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ABSTRACT

Background: Children with speech sound difficulties often require educational
psychology services, yet systematic reviews examining the association between
these difficulties and language or reading problems are lacking. This meta-
analysis examines whether these children are at higher risk of language and
reading difficulties compared to their peers.

Method: The study analyzed 290 effect sizes from cross-sectional and longitu-
dinal studies that compared language and reading skills between children with
speech sound difficulties and controls. Additionally, we evaluated 37 effect
sizes from correlational studies in general populations to examine the relation-
ship between speech sound skills and language or reading skills.

Results: Children with speech sound difficulties showed significant concurrent
language (Hedges’ g = —0.60) and reading (Hedges’ g = —0.58) problems. Corre-
lational studies also demonstrated a relationship between speech sound skills
and language (r = .23) and reading (r = .23) skills. Phonological awareness and
study quality were significant moderators. Longitudinal studies showed persis-
tent or increasing group differences over time in language (Hedges’ g = —0.85)
and reading (Hedges’ g = —0.50). These findings were consistent regardless of
the severity or types of speech sound difficulties, nonverbal 1Q, country, age,
and publication year. However, a precision-effect test and the precision-effect
estimate with standard errors analysis suggested a potential decrease in effect
size due to publication bias from small sample sizes in primary studies.
Conclusion: Children with speech sound difficulties are at an increased risk of
language and reading difficulties, emphasizing the need for broader language
assessments and early interventions to mitigate future academic difficulties.
Supplemental Material: https://doi.org/10.23641/asha.27849828

Although most children learn to achieve intelligible
speech during preschool age, speech errors, both articulation-
and phonologically based errors, remain common prob-
lems for some children in kindergarten and the early
school years. These errors might cause severe challenges
for those affected, particularly in their interaction and
communication with others. Such speech difficulties,
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typically referred to as speech sound difficulties, are also
one of the most common reasons for requiring educa-
tional psychology services, speech and language therapy,
and special education in young children (Bishop &
Hayiou-Thomas, 2008; Eadie et al., 2015; Irwin et al.,
2023; Zhang & Tomblin, 2000). Still, how speech sound
difficulties relate to other language and later reading
skills is far from understood. Numerous studies have
examined whether children with speech sound difficulties
are at an elevated risk of language and later reading dif-
ficulties, but no systematic reviews or meta-analyses on
this topic currently exist. The present systematic review
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and meta-analysis aim to enhance our current understand-
ing of whether children with speech sound difficulties in
preschool age are at an increased risk of language and
reading difficulties, both concurrently and longitudinally.

In terms of terminology, the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition defines speech
sound disorder as persistent unintelligible speech that
affects social, occupational, or academic performance,
with symptoms starting in childhood and not attribut-
able to other conditions (American Psychiatric Associa-
tion, 2013). Thus, our focus here is on expressive speech
sound skills. Subgrouping children with speech sound
disorders has been proposed in different ways. Waring
and Knight (2013) reviewed evidence supporting classifi-
cation of subgroups and identified three common
groups: an articulation-based subgroup, a phonological
subgroup, and a motor planning/programming subgroup.
The prevalence rates of speech sound disorders vary,
but longitudinal studies indicate a rate of 3.4%-6.4%
(Beitchman et al., 1986; Eadie et al., 2015; Shriberg
et al., 1999; Wren et al., 2013). In this meta-analysis, we
will concentrate on the articulation-based and phonolo-
gical subgroups of speech sound difficulties and use the
subgroups as moderates in the analysis. Although some
studies specify the subgroup classification, many do not
distinguish between these subgroups. Because the cutoff
criteria across published studies with group comparisons
vary and are often more lenient than those in the diag-
nostic manuals, we use the term speech sound difficulties
rather than speech sound disorders.

Relationship Between Speech Sound
Difficulties and Other Language Difficulties

Language abilities refer to the capacity to under-
stand and produce utterances, encompassing both the
receptive and expressive aspects of the semantic and syn-
tactic domains of language. Another important aspect of
language is phonological awareness skills, which involves
the ability to manipulate speech sounds (Bishop &
Snowling, 2004; Snowling & Hulme, 2021). Language
ability is regarded as foundational to phonological aware-
ness (Hjetland et al.,, 2019; Metsala & Walley, 2013;
Snowling & Hulme, 2021), and phonological awareness, in
turn, is a precursor for word reading skills. Still, the role
of expressive speech sound skills in relation to other lan-
guage skills and reading remains unclear. Studies explor-
ing dimensionality suggest that speech sound skills are a
distinct yet related construct relative to language ability
and phonological awareness (Hayiou-Thomas et al., 2017;
Pennington & Bishop, 2009). Thus, importantly, phonolo-
gical awareness is a different but related skill compared
with expressive speech sound skills.

