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Abstract

The purpose of this paper is to discuss tools relevant to dyslexic students and language teachers with a focus on
punctuation. First, the paper briefly discusses existing software in dyslexia. Following this short summary, the paper
exemplifies the steps in Computer-Assisted Language Learning (CALL) development by presenting PunkBuddy, an
original tool aiming at assisting students in post-primary education in Ireland with the use of punctuation. The tool
development draws on Second Language Acquisition (SLA) theories and various available technologies, including
Text-to-Speech (TTS) technologies, Natural Language Processing (NLP), and dialogue systems in the form of a
chatbot. On the basis on this tool, the paper provides a set of desiderata for teachers and developers focusing on

dyslexia and proposes a combination of relevant evaluation frameworks.
Computer-Assisted Language Learning Tools for Punctuation in Dyslexia: Development and Evaluation

Considering the widely documented issues of dyslexic students with the use of punctuation, this paper presents the
development of a Computer-Assisted Language Learning (CALL) tool that assists dyslexic learners in improving their
punctuation skills. The tool, called PunkBuddy consists of a TTS interface used to assist the proof-listening of punctuation,
a punctuation correction interface which provides suggestions for improvement, and a chatbot aiming at helping dyslexic
students understand the use of punctuation through interactions. The development of this tool was conducted during
postgraduate studies at Trinity College Dublin for the MPhil in Applied Linguistics (Triantafyllidou, 2020). It is therefore
particularly relevant to the Irish educational context, but the potential of using assistive technologies for punctuation
training extends to the field of teaching English as a foreign language. This paper explains the theoretical background and
rationale for the creation of PunkBuddy, as well as the technical aspects of the development and the evaluation of the tool
on the basis of the TATL (Theory, Actions, Technology, Learner,) framework, as proposed by Ni Chiarain and Ni
Chasaide (2015). The paper is relevant to language teachers, as it provides a summary of recent dyslexia tools, as well as

to CALL developers and special education teachers focusing on dyslexia.
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Software for Dyslexia

An abundance of games and software has been created to assist dyslexic children in interactions (Vasalou et al., 2017),
visual training (Ostiz-Blanco et al., 2018), phonemic and phonological awareness (Daud & Abas, 2013; Serrano et al.,
2016), ultimately helping dyslexic students in improving their reading and writing. Moreover, assistive technologies for
dyslexia include reading and writing assistants, which aim at providing readable interfaces, correcting spelling and
punctuation mistakes, and explicitly explaining language use. This section provides a brief overview of recent dyslexia-

specific software which provide the background for the creation of PunkBuddy.

Recent developments in software for dyslexia include writing assistants such as Ghotlt and Ginger, reading assistants
such as Dyslex.ie, as well as games and apps. For instance, Dyslexia.aiis an app providing a combination of gamified
learning, progress tracking for a customised learning experience, and augmented reality (AR). Another example of
gamified software for dyslexia is Dytective, which incorporates a screening tool along with games and exercises for the
treatment of dyslexia (Rello et al., 2016; Rello et al., 2017). Finally, there is an increase in research-led software, as seen
for instance in Dyslex.ie. Dyslex.ie is a browser extension functioning as a reading assistant and it has been developed by
a team of students at Dublin City University (DCU) who collaborated with DCU Professor, Dr Ellen Reynor and the CEO of
Dyslexia Association Ireland, Dr Rosie Bissett. Another such example of research-led software is ALEXZA, created at the
Sri Lanka Institute of Information Technology and presented by Rajapakse et al. (2018). The researchers present their
work in a comprehensive paper, which outlines the characteristics of dyslexic learners and the underlying causes of
dyslexia and includes a review of similar applications. Their paper also discusses the potential of gamification for
educational technologies and explains the affordances of technologies using Artificial Intelligence (Al) and Machine
Learning (ML) concepts, such as in the development of a chatbot included in ALEXZA. Moreover, their app is informed by
feedback provided by dyslexic participants, especially regarding the voice characteristics of the TTS, among other

features (2018, p. 5).

Overall, recent software for dyslexia prioritises customisability and opportunities for scaffolded training. For instance,
Dyslex.ie is fully customisable; it provides a questionnaire and then tailors its settings based on the responses. The
questions address aspects of interface design such as spacing, background colours, and fonts. However, there are also
examples of software that includes options that are not meaningful or appropriate for dyslexic learners. For instance,
Ghotit is a software that allows customisation, provides feedback and explanations, and includes some accessibility
features, such as reading aloud. It could, however, provide easier-to-use settings for a more readable environment. For
instance, users can edit background colours, but, especially for children, these background colours could be limited to
those suitable for dyslexia, such as those mentioned in Rello & Bigham (2017). Similarly, the fonts available could also be
limited to dyslexia-friendly fonts. Adding distractions and more features than needed does not serve this specific learner
group and its needs. For young students, these features might also interfere with the studying process, i.e. a student
might end up experimenting with fonts instead of focusing on writing. Regarding scaffolding, Dyslexia.ai offers training on
all skills (reading, writing, listening, speaking) with activities which track progress and provide increasing difficulty.

