
Prosody and dyslexia meta-analysis      1 

 

 

 

 

Prosody and developmental dyslexia: A meta-analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Prosody and dyslexia meta-analysis      2 

 

Abstract 

Purpose: A substantial body of research, including narrative and meta-analytic reviews, has 

established concurrent and longitudinal relationships between sensitivity to speech prosody 

and reading ability. This study synthesised research findings pertaining to a possible 

impairment of prosodic skills in dyslexia. 

Method: Three-level meta-analysis was utilised to synthesise 124 effect sizes from 37 studies 

comprising data from 1771 participants (mean age =13.7 years, range: 6–26). 

Results: A moderate-to-large impairment of prosodic competence relative to chronological-

age-controls was identified. The effect emerged consistently across languages and different 

types of prosodic competence task, individual studies were adequately powered to detect 

effects of this magnitude, and there was no evidence of publication bias. There was no 

significant impairment relative to reading-age-controls. There was also no impairment for 

tasks tapping the implicit processing and mental representation of prosody. However, studies 

in the literature are not sufficiently powered to detect smaller differences between reading 

groups. 

Conclusion: The evidence is consistent with a developmental delay in prosodic competence 

in dyslexia. One interpretation of this is that prosodic competence is in some way dependent 

on reading experience. Findings also support theoretical models of dyslexia which emphasise 

explicit processing of phonology, rather than impaired phonological representations or 

underlying sensory difficulties. However, fully addressing questions of causality will require 

additional studies that incorporate reading-age-controls and possess sufficient statistical 

power to detect small effects. 
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Prosody and developmental dyslexia: A meta-analysis 

Prosody refers to the rhythmic patterning of spoken language. Prosodic patterns arise in 

speech due to differences in the amplitude, pitch, and duration of stressed and unstressed 

syllables and the pragmatic use of emphasis and intonation. Over the past decade-and-a-half 

reading researchers have explored children’s sensitivity to speech prosody, how this develops 

and varies between individuals, and how it may underpin the development of written 

language skills (Wade-Woolley & Wood, 2006). Cross-sectional and longitudinal studies 

have demonstrated that prosodic skills, such as the ability to disambiguate utterances using 

differences in stress placement, contribute to reading development indirectly through 

vocabulary, phoneme awareness, and morphological awareness (Critten et al., 2021; Deacon 

et al., 2018), and account for unique variance in literacy ability after controlling for such 

skills (Enderby et al., 2021; Holliman et al., 2017; 2015). Quasi-experimental studies have 

also demonstrated limited prosodic skills in children and adults with reading difficulties 

(Mundy & Carroll, 2016; Wood & Terrell, 1998). It has also been demonstrated that prosodic 

skills (Harrison et al., 2018) and rhythmic ability more generally (Thomson et al., 2012) show 

promise as targets for intervention. 

A recent narrative and theoretical review by Wade-Woolley et al. (2022) introduced 

the term prosodic competence and argued that this construct should be integrated into the 

Reading Systems Framework (Perfetti & Stafura, 2014) in recognition of its direct and 

indirect contributions to typical and atypical reading development. Wade-Woolley et al. also 

identified key priorities for future research. They argued there is a need for studies that 

rigorously test causal hypotheses about the role of prosodic competence in reading 

development and evaluate the contribution that rhythm-based interventions make in 

ameliorating reading difficulties. The authors also identified a need for research exploring the 

variety of tasks that have been used to measure prosodic competence. The reliability of 
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different tasks, the extent to which they tap distinct aspects of prosodic competence (e.g., 

word- vs. phrase-level skills), the impact of additional task demands (e.g., memory load), and 

the importance (or not) of such task differences for the relationships observed with reading 

and reading-related skills are open empirical questions. 

Wade-Woolley et al. (2022) called for increased utilisation of longitudinal panel 

designs and randomised controlled intervention studies to address these issues. However, an 

additional avenue is to synthesise some of the existing research evidence on the topic via 

meta-analysis. The value of this approach has already been demonstrated in meta-analyses 

exploring the relationship between prosodic skills and reading ability (Tong et al., 2023), 

children’s application of prosody during fluent reading and their reading comprehension 

(Wolters et al., 2022), and impaired processing of auditory frequency (one of the acoustic 

foundations of speech prosody) in developmental dyslexia (Witton et al., 2020). These 

studies have been able to establish the robustness and reliability of the effects of interest, 

assess the extent of publication bias, and reveal moderators of these effects. For example, 

Tong et al. observed stronger relationships between prosodic skills and reading ability in 

speakers of stress-timed as opposed to syllable-timed languages, and stronger effects for tasks 

assessing more than one prosodic feature. Wolters et al. reported subtle differences in the 

contributions of different aspects of reading prosody to reading comprehension, and Witton et 

al. identified participant characteristics and task demands explaining variation in the 

magnitude of frequency processing impairments observed across individual studies. 

 

Prosody and dyslexia 

There is longstanding consensus that phonological awareness difficulties are a 

defining characteristic of developmental dyslexia (Snowling, 1998). Given that prosodic 

aspects of language form part of its phonological structure, it is reasonable to anticipate that 
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prosodic abilities would also be impaired in dyslexia. Indeed, as noted above, there is 

empirical evidence to support this hypothesis. Researchers have also proposed causal 

mechanisms through which prosodic skills may influence the development of phonological 

awareness more broadly and, via this link, exert an impact on reading development. 

Following observations of poor performance in processing amplitude rise times in dyslexic 

children and adults, Goswami and colleagues (2002; 2011) argued that sensitivity to such 

acoustic cues is critical for syllable segmentation and developing awareness of smaller units 

of sound, and that underlying sensory difficulties in processing rhythmic cues in non-speech 

stimuli may therefore be central to understanding dyslexia. Such a deficit would also account 

for apparent difficulties in the processing of speech prosody, seeing them as arising from a 

more fundamental insensitivity to rise time. The evidence in support of the Temporal 

Sampling Framework (Goswami, 2011) is compelling in offering a unifying sensory 

explanation for diverse studies, including those that draw on the perception and production of 

rhythm in non-speech stimuli as well as studies demonstrating impaired processing of speech 

prosody.   