Reports on whether individuals with speech sound
difficulties also struggle with language abilities are incon-
sistent. They range from showing small differences in lan-
guage measured with Peabody Picture Vocabulary Test
(e.g., Apel & Henbest, 2020, Hedges’ g = —0.01) to indi-
cating significant difficulties using the same measure (e.g.,
Gerwin et al., 2021, Hedges’ g = —2.72). A similar pattern
has also been shown in studies of correlations between
speech sound skills and language abilities in typically
developing children (e.g., Burgoyne et al., 2019, r = .13;
Durand et al., 2013, r = .39).

Relationship Between Speech Sound Skills
and Reading Skills

The simple view of reading suggests that reading
comprehension is a product of language abilities and
decoding skills, with phonological awareness being a
proximal determinant of decoding proficiency (Gough &
Tunmer, 1986). Despite well-established research on the
relation between phonological awareness problems and
both reading difficulties and phonologically based speech
sound difficulties, it remains unclear from prior studies
how large the effect of phonological awareness problem is
(e.g., Lewis et al., 2018, Hedges’ g = —0.09; Caroll et al.,
2014, r = .29; Overby, 2007, Hedges’ g = —1.64; Moody,
2022, r = .37).

Regarding whether speech sound skills are contribut-
ing factors in determining future reading skills, the results
also vary in prior research, particularly in the size of cor-
relations between speech sound skills and later reading
abilities (e.g., Burgoyne et al.,, 2019, r = .16; Durand
et al., 2013, r = .34). A similar variation is observed in
studies examining whether children with speech sound dif-
ficulties in preschool are more prone to reading difficulties
later (e.g., Lewis et al., 2018, Hedges’ g = —0.07; Lewis
et al.,, 2019, Hedges’ g = —1.46 [subsample persistence
speech sound difficulties]).

Different explanations have been suggested for a
putative relationship between preschool speech sound dif-
ficulties and later reading problems. One line of research
suggests that the link between speech sound skills and
reading is mediated by phonological awareness. Evidence
supporting this comes from a study showing that phonolo-
gical awareness fully mediates the relationship between
speech sound difficulties and later reading (Burgoyne
et al., 2019). This is in line with output phonology theory,
which argues that deficits in speech production processes,
output phonology, can lead to reading and spelling prob-
lems (Hulme & Snowling, 1992). This is also in line with
further development of this theory suggesting that under-
lying problems with the quality of phonological represen-
tations might cause speech sound difficulties and problems
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related to phonological awareness (Brosseau-Lapré &
Roepke, 2020; Burgoyne et al., 2019). However, there is
also evidence indicating that speech perception contributes
to this issue. For instance, one study found that both
speech perception and vocabulary were independent pre-
dictors of phonological awareness (Benway et al., 2021).
Impaired speech production might also reflect issues in
speech perception processes or input phonology. Finally, a
rather different explanation suggests that the relationship
between speech sound difficulties and later reading prob-
lems may stem from the possibility that problems with
language could underpin both speech sound and phonolo-
gical awareness skills, which, in turn, impacts reading
skills (Peterson et al., 2009).

Possible Moderators of the Relationships
Between Speech Sound and Language and
Reading Skills

One factor that might explain why the different
studies have reached different conclusions is that the
severity of speech sound difficulties varies considerably
across samples. Studies that use strict criteria to define
speech sound difficulties might show larger group differ-
ences than those using more lenient criteria. The type of
speech sound difficulties included in the sample could also
play an important role in how these difficulties relate to
language and reading skills (Dodd et al., 2024). Further-
more, factors such as children’s age, nonverbal 1Q varia-
tions, publication year, and country all play different roles
in understanding the relationship between speech sound
skills, language, and reading. For example, it has been
suggested that younger children with speech sound diffi-
culties show larger group differences compared to con-
trols, particularly in language skills, because speech sound
problems are more severe in younger children (Pennington
& Bishop, 2009). Similarly, nonverbal IQ is positively
associated with both language and reading skills (Peng
et al., 2019) and could affect group differences if the chil-
dren with speech sound difficulties and controls are poorly
matched on nonverbal IQ. Publication year could be
important since effects tend to be larger in seminal studies
and then fade over time (Jennions & Megller, 2002). Coun-
try or region is also commonly included as a moderator,
as results may vary based on factors such as lab environ-
ments or language backgrounds across different countries.

The Current Meta-Analysis

Summarizing the strengths of relationships and mod-
erating factors related to speech sound difficulties is
important both theoretically and clinically. Theoretically,
clarifying the role of speech sound skills and their relation-
ships with other language skills is crucial for enhancing

our understanding of children’s language development.
This is particularly important in a field where numerous
studies, often with limited sample sizes, yield divergent
results. Clinically, understanding these relationships is
important, as speech sound difficulties could potentially
be markers for broader language difficulties and future
reading problems. The clinical handling of speech sound
difficulties likely varies by country. However, if these diffi-
culties are dismissed as self-resolving, yet are clearly linked
to later language and reading problems, they should not
be ignored. Thus, results from this meta-analytic study
could be highly valuable in determining who might need
broader language assessment and subsequent support.
Accordingly, this meta-analysis addresses the following
research questions:

1. Do children with speech sound difficulties in pre-
school age exhibit weaker concurrent and later lan-
guage and reading skills compared to controls?
What factors moderate these differences?

