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Abstract

Multiple studies and observations have shown that dyslexic students tend to omit punctuation from their writing, but the
roots of this difficulty remain largely unexplored. However, there is a significant body of research on prosodic
processing in dyslexia, which is relevant to punctuation as a form of written prosody. The aim of this review paper is to
outline the relationship between oral prosody, written prosody, and dyslexia by discussing recent neurocognitive
findings on prosodic processing and dyslexia. On the basis of the relevant literature regarding prosodic awareness and
auditory processing, it describes the implications of these findings for prosodic training in dyslexia and the use of
speech technologies. This includes practical implications for the use of Computer-Assisted Language Learning (CALL)
tools in language teaching. Finally, the paper concludes by summarising potential research questions for future

research on dyslexia on the basis of the gaps identified in the previously cited literature.
Prosody, Punctuation, and Dyslexia: The Affordances of Speech Technologies in the Classroom

Dyslexia is a specific learning disability characterised by reading difficulties, especially in accurate and fluent word
recognition, poor decoding and spelling abilities (International Dyslexia Association, 2002). It is well established that
phonological awareness, i.e. the awareness of the sound structure of words, is compromised in dyslexia, especially on
the phoneme level, i.e. the individual sound unit distinguishing words. According to the Phonological Deficit Hypothesis,
phonological processing is impaired in dyslexia, a deficit which impacts reading and writing skills (Rack, 2018; Snowling,
1998). However, it has been exemplified that dyslexic children have several cognitive deficits, for instance in visual and
auditory processing, as well as in working memory, and it has been hypothesised that these cognitive deficits are the root

cause of dyslexia, rather than the issues in phonological process (Wright et al., 2000).

This paper focuses specifically on prosody, which describes the elements of speech beyond the phoneme level, such as
intonation, stress, rhythm, and pauses (Kuhn et al., 2010, pp. 233-234), and which are relevant to auditory processing and
speaking skills. Prosody can be subcategorised into explicit and implicit prosody. Implicit prosody describes the prosodic

contours of our inner voice during silent reading, as opposed to the explicit prosody produced in speech (Breen, 2014;

Qeios ID: BWOPAL - https://doi.org/10.32388/6WOPAL 1/14


https://www.qeios.com/read/6WOPAL#reviews
https://www.qeios.com/profile/14304

Q Qeios, CC-BY 4.0 - Article, June 3, 2022

Drury et al., 2016). Specifically, according to Fodor’s (2002) Implicit Prosody Hypothesis, the prosodic structures
generated during silent reading match the prosodic structures produced when reading aloud. Therefore, implicit prosody is
language dependent and reflects the accent spoken by the reader (Filik & Barber, 2011; Jun, 2010). This has implications
for the development of reading, which might not rely exclusively on decoding, but also on prosody (Godde et al., 2020;

Groen et al., 2019).

Prosody is manifested in writing through punctuation. Punctuation is a form of explicit written prosody: it acts as a visual
trigger facilitating text chunking and syntactic processing in reading (Schmidt et al., 2019; Steinhauer, 2003), and it
indicates structural relations in the discourse (Dale, 1991). Punctuation is especially relevant to dyslexia, due to the widely
documented difficulties of dyslexic students with the use of punctuation in writing (Feka, 2016; Sumner & Connelly, 2020;
Tops et al., 2013). This paper considers all aspects of prosody, with a focus on explicit prosodic processing, which is
relevant to the use of speech technologies, considering that Text-to-Speech (TTS) is particularly popular in dyslexia-
specific software. For a review of such software and the use of technology with dyslexic students, see also Indal & Maveus

(2019), lli Farhana (2018), Satapathy (2019), and Triantafyllidou (2020, pp. 41-61).

Elements of Prosody

Most studies agree that there are specific elements of prosody that are relevant to the process of chunking speech into
parsable units: pitch, stress, duration, and pausing all contribute to the chunking process. For instance, Kuhn et al. (2010,
p. 235) explain that word-final lengthening, declination, and pausing usually signify the end of a unit. Apart from pitch, the
encoding of amplitude modulations appears to be important for speech intelligibility, as Goswami (2019a, p. 6) argues,

which implies that amplitude might also play a key role in the processing of prosody.

Similarly, Heggie and Wade-Woolley (2018) point out the importance of pitch and pause and state that intonation affects
the semantic perception of information as emphasis is placed on certain constituents (p. 190); this also shows an example
of interfaces between prosody and syntax, which are also discussed below. Moreover, they explain the importance of
commas, which “appear to facilitate processing whenever they appear in conjunction with a clause boundary, whether or
not they are required for disambiguation” (2018, p. 192), which shows that pauses influence speech intelligibility. Finally,
they clarify that syntactic boundaries can sometimes occur without prosodic boundaries and this is precisely the aspect of
interfaces between prosody and syntax that has not been deciphered yet and perhaps one that influences the perception

and use of punctuation.