There are two ways in which a meta-analysis of the literature on speech prosody and 

dyslexia can contribute to the evaluation of this theory.  Firstly, dyslexia is characterised by 

high levels of heterogeneity and researchers argue that multiple risk factors contribute to the 

development of impaired reading (Moll et al., 2013). In order to be confident that a particular 

area of difficulty is implicated in dyslexia, and is not simply a methodological artefact or a 

consequence of reading problems themselves, a consistent and robust pattern of impaired 

performance must first be demonstrated across multiple samples and in relation to both 

chronological-age and reading-age control groups. Meta-analysis offers an ideal method of 

addressing this issue. Secondly, as Wade-Woolley et al. (2022) have observed, there is wide 

variation in how prosodic skills have been measured in the literature, both in terms of the 
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type of prosodic skills being targeted and in terms of extraneous variables such as short-term 

memory load. This in itself raises important methodological questions over the processing 

demands associated with different forms of prosodic task, and whether such paradigms are in 

fact measuring prosody or other more general cognitive abilities. Meta-analysis, and in 

particular moderator analysis, is ideally suited to explore this and other questions. For 

example, if it can be demonstrated that the degree of prosodic impairment is relatively 

uniform across different forms of prosodic task, this would argue against the explanation that 

prosodic difficulties are artefactual of the working memory difficulties that characterise 

dyslexia (e.g., Beneventi et al., 2010; Menghini et al., 2011). Such an analysis could also 

offer further insights into the locus of phonological difficulties in dyslexia. A recent debate 

has centred around the question of whether the phonological difficulties that characterise 

dyslexia are specific to phonological awareness tasks or whether they also extend to the 

integrity of the underlying phonological representations, with research pointing to the 

conclusion that dyslexic individuals struggle to access and process phonological information 

in the context of meta-linguistic tasks while having intact phonological representations (e.g., 

Boets et al., 2013; Mengisidou & Marshall, 2019; Ramus et al., 2013; Ramus & Ahissar, 

2012). A meta-analysis of the literature on prosody and dyslexia would allow the 

investigation of the same issues at another level of phonological processing via a moderator 

analysis contrasting paradigms that tap phonological representations with those that require 

more explicit processing of prosodic information. While Wade-Woolley et al. (2022) have 

argued that prosodic competence specifically is implicated in reading difficulties, the 

hypothesis that individuals with dyslexia may additionally experience difficulties in prosodic 

representation, is arguably more consistent with the Temporal Sampling Framework 

(Goswami, 2011). 

 



Prosody and dyslexia meta-analysis      7 

 

Similarly, a moderator analysis exploring prosodic difficulties across languages would 

also have theoretical implications. Both Wade-Wooley et al. and Goswami imply that 

prosodic difficulties should be universally experienced rather than being specific to particular 

languages. However, languages vary in the extent to which they are syllable-timed (e.g., 

French and Spanish), with approximately equal time intervals elapsing between each spoken 

syllable, or stress-timed (e.g., English and Dutch), with approximately equal intervals 

between stressed syllables (Nespor et al., 2011). We may therefore expect to observe 

language-specific effects of prosody that suggest that it is only relevant for understanding 

dyslexia in stress-timed languages. 

 

Rationale 

The current study adopts a meta-analytic approach to address some of the theoretical 

and empirical questions outlined above in relation to speech prosody and the nature of 

dyslexia. This is achieved via a synthesis of quasi-experimental studies comparing the 

prosodic skills of participants with dyslexia to those of chronological- and/or reading-age-

controls. A number of such studies are characterised by high inter-study variability, both in 

terms of participant characteristics, and aspects of study design, such as the nature of control 

groups. In addition, a variety of tasks have been used to measure prosodic skills. A 

quantitative synthesis is therefore merited to establish the quality of the research evidence 

supporting the claim that prosodic skills are impaired in dyslexia, and to provide insights into 

potential participant- and task-related moderators of that effect. In particular, exploring the 

magnitude of pooled effects relative to chronological- vs. reading-age-controls allows the 

question of causality to be tested with greater statistical power than has hitherto been possible 

within individual studies (Parrila et al., 2020). Moreover, by exploring differences in effect 

sizes obtained using different prosodic tasks, we can understand which tasks may be more or 
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less challenging for those with reading difficulties and draw inferences regarding the impact 

of specific task demands and the extent to which tasks may tap distinct processes or skills 

within the prosodic domain. Such an analysis may identify more precise targets for rhythm-

based interventions and improve future research by informing more efficient and higher 

quality task selection. Finally, there is an opportunity to explore other questions of interest, 

e.g., whether impairments are larger for those who are younger, those with more severe 

reading difficulties, or speakers of certain languages. 

 Scoping searches of the Google Scholar and PROSPERO databases indicated no pre-

existing meta-analyses on this topic. Recent meta-analyses exploring the association between 

prosody and typical reading development (Tong et al., 2023; Wolters et al. 2022), theoretical 

review papers (Wade-Woolley et al., 2022), and longitudinal path analyses of the prosody-

literacy relationship (Critten et al., 2021) suggest that a meta-analytic study is timely as 

researchers seek to synthesise research in this area. 

 

Objectives 

 The aim of this study was to establish whether there was robust evidence of impaired 

prosodic skills in participants with dyslexia relative to controls. Findings of individual studies 

were synthesised and the resulting pooled effect adjusted to account for the undue influence 

of any individual studies with extreme effect sizes. The extent of publication bias and levels 

of statistical power in the literature were also assessed. We hypothesised that the prosodic 

skills of dyslexic participants would be found to be significantly below those of matched 

controls. 

The study also explored several potential moderators of the effect. Moderators were 

selected a-priori based on Wade-Woolley et al.’s (2022) review, the first author’s own 

knowledge of the research area, and common meta-analytic practice. Firstly, moderator 
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analyses were conducted to observe the impact of different control group matches 

(chronological- vs. reading-age-controls) on the pooled effect to draw inferences about the 

potential causal role of prosodic skills in dyslexia. In addition, further moderator analyses 

were conducted to explore the extent to which sample characteristics (e.g., participant age 

and native language), aspects of the research design (e.g., the task used to measure prosodic 

sensitivity), and indicators of study quality (e.g., internal reliability of the prosody task) 

accounted for significant variance in effect size estimates across studies. 

 

Methods 

Study registration and protocol 

 Records of the search and screening process, data extracted from included studies, and 

R code used to perform the analyses are publicly available via the Open Science Framework. 