2. Are preschool speech sound skills associated with
concurrent and longitudinal language and reading
skills in typical developing children? What factors
moderate these relationships?

3. Are the results robust once publication bias is taken
into account?

Method

This meta-analysis was preregistered in the Open
Science Framework (OSF; https://ost.iolypzdg/?view_only=
51¢1348d0e9841dfbe22bel38cS5b6cfe) and conducted in line
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (Moher et al., 2009). The data set is
also available in the OSF link above. Deviations from our
protocol included expanding children’s age range to
18 years. Furthermore, we lacked access to OpenGrey or
Scopus, so these databases were not used in the literature
search. Finally, we used the Joanna Briggs Institute’s tools
(Moola et al., 2017) to evaluate risk of bias instead of the
Grading of Recommendations, Assessment, Development
and Evaluation system (Aguayo-Albasini et al., 2014).

Literature Search

The literature search was conducted in May 2022
and updated in August 2023 across several databases,
including MEDLINE, PsycINFO, ERIC, Web of Science,
Linguistics and Language Behaviour Abstracts, Social Sci-
ence, and ProQuest Dissertations & Theses Global. The
search encompassed terms related to speech sound disor-
ders and various reading and language difficulties, dating
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back to 1992. Examples of search terms used include
“speech sound disorders*” AND (“reading disorder*” OR
“dyslexia*” OR “reading comprehension*” OR “develop-
mental language disorder*” OR “reading disability*” OR
“speech language impairment®” OR “DLD*” OR “SLI*”).
The search was carried out by the first author with guid-
ance from a retrieval expert at the University Library.

The electronic search yielded 915 records, after
deduplication, which were screened in Rayyan software
(Ouzzani et al., 2016). Twenty percent of the records were
double-screened by the second author, achieving a
Cohen’s k of .77 for interrater agreement. Discrepancies
were discussed and resolved, resulting in 123 records for
full-text screening. The selection process and final inclu-
sion are detailed in Figure 1.

Inclusion and Exclusion Criteria
Group comparison studies had to include children

aged 3-18 years with speech sound difficulties and evaluate
their language abilities and/or reading skills either

concurrently or longitudinally. Studies involving participants
who stutter or have other conditions affecting speech sound
pronunciation, such as cleft lip and/or palate, were excluded.
Group comparison studies had to validate children’s speech
sound difficulties either by selecting children below a cutoff
on standardized speech tests or through clinical assessment
by an educational psychologist or a speech and language
therapist in preschool. Speech sound skills had to be mea-
sured using standardized tests of articulation, speech sounds,
vowels, oral motor skills, or word inconsistency. Controls
had to be age-matched with the children with speech sound
difficulties. Correlational studies had to involve typically
developing children without speech sound difficulties. In
both study designs, children had to be native speakers
without hearing impairment; autism; intellectual disability;
attention-deficit/hyperactivity disorder; or other neurodeve-
lopmental, medical, or neurological conditions. Motor-
planning/programming conditions were also excluded.

Eligible studies had to evaluate language or reading
and reading-related skills. Language skills had to be mea-
sured with standardized tests of either expressive language,

Figure 1. Flow diagram of the literature search and study selection process.
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receptive language, grammar and morphological skills,
narrative skills, nonword repetition, or conversational lan-
guage. Reading and reading-related skills had to be mea-
sured with standardized tests of letter knowledge, spelling,
decoding, rapid automatized naming, or reading compre-
hension. If more than one measure was reported, effect
sizes based on all indicators were reported. Both concur-
rent and longitudinal testing were included in the group
comparison and correlational studies. The longitudinal
samples had to assess speech sound skills in preschool and
then language and reading at a subsequent stage. For the
group comparison studies, we coded the group difference
at the latest time point. As for the correlational studies,
we coded the correlation between speech sound produc-
tion at the initial assessment and language and reading
skills at the final assessment.

Moderators

Types of speech sound difficulties. The types of
speech sound difficulties in the samples were categorized as
“articulation,” “phonological,” “both phonological and
articulation,” or “unknown.” Articulation difficulties refer
to distortions of the same sound in isolation, words, and
sentences, which are typically consistent across imitation,
elicitation, and spontaneous speech tasks (Waring &
Knight, 2013). Phonological speech sound difficulties, on
the other hand, can be classified as delayed typical phonol-
ogical error patterns (phonological delay), more unusual,
nondevelopmental error patterns (consistent phonological
disorders), or inconsistency in speech production (inconsis-
tent phonological disorder; Dodd, 2010). Despite the exis-
tence of several subtypes of phonological speech disorders,
few studies differentiate between them. In this meta-
analytic review, we have chosen to group all subtypes under
the category of phonologically based speech difficulty.

Severity of speech sound difficulties. Hedges’ g was
calculated to evaluate the difference in speech sound skills
between the children with speech sound difficulties and
those in the control group.

Nonverbal 1Q. Hedges’ g was calculated to gauge
how well the children with speech sound difficulties and
control samples were matched on nonverbal 1Q.