Punctuation and Prosody

There is widely discussed parallel between prosody and punctuation, as both contribute to the process of syntactic

disambiguation, i.e. the process of resolving unclear structures, such as garden-path sentences (Heggie & Wade-Woolley,
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2018, p. 191). Similarly, prosody breaks up continuous speech for parsing (Kuhn et al., 2010, p. 235). Prosody chunks
speech into units that allow disambiguation, creating “a cognitive skeleton that allows one to hold an auditory sequence in
working memory” (Kuhn et al., 2010, p. 235). Even though syntax and prosody interact, drawing correlation between the
two is not a straightforward process, due to the “schizophrenic” relationship between written prosody (i.e. punctuation) and
oral prosody (Baron, 2001, pp. 62-63). Heggie and Wade-Woolley (2018), Veenendaal et al. (2014), and Wolff (2002),
acknowledge that oral prosody is realised in writing through punctuation, but also explain that this unclear relationship
results in students having to learn how to use punctuation through instruction and not being able to acquire it.

Moreover, there are several examples of punctuation being “invisible” in speech. This is especially the case with

apostrophes, which in English can change the meaning of a pronoun, as seen below:

(a) Its a good day.
*lts a good day.
(b) He's being weird today.

*His being weird today.

There are no speech elements that can indicate the difference between the two structures, one of which results in
ungrammatical sentences in each example. This also renders implicit forms of corrective feedback inefficient, e.g.
repetitions or recasts, which could be automatically provided through a TTS and combined with text enhancement to draw

attention to errors (Rassaei, 2020).

Apart from the inconsistencies between prosody and punctuation, there is significant inconsistency between language
users’ preferences regarding the use of punctuation. This is an issue identified in Natural Language Processing, because
the individual differences in the use of punctuation prevents parsers from generalising as Sggaard et al. (2018) explain.
There are several examples of ungrammatical punctuation use for emphasis and lack of punctuation in informal texts,

which leads to more efficient neural parser training when punctuation is completely absent from a text.

In a small-scale study (n=10) presented in Triantafyllidou (2020), | demonstrate the variation in the use of punctuation by
adult expert native-speakers of English who are trained to teach English in Irish post-primary education. Issues arose
especially with commas, such as Oxford commas and non-restrictive relative clauses. Another issue was the preferred
type of pause (i.e.: commas, semi-colons, colons, full-stops), which often led to lengthier periods. Compared to the
original texts, which were selected from secondary education textbooks, there was notable deviation both in the variety of
punctuation marks used and the number of punctuation marks within each response. For a detailed analysis of the data

extracted from this study, see Triantafyllidou (2020, pp. 15-29).

Considering that punctuation significantly affects the clarity and coherence of a text, little attention has been paid to ways
of improving punctuation in the writing of dyslexic students. Some studies examine punctuation errors in dyslexic adults,
as seen for instance in Mortimore and Crozier (2006). Interestingly enough, however, the researchers group grammar and
punctuation errors and do not examine punctuation on its own (2006, pp. 245-246). More recent studies examine the use

of punctuation by dyslexic students in languages other than English (Feka, 2016; Protopapas et al., 2013; Tops et al.,
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2013), finding mixed results, which seem to be dependent on the language. While the impact of deep orthographies on
punctuation are beyond the scope of this study, it is notable that English is a language characterised by a fluid punctuation
system. Stemming from this, dyslexic students of English would have to encounter not only the reading difficulties that
render proof-reading ineffective, but also an inconsistent punctuation system, which seems to be dependent on semantics
and not only syntax (Heggie & Wade-Woolley, 2018). Moreover, in studies analysing errors in dyslexic writing, punctuation
errors are often ignored. For instance, Rello et al. (2012, 2014) have compiled a corpus of dyslexic writing, but they only
classify word-level and phrase-level errors. In corpus research it would be useful, especially for teachers, to consider

punctuation errors since they affect the coherence and cohesion of a text.

While the use of punctuation remains largely undocumented in dyslexic students, especially in primary and secondary
education, there has been a significant body of research dedicated to prosodic processing in dyslexia, presented below.
Gaps in the relevant literature are identified throughout this paper and summarised in the conclusive remarks towards the

end.

Prosodic Processing in Dyslexia

Overall, recent findings suggest that linguistic prosodic sensitivity is impaired in dyslexia and show that prosody and
punctuation might interact both in reading and writing performance. This section provides an overview of such findings

spanning over the last decade.