Moreover, the app uses phonics, which have been found to be effective in dyslexia trainings and treatments (Galuschka et
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al., 2014; Schaars et al., 2017). Specifically, van Rijthoven et al. (2020) have found that the individual variations of
dyslexic students in phonological awareness, word processing, and verbal working memory do not significantly affect the
effectiveness of phonics as a treatment. Therefore, recent apps rely on validated methods for training while experimenting

with new technologies.

For more extensive reviews on dyslexia software, see also Triantafyllidou (2020, pp. 41-58), Rakopoulou (2020) Indal &

Mavéus (2019), Satapathy (2019), Ili Farhana (2018), Madden (2012), and Draffan (2002). To summarise, the main

characteristics of current software for dyslexia are:

1. Assistive Technology Support: Dyslexia software includes accessibility options, such as reading aloud via TTS and
customising or chunking text via OCR.

2. Customisability: Most software offers customisability options, providing dyslexic students with a tailored experience.
However, sometimes there are more options than needed, as seen in Ghotit.

3. Al-Informed Methods: Al is becoming part of recent software for dyslexia with chatbots and progress tracking.

4. Paywalls: Most software either requires a subscription or offers free trials, thus requiring payment in the long run.

5. Autonomous Learning: Most software currently available is suitable for individual study, rather than use in the

classroom or for pair- and group-work.

The Development of PunkBuddy

The dyslexia software mentioned above and their characteristics have been taken into consideration for the development

of PunkBuddy. To recap the functionalities of PunkBuddy, it consists of two main components:

1. ATTS component; this offers dyslexic learners the chance to proof-listen their text and correct it on their own based on
what they hear before moving on to step 2.

2. A punctuation correction interface; this offers dyslexic learners suggestions on improving their punctuation and advises

them on sentence length.

Finally, PunkBuddy includes a chatbot aiming at helping dyslexic students learn through interaction. However, the chatbot
remains at a very early stage of development and currently exists as an additional component to the main CALL tool.
Currently, it can advise students on the rules of using punctuation, utilising the benefits of explicit instruction. At a later
stage, it would be able to provide further examples and better tailored assistance, for instance help with a particular

context of punctuation in which a student struggles.

The section begins by outlining the TATL framework for CALL development (Ni Chiarain & Ni Chasaide, 2015)
and the needs of the learner group addressed by the tool, i.e. post-primary school students in Irish education. However,
as mentioned in the introduction, PunkBuddy can be extended in English as a Foreign Language contexts. Following the
learner group, the section outlines theories of language acquisition which inform the development of the tool. Finally, the

actions prompted by the tool and the technologies used for its development are outlined before moving on to its
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evaluation.

The TATL Framework and the Learner Group

The TATL (Theory, Actions, Technology, Learner) framework suggests that CALL development should take into account
theories of language acquisition and involve actions stemming from these theories, while considering the affordances and
limitations of technologies, as well the individual needs of the learners. It places emphasis on meaningful design

regarding the tasks and the interface of CALL tools, avoiding features that do not improve the effectiveness of tools in
language learning. The framework bridges theories of language acquisition, pedagogy, and language technologies, aiming
at providing a reliable guide for CALL development. Finally, the evaluation is fed into the improvement of the tools,

following a cyclical development process.

The learner needs that are taken into consideration for the development of PunkBuddy include educational needs,
cognitive needs in relation to dyslexia, and the emotional needs of dyslexic pre-adolescents. To recap, PunkBuddy
addresses students in ages 12 and above who are enrolled in mainstream Irish education and are in the transition from

primary to post-primary education.

The transition from primary to secondary education is especially important due to the changes in written assessment.
According to the official Junior Cycle curriculum, writing has a prominent place in assessment, both in the form of
classroom-based assessment, as well as in final assessment tasks (N.C.C.A, 2019; N.C.C.A, 2020). However, writing in
Primary School is mostly in the form of free writing, without any explicit instruction on composition writing (N.C.C.A, n.d).

Dyslexic learners might encounter issues during this transition phase, considering their difficulties with writing.

Some books in the Junior Cycle include explicit instruction on punctuation, as seen for instance inKingdom 1 (Allsopp et
al., 2018) and Great Expectations 1 (Leddin, 2014), and the use of PunkBuddy aims at enhancing this instruction.
Meanwhile, it allows students to work autonomously in the classroom as well as on their own, which assists both teachers
who might not be able to help each student individually, as well as students themselves who are able to work

independently with the assistance provided by the tool.

Regarding cognitive needs, it is important to take into account the deficits observed in dyslexia. Dyslexic learners have
been found to have deficits in phonological awareness, which is reflected in their writing. According to the Phonological
Deficit Hypothesis, phonological processing is impaired in dyslexia, thus impacting both reading and writing (Snowling,
1998; Rack, 2018). Meanwhile, issues with reading render proof-reading ineffective, as students fail to detect their errors.
This is especially the case with punctuation, which is often misused or absent in dyslexic texts (Feka, 2016, pp. 16-17;
Mortimore & Crozier, 2006; Tops et al., 2013). Therefore, dyslexic learners need a tool that facilitates the proof-reading

process and helps them add punctuation accordingly.