Phonological awareness. Hedges’ g was calculated to
assess the difference in phonological awareness skills (such
as blending, segmenting, and elision) between the groups
with speech sound difficulties and the controls.

Children’s age. The mean ages of the children were
coded.

Publication year. The publication years of the
included studies were coded.

Country. Based on the sample location, the studies
were classified as “Europe,” the “United States,” and
“Other Countries.”

Effect Sizes and Coding Procedure

For group comparison studies, the effect sizes for
language and reading outcomes were calculated using
means, standard deviations, and sample sizes for both the
groups with speech sound difficulties and the control
groups applying Hedges’ g formula (Hedges & Olkin,
1985). A negative Hedges’ g indicates that children with
speech sound difficulties had greater language and reading
problems compared to the controls. In correlational stud-
ies, correlation coefficients for the associations between
speech sound skills and language or reading outcomes
were coded, along with sample sizes. A higher correlation
coefficient suggested a stronger association between speech
sound skills and the outcomes of interest. To normalize
the distribution of population effect sizes, correlations
were transformed to Fisher’s Z using R statistical software
(Cohn & Becker, 2003). After analysis, the results were
converted back to Pearson r for easier interpretation. All
effect sizes were reported with 95% confidence intervals
(CIs). If effect size data were missing, the study’s author
was contacted. Unreported moderators in the meta-
analysis were coded as missing data. The second author
double-coded a random sample of 20% of the studies. The
intercoder agreement, calculated using Pearson r, was .99
for both comparison and correlational studies. Agreement
percentages was 92.02% for comparison studies and 100%
for correlational studies.

Study Quality Assessment

The quality of previous studies can impact our
understanding of the relationships in question (Cuijpers
et al.,, 2010). To evaluate the methodological quality of
the studies included in this review, we used the Joanna
Briggs Institute’s (JBI) Checklist for Analytical Cross-
Sectional Studies (Moola et al., 2017). The tool includes
eight questions examining inclusion criteria, validity, reli-
ability, and confounding factors. Each question was rated
as “yes” (1 point), “no” (0 point), or “unclear" (0 point).
The total score for each study was calculated and used to
categorize risk of bias as low (> 70%), moderate (50%—
69%), or high (< 49%).

Meta-Analytic Plan

Statistical analyses were run in R statistical software
package (R Core Team, 2023) using the “metafor”
(Viechtbauer, 2010) and “clubSandwich” (Pustejovsky,
2017) packages. To account for the complex structure of
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dependencies in the data (i.e., multiple effects had corre-
lated sampling errors within the same study and group
comparison, and effects were nested within the studies),
we performed correlated and hierarchical effects models
(Pustejovsky & Tipton, 2022) within a multilevel model-
ling framework implemented in two steps. First, we spec-
ified the structure of variances using an imputed block-
diagonal covariance matrix (Pustejovsky & Tipton,
2022), which assumed a constant correlation (p = .6)
among the effect sizes clustered within the same study.
Second, this variance structure was applied in a two-level
random effects model, with random intercepts for both
studies and individual effects. To answer our research
questions, we planned different meta-regression models.
We examined standardized differences in language versus
reading, as well as correlations between speech sound
skills and language versus reading, both concurrently and
longitudinally, resulting in four meta-analyses. For these
analyses, at least two studies were required (Valentine
et al., 2010). Variability in effect sizes and heterogeneity
were evaluated using the Q-statistic to test the null
hypothesis that there is homogeneity in the underlying
true effect size (either between or within studies), the I
to examine the proportion of observed variance that
reflects true variation in effect sizes, and the t to examine
the standard deviation of the true effect sizes between
studies and between effects (the last one referred to as o;
Borenstein et al., 2011).

Publication bias. We initially examined the contour-
enhanced funnel plots, in which each effect size estimate
was plotted against its standard error, with a reference line
at 0 and contours indicating varying two-tailed p-value
levels. To formally assess the funnel’s symmetry, we used
Egger’s test (Egger et al., 1997), which involved a meta-
regression in which the standard errors of the effect size
estimates were used as predictors. When Egger’s test is
statistically significant, it indicates an asymmetry in the
funnel plot and, therefore, publication bias. When this
occurred, we employed the precision-effect test and the
precision-effect estimate with standard errors (PET-
PEESE; Stanley & Doucouliagos, 2014). The PET-PEESE
analysis is a meta-regression method where the standard
errors and variances of the effect size estimates are entered
as predictors (Stanley & Doucouliagos, 2014). The inter-
cepts in the PET-PEESE models provide an approxima-
tion for bias-adjusted estimates. Despite presenting some
limitations, especially in the presence of large heterogene-
ity, the PET-PEESE method holds advantages as it
accounts for small-study effects (Carter et al., 2019) and
can accommodate multilevel structures of data (Rodgers
& Pustejovsky, 2021). This method has the advantage of
being easily implemented in multilevel structures of data
but also some limitations. When the number of primary

studies is small (i.e., k < 20), Egger’s test has limited
power to detect bias, and the PET-PEESE method tends
to perform poorly (Stanley, 2017). Additionally, larger
estimates in the PET-PEESE than the original effect
sizes indicate heterogeneity rather than publication bias
(Stanley, 2017).

