient was �0.22 (p < 0.004, 95% CI [�0.37,
�0.07].Given the total effect on language comprehension (direct + indirect) ofbeta=�0.53
(p < 0.001, 95% CI [�0.80, �0.26]), approximately 42% (�0.22/�0.53) of the total effect
acted through the mediator. As for early reading, no indirect mediation effect was present
since the total effects were not significant after controlling for phoneme awareness skills.

4.4. The nature of speech errors as predictor of language comprehension and early
reading

The full SEM models of delayed speech errors (n = 34) compared with children without
speech sound difficulties (n = 178) as predictor of language comprehension showed a
standardized beta coefficient of�0.57 (p < 0.01, 95% CI [�0.90,�0.23], odds ratio 0.57)
after controlling for phoneme awareness (Figure 3), which is a medium-sized effect
indicating that children with delayed speech sound difficulties did worse than those
without persistent speech errors. For early reading, there was no significant difference.
When examining for group differences between children with disordered speech errors
(n = 16) and children without speech sound difficulties (n = 178), the mean group
difference was large (beta� 1.44, p < 0.001, 95% CI [�1.93,�0.94], odds ratio 0.24), but
the relationship between speech sound status and reading was not significant after
phoneme awareness was accounted for (Figure 4). In other words, being in the disordered
speech error group is associatedwith being 1.44, a standard deviation unit under themean
in language comprehension concurrently.When comparing childrenwith delayed speech
errors (n = 34) and disordered speech errors (n = 16), the regression analyses of language
comprehension exposed a large group difference (beta � 0.79, p < 0.01, 95% CI [�1.38,
�0.21], odds ratio 0.45) in favor of children with delayed speech errors (Figure 5).

5. Discussion

This study focused on two key points: (a) whether parent-reported speech sound
difficulties, both retrospectively from early childhood and concurrently at ages 7–8,
can predict significant language comprehension and reading challenges in children
identified as poor readers and (b) whether the nature of speech errors is related to the
language comprehension and reading skills of these children. The results reveal key
insights into the relationship among speech sound skills, language comprehension, and
early reading skills in children identified as poor readers. First, parent-reported speech
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sound difficulties during preschool is a significant predictor of language comprehension
difficulties, even when phoneme awareness is taken into account. Second, children with
persistent speech sound difficulties in the early school years have significantly poorer
language comprehension, after controlling for early speech sound skills and phoneme
awareness, than those without persistent difficulties. Third, our findings suggest that
phoneme awareness skills account for the relationship between early speech sound

Figure 3. The full SEM in which language comprehension and early reading skills are regressed on children with
delayed speech errors compared with children without speech errors. Phoneme awareness is incorporated as a
covariate.
Notes. Significant chi-square values are flagged with *p < 0.05, **p < 0.01, and ***p < 0.001, OR = odds ratio.
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difficulties and early reading skills. Lastly, children with disordered speech errors have
significantly poorer language comprehension skills compared to those without speech
errors or those with delayed speech errors. Additionally, there is a significant difference in
language comprehension between children with delayed speech errors and those without
persistent speech errors at ages 7–8.

Figure 4. The full SEM in which language comprehension and early reading skills are regressed on children with
disordered speech errors compared with children without speech errors. Phoneme awareness is incorporated as a
covariate.
Notes. Significant chi-square values are flagged with *p < .05, **p < .01, and ***p < 0.001, OR = odds ratio.

16 Line Walquist-Sørli et al.

https://doi.org/10.1017/S0305000925100329 Published online by Cambridge University Press

https://doi.org/10.1017/S0305000925100329


5.1. Speech sound skills and their impact on language comprehension and early
reading

Our findings align with previous studies showing that speech sound difficulties in
preschool age are a risk factor for developing language comprehension and reading

Figure 5. The full SEM in which language comprehension and early reading skills are regressed on children with
disordered speech errors comparedwith childrenwith delayed speech errors. Phoneme awareness is incorporated
as a covariate.
Notes. Significant chi-square values are flagged with *p < .05, **p < .01, and ***p < 0.001, OR = odds ratio.
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problems (Hayiou-Thomas et al., 2017; Nathan et al., 2004; Walquist-Sørli et al., 2024).
The full SEM examining the statistical significance and size of the direct and indirect
effects revealed that speech sound difficulties at ages 4–5 are significant predictor of
language comprehension skills in school age, even after controlling for phoneme aware-
ness. Our findings are consistent with the findings of Burgoyne et al. (2019) that speech
sound difficulties are associated with poorer language comprehension skills.