Extended research on prosodic processing and dyslexia has been conducted by Usha Goswami. Goswami et al. (2010)
outline the research that has been done regarding phonological awareness, especially in terms of the “perception of the
speech envelope and of the slower amplitude-driven modulations that are important for speech intelligibility” (p. 996).
They place particular emphasis on rise time, which is correlated with the onset of stressed syllables, and whose
impairment affects prosodic processing. This study also cites works discussing the importance of prosodic sensitivity for
reading comprehension, and brings attention to the lack of research on the links between prosodic sensitivity,
phonological awareness, and decoding (2010, p. 998). The findings of the study include impairments in phrase-level
prosodic cues (2010, p. 1015), which is relevant to punctuation and the segmentation of sentences into prosodically
distinct phrases. In a later study, Goswami et al. (2016) focused on word-level prosody and showed short-term memory

effects, with dyslexic participants having difficulties at retention of prosodic structures.

The impairment of prosodic processing in dyslexia is especially relevant to the interfaces between prosody and syntax.
First of all, Sabisch et al. (2006) demonstrate that prosodic information is accessed during auditory comprehension, but
their ERPs study shows that dyslexic children do not rely on that prosodic information to decode meaning. The ERPs
show lack of activation in areas in charge of prosodic processing, which are further discussed below, thus indicating

deficits in prosodic processing. Agreeing with these findings, Honbolygé et al. (2016) also showed the importance of
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prosody for the construction on meaning and the interfaces between prosody and syntax. Similarly, Marshall et al. (2009)
report impairments where syntax interacts with prosody, for instance in chunking (p. 480), but observe no or little evidence
of prosodic impairments in the cases where prosody does not interact with linguistic meaning. Similarly, Caccia & Lorusso
(2019) observe no significant impairments in non-linguistic prosody. However, Calet et al. (2019) present contrasting
evidence and their findings indicate that dyslexic children exhibit an overall deficit in prosody. Finally, implicit prosody in
silent reading remains unexplored in dyslexic students, as most prosodic tasks in these studies focus on explicit prosodic

reception and production.

Finally, one recent study focuses specifically on the interfaces between prosody and punctuation. Heggie and Wade-
Wolley (2018) present evidence that prosodic awareness is a strong predictor of punctuation ability in adults and that
punctuation and prosody facilitate reading comprehension. Specifically, they studied receptive and productive prosodic
awareness and productive punctuation ability in literate, educated adults and found statistically significant correlations
between prosodic awareness and punctuation skills. However, this relationship has not been explored in dyslexic students

or dyslexic learners of English as a foreign language.

Prosodic Training in Dyslexia

Stemming from the above, one may argue that since explicit linguistic prosodic processing is impaired in dyslexia, using
TTS technologies for punctuation correction is counter-intuitive. There is, however, some evidence that auditory and
prosodic training can be used to improve neural processing in dyslexia, as well as short-term auditory memory and
punctuation. Goswami (2011, 2019a, 2019b) offers a neural oscillations perspective towards prosodic processing and
proposes that auditory training can improve neural processing in dyslexia. In Goswami (2019a), she reports slower neural
processing and atypical oscillatory function in dyslexic people at bands relevant to prosodic processing and speech
intelligibility, i.e. the theta and delta bands. As explained in Goswami (2011, 2019b) and Thomson et al. (2013), there is
potential in using a remediation programme based on rhythm and music in the form of syllable patterns in order to improve
prosodic processing. The remediation programme suggested focuses on children prior to instruction age and appears to
be relevant mostly to explicit segmental prosody. In an older project, Goswami adapted a Finnish game, GraphoGame
Rime, to its English version. GraphoGame Rimeis a phonics game using rhyme and musical interventions to train dyslexic
students and was found to be efficient in primary school interventions regarding the improvement of reading and spelling

skills (Ahmed et al., 2020).

Regarding short-term auditory memory, Zygouris et al. (2018) present a remediation programme with various activities for
nine-to-eleven-year-old Greek dyslexic students. Their programme included tasks where students had to memorise words
and sentences they heard for auditory training. The effect of this programme was measured through a clinical
neuropsychological battery of tests and ERPs and was found to be significantly effective for auditory short-term memory
with substantial effect sizes. Moreover, the pre-remediation ERPs showed increased latency in the P300 waveform for

dyslexic students dealing with auditory stimuli, while these high frequencies were not observed post-remediation. The
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programme of Zygouris et al. (2018) shows that incorporating explicit prosody training in dyslexia remediation can be

effective and that this improvement can be measured neurocognitively.

Finally, Calet et al. (2017) present a fluency training programme for non-dyslexic students primary school students, using
prosody training for expressive reading and punctuation. Their pre- and post-test measures included tasks where students
had to read aloud punctuated text giving the proper expression according to the punctuation, as well as tasks where
students had to insert punctuation in written text. Additionally, prosodic reading was measured using a scale measuring
skills in volume, intonation, pauses, and phrasing. The training programme included both implicit and explicit prosody, with
silent reading and reading aloud repeated tasks, as well as oral and spelling activities focusing on stress sensitivity,
intonation sensitivity, and punctuation. A statistically significant effect was detected in the improvement of prosodic
reading, punctuation, as well as in sentence comprehension. While this study is not focusing on dyslexia, it shows the

impact of prosody training on punctuation skills and the potential of such training.