Results

The results are based on the coding of 45 indepen-
dent group comparisons, which include 200 effect sizes,
and seven independent observational studies comprising
44 correlations that examine the relationship between
speech sound skills and language and reading skills. The
studies primarily involved English and American samples
of children in preschool and primary school. As for study
quality, the JBI rating indicated that while most studies
had small samples, the risk of bias was low to moderate
for both the group comparisons and correlational studies.

Comparison Group Studies

An overview of the group comparison studies
used in the meta-analysis is provided in Supplemental
Material S1.

Group Differences in Language Skills

Description of concurrent studies. A total of 37 stud-
ies examined group differences in language skills concur-
rently, published between 1993 and 2021. These studies
included 901 children with speech sound difficulties and
1,343 controls (M,g. = 69.19 months, SD = 16.38, range:
48.66-111.6 months; 57% boys). Some studies reported
data on different samples of children with speech sound
difficulties, including phonological difficulties only (17
samples), both phonological and articulation difficulties
(eight samples), and articulation problems only (one sam-
ple). In 11 studies, the specifics of speech sound difficulties
were unspecified. Most studies were conducted in the
United States (30 studies), with a few in Europe (one
study) and other countries (i.e., three studies from New
Zealand, three studies from Australia, and one study from
Canada). Only a minority of the studies were rated as
high risk of bias (two studies), while the majority were
rated as moderate (21 studies) or low risk of bias (14
studies).

The mean standardized group difference in language
skills, calculated from 37 studies with 165 effects, indi-
cated a negative and statistically significant estimate, g =
-0.60, 95% CI [-0.72, —0.48]. This finding shows that
children with speech sound difficulties had marked lan-
guage difficulties compared to the controls. The true
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outcome was moderately heterogeneous (I* = 63%) and sta-
tistically significant, Q(164) = 728.815, p < .001 (Tguay =
0.12, ® = 0.39; see Supplemental Material S1 for the forest
plot of single effect sizes across studies). Publication bias
related to small samples was detected via Egger’s test (B =
—2.42, SE = 0.82, Z = -2.96, p = .003; see Figure 2). PET-
PEESE analysis revealed that the bias-adjusted effect was
positive and nonsignificant (PET: g = 0.18 [-0.35, 0.71],
p = .512; PEESE: g = —0.10 [-0.40, 0.20], p = .358), indi-
cating an overestimation of the initial estimate for the com-
parison group studies examining language skills concur-
rently due to small sample sizes in the primary studies.

Moderator analysis. Children’s phonological aware-
ness moderated the standardized group difference in lan-
guage skills, indicating that samples with more severe pho-
nological awareness problems also had more severe lan-
guage problems (Q[1] = 10.833, p = .001, B = 0.44; 13
studies). In addition, nonverbal 1Q was related to effect
size, and the larger the discrepancy in nonverbal I1Q
between those with speech sound difficulties and the con-
trols, the larger the difference in language skills (Q[1] =
8.701, p = .003, B = 0.56; 22 studies).

Children’s severity of speech sound difficulties
(Q[1] = 0.442, p = .506; 27 studies) and age (Q[1] = 0.188,
p = .664; 37 studies) did not moderate the standardized
group difference in language skills. The same pattern
emerged for the types of speech sound difficulties (Q[1] =
0.878, p = .349; i.e., phonological awareness problems vs.
phonological and articulation problems, with 17 vs. eight
studies, respectively), as the estimates were comparable for
phonological awareness problems, g = -0.64 [-0.81,
—0.46], and for phonological and articulation problems,
g = —0.48 [-0.73, —0.23]. Finally, publication year (Q[1] =
0.087, p = .768; 37 studies), country (Q[1] = 0.002, p

.963; comparing only the United States vs. other countries,
30 vs. six studies, respectively) and study quality (Q[1] =
1.145, p = .285; contrasting only moderate vs. low risk of
bias, 21 vs. 14 studies, respectively) were not significant
moderators. Estimates were similar for studies conducted in
the United States, g = —0.60 [-0.72, —0.47], and other
countries, g = —0.59 [-0.91, —0.27], and the same was the
case for studies with a moderate, g = —0.53 [-0.69, —0.36],
and low risk of bias, g = —0.66 [-0.84, —0.49].

Study description of longitudinal studies. There were
six studies on group differences in language skills examined
longitudinally published from 2008 to 2019. They evaluated
1,029 children with speech sound difficulties and 55,431
controls (M,e. in months = 129.71, SD = 28.55, range:
102-179; 54% boys). Importantly, note that the mean age
of the concurrent samples are 5.7 years. However, for the
longitudinal studies, they were classified in preschool as
with or without speech sound difficulties, but group differ-
ences for language and reading were coded at the last time
point they were measured to look at persistency of the diffi-
culties. Thus, the mean age in the longitudinal studies for
the last time point was 11.75 years. The large number of
children (59,015) in the control groups is due to a large-
scale study conducted in Canada on kindergarten data
from the early development instrument matched with stan-
dardized tests of reading and writing (and math) in Grade
3. Among these studies, the speech sound difficulties con-
cerned phonological awareness problems only (one study)
or were not specified as either phonological or articulation
problems (five studies). Most of the longitudinal studies
were from the United States (five studies; one study was
from other countries, i.e., Canada). Overall, an equal num-
ber of studies was assessed as high, moderate, or low risk of
bias (two studies for each category).