Qeios ID: VOOEY7 - https://doi.org/10.32388/VOOEY7 4/18



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

Moreover, considering that punctuation is a form of written prosody, often correlated with prosody in speech, it is important
to consider prosodic processing in dyslexia. While implicit prosody and silent reading are under-researched in dyslexia,
there is evidence that dyslexic children show impairments in prosodic processing dyslexia (Goswami et al., 2010;
Goswami et al., 2013; Goswami, 2019). Sabisch et al. (2006) show 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. Agreeing with these findings, Honbolygé et al. (2016) also show the importance of 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. 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.

Therefore, it is important to assess whether using TTS technologies is appropriate for dyslexia, and especially as a
method of proof-listening, which is at the core of the rationale for the development of PunkBuddy. Giannouli and Banou
(2019) investigated 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 in
synthetic speech 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). Moreover,
Greek and English are widely different in phonological nature and, therefore, testing PunkBuddy in the future would allow

a more comprehensive view on synthetic speech intelligibility for dyslexic students.

Finally, apart from the educational requirements of the curriculum and the characteristics of dyslexic learners, it is
important to consider emotional factors. Studies on dyslexic adolescents have shown high skill-specific anxiety levels
(Piechurska-Kuciel, 2010). Moreover, Eissa (2010) reports issues at socialisation and lower self-esteem, as well as higher
scores in depression, aggression, and social problems in dyslexic adolescents (p. 23). Taking the above into account, the
tool aims at minimizing anxieties by assisting students in improving the quality of the texts and providing them with a safe
space for interactions. To elaborate, while interaction and collaborative writing have generally yielded positive results (Lee
et al., 2016), peer-interaction might not be as useful in this case. Instead, autonomous use of a punctuation correction
interface and Human-Computer Interaction (HCI) in the form of a chatbot are ways to avoid personal interactions which

might generate stress, while providing students with a chance to improve their writing skills.

Theories of Language Learning
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PunkBuddy relies on three theories: Schmidt’s (1990) Noticing Hypothesis, VanPatten’s (2004) Input Processing Theory,
and Vygotsky’s (1986) Sociocultural Theory. Schmidt’s (1990) Noticing Hypothesis supports that the first step towards
learning is noticing of forms and it is widely cited in CALL research (De La Fuente, 2014; Radwan, 2005; Rassaei, 2020).
Schmidt (1990) explains that awareness is an essential for step for input to be transformed into uptake, which is acquired
knowledge. He also adds an intermediary step between input and uptake, called intake; noticing ensures that input is first
converted into intake in order to be acquired. Text Enhancement (TE) and proof-listening through the TTS are used in

PunkBuddy, prompting learners to notice lack or misuse of punctuation in their writing.

VanPatten’s (2004) Input Processing Theory supports that emphasis on meaning is essential for input to be transferred
from working memory to long-term memory. His theory suggests that meaning is processed before form, which is
particularly relevant for punctuation teaching. Even though several guides provide specific instructions on how punctuation
is to be used, its real-life implementation varies. Therefore, teachers first need to explain the meaning behind pauses,
while students themselves are to experience how the lack of these pauses impacts their text by proof-listening their text
through the TTS. In PunkBuddy, the rules of punctuation are explained through the chatbot. Additionally, one of the main
principles of the Input Processing Theory is the “Availability of Resources Principle” (VanPatten, 2004, p. 14), according to
which the input should be tailored in such a way that does not drain the student’s attentional resources. This is especially
relevant to the design of dyslexia software interface. Generally, overloading the students with input beyond their
attentional resources disrupts language acquisition. Moreover, customisability in CALL tools for dyslexia would ensure that

students receive as much input as they can handle, for instance punctuation corrections based on their skills.

Finally, Vygotsky’s (1986) Sociocultural Theory, claims that learning is achieved through scaffolded interaction.
Scaffolding is relevant to CALL design and evaluation as seen in the previous section. Additionally, learning through
interaction is relevant to the chatbot created for PunkBuddy, even though its interactive capabilities are still limited. Other
modes of peer-interaction are also popular with CALL, but for this specific learner group | am considering the emotional
needs mentioned in the previous section. Therefore, choosing a mode of interaction that minimises anxieties while
providing individualised assistance allows learning through interaction. For the benefits of using chatbots in language

learning, see also Arispe (2014).

Actions and Technology

First, PunkBuddy prompts users to listen to their composition and add punctuation as needed. Users proof-listen their text
at least three times before moving on to the punctuation correction interface. This interface provides hints for the
improvement of punctuation and informs users on their sentence length. Meanwhile, the chatbot remains available for
assistance at all times, providing explicit instruction on the meaning of punctuation marks. The actions prompted by

PunkBuddy are summarised in the graph below.
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Listen to your text - 5 attempts Check your text - no attempt limit

Text underlined while being read

Information on word count with
Every 50 words the user is warnings for long sentences
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: ; . Hints for the addition of pauses in
assist retention of prosodic forms P
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After 3-5 attempts, the user can
check their text

Chatbot available at all
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Figure 1. The Actions Prompted by PunkBuddy.