Dyslexia and Speech Technologies

Impaired prosodic processing in dyslexia has implications for the use of speech technologies for language learning. As
mentioned above, TTS applications are particularly popular in dyslexia-specific software. TTS assists students in reading
and, potentially, in proof-reading their own typed texts. However, if students struggle at picking up on the prosody of words
and phrases, this does not only mean that proof-listening could be ineffective; it also means that dyslexic students might

not be able to rely on TTS for reading purposes.

Speech synthesis has not yet reached the desired level of naturalness and this is reflected in synthetic speech
intelligibility. Giannouli and Banou (2019) researched the intelligibility of synthetic speech in primary and post-primary
dyslexic students in Greece and found that words and sentences were statistically significantly easier to parse in natural
speech. However, whole texts were intelligible due to contextual clues and the difficulties encountered with words and
sentences were absent in the text comprehension condition. One issue in this study is that, while the TTS system the
researchers used was advanced enough to replicate prosody to a high degree, they did not implement the use of TTS in
the classroom, which has showed to improve ratings of intelligibility for speech synthesisers (Ni Chiarain & Ni Chasaide,

2017).

However, implementing speech technologies in the classroom also bears its own difficulties. One factor to take into
account is classroom management and the possibility of using speech technologies in group-work and pair-work. Most
tools are designed to assist in individual study and text proofreading, while game applications do not provide an
environment for co-operative play (Triantafyllidou, 2020, pp. 41-61). Regarding teachers’ perspectives on the use of
technologies with dyslexic students, there are overall favourable views, as seen in Blackburn (2018) and Granzen (2018).

Blamire & Omidire (2020) report that mobile technology is also viewed favourably for inclusive education. The authors
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point out that the implementation process still presents challenges, such as technical difficulties, while there is a need for

continuous professional development merging inclusive education and technological training.
Implications for Teaching

The findings and observations analysed in this paper bring forward the following implications regarding the use of speech

technologies in language teaching:

1. Text-to-Speech use: Based on the studies of Gosawmi (2011, 2019a, 2019b) and Zygouris (2018), using TTS to proof-
listen to text might be beneficial in improving prosodic sensitivity in the long run. However, there are no conclusive
findings suggesting that there are benefits for the students.

2. Evaluation of tools: It is important that tools and software are evaluated both prior to their implementation, as well as
throughout the implementation process, in order to ensure that they promote learner autonomy and support the
students’ cognitive, educational, and emotional needs. Computer-Assisted Language Learning (CALL) frameworks
provide such guidance for teachers and researchers.

3. Individual differences: It is important to consider that, even among dyslexic students, there are individual differences in
preferences; see for instance font preferences in Rello & Baeza-Yates (2016). Therefore, differentiated instruction
requires adaptability and continuous assessment of technological tools to assess whether they serve their purpose

and address students’ needs.

Regarding CALL evaluation in particular, there are several frameworks available, such as the TATL Framework (Ni
Chiarain & Ni Chasaide, 2015) and Rosell-Aguilar’'s (2017) “State of the App” taxonomy. An issue detected with some
evaluation frameworks is that they are mostly suitable for researchers rather than educators due to their length and detail-
oriented approach, as seen for instance in the TPACK framework (Koehler et al., 2014) or the framework of McMurry et
al. (2016). In Triantafyllidou (2020, pp. 42-43), | present an evaluation blueprint summarised in a table, which aims at

providing an accessible evaluation tool for language practitioners.

Limitations and Future Research

Limitations in this field of research include:

1. The lack of cross-linguistic research on the neurology of dyslexia (Hadzibeganovic et al., 2010): It is possible that
testing prosody and punctuation in non-English speaking individuals would not yield the same results as those of
Heggie and Wade-Woolley (2018).

2. Non-conclusive findings regarding prosodic impairments in dyslexia: There are some studies that argue in favour of
prosody being intact, such as Geiser et al. (2014) and Mannel et al. (2017). Age might also be a factor weighing in the

impairment of prosody, an aspect that has also not been longitudinally researched.
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Finally, future research should address the following aspects:

1. Implicit prosody and silent reading in dyslexia

2. Correlations between punctuation and prosody in deep orthographies

3. Individual differences in punctuation and punctuation skills in dyslexia

4. Prosodic training and proof-listening in dyslexia, as well as punctuation training in dyslexia
5

. Speech technologies with dyslexic students in the interactive environment of the classroom.
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