Figure 2. Funnel plot of all standardized group differences between children with speech sounds difficulties and controls in language skills
examined concurrently. The black dots represent the effect sizes (Hedges’ g). The x-axis represents the effect size, and the y-axis represents
the standard error. The funnel is centered on the overall estimated effect size, and it indicates the width of the 95% confidence interval of

an estimated effect as a function of its standard error.
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The standardized mean group difference in language
skills assessed longitudinally derived from six studies with
25 effects, showing a negative and statistically significant
mean effect, g = —0.85, 95% CI [-1.21, —0.48], for example,
children with speech sound difficulties had lower later lan-
guage skills than the controls. The true outcome was het-
erogeneous (I = 98%) and statistically significant, Q(24) =
4,855.870, p < .001 (Tsuay = 0.28, ® = 0.61; see forest plot
with single effect sizes across studies in Supplemental Mate-
rial S1). Publication bias and moderator analyses were not
performed due to the limited number of studies available.

Group Differences in Reading and
Reading-Related Skills

Study description of concurrent studies. Seventeen
studies reported on group differences in reading outcomes
examined concurrently. These studies, published between
1993 and 2021, included 493 children with speech sound
difficulties and 874 controls (M, in months = 80.18,
SD = 21.59, range: 36.66-111.6; 61% boys). Some studies
reported data on different samples of children with speech
sound difficulties, including phonological difficulties only
(six samples), both phonological and articulation difficul-
ties (two samples), or unspecified conditions (nine sam-
ples). The majority of studies were conducted in the
United States (12 studies), with a few others from Europe
(one study) or other countries (i.e., two studies from New
Zealand, one from Australia, and one from Canada).
Most studies were rated as having a moderate risk of bias
(nine studies) or low risk of bias (six studies), with only a
few assessed as high risk of bias (two studies).

The mean standardized group difference in reading
skills, calculated from 17 studies and 60 effects, revealed a

negative and statistically significant effect, g = —0.58, 95%
CI [-0.91, —0.25], indicating that children with speech
sound difficulties had impaired reading skills compared to
the controls. Heterogeneity was detected (P = 84%) and
statistically significant, Q(59) = 324.201, p < .001 (Tguay =
0.58, @ = 0.41; see Figure S3 for the forest plot with single
effect sizes across studies). Funnel plot asymmetry was
detected via Egger’s test in the concurrent studies (B =
-3.88, SE = 1.72, Z = -2.26, p = .024; see Figure 3), with
the PET-PEESE analysis showing that the bias-adjusted
estimate was positive and nonsignificant (PET: g = 0.69
[-0.47, 1.84], p = .243; PEESE: g = 0.10 [-0.59, 0.80],
p = .768).

Moderator analysis. Children’s phonological aware-
ness skills moderated the standardized group difference in
reading skills, (Q[1] = 18.924, p < .001; 16 studies), with
B = 0.73; that is, the more severe the problems in phonol-
ogical awareness skills in those with speech sound difficul-
ties, the greater the reading problems. Furthermore, study
quality (Q[1] = 4.797, p = .029; comparing only moderate
vs. a low risk of bias in nine vs. six studies, respectively)
reached significance; studies with a moderate risk of bias
showed lower estimates, g = —0.31 [-0.68, 0.07], com-
pared with those rated as having a low risk of bias, g =
—-1.01 [-1.45, —0.56].

None of the other variables of interest, such as chil-
dren’s severity of speech sound difficulties (Q[1] = 0.300,
p = .584; nine studies), nonverbal 1Q (Q[1] = 0.985, p =
.321; nine studies), age (Q[1] = 2.956, p = .086; 17 stud-
ies). and publication year (Q[1] = 1.200, p = .273; 16 stud-
ies), moderated the standardized group difference in read-
ing skills. As only a few studies reported about the types
of speech sound difficulties (phonological difficulties: six

Figure 3. Funnel plot of all standardized group differences between children with speech sounds difficulties and controls in reading skills
examined concurrently. The black dots represent the effect sizes (Hedges’ g). The x-axis represents the effect size, and the y-axis represents
the standard error. The funnel is centered on the overall estimated effect size, and it indicates the width of the 95% confidence interval of

an estimated effect as a function of its standard error.
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studies; phonological and articulation difficulties: two
studies), and most studies were conducted in the United
States (i.e., 12, with only an additional four studies
located in other countries), testing the moderator analysis
for these variables was not possible.