PunkBuddy is deployed on a Vercel website built with React and Typescript and it has been set up by Luke Lau, MSc
Computer Science graduate from Trinity College Dublin. It is accessible through the PunkBuddy website
(https://PunkBuddy.vercel.app/), while the steps of its development are visible through its public GitHub Repository
(https://github.com/triantac/PunkBuddy). PunkBuddy uses the open-source MIT License, making its code available to all

parties interested.

The Text-to-Speech Interface

When entering the website, the user is prompted to write their text and listen to it. Instructions are visible only when
hovering over them in order to minimise the clutter of text on the screen. The user can choose between three fonts and
between three background colours, all of which have been chosen based on the findings of Rello and Baeza-Yates (2016)

and Rello and Bigham (2017). Their findings suggested that Arial, Open Dyslexic, and Courier are among the most

readable fonts and that yellow, peach, and orange provided the most readable backgrounds.

Ed Punkbuddy X +
&« C @ punkbuddyvercelapp
PunkBuddy Write, Listen, Check About Font
. Peach
LISten to you r Write your text here Orange
Writing Yellow

Welcome to PunkBuddy! Here, you can
write your text, listen to it, and correct it.

Instructions )

Listen to your text! (5 attempts remaining)
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PunkBuddy Write, Listen, Check About

PunkBuddy reads your text
for you. Listen to your text a you r
few times and comect it.
Then, PunkBuddy will check it
for you. Do you hear any
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pauses? Do you need more y ¥

pauses?

Figure 3. Instructions Offered by PunkBuddy.

o it, and correct it.

Font> Background color =

Write your text here

Listen to your text! (5 attempts remaining)

The TTS interface offers a minimum of three attempts and a maximum of five attempts. The number of attempts left is

visible at all times. The user can also pause the text as it is being read and then continue listening again. To enhance

noticing and readability, the text is underlined as it is being read. Moreover, the user is prompted to listen to their text

every 50 words, in order to minimise short term memory effects (Goswami et al., 2016). The TTS is powered using the

JavaScript Web Speech API, if not available, the Google Cloud Speech Synthesiseris used as back-up. The initial plan

was to use the Google Cloud Speech Synthesiser only, which uses neural networks to synthesise speech and is therefore

more natural, but most neural network speech synthesisers did not allow customisations, such as underlining text as it is

being read to enhance readability.
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i up on the pitch at lunch time

‘ nstructions
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Figure 4. The PunkBuddy TTS.

The Punctuation Correction Interface

The punctuation correction interface takes into account the variation in the individual use of punctuation (Sggaard et al.,

2018). It has been designed on the basis of a corpus analysis using English textbooks and a Punctuation Perception Test,

both of which are outlined in Triantafyllidou (2020, pp. 15-29). Based on these findings, the punctuation correction

interface suggests the addition of a comma in these cases:

1. Before trigger words: but, as, so, though,

2. Before and after adverbials and phrases: instead, however, firstly, secondly, finally, ultimately, alternatively, eventually,
in my opinion, in conclusion

3. After adjectives

4. After salutations.
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5.
Regarding full stops and sentence segmentation, the word count bar shows the length of each sentence in the form of a

progress bar, giving a yellow warning at 15 words and a red warning at 18 words. The comma suggestions are generated
by a combination of simple string searching and Google Cloud's Natural Language API. The Natural Language APl was

especially used to detect adjectives and salutations. The coding behind PunkBuddy'’s punctuation correction is available

on GitHub (PunkBuddy Repository, 2020).

[ Punkbuddy % +

& C & punkbuddyvercel.app

PunkBudd Write, Listen, Check About Font~ Background color ~
y
Maybe you should add a

pause here.
ChECk your Sa here's the lesson, | come home from school on a bitter December
Wl“iting evening exhausted mentally, drained from irregular Irish verbs, algebra,
reams of French vocabulary and boring history

Welcome to PunkBuddy! Here, you can
write your text, listen to it, and correct it.

nstructions

Sentence length: 29 words Your sentence is getting too long!

Figure 5. Sentence Length and Punctuation Suggestion in PunkBuddy.

B Punkbuddy X +

&« = 8 punkbuddy.vercelapp

PunkBuddy Write, Listen, Check About Font~™ Background color ¥

Check your P——
141 I want to go but | can't
writin :
g Dear Diary today | went to the park.

Welcome to PunkBuddy! Here, you can Alternatively we might be able to go to the beach
write your text, listen to it, and correct it.

‘ nstructions

Sentence length: 10 words

Figure 6. Comma Suggestions in PunkBuddy.