Our findings partly align with the theory of Hopman and MacDonald (2018), which
posits that pronouncing words provides a stronger learning experience than just hearing
words and that children with speech sound difficulties might be more reluctant to speak
and therefore do not get the same learning experience. However, our study did not find a
significant effect of speech sound difficulties on early reading. One possible reason for this
is that our sample includes only childrenwho have already been identified as poor readers.
In contrast, previous studies (Bishop & Adams, 1990; Hayiou-Thomas et al., 2017;
Nathan et al., 2004; Peterson et al., 2009; Raitano et al., 2004; Walquist-Sørli et al.,
2024) have included broader samples with varying reading abilities, where speech sound
skills have been shown to predict reading outcomes. In our sample, both groups – those
with and without speech sound difficulties – already exhibit poor reading skills. For
significant group differences to emerge, the speech sound difficulties group would need to
demonstrate substantially more severe reading problems than the group without speech
sound difficulties, which was not observed in our data.

Our findings suggest that phoneme awareness skills account for the relationship
between early speech sound difficulties and early reading skills. This supports previous
research suggesting that the link between speech sound skills and reading is mediated by
phonological awareness (Burgoyne et al., 2019; Walquist-Sørli et al., 2024). Our findings
support the segmentation theory and the output phonology theory. Segmentation theory
posits that speech processing underpins phonological skills andword reading ability, with
increased segmentation during speech development leading to more detailed phono-
logical representations and enhancing phonological awareness and vocabulary growth
(Boada & Pennington, 2006). Difficulties in speech segmentation can thus impact
phonological awareness, leading to challenges in language and literacy skills. Output
phonology theory argues that deficits in speech production can lead to reading and
spelling problems, with issues in phonological representations causing speech sound
difficulties and related phonological awareness problems (Hulme& Snowling, 1992). Our
findings align with both theories by highlighting the role of phonological awareness in
linking speech sound skills to reading outcomes. While our models do not establish
causality, they are consistent with output phonology theory, which posits that speech
sound difficulties may stem from problems with the quality of phonological representa-
tions (Brosseau-Lapré & Roepke, 2019; Burgoyne et al., 2019; Hulme & Snowling, 1992).

In addition, the meta-analysis by Walquist-Sørli et al. (2024) found that phonological
awareness skills were significant and strong moderators for early language comprehen-
sion and reading skills. These findings indicate that children with speech sound difficul-
ties with more severe problems in phonological awareness skills also have more severe
language comprehension and reading problems. Our findings indicate that phoneme
awareness is a significant predictor of both language comprehension and early reading.
These findings are also in line with the study by Tambyraja et al. (2020), who found that
speech abilities together with phonological awareness were important indicators of
reading problems.

Our study revealed that phoneme awareness skills explain some, but not all, of the
problems children with speech sound difficulties exhibit in language comprehension
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since speech sound difficulties remain significant predictor after adding phoneme aware-
ness as a covariate. This aligns with the findings of the study using a bi-factor model of
predicting expressive and receptive language skills, in addition to reading comprehension
(XXX et al., in press). It was found that the unique factor of speech predicted growth in
expressive language skills and the combined factor of speech and language comprehen-
sion predicted development of receptive language skills and reading comprehension after
controlling for phonological awareness skills as a covariate.

5.2. Persistence of speech sound difficulties in school age

In line with the critical age hypothesis (Bishop & Adams, 1990), our findings suggest that
speech sound difficulties are a risk factor for language comprehension and reading
problems if they persist into the age when children are learning to read. Our analysis
revealed that parent-reported persistent speech sound difficulties at ages 7–8 are significant
predictor of difficulties in language comprehension, even when early speech sound skills
and phoneme awareness are taken into consideration. These findings are consistent with
several studies that found persistent speech sound difficulties at school entry are associated
with poorer emergent literacy skills (Bishop & Adams, 1990; Hayiou-Thomas et al., 2017).

However, some studies that have examined the critical age hypothesis have found that
the relation between persistent speech sound difficulties and literacy skills was no longer
significant after language skills were controlled for (Nathan et al., 2004; Peterson et al.,
2009). Although we have not controlled for language skills in our regression model for
early reading, our results revealed that language comprehension skills are significantly
predicted by speech sound skills, even after controlling for phoneme awareness. This
indicates that persistent speech sound difficulties is a risk marker for severe concurrent
language comprehension difficulties, underscoring the findings of Burgoyne et al. (2019),
who found that speech sound difficulties at school entry are associated with poorer
language comprehension skills, and this was still evident six months later.

In our model, we assessed the indirect effects of speech sound skills at ages 4–5 on
language comprehension and early reading at ages 7–8, mediated by concurrent speech
sound skills. The indirect effect on language comprehension was a beta� 0.22, indicating
a small negative indirect effect of early speech sound skills on later language compre-
hension through concurrent skills. The total direct effect was beta = �0.31, suggesting a
small to moderate negative direct effect of early speech sound skills on later language
comprehension, independent of concurrent skills. The mediation rate was 0.42, which
indicates that 42% of the effect from early speech sound difficulties was explained through
current speech sound skills. In other words, when examining how early difficulties with
speech sounds affect later development, 42% of this influence can be attributed to the
speech sound skills the child has at the time of assessment. This suggests that there is a
significant relationship between early speech sound difficulties and later language com-
prehension skills, even though not all children have persistent speech sound difficulties
into school age. In addition, the mediation rate shows that language comprehension skills
are a direct result of persistent speech sound difficulties at ages 7–8.