An anonymised link to the project page has been created for peer review purposes. A study 

protocol and PRISMA checklist were completed and uploaded in August 2021 prior to 

commencing database searches. Where deviations from the protocol have occurred, these 

have been noted and explained below. 

 

Eligibility criteria 

Studies were included in the meta-analysis if they reported a comparison between a 

group of children or adults with dyslexia and a control group, i.e., chronological- age- or 

reading-age-matched controls, on at least one prosodic task. Studies that took a broad 

definition of dyslexia and described participants as having reading difficulties, or similar, 

were also included provided the other eligibility criteria were met. The authors felt this 

approach was more in-line with current theoretical conceptualisations acknowledging the 

https://osf.io/8kndg/?view_only=6b513cf2e8b44101b4e948afe044da22
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heterogeneity that characterises dyslexia, it’s multifaceted causes, and the fact that reading 

difficulties can occur across the ability range (Moll et al., 2013). 

‘Prosodic tasks’ were those for which successful completion relied upon the 

perception, production, matching, discrimination, identification, interpretation, or 

manipulation of one or more prosodic features. Prosodic features were defined as syllabic 

stress and intonation, amplitude, pitch, and duration. Studies which measured prosody as a 

component of reading fluency (i.e., prosodic reading) were excluded. These paradigms 

involved participants reading connected text aloud with subsequent analyses of pitch contours 

and pauses and investigations were in the context of reading comprehension processes rather 

than the sorts of reading skills known to be impaired in dyslexia (e.g., Wolters et al., 2022). 

In a departure from the study protocol, some additional criteria were applied while 

screening search results. This was considered necessary to ensure that the paradigms and 

outcome measures included in the meta-analysis were comparable, addressing a coherent 

construct and to avoid overlap with other recently published meta-analyses (e.g., Witton et 

al., 2020). Specifically, studies exclusively utilising non-linguistic stimuli (e.g., tones) were 

excluded to restrict the meta-analysis to paradigms involving the processing of speech 

prosody. Studies utilising passive listening procedures with non-behavioural outcome 

measures, such as the oddball and mismatch negativity paradigms, were also excluded. 

Finally, studies of children with other types of reading difficulty (e.g., Poor Comprehenders) 

and children at-risk of developing dyslexia but without manifest reading difficulties were also 

excluded. 

 

Search strategy 

 The following databases were searched: ERIC, PsycArticles, PsycInfo, ProQuest 

Dissertations and Theses, PubMed, and Web of Science. Additional search strategies 
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deployed were backward and forward citation tracking of all studies ultimately selected for 

inclusion in the meta-analysis, using Web of Science, and hand searches of Annals of 

Dyslexia, Dyslexia, Journal of Research in Reading, Reading Research Quarterly, Reading 

and Writing, and Scientific Studies of Reading. Databases were searched using the following 

keywords and operators: 

 

(prosody OR “speech rhythm” OR “prosodic processing” OR “prosodic awareness” 

OR “prosodic sensitivity” OR “stress awareness” OR “stress sensitivity” OR “lexical 

stress” OR “metrical stress” OR “linguistic stress” OR “syllabic stress” OR “syllable 

stress” OR “word stress”) AND (dyslexi* OR “reading impair*” OR “reading disab*” OR 

“reading diffic*” OR “reading deficit*” OR “reading disorder*”) 

 

No search limits were imposed on publication dates. Search results were limited to 

peer-reviewed publications and doctoral theses written in English. For hand searches, back 

issues of journals from the year 2000 onwards were included. 

All searches were conducted between August 2021 and April 2022. Prior to 

conducting the analyses, the searches were updated to check for any new articles. 

Figure 1 shows the PRISMA flow diagram recording the screening and ultimate 

selection of 37 studies for inclusion in the meta-analysis. Screening and selection were 

completed by the first author. To ensure transparency, the .csv files containing all of the 

search records are available on the OSF project page.  

 

Figure 1 here. 
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Data items 

Outcomes extracted from studies were measures of accuracy and/or response time for 

one or more prosody tasks. Studies were also coded for relevant methodological 

characteristics and indicators of study quality. Methodological variables extracted included 

the mean age of participants in the dyslexic group (recorded in years as well as coding child 

vs. adult samples), severity of participants’ reading difficulties (i.e., the number of standard 

deviation units below the population mean on a standardised reading test), and the 

participants’ native language. When coding reading severity, a standardised test of single 

word reading was used. This information was available for 26 of the 37 studies. A z-score 

was extracted directly or calculated based on standard scores or percentiles reported by study 

authors. As noted previously, an inclusive definition and broad range of search terms were 

adopted in relation to dyslexia to avoid overlooking potentially relevant studies. This resulted 

in a data set where some samples of participants clearly had very severe reading impairments 

while others were adults with dyslexia whose reading difficulties were well compensated 

(Dickie et al., 2013; Leong et al., 2011; Leong & Goswami, 2014). 

The name of the prosody task was also extracted, along with the response format 

(verbal vs. non-verbal response) and the linguistic level (word-level vs. phrase-level) and 

prosodic feature (syllabic stress vs. intonation) addressed by the task. Approximately two-

thirds of study effect sizes originated from word-level tasks (65%). A large majority (88%) 

addressed syllabic stress as the prosodic feature of interest. Furthermore, effect sizes 

pertaining to intonation all utilised tone-based tasks conducted with Chinese speakers, so 

linguistic level was confounded with participant language in the data set. Finally, a large 

majority of effect sizes used accuracy-based outcomes (80%) and authors often did not state 

explicitly whether responses were verbal or non-verbal, resulting in a substantial amount of 
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missing data for this item (17%). Therefore, in a second departure from the study protocol 

and to help discriminate between measures of prosodic ability more effectively, tasks were 

also coded as either a prosodic competence task (adopting the terminology suggested by 

Wade-Woolley et al., 2022) or a prosodic representations task (echoing a distinction drawn 

previously by Ramus et al., 2013 in their study of phonological difficulties in children with 

dyslexia and/or SLI).   