The Chatbot

The PunkBuddy chatbot is at an early stage of development and it is made and deployed onPandorabots using Atrtificial
Intelligence Markup Language (AIML). Regarding its conversational abilities, it offers short, simple-worded explanations on

the meaning of punctuation marks, i.e. full stops, commas, and question marks, and can exchange salutations.
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The Evaluation of PunkBuddy

For the evaluation of PunkBuddy, | propose the combination of two frameworks: Rosell-Aguilar’s (2017) “State of the App”
taxonomy and Hubbard’s (2006) evaluation framework. The “State of the App” addresses all aspects of technological
design and sets solid criteria for language learning, taking into account attention, communicative outcomes, engagement,

productive skills, and authenticity, among others (Rosell-Aguilar, 2017, p. 252). Meanwhile, Hubbard’s (2006) framework

considers “teacher fit” in the evaluation process, including aspects of classroom management, syllabus fit, and learner

training (Hubbard, 2006, pp. 14-17). To summarise the evaluation, | present the criteria in the form of a concise table

adapted from Rosell-Aguilar’'s (2017, p. 253) framework. His table takes into account all aspects of CALL aspect and is

especially learner-oriented, while integrating pedagogy and thus relating to teaching. Nevertheless, the needs of the

teacher are not directly addressed within this taxonomy, which is why | have added a section in the table to address those

needs based on Hubbard’s framework.

Table 1. Evaluation Framework for Dyslexia Software.

Language Learning

Listening: Does the software provide
audio in the target language?
Writing: Does the software offer
opportunities to write in the target
language and exercises for writing
practice?

Reading: Does the software provide a
readable environment for dyslexic
learners?

User Experience

Interactivity: Is engagement with the software content active or passive?
Customisability: Does the software offer options based on the user’s

preference?

Price: Is there a paywall? Registration: Does the software require the user to
register? Advertising: Does the software include pop-up ads? Are these

distracting?

Pedagogy

Teaching: Does the software present, explain, or model language or
does it just test it?

Progress: Does the app allow the user to track progress or see
previous attempts?

Scaffolding: Do activities in the software progress in difficulty in a way
that supports the learner?

Feedback: Does the software provide feedback? Is it just right/wrong or
with meaningful explanations?

Differentiation: Does the software offer different levels depending on
ability? Can these be accessed directly? Engagement: Does the app
keep the user interested or are activities repetitive?

Technology

Teacher Fit

Approach fit: Is the software flexible
enough to fit within various approaches to
language teaching?

Classroom management: Is the software
flexible enough to be used individually, in
pairwork, and in group work?

Syllabus fit: Is the software appropriate
for multiple types of syllabi? Is it tied to a
specific topic only?

Training: Will the software require training
for the teacher and the learner? Is there a
big learning curve?

Interface: Is the interface clear and uncluttered?
Navigation: Is the software intuitive to navigate, with clear menus and options?

Instructions: Does the software offer instructions on how to use it?

offline work?

Stability: Does the app freeze or crash?
Portability: Is the software available on multiple platforms? Does it support

While these frameworks are essential for future testing with users, i.e. dyslexic students, a current self-evaluation is

limited to a set of learner, task, and teacher desiderata presented in Triantafyllidou (2020, pp. 59-60). At its current stage

PunkBuddy offers limited features and | am summarising the work done and the future development needed in the table

below. The table is colour-coded to show the aspects of PunkBuddy that have been developed to an adequate degree

(green) and those that need more work (red). As it becomes evident, the tool is currently suitable mostly for autonomous

use on computers. Moreover, due to the sophisticated level of coding required for Al-informed methods, the tool cannot

currently provide scaffolded instruction with increasing difficulty and differentiated feedback.
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Learner Desiderata Task Desiderata Teacher Desiderata
Customisability: choice of Authenticity: some real
fonts available and communicative tasks through
background colours available; S dbeat

no choices of voice in the TTS

Table 2. Evaluation of PunkBuddy.

Evaluating PunkBuddy would require testing it with dyslexic students and their teachers, in order to determine the aspects
needing improvement. Especially regarding the TTS interface, it is important to determine whether the auditory feedback
received is intelligible. Testing PunkBuddy within the interactive context of a classroom might elicit more favourable
reviews (Ni Chiarain & Ni Chasaide, 2017), but considering that this tool is mostly tailored for autonomous use, it is
important to test the TTS in individual student work. For the evaluation of TTS technologies in particular, see also
Grimshaw et al. (2018). Finally, an interesting aspect of evaluation would be to consider what Rosell-Aguilar (2017, p.
255) calls “appsmashing”, i.e. the combination of different apps in autonomous use. For instance, it would be interesting to
examine whether dyslexic students would combine PunkBuddy with other spellcheckers and readability enhancement

tools, or with apps and tools beyond the assistive spectrum.