5.3. The nature of speech sound errors as risk markers

First, our analyses revealed that children with parent-reported persistent speech sound
difficulties, classified as disordered speech, significantly predicted more problems in
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language comprehension than children without speech sound difficulties. This might
indicate that speech sound skills affects language comprehension development, with
disordered speech errors having a higher risk of experiencing language comprehension
difficulties than delayed speech errors. These findings align with the study using bi-factor
SEM, which found that the unique factor of speech at age four predicted the development
of expressive language skills in school-age children, even after controlling for phono-
logical awareness skills (XXX et al., in press). Another possible explanation is that
phoneme awareness is difficult to measure in samples selected for poor reading skills
due to the restriction of range and potential floor effects. Finally, children with disordered
speech errorsmay have greater deficits in phonological awareness than those with delayed
speech errors and, therefore, struggle more with language comprehension (Dodd et al.,
2024; Leitão & Fletcher, 2004). However, importantly, our analysis does not test for this
hypothesis. The group difference between those with disordered speech and those
without speech sound difficulties was not significant in early reading when controlling
for phoneme awareness. This may indicate the notion that early reading skills are heavily
dependent on phonological awareness skills (Snowling & Melby-Lervåg, 2016). Further-
more, these findings could also be related to the fact that the Norwegian language has a
much more transparent orthography compared to English. Since word reading skills also
measure reading accuracy, it is possible that word reading does not differentiate as clearly
between children with delayed and disordered speech errors in Norwegian as it does in
English. Second, delayed speech errors were a significant predictor of children with
concurrent language comprehension difficulties compared to children without speech
sound difficulties. When comparing children with delayed speech errors with children
with disordered speech errors, having a disordered error pattern was predictive of
language comprehension problems. In contrast to Hayiou-Thomas et al. (2017), who
found that children with disordered speech errors had significantly poorer word reading
skills than children with delayed speech errors, our analysis did not reveal a significant
group difference in early reading skills. Thus, this may be because our sample consists
solely of children already identified as poor readers, as discussed earlier.

5.4. Strengths and limitations

To the best of our knowledge, this is the only study that has examined whether parent-
reported speech sound difficulties predict language comprehension and reading skills in a
group of poor reading children. Our study has both strengths and limitations. A strength
is that phoneme awareness skills are controlled for in all analyses. Despite individual
variations, children who experience difficulties with speech sounds often exhibit deficits
in phonological processing (Roepke et al., 2020). This enables us to identify speech sound
skills as a predictor of language comprehension and reading development beyond
phoneme awareness. However, a limitation of our study is that children are identified
as having speech sound difficulties through parental questionnaires, which include both
retrospective and current speech sound status. The retrospective design may raise
concerns about the ability to identify children with early speech sound difficulties.
However, this part of the survey only classified children as having or not having speech
sound difficulties. The current part of the survey classified children into subgroups, and
research has found that parental reports can be an effective method for accurately
representing a child’s current developmental status (Feldman et al., 2005; Libertus
et al., 2015). Testing children with persistent speech sound difficulties using a diagnostic
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assessment of speech sound disorders could have enhanced the validity of the parental
responses in our study. However, this was not feasible due to the time-consuming nature of
the comprehensive language comprehension and reading assessments conducted with the
children. Future longitudinal studies should broadly examine the relationship between early
and persistent speech sound difficulties, phoneme awareness, language comprehension,
and literacy skills in children identified as being at risk for reading disorders.

5.5. Conclusion and implications

Despite these limitations, this study enhances our understanding of the development of
language comprehension and early reading in children with speech sound difficulties.
Our findings suggest that parent-reported early speech sound difficulties are significant
predictor of language comprehension skills at school age. This implies that speech sound
difficultiesmay serve as a risk factor for language comprehension and literacy problems in
school-aged children. This insight is crucial because speech sound skills are easy and cost-
effective to screen. Our findings indicate that children with speech sound difficulties
require further assessment of broader language comprehension skills and potential delays
in reading development, including phonological abilities. In this way, evidence-based
interventions for language comprehension and/or phoneme awareness training can be
initiated.

Second, our findings suggest that assessing the type of speech error can serve as an
indicator of potential academic challenges in language comprehension and reading at
school, in addition to initiating appropriate speech interventions. These findings high-
light the importance of a comprehensive speech sound assessment by a speech and
language pathologist for children with speech sound difficulties.

Supplementary material. The supplementary material for this article can be found at http://doi.org/
10.1017/S0305000925100329.
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