‘Prosodic competence’ is defined by Wade-Woolley et al. (2022, p. 166) as “the 

ability to reflect on and process speech prosody”, and includes several well-known measures 

of prosodic ability, e.g., the DEEdee task, requiring participants to attend explicitly to 

prosodic features in the stimuli. These tasks were further coded according to the level of 

analysis required: 

Disambiguation: tasks in which participants needed to use prosody of a word or 

phrase to correctly interpret the meaning of an utterance or identify the intended focus of an 

utterance, such as compound-noun vs. noun phrase discrimination or contrastive stress 

perception (e.g., green house vs. greenhouse; record vs. record; the tall boy vs. the tall boy). 

Discrimination: tasks where participants heard pairs of spoken stimuli and had to 

make same/different judgments regarding their stress patterns. The stimuli could be words or 

nonwords. Variants of this task were where participants discriminated between syllables on 

the basis of lexical tone, and oddity tasks where participants indicated which one of a set of 

stimuli sounded different to the others. 

Identification: participants needed to locate the syllable carrying primary stress 

within a target word. In the majority of cases the stimuli were printed words or nonwords and 

participants had to underline the stressed syllable. A small number of studies presented 

participants with reiterative speech stimuli (e.g., deeDEE vs. DEEdee) and participants had to 

indicate which spoken syllable carried primary stress. 
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Manipulation: this task category included suprasegmental equivalents of classic 

phoneme awareness paradigms, analysing and manipulating the stress pattern of a target item. 

The mispronunciations task where children heard a target word pronounced with incorrect 

stress and were then asked to produce the correct pronunciation was also included in this 

category.  

Production: these tasks measured children’s ability to produce prosodic features 

accurately when writing (accurate placement of stress diacritics) or reading (accurate 

assignment of lexical stress in words and nonwords). Speech tasks asking children to use 

contrastive or emphatic stress to indicate focus or disambiguate an utterance are also included 

in this category. 

Recognition: tasks where participants were presented with reiterative speech or low-

pass filtered speech stimuli and had to recognise them or match them to one of several 

response options based on prosodic structure (e.g., deedeeDEEdee > cinderELLa). 

Repetition: tasks which required participants to listen and repeat words, nonwords, 

short phrases, or reiterative speech stimuli with correct stress placement. 

In contrast to these prosodic competence tasks, representations tasks are implicit 

measures of prosodic processing which tap the encoding and mental representation of 

prosody directly without participants’ awareness being drawn directly to prosodic 

constituents of the stimuli. This includes paradigms that utilised experimental manipulations 

of prosody (e.g., presenting items with different stress patterns) to observe their effects on 

reading or spelling, and tasks which manipulated other variables or demands (e.g., memory 

load or word frequency) to observe their effects on stress production in reading or spelling. 

Representations tasks included priming paradigms and other psycholinguistic effects (e.g., 

spelling-sound regularity, neighbourhood density, and phonological similarity) applied to the 

prosodic domain. 
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Indicators of study quality were: overall sample size, sample reliability of the prosody 

task (Cronbach’s alpha), criteria used to confirm dyslexia status (diagnosis from a clinician, 

researcher defined cut-off on a standardised reading measure, or self-report), the nature of the 

control group (chronological-age match, reading-age match, or both), and whether or not the 

dyslexic and control groups were matched for non-verbal ability. 

 

Effect measures 

The effect sizes calculated were standardised mean differences. Hedges’ g was chosen 

as the measure of effect size to correct for bias arising from the small sample sizes of at least 

some of the studies (Hedges & Olkin, 1985). For prosodic competence, effect sizes were 

calculated based on the descriptive statistics reported by study authors for each group of 

participants. To aid comparison across studies, effect sizes for response time and error rates 

were sign reversed ensuring that negative effect sizes consistently indicated a deficit for the 

participants with dyslexia relative to matched controls. When study authors had plotted the 

statistical values in figures and exact values were not provided in the text or tables, means 

and standard deviations were extracted using WebPlotDigitizer (Rohatgi, 2022). A total of 18 

effects were extracted in this manner.    

A two-step process was used for calculating effect sizes for representations tasks. 

Firstly, mean differences between two experimental conditions of interest (e.g., a stress-

congruent and a stress-incongruent prime) were calculated separately within groups and 

standard deviations of the differences imputed based on the standard deviations reported for 

the individual conditions (Abrams et al., 2005; Higgins et al., 2022). The mean differences 

and standard deviations of the differences were then used to calculate a Hedges’ g effect size 

between groups. As such, effect sizes for representations tasks indicate the difference in the 
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magnitude of an experimental effect in participants with dyslexia versus matched controls, 

with negative values signalling a weaker effect in the group with dyslexia. 

 

Synthesis methods 

A fundamental assumption of traditional meta-analytic techniques is that effect sizes 

are independent (Bornstein et al., 2009). When multiple effect sizes are extracted from 

individual studies one common approach to the problem of the resulting non-independence of 

the effect sizes is to average within studies and ensure that each study contributes only one 

effect size to the estimate of the pooled effect. A disadvantage of this approach is that 

information is lost when averaging within studies. More recently, novel approaches to meta-

analysis now allow researchers to account for non-independence of effect sizes and permit 

individual studies to contribute multiple effect sizes to the synthesis (see Scammacca et al., 

2014, for review). We utilized one such approach, three-level meta-analysis, which adopts a 

hierarchical approach and accounts for non-independence by allowing the nesting of 

individual effect sizes within studies (Cheung, 2014; 2019). 

All analyses were conducted in R version 4.1 (R Core Team, 2021). Random effects 

meta-analytic models were calculated using the Metafor package (Viechtbauer, 2010) and τ2 

heterogeneity estimates were produced using restricted-maximum-likelihood estimation 

(REML: Viechtbauer, 2005). Heterogeneity was tested with Cochran’s Q and quantified 

using the I2 metric, which indicates the proportion of the variance in effect sizes that is 

systematic and not solely due to sampling error. A significant result in the test of 

heterogeneity combined with a larger value of I2 indicates that variations in effect sizes across 

studies are likely to be attributable to methodological differences between those studies rather 

than to chance. The impact of such methodological factors can then be explored in a 

moderator analysis. The I2 metric has been adapted for three-level meta-analysis and is able 
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to provide estimates of heterogeneity between studies as well as within studies (Cheung, 

2014). 