Conclusive Remarks

This paper has outlined the development of a CALL tool for punctuation training in dyslexia. It presents how CALL
development unfolds within the TATL framework, taking into account all aspects of language learning in order to create a
focused and meaningful tool. Discussing the process of software development is essential in English Language Teaching
discourse, as it adds transparency to the methodologies applied in the field of educational technologies. Additionally,
discussions on the technical aspects of development are relevant to forthcoming researchers, language technologists, as
well as language teachers themselves. Additionally, creating accessible evaluation tools is an essential aspect of CALL,
as teachers need to fit these evaluations within the already time-consuming process of teaching. While detailed
frameworks are important for researchers and developers, practitioners in teaching should be at the heart of CALL

development, as they are one of the main parties interested in such tools.
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Regarding PunkBuddy in particular, future development should prioritise better punctuation correction. For instance,
differentiating between restrictive and non-restrictive relative clauses, determining whether apostrophes are needed in a
pronoun, and suggesting commas in tag questions would provide a more accurate punctuation correction interface.
Additionally, further development should focus on progress tracking methods and scaffolded tasks. For instance,
punctuation corrections can be offered based on the level of the learners and their most frequent errors, while students
should also be praised when making improvements. Other aspects to consider include portability, offline use, and further

development of the chatbot.

Acknowledgements and Declaration

I would like to acknowledge the significant contribution of the supervisor of the dissertation, Dr Neasa Ni Chiarain, the
contribution and feedback of PhD Researcher Emily Barnes on dyslexia, and the work of past MPhil students Tessa
Berryman and Camilla Egan, whose dissertations on neurocognitive approaches to dyslexia contributed to the content of
the dissertation and this paper, as well as the overall contribution of the TCD Phonetics and Speech Laboratory. Finally, |
would like to acknowledge the contribution of Luke Lau, past MSc student in Computer Science who coded PunkBuddy,

the tool presented in this paper.
Correspondence concerning this article should be addressed to Charikleia Triantafyllidou; e-mail:friantac@tcd.ie

This is a pre-print of an article published on the Journal of Applied Languages and Linguistics (JALL; Volume 4, Issue 2,
December 2020 - https://als-edu.wixsite.com/jall). The paper was presented at the 2nd Language Education and

Research Conference (LERC).

References

Allsopp, A., McCarthy, S., & Morris, C. (2018). Kingdom 1 (C. Dent-Neville (ed.)). Educate.ie - Walsh Educational Books
Ltd. https://content.yudu.com/web/1zxd4/0A1zxd5/kingdom1/html/index.html

Arispe, K. (2014). What's in a Bot? L2 Lexical Development Mediated through ICALL.Open Journal of Modern Linguistics
4, 150-165. https://doi.org/10.4236/0jml.2014.41013

Daud, S. M., & Abas, H. (2013). “Dyslexia baca” mobile app - The learning ecosystem for dyslexic children.Proceedings -

2013 International Conference on Advanced Computer Science Applications and Technologies, ACSAT 2013, 412—-416.
https://doi.org/10.1109/ACSAT.2013.87

De La Fuente, M. J. (2014). Learners’ attention to input during focus on form listening tasks: the role of mobile technology
in the second language classroom. Computer Assisted Language Learning 27(3), 261-276.

https://doi.org/10.1080/09588221.2012.733710

Qeios ID: VOOEY7 - https://doi.org/10.32388/VOOEY7 13/18


mailto:triantac@tcd.ie
https://als-edu.wixsite.com/jall
https://content.yudu.com/web/1zxd4/0A1zxd5/kingdom1/html/index.html
https://doi.org/10.4236/ojml.2014.41013
https://doi.org/10.1109/ACSAT.2013.87
https://doi.org/10.1080/09588221.2012.733710

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

Draffan, E. (2002). Dyslexia and Technology. In P. Lawrie, A. Sutherland, & J. Seale (Eds.),Access All Areas: disability
(pp. 24—28). JISC TechDis.

https://www.alt.ac.uk/sites/default/files/assets_editor _uploads/documents/accessallareaslow.pdf#fpage=32

Eissa, M. (2010). Behavioral and Emotional Problems Associated with Dyslexia in Adolescence.Current Psychiatry, 17(1),

17-25.

Feka, M. (2016). Dyslexia in Greek as an L1 and in English as an L2: A Case Study (Publication No. GRI-2017-18854)
[Master’s dissertation: Aristotle University of Thessaloniki]. IKEE Repository. http:/ikee.lib.auth.gr/record/2883027?In=el

Galuschka, K., Ise, E., Krick, K., & Schulte-Kérne, G. (2014). Effectiveness of Treatment Approaches for Children and
Adolescents with Reading Disabilities: A Meta-Analysis of Randomized Controlled Trials. PLoS ONE, 9(2), e89900.

https://doi.org/10.1371/journal.pone.0089900

Giannouli, V., & Banou, M. (2019). The intelligibility and comprehension of synthetic versus natural speech in dyslexic

students. Disability and Rehabilitation: Assistive Technology, 1—10. https://doi.org/10.1080/17483107.2019.1629111

Goswami, U. (2019). A neural oscillations perspective on phonological development and phonological processing in

developmental dyslexia. Language and Linguistics Compass, 13(5), €e12328. https://doi.org/10.1111/Inc3.12328

Goswami, U., Barnes, L., Mead, N., Power, A. J., & Leong, V. (2016). Prosodic Similarity Effects in Short-Term Memory in
Developmental Dyslexia. Dyslexia, 22(4), 287-304. https://doi.org/10.1002/dys.1535