Study description of longitudinal studies. With regard
to group differences in reading skills examined longitudi-
nally, there were eight studies published from 2008 to
2019 that examined 1,030 children with speech sound dif-
ficulties and 55,512 controls (M,e in months = 127.58,
SD = 27.91, range: 96-179.4; 54% boys). Only a minority
of the studies were on children defined with phonological
difficulties only (one sample), and the others did not spec-
ify the type of speech sound difficulties (seven samples).
The large majority of the studies were from the United
States (seven studies; only one study was conducted in
other countries, i.e., Canada). In addition, a few studies
were assessed as high risk of bias (two studies) or moder-
ate (three studies) or low risk of bias (three studies).

The longitudinal evaluation of standardized group
differences in reading skills included eight studies with 40
effects. The mean estimate was still negative and statisti-
cally significant, g = —0.50, 95% CI [-0.77, —0.23], with
children with speech sound difficulties having impaired
later reading skills compared to the controls. The true out-
come was heterogeneous (I = 93%) and statistically signifi-
cant, Q(39) = 857.846, p < .001 (Tsuay = 0.29, @ = 0.35; see
Figure S4 for the forest plot with single effect sizes across
studies). Publication bias and moderator analyses were not
carried out due to the small number of studies.

Correlational Studies

The characteristics of the correlational studies exam-
ined in the meta-analysis are reported in Supplemental
Material S1. Due to the low number of correlational studies
on our outcomes of interest, publication bias and moderator
analyses were not performed.

Association Between Speech Sound Skills and
Language Skills

Study description of concurrent studies. Four studies
published between 2013 and 2020 examined the concur-
rent association between speech sound skills and language
skills. These studies included 17,074 children (M,e in
months = 57.22, SD = 14.62, range: 36-69; the percentage
of boys was not available). All studies were conducted in
Europe and rated as moderate (two studies) or low risk of
bias (two studies).

The concurrent relationship between speech sound
skills and language skills was examined with eight effects
across four studies. The mean estimate was positive and

statistically significant, r =.23, 95% CI [0.15, 0.29], indicat-
ing that higher speech sound skills were associated with bet-
ter language skills, and conversely, poorer speech sound
skills were associated with poorer language skills. Once
again, heterogeneity was detected (P = 83%) and statisti-
cally significant, Q(7) = 37.448, p < .001. The model did
not estimate heterogeneity in the true effect size across stud-
ies, Tguay = 0.00, but heterogeneity was detected between
effect sizes within studies, ® = 0.09 (see also Figure S95).

Study description of longitudinal studies. There was
only one longitudinal study, published in 2019, that exam-
ined the association between speech sound skills and later
language skills (Burgoyne et al., 2019). This study, con-
ducted in Australia, included 552 children (M,z In
months = 69.66, SD = 4.19; 48.15% of boys) and was
assessed as having a moderate risk of bias. The study
reported three statistically significant correlations between
speech sound skills and language skills (expressive vocabu-
lary r = .18, sentence structure r = .18, and listening com-
prehension r = .12).

Association Between Speech Sound Skills and
Reading Skills

Study description of concurrent studies. Five studies
published between 2009 and 2022 focused on the concur-
rent association between speech sound skills and reading
outcomes. These studies included 1,015 children (M, in
months = 64.27, SD = 6.39, range: 55.2-71.5; 49% boys)
from Europe and the United States (two and three studies,
respectively). The studies were rated as having either a
moderate risk of bias (two studies) or a low risk of bias
(three studies).The relation between speech sound and
reading skills was examined concurrently in 17 effects
across five studies. The analysis revealed a positive and
statistically significant effect, r =.21, 95% CI [0.15, 0.26],
indicating that higher speech sound skills are associated
with better reading skills. Heterogeneity was I = 19% and
not statistically significant, Q(22) = 22.330, p = .133. Once
again, the model did not estimate heterogeneity in the true
effect size across studies, Tguqy = 0.00, although heteroge-
neity was present between effect sizes within studies, ® =
0.03 (see Figure S6).

Study description of longitudinal studies. Three stud-
ies published between 2013 and 2020 examined the associ-
ation between speech sound skills and later reading out-
comes in 16,948 children (Mg in months = 95.22, SD =
25.18, range: 70-120; percentage of boys was not avail-
able). All studies were conducted in Europe and were
rated as having moderate or low risk of bias (two and one
study, respectively).

The longitudinal relationship between speech sound
skills and later reading skills was examined in three studies
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with nine effects. A positive and statistically significant
effect was found, r = .24, 95% CI [0.14, 0.32], with higher
speech sound skills associated with better later reading
skills. The true outcome was heterogeneous (* = 84%) and
statistically significant, O(8) = 35.514, p < .001 (tguay =
0.07, = 0.05; see Supplemental Material S1).