The fit of the three-level model was compared to a restricted two-level model with 

between-study heterogeneity constrained to zero (equivalent to a standard meta-analytic 

approach which assumes independence of effect sizes) to test whether the added complexity 

of the three-level model was merited and had resulted in an improved estimate of the pooled 

effect (Harrer et al., 2021). The t estimator was used for calculating model coefficients. This 

test is analogous to the Knapp-Hartung method used within traditional two-level meta-

analyses and has been shown to reduce the likelihood of type-1 errors (Langan et al., 2019).  

The robustness of the pooled effect size estimate was assessed with a sensitivity 

analysis. Effects were identified as potential outliers if the confidence interval for the effect 

did not overlap the confidence interval for the pooled effect (Viechtbauer & Cheung, 2010). 

Influence diagnostics were subsequently calculated. The Metafor package allows the 

calculation of three influence indicators for three-level models; HAT values which indicate 

how heavily an effect is weighted in the analysis and DFBETA and Cook’s D values which 

indicate the extent to which the pooled effect size changes when a given effect is omitted 

from the model. Diagnostics were interpreted using guidelines suggested by Harrer et al. 

(2021) and the meta-analysis repeated with influential cases excluded. 

The impact of different study characteristics and indicators of study quality were 

explored by adding them to the three-level meta-analytic model as moderator variables. 

Potential moderators were tested individually.  

 

Reporting bias assessment 

 A moderator analysis contrasting effect sizes arising from published studies with 

those originating from grey literature (i.e., unpublished doctoral theses) was conducted as a 
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coarse test of publication bias. However, as is the case with traditional synthesis methods, 

Egger’s test and other commonly used techniques for assessing publication bias in meta-

analyses assume independence of effect sizes and using them in the context of a multi-level 

meta-analysis is therefore advised against (Rodgers & Pustejovsky, 2021). Therefore, an 

approach analogous to the PET-PEESE method (Stanley & Doucouliagos, 2014) was used to 

assess publication bias while accounting for the non-independence of effect sizes in the data 

set. This approach offers a rigorous test of publication bias while continuing to account for 

dependency among effect sizes (e.g., Soveri et al., 2017). Firstly, a three-level meta-analytic 

model including any significant moderator variables was fit to the data and the residuals 

plotted against the standard errors and variances of the individual effect sizes. The symmetry 

of the resulting funnel plots allows for an assessment of publication bias after accounting for 

the impact of the significant moderators. Asymmetric clusters of points focused within 

certain regions of the funnel plot, and in particular concentrations of studies with larger effect 

sizes and larger standard errors, indicate that publication bias has likely inflated the estimate 

of the pooled effect (Harrer et al., 2021). To test for publication bias, the standard errors of 

the effect sizes were then added to the model as an additional moderator. In the resulting 

model a significant beta coefficient for the standard error variable indicates publication bias. 

Furthermore, the intercept of this model provides an estimate of the pooled effect when the 

standard error is zero. This is known as the limit effect and can be interpreted as an estimate 

of the pooled effect corrected for the impact of publication bias. Where the pooled effect is 

statistically significant, study variances provide a more accurate estimate of the limit effect 

(Stanley & Doucouliagos, 2014). Therefore, in the event that the intercept of the PET model 

is statistically significant a final model is calculated with the study variances replacing the 

standard errors. 
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Study quality and power assessment 

 Study quality was assessed with regards to overall sample size, internal reliability of 

the prosody measure, the method of identifying participants with dyslexia, and whether or not 

control participants were matched for non-verbal ability. Due to the quasi-experimental 

nature of the research designs, rubric scoring of individual studies was not undertaken. 

Variables were coded as described under Data Items, above, and then tested individually as 

moderators. 

A power analysis was conducted using the R packages Metaviz (Kossmeier et al., 

2020) and Metameta (Quintana, 2023). Assuming a true population effect size equivalent to 

the limit effect identified by the PET-PEESE analysis, the median power of individual studies 

was calculated. 

 

Results 

Study selection and characteristics 

In total 124 effect sizes were extracted from 37 studies. Characteristics of the 

individual studies are summarised in supplementary materials (Online Resource 1). The 

studies report data from 1771 participants. The mean age of participants with dyslexia was 

13.7 years (range: 6–26 years). 

Power et al. (2015) and Goswami et al. (2013) report overlapping data from the same 

longitudinal study. Therefore, Experiment 2 from Goswami et al. was excluded to avoid 

double counting. Where studies reported response time and accuracy for the same task, effect 

sizes were extracted for both of these performance indicators. Where multiple measures of 

accuracy (e.g., d’ vs. percentage correct) or response time (e.g., overall vs. per item) were 

reported only one of these was selected for inclusion. 
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Results of individual studies 

 The individual effect sizes are summarised in Figure 2. 

 

Figure 2 here. 

 

The most common study design involved comparing participants with dyslexia to a 

chronological-age matched control group using one or more prosodic competence tasks. The 

majority of all effect sizes fell below zero, confirming that participants with dyslexia 

consistently performed worse than matched controls on measures of prosodic ability.   

 

Results of syntheses 

A three-level meta-analysis showed a significant pooled effect, g=-.60 [-.78, -.41], 

p<.0001, in favour of the control participants, i.e., participants with dyslexia were 

significantly and moderately impaired on measures of prosodic ability. The three-level model 

was a superior fit when compared to a restricted two-level model with between-study 

heterogeneity constrained to zero, χ2(1) =9.59, p =.002. Cochran’s test of heterogeneity 

indicated significant variability in the reported effect sizes, Q(123)=474.36, p <.0001, and 

approximately 80% of this variability was not due to sampling error, I2=80.27. There was 

more variability in the effect sizes between studies, I2=43.90, τ2=.21, than within studies, I2 

=36.37, τ2=.18. 

Twenty-two effect sizes met the coarse criterion for outliers. When inspecting 

influence diagnostics for all 124 effect sizes, all of the HAT values were in the acceptable 

range indicating that none of the individual effects were excessively weighted when 

estimating the pooled effect. However, one effect (Mehta et al., 2018: g=-4.76, SE=.50) had a 

DFBETA value outside of the acceptable range (DFBETA=-.65). The same effect had a 
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Cook’s D value of .25 which, while within the acceptable range, was approximately 50 times 

greater than the mean Cook’s D value for all effects. Together these values indicate that this 

effect, which was among the 22 potential outliers, had exerted a large impact on the pooled 

effect size estimate. The DFBETA value indicates that excluding this effect adjusted the 

estimate of the pooled effect size by more than half a standard deviation. Consequently, it 

was decided to exclude this one influential case and retain the other 21 effects with non-

overlapping confidence intervals. 