Goswami, U., Gerson, D., & Astruc, L. (2010). Amplitude envelope perception, phonology and prosodic sensitivity in

children with developmental dyslexia. Reading and Writing, 23, 995—1019. https://doi.org/10.1007/s11145-009-9186-6

Goswami, U., Mead, N., Fosker, T., Huss, M., Barnes, L., & Leong, V. (2013). Impaired perception of syllable stress in
children with dyslexia: A longitudinal study. Journal of Memory and Language, 69(1), 1-17.

https://doi.org/10.1016/j.jml.2013.03.001

Heggie, L., & Wade-Woolley, L. (2018). Prosodic awareness and punctuation ability in adult readers.Reading Psychology,
39(2), 188—215. https://doi.org/10.1080/02702711.2017.1413021

Honbolygd, F., Térdk, A., Banréti, Z., Hunyadi, L., & Csépe, V. (2016). ERP correlates of prosody and syntax interaction in
case of embedded sentences. Journal of Neurolinguistics, 37, 22—33. https://doi.org/10.1016/j.jneuroling.2015.08.001

Qeios ID: VOOEY7 - https://doi.org/10.32388/VOOEY7 14/18


https://www.alt.ac.uk/sites/default/files/assets_editor_uploads/documents/accessallareaslow.pdf#page=32
http://ikee.lib.auth.gr/record/288302?ln=el
https://doi.org/10.1371/journal.pone.0089900
https://doi.org/10.1080/17483107.2019.1629111
https://doi.org/10.1111/lnc3.12328
https://doi.org/10.1002/dys.1535
https://doi.org/10.1007/s11145-009-9186-6
https://doi.org/10.1016/j.jml.2013.03.001
https://doi.org/10.1080/02702711.2017.1413021
https://doi.org/10.1016/j.jneuroling.2015.08.001

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

Hubbard, P. (2006). Evaluating CALL Software. In L. Dulcate & N. Arnold (Eds.),Calling on CALL: From Theory and
Research to New Directions in Foreign Language Teaching (pp. 313—338). CALICO.

lli Farhana, B. M. M. (2018). Digital Text Presentation and Navigation to Support People with Dyslexia (Publication No.
uk.bl.ethos.787384) [Doctoral dissertation: University of York]. White Rose eTheses Online.

http://etheses.whiterose.ac.uk/id/eprint/24697

Indal, E., & Mavéus, E. (2019). Exploring the Web Accessibility for People with Dyslexia[Bachelor dissertation: Malmd
University]. Malmd University Electronic Publishing. http://muep.mau.se/handle/2043/29188

Leddin, C. (2014). Great Expectations 1. Educate.ie - Walsh Educational Books Ltd.
https://content.yudu.com/web/1zxd4/0A1zxd5/FirstYearEnglish/html/index.html

Lee, K. W., Said, N., & Tan, C. K. (2016). Exploring the affordances of The Writing Portal (TWP) as an online

supplementary writing platform (for the special issue of GLoCALL 2013 and 2014 conference papers). Computer Assisted

Language Learning, 29(6), 1116—1135. https://doi.org/10.1080/09588221.2016.1172644

Madden, K. (2012). Teaching Students with Disabilities Literacy Through Technology. InLanguage and Literacy Spectrum
(Vol. 22). New York State Reading Association. https://files.eric.ed.gov/fulltext/EJ991807.pdf

Marshall, C. R., Harcourtbrown, S., Ramus, F., & Van Der Lely, H. K. J. (2009). The link between prosody and language
skills in children with specific language impairment SLI andor dyslexia. International Journal of Language and

Communication Disorders, 44(4), 466—488. https://doi.org/10.1080/13682820802591643

McMurry, B., Williams, D. D., & Rich, P. (2016). An Evaluation Framework for CALL.TESL-EJ, 20(2), 1-31.
https://eric.ed.gov/?id=EJ1113897

Mortimore, T., & Crozier, W. R. (2006). Dyslexia and difficulties with study skills in higher education. Studies in Higher
Education, 31(2), 235-251. https://doi.org/10.1080/03075070600572173

N.C.C.A. (2019). Junior Cycle English: Guidelines for the Classroom-Based Assessment and Assessment Task

https://www.curriculumonline.ie/getmedia/40f1{58f-5a57-4d0f-b9b7-
67af7fe50380/JC_English_Assessment Guidelines.pdf

N.C.C.A. (2020). Junior Cycle English Assessment Task 2020.

https://www.curriculumonline.ie/getmedia/a3e02d8a-ai5a-4b82-a045-

2000a2fbelbc/JC_English _Assessment_Task 2020

Qeios ID: VOOEY7 - https://doi.org/10.32388/VOOEY7 15/18


http://etheses.whiterose.ac.uk/id/eprint/24697
http://muep.mau.se/handle/2043/29188
https://content.yudu.com/web/1zxd4/0A1zxd5/FirstYearEnglish/html/index.html
https://doi.org/10.1080/09588221.2016.1172644
https://files.eric.ed.gov/fulltext/EJ991807.pdf
https://doi.org/10.1080/13682820802591643
https://eric.ed.gov/?id=EJ1113897
https://doi.org/10.1080/03075070600572173
https://www.curriculumonline.ie/getmedia/40f1f58f-5a57-4d0f-b9b7-67af7fe50380/JC_English_Assessment_Guidelines.pdf
https://www.curriculumonline.ie/getmedia/a3e02d8a-a15a-4b82-a045-2000a2fbe1bc/JC_English_Assessment_Task_2020