Discussion

Association Between Speech Sound Skills
and Language Skills

This meta-analysis revealed that children with speech
sound difficulties exhibit significantly lower language skills
compared to controls in concurrent group comparison stud-
ies. The findings showed a group difference that was moder-
ate to large. This result aligns with those in previous studies
showing that children with speech sound difficulties often
have concurrent language problems and vice versa (Lewis
et al., 2015; Pennington & Bishop, 2009). Concurrent corre-
lational studies of typically developing children also show a
significant positive relationship between speech sound skills
and language skills (Burgoyne et al., 2019; Durand et al.,
2013). Furthermore, based on a conversion of Pearson r to
Cohen’s d (Poom & af Wahlberg, 2022), the size of the rela-
tionship in typically developing children is comparable to
the size of the difference that we found in studies with group
comparisons of children with speech sound difficulties versus
controls. Still, note that this conversion should be interpreted
with some caution. Group comparison studies have a restric-
tion of range since children are selected on poor language
skills so the whole distribution is not covered, while observa-
tional studies is based on the full variation in an unselected
group. Thus, converting effect sizes does not consider the
design differences.

Findings also showed that phonological awareness is
an important moderator, meaning that the more severe the
problems in phonological awareness in those with speech
sound difficulties, the greater the problems in language skills
(or vice versa). This finding confirms a strong connection
between phonological awareness problems and language
skills in these children, supporting the theory that speech
sound skills are interconnected with language abilities and
phonology (Hayiou-Thomas et al, 2017, Pennington &
Bishop, 2009). Although research has found that deficit in
phonological awareness seems to appear in both speech
sound difficulties and language difficulties, this meta-analysis
is based on concurrent studies, and we can therefore only
speculate about the causal relationship between phonological
awareness, speech production ability, and language skills.

Importantly, the present results suggest that problems
in language skills increase over time, as the longitudinal

group differences (at the latest time point language skills
were measured in the studies) in favor of the controls are
significantly larger (with nonoverlapping Cls) than the con-
current group differences. However, there were insufficient
studies to examine the mean correlation from longitudinal
observational studies to support this finding.

Association Between Speech Sound Skills
and Reading and Reading-Related Skills

Our meta-analysis from group comparison studies
showed similar results when examining reading skills in
children with and without speech sound difficulties. A
moderate to large and statistically significant effect size
indicated that reading skills in children with speech sound
difficulties were impaired compared with the controls.
This pattern was also observed in concurrent correlational
studies of typically developing children, which showed a
positive significant correlation between speech sound skills
and reading skills. The size of the effect size in the correla-
tional studies of typically developing children was around
the size one would expect based on the group differences
in children selected for speech sound difficulties.

Like language skills, children’s phonological aware-
ness skills moderated the standardized group differences in
reading skills between children with and without speech
sound difficulties; greater disparities in phonological
awareness were associated with more severe reading prob-
lems. This finding supports prior research arguing that the
relationship between speech sound skills and reading is
mediated by phonological awareness skills (Burgoyne
et al., 2019; Hulme & Snowling, 1992).

The longitudinal studies show that the reading prob-
lems in those with speech sound difficulties are persistent
over time, with moderate group differences similar in size
and not significantly different for those observed in con-
current studies. Unfortunately, there were insufficient
studies to examine the mean correlation from longitudinal
observational studies to support this result.

Still, after performing the PET-PEESE analysis, we
found that the effect size estimate for the group differences
in language and reading skills decreased, while for other
subsets of outcomes, it was not possible to perform this
analysis. This may be due to the presence of several stud-
ies with small sample sizes, leading to highly uncertain
effect sizes (indicated by the large ClIs; see the forest plots
in Supplemental Material S1).

Limitations and Future Directions

A limitation of the current review is that there were
too few studies to conduct finer grained analyses of
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different types of reading and language skills. Further-
more, the design of the studies here was not suited to dis-
entangle causality and to answer important questions
about whether speech sound difficulties lead to phonolo-
gical awareness problems and, in turn, reading problems,
or whether language skills are confounders that underly
speech sound difficulties, phonological awareness problems,
and reading problems. To disentangle this, we need longitu-
dinal studies of young children with frequent measurement
points for all these skills to generate causal hypothesis that
can be tested in experimental training studies.

Notably, PET-PEESE analysis showed that some of
the results could be affected by publication bias due to the
small sample sizes and very large Cls for the estimates of
the single effect sizes and that findings should be inter-
preted with caution. This issue is common in meta-
analyses involving clinical samples and highlights the need
for future research to focus on recruiting larger samples.

Nevertheless, the current review provides valuable
information of both theoretical and clinical importance.
Theoretically, the study confirms a clear and consistent
relationship between speech sound skills, phonological
awareness skills, and language skills and that this, in turn,
is also related to reading skills. Clinically, our findings
suggest that preschool speech sound difficulties may signal
wider language problems and a risk of language and read-
ing difficulties. This information is important, as speech
sound difficulties are easily noticeable, and based on our
results, they should be considered risk indicators for those
who need more in-depth language assessment and, in turn,
early language interventions. This is important as the clini-
cal management of children with speech sound difficulties
likely varies between countries. Additionally, findings from
this meta-analysis reveal a complex relationship between
speech sound skills, phonological awareness skills, and lan-
guage abilities, highlighting the need for further research.
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