A further three-level meta-analysis conducted on the remaining 123 effect sizes still 

showed significant pooled effect, g=-.55 [-.69, -.41], p <.0001, in favour of the control 

participants. The three-level model remained a superior fit when compared to a restricted 

two-level model with between-study heterogeneity constrained to zero, χ2(1)=7.67, p=.006. 

Cochran’s test of heterogeneity continued to indicate significant variability in the reported 

effect sizes, Q(122)=405.96, p<.0001, and approximately 72% of this variability was not due 

to sampling error, I2=71.95. Following removal of the influential case, variability within 

studies, I2=46.12, τ2=.16, now accounted for more of this systematic heterogeneity than 

variability between studies, I2=25.82, τ2=.09. 

 

Moderator analyses 

 Moderator analyses were conducted with the remaining 123 effect sizes. Two 

significant moderators were identified (Figure 3). Firstly, there was a significant effect of the 

type of control to which participants with dyslexia were compared, F(1, 121)=12.96, 

p=.0005, with effect sizes being significantly larger when the control group was matched for 

chronological age, g=-.61, p<.0001, as opposed to reading age, g=-.16, p=.22. In addition, 

there was a significant effect of task type, F(1, 121) = 42.78, p<.0001, with effect sizes being 

significantly larger for prosodic competence tasks, g=-.70, p<.0001, than for representations 
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tasks. In fact, for the representations tasks, there was a small effect in favour of the 

participants with dyslexia, g=.28, p=.05. 

 

Figure 3 here. 

 

A fine-grained analysis of the different task types revealed similar pooled effect sizes for all 

seven types of prosodic competence task (Table 1). These all differed significantly from the 

pooled effect for the representations tasks. 

 

Table 1 here. 

 

There was also a significant moderator effect obtained for language, F(8, 114)=3.52, 

p=.001, but further exploration suggested that this was likely confounded with task type and 

an artefact of the small numbers of effects recorded for languages other than English. As 

most of the effects were from studies of English speakers, English was chosen as the referent 

category for this analysis. The pooled effect for studies of English speakers differed 

significantly from zero, g=-.45, p<.0001. As shown in Table 2, four languages had a 

significantly larger pooled effect size than English (i.e., there were significantly larger 

deficits for participants with dyslexia in these languages); Chinese, Greek, Spanish, and 

Japanese. However, the pooled effects for these four languages were based exclusively on 

prosodic competence tasks while approximately 14% of the effect sizes obtained from 

English speakers were for representations tasks on which participants with dyslexia were not 

impaired. In addition, there was only one effect size relating to Japanese speakers and this 

was larger than the average effect size.  
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Table 2 here. 

 

Similarly, there was a smaller deficit evident for participants with dyslexia in studies of 

Italian speakers and, to a slightly lesser extent, French speakers. This can again be explained 

by the relatively small number of effects recorded for speakers of these languages and the 

fact that approximately 43% and 50% of those effects pertained to representations tasks for 

Italian and French speakers respectively. Perhaps the main insight provided by this analysis, 

therefore, is that the deficit in prosodic competence is actually observed very reliably across 

all of the languages studied to date (Figure 4). Indeed, when the moderation analysis was 

repeated with effect sizes for representations tasks excluded, there were no significant 

differences in the magnitude of the pooled effect across languages, F(8, 99)=1.46, p=.18. 

 

Figure 4 here. 

 

None of the other theoretically or methodologically motivated moderators tested were 

significant, with p values ranging from .32 -.70.  

 

Reporting biases 

 A three-level meta-analytic model with task type (competence vs. representations) 

and control group (chronological– vs. reading-age) both included as moderators was fit to the 

data and the residuals plotted against the standard errors and variances of the individual effect 

sizes (Figure 5). The resulting funnel plots revealed a high degree of symmetry and thus no 

evidence of publication bias. 

 

Figure 5 here. 
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The standard errors of the effect sizes were then added to the model as a third moderator. The 

standard errors were not a significant predictor of effect size magnitude and therefore this 

model provided no evidence of publication bias, beta = -.38, p = .72. The intercept was 

statistically significant and therefore a final model was calculated with the study variances 

replacing the standard errors. The study variances were not significantly related to the 

magnitude of the effect sizes, beta = -.10, p = .95, and thus there continued to be no evidence 

of publication bias. 

Prosodic competence and the chronological-age control were used as referent 

categories in these models and as such the intercept provides an estimate of the pooled effect 

size for prosodic competence tasks against a chronological-age control at infinite precision. 

The intercept of this model was statistically significant (p<.0001) and estimated a pooled 

effect size of -.78 [-1.11, -.46] for prosodic competence tasks against a chronological-age 

control. 

As an additional, coarser test of publication bias, a separate moderator analysis was 

conducted to contrast effect sizes from published studies (k=111) with those originating from 

grey literature (i.e., unpublished doctoral theses). This analysis revealed no evidence of 

publication bias, with published and unpublished effect sizes appearing to be of a very similar 

magnitude, p = .950. 

 

Study quality and power 

 One point that is evident from the standard errors, variances, and precision estimates 

for the individual effect sizes is that most of the studies in the literature had very similar 

sample sizes. The clustering of the large majority of data points in a single band across the 

centre of each of the funnel plots indicates this most clearly. While there were relatively few 
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studies with very small samples there was also an absence of larger studies. The mean sample 

size for the 123 effects included in the meta-analysis was approximately 46 with 21 being the 

average size of the group with dyslexia. 

Quantifying the statistical power of the individual effects within the data set was 

complicated by the significant moderator effects. Essentially, there was more than one true 

population effect size depending on the nature of the control and the type of task being 

utilized. Therefore, the power analysis focused in particular on the effects that used prosodic 

competence tasks and a chronological-age control. This approach was taken because the 

fundamental claim made in this literature is that participants with dyslexia are impaired 

relative to chronological-age-controls on prosodic competence tasks, and the majority of the 

effects in the meta-analysis tested this hypothesis. Additionally, the limit effect provided by 

the PET-PEESE analysis gave a bias-corrected estimate of the true population effect size for 

these specific effects. Figure 6 plots the median power for the 85 effects that used prosodic 

competence tasks and a chronological-age control over a range of hypothetical population 

effect sizes. When assuming a true population effect size of -.78 (the limit effect identified by 

the PEESE test) the analysis indicated a respectable median power of 73%.  

 

Figure 6 here. 

 

The other variables considered in relation to study quality were the internal reliability 

(i.e., Cronbach’s alpha) of the prosody tasks, the method used to identify participants with 

dyslexia, and the matching of dyslexic and control groups for non-verbal IQ. Approximately 

77% of the effects came from studies where groups had been matched for non-verbal skills 

and only one of the studies (the extreme outlier excluded following the influence analysis) 

relied solely on self-report methods for identifying participants with dyslexia. However, only 
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31% of the extracted effect sizes had a Cronbach’s alpha value reported. The median 

Cronbach’s alpha value was .74 indicating good reliability for many of the prosody tasks. 

However, there was a wide range of alpha values (.36-.98) and some measures showed poor 

reliability. In particular, tasks using reiterative speech (e.g., the DEEdee task) accounted for 

eight of the 10 smallest alpha values (range .37-.52). 

 

Discussion 

 The aim of this study was to synthesise existing research exploring the extent and 

nature of a hypothesised prosodic deficit in developmental dyslexia, establish the robustness 

of any group differences in prosodic skills, and investigate potential moderators of this effect. 

An initial meta-analysis of 124 effect sizes from 37 studies revealed a moderate and 

statistically significant impairment of prosodic skills in participants with dyslexia. 

Subsequent analyses found the effect to be robust, remaining after assessing for influential 

studies and publication bias. 

Dyslexic participants performed approximately three quarters of a standard deviation 

below the level of chronological-age-controls on measures of prosodic competence. 

Individual studies were found generally to be adequately powered to detect effects of this 

magnitude. The magnitude of this effect is somewhat smaller than that observed in the 

domains of phoneme awareness, RAN, and morphological awareness (Araújo & Faísca, 

2019; Georgiou et al. 2023; Melby-Lervåg et al., 2012). Nevertheless, these findings indicate 

a moderate-to-large deficit in an aspect of spoken language processing that remains neglected 

in theoretical models of reading development and dyslexia as well as in remediation 

programmes. Furthermore, moderator analyses suggest that the impairment in prosodic 

competence is obtained consistently across all nine languages studied to date, including those 

with alphabetic and non-alphabetic writing systems. While more studies of non-English 
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speakers are required, those synthesised in this analysis indicate that prosodic competence is 

associated with reading development across languages and supports the proposal that 

prosodic competence should be incorporated into theoretical accounts of reading 

development (Wade-Woolley et al., 2022). 

 Moderator analyses also contrasted the pooled effects obtained relative to 

chronological- and reading-age-controls to assess the quality of evidence for a causal link 

between prosodic sensitivity and dyslexia. In contrast to the moderate-to-large effect found in 

relation to a chronological-age-control, performance of individuals with dyslexia did not 

differ significantly from that of reading-age-controls, a finding which would suggest that the 

prosodic abilities captured by these tasks are not causally implicated in dyslexia. However, 

while the pooled effect in comparison to reading-age-controls was small, it was larger than 

that obtained in a recent meta-analysis of morphological ability (g=-.08: Georgiou et al., 

2023). Participants with dyslexia performed approximately one sixth of a standard deviation 

below the level of reading-age matched controls. Furthermore, the t estimator used in the 

calculation of model coefficients is conservative (Langan et al., 2019), our study included a 

relatively small number of effect sizes comparing individuals with dyslexia to reading-age-

controls (k = 24), and the power analysis further suggests that sample sizes typically used in 

the literature may not be sufficient for individual studies to detect the smaller effects that 

might be expected against a reading-age-control group.  

In contrast to the findings for prosodic competence, there was no impairment at all 

observed for the prosodic representations tasks. A small number of primary studies have 

contrasted performance in competence and representations type tasks (Mundy & Carroll, 

2012) and the overall finding of the meta-analysis supports the argument that the implicit, 

online processing of prosody is unaffected in dyslexia and underlying lexical representations 

encode prosody accurately in these individuals. More broadly, this finding is also consistent 
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with a theoretical conceptualisation of dyslexia that places the phonological deficit at the 

level of access rather than representation (e.g., Boets et al., 2013; Mengisidou & Marshall, 

2019; Ramus et al., 2013; Ramus & Ahissar, 2012).  

The pooled effect for representations tasks indicated a small advantage for the 

participants with dyslexia, i.e., experimental manipulations tapping the implicit processing 

and underlying representation of prosody without conscious awareness elicited larger effects 

(e.g., more priming) among participants with dyslexia than among controls. This is likely to 

be an artefact of the longer response times and higher error rates of participants with dyslexia 

and the greater variability commonly observed within special populations inflating mean 

differences between experimental conditions. An alternative approach to the representations 

analysis would therefore be to first calculate g within-groups to correct for any main effects 

in the study data and use these effect sizes along with estimates of their variances in the 

synthesis in place of the raw mean differences and their standard deviations. This alternative 

approach was not taken because it was preferable to adopt an approach that was more directly 

comparable to the process used in calculating the effect sizes for prosodic competence tasks. 

Individual studies that have calculated standardised effects for dyslexic and control groups 

have reported null effects with nearly identical magnitudes for participants with dyslexia and 

controls (Mundy & Carroll, 2012; 2013).   

So, what does this meta-analysis tell us about the nature of developmental dyslexia? 

We argue that individuals with dyslexia experience difficulties in prosodic competence that 

are consistent with a developmental lag in the ability to reflect on and process prosody, rather 

than a specific prosodic deficit being causally implicated in dyslexia (although, we do so 

cautiously, given the limited statistical power of the studies that included reading-age-

controls). This supports the argument made elsewhere that difficulties in prosodic 

competence are reliably associated with reading difficulties (Wade-Woolley et al., 2022). 
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Additionally, moderator analyses found no evidence of a deficit in forming robust 

prosodic representations. This pattern of results potentially challenges the claim that the 

prosodic difficulties experienced by individuals with dyslexia are a consequence of a more 

fundamental sensory difficulty with processing amplitude rise times and other rhythmic cues, 

as a core contention of the Temporal Sampling Framework is that impaired rise time 

perception disrupts the formation of appropriate phonological representations (Goswami, 

2011, pg. 5). Instead, this pattern of results is consistent with the wider literature on 

phonological abilities in dyslexia, which has similarly demonstrated that dyslexia is 

characterised by difficulties not with representation but with the explicit processing of 

segmental phonology (Snowling, 2003). Given that we also observe this pattern with respect 

to suprasegmental phonology, there is scope to argue that dyslexia may be characterised by 

analogous difficulties at various levels of phonological processing. The fact that 

representations are intact implies that the encoding of phonology is adequate, but for dyslexic 

readers access to and retrieval of that information is compromised (e.g., Boets et al., 2013; 

Mengisidou & Marshall, 2019; Ramus et al., 2013; Ramus & Ahissar, 2012). Future research 

could seek to understand the precise nature of these processing difficulties.  

Another idea tested by our analyses was that the apparent deficit in prosodic 

competence is simply an expression of the limits on working memory that are observed as a 

hallmark of dyslexia (e.g., Beneventi et al., 2010; Menghini et al., 2011). That is, dyslexic 

participants find the cognitive demands of prosodic competence assessments challenging and 

it is the limits on conscious cognitive processing that are tapped by such measures, rather 

than a problem with prosody per se. If this were the case, we might expect to see some 

substantial variation in performance across different types of prosodic competence task, in 

line with the differing levels of cognitive demand.  However, the moderator analysis reported 

in Table 1 confirms the severity of the difficulties experienced by participants with dyslexia 
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is remarkably similar across prosodic competence tasks, which would rule out this 

interpretation. 

Arguably the most parsimonious interpretation of the current findings is that prosodic 

competence is somewhat dependent on reading experience.  That is, individuals with dyslexia 

may be at a disadvantage because there is a level of reading experience, perhaps involving 

mastery of more complex words and texts, that facilitates conscious access to prosody, and 

the reading difficulties experienced by dyslexic individuals mean that they achieve this 

experience later than their same-age peers. This interpretation can be tested experimentally 

through an appropriately powered comparison of dyslexic readers vs. chronological-age-

controls vs. reading-age-controls, and by intervention studies where the degree of reading 

experience is accelerated for one group of dyslexic readers and compared to another group 

engaging in normal reading practice. Such studies, ideally conducted across languages and 

using a variety of prosodic competence tasks, would represent a valuable addition to the 

literature.  

Finally, as well as the theoretical implications discussed above, the current study 

highlights some practical and methodological issues for research in the field. Firstly, the 

finding that sizeable impairments were observed across languages for all prosodic 

competence tasks has implications for intervention. Specifically, providing support for 

prosodic skills in the context of text-based activities may be beneficial. This could include 

distinguishing between different stress patterns and intonation contours, identifying the 

location of syllabic stress in words, the metalinguistic manipulation of prosody, and the 

correct stress production. The relatively uniform impairments observed across prosodic 

competence task types also suggests that researchers can reasonably select a small number of 

tasks to serve as a proxy for prosodic competence more broadly. Finally, the analysis of 
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Cronbach’s alpha values suggests that researchers should avoid the use of reiterative speech 

tasks such as the DEEdee task, which tend to have poor reliability. 

 

Conclusions 

There is robust evidence of an impairment of prosodic competence in dyslexia relative 

to chronological-age-controls while the implicit processing and mental representation of 

prosodic structures appears to be intact. These findings support theories of dyslexia that place 

the locus of impairment at the level of phonological access and awareness and not those that 

argue for impaired phonological representations arising from underlying sensory processing 

difficulties. In relation to reading-age-controls, there is a need for additional studies with the 

statistical power to reliably detect small effects and help resolve questions of causality. 

Finally, the literature remains Anglocentric and more studies are required in languages other 

than English. We also need to address measurement issues and move away from tasks which 

have poor reliability. Improving the reporting of reliability and other psychometric properties 

of prosodic tasks and pursuing larger multi-language studies with reading-age and 

chronological-age-controls are key priorities for future research. 
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Table 1. 

Moderator analysis demonstrating the effect of task type (referent = Representations) 

Task k g beta SE p 
      

Representations 15  0.28 -- -- -- 
      

Disambiguation 18 -0.83 -1.11 0.19 < .0001 
      

Discrimination 23 -0.65 -0.93 0.19 < .0001 
      

Identification 12 -0.63 -0.91 0.22 < .0001 
      

Manipulation   6 -0.82 -1.10 0.27 < .0001 
      

Production 17 -0.70 -0.98 0.20 < .0001 
      

Recognition 23 -0.63 -0.91 0.18 < .0001 
      

Repetition  9 -0.95 -1.23 0.22 < .0001 
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Table 2. 

Moderator analysis demonstrating the effect of language (referent = English) 

Task k g beta SE p 
      

English 71 -0.45 -- -- -- 
      

Chinese 12 -0.83 -0.38 0.19 0.05 
      

Croatian   2 -1.02 -0.57 0.39 0.14 
      

      

French   4 -0.16 0.29 0.33 0.38 
      

German   5 -0.76 -0.31 0.28 0.27 
      

Greek   8 -1.09 -0.64 0.25 0.01 
      

Italian   7   0.07   0.52 0.23 0.02 
      

Japanese   1 -1.61 -1.16 0.57 0.04 
      

Spanish 13 -0.83 -0.38 0.18 0.04 
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Figure 1. 
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Figure 2. 
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Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Prosody and dyslexia meta-analysis      48 

 

Figure 4. 
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Figure 5. 
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Figure 6. 
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Figure Captions 

Figure 1. 

PRISMA flow diagram 

 

Figure 2. 

Hedges’ g and precision estimates for individual study effect sizes (k = 123)  

Note: One outlier not plotted (Mehta et al., 2018: identification task, g = -4.76, Precision = 1.99) 

 

Figure 3. 

Effect size distributions by task type and control group (k = 123) 

 

Figure 4. 

Effect sizes for representations and competence tasks across languages (k = 123) 

 

Figure 5. 

Funnel plot of residuals against effect size standard errors (top) and variances (k = 123) 

 

Figure 6. 

Firepower plot showing median power of studies to detect prosodic competence impairments 

against a chronological-age control for a range of population effect sizes (k = 85) 

 

 