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

N.C.C.A. (n.d.). Primary Language Curriculum Support Material for Teachers (pp. 1-84). Department of Education and

Skills. https://www.curriculumonline.ie/Primary/Curriculum-Areas/Primary-Language/Resources/Support-Materials/Writing-
PLC-Support-Materials.pdf?ext=.pdf

Ni Chiarain, N., & Ni Chasaide, A. (2015). The TATL framework for CALL development. In F. Helm, L. Bradley, M.
Guarda, & S. Thouésny (Eds.), Critical CALL: Proceedings of the 2015 EuroCALL Conference(pp. 427-432). Research-

publishing.net. https://doi.org/10.14705/rpnet.2015.000370

Ni Chiarain, N., & Ni Chasaide, A. (2017). Effects of Educational Context on Learners’ Ratings of a Synthetic Voice.7th
ISCA Workshop on Speech and Language Technology in Education, 47-52. https://doi.org/10.21437/slate.2017-9

Ostiz-Blanco, M., Lallier, M., Grau, S., Rello, L., Bigham, J. P., & Carreiras, M. (2018). Jellys: Towards a videogame that
trains rhythm and visual attention for dyslexia. ASSETS 2018 - Proceedings of the 20th International ACM SIGACCESS
Conference on Computers and Accessibility, 447—449. https://doi.org/10.1145/3234695.3241028

Piechurska-Kuciel, E. (2010). Reading anxiety and writing anxiety in dyslexia: Symptomatic and asymptomatic
adolescents. In A. Psaltou-Joycey & M. Mattheoudakis (Eds.), Advances in Research on Language Acquisition: Selected

Papers (pp. 375-386). GALA.
PunkBuddy Repository. (2020). GitHub. https://github.com/triantac/punkbuddy. Accessed 21 November 2020.

Rack, J. P. (2018). Dyslexia: The Phonological Deficit Hypothesis. In A. Fawcett & R. Nicolson (Eds.),Dyslexia in Children
(pp- 5-37). Routledge. https://doi.org/10.4324/9781315504773-2

Radwan, A. A. (2005). The effectiveness of explicit attention to form in language learning.System, 33(1), 69-87.
https://doi.org/10.1016/j.system.2004.06.007

Rajapakse, S., Polwattage, D., Guruge, U., Jayathilaka, I., Edirisinghe, T., & Thelijjagoda, S. (2018, December 1).

ALEXZA: A Mobile Application for Dyslexics Utilizing Atrtificial Intelligence and Machine Learning Concepts. 2018 3rd
International Conference on Information Technology Research, ICITR 2018. https://doi.org/10.1109/ICITR.2018.8736130

Rakopoulou, V. (2020). Design and development of a digital educational environment for teaching/learning Greek as a

second language to students with Learning Difficulties: a small-scale implementation. [Master dissertation: Hellenic Open

University]. Apothesis Repository. https://apothesis.eap.gr/handle/repo/45475

Rassaei, E. (2020). The separate and combined effects of recasts and textual enhancement as two focus on form

Qeios ID: VOOEY7 - https://doi.org/10.32388/VOOEY7 16/18


https://www.curriculumonline.ie/Primary/Curriculum-Areas/Primary-Language/Resources/Support-Materials/Writing-PLC-Support-Materials.pdf?ext=.pdf
https://doi.org/10.14705/rpnet.2015.000370
https://doi.org/10.21437/slate.2017-9
https://doi.org/10.1145/3234695.3241028
https://doi.org/10.4324/9781315504773-2
https://doi.org/10.1016/j.system.2004.06.007
https://doi.org/10.1109/ICITR.2018.8736130
https://apothesis.eap.gr/handle/repo/45475

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

techniques on L2 development. System, 89, 102193. https://doi.org/10.1016/j.system.2019.102193

Rello, L., & Baeza-Yates, R. (2016). The effect of font type on screen readability by people with dyslexia ACM
Transactions on Accessible Computing, 8(4), 1-33. https://doi.org/10.1145/2897736

Rello, L., & Bigham, J. P. (2017). Good background colors for readers: A study of people with and without dyslexia.
ASSETS 2017 - Proceedings of the 19th International ACM SIGACCESS Conference on Computers and Accessibility.

https.//dl.acm.org/doi/proceedings/10.1145/3132525

Rello, L., Macias, A., Herrera, M., De Ros, C., Romero, E., & Bigham, J. P. (2017). DytectiveU: A game to train the
difficulties and the strengths of children with dyslexia. ASSETS 2017 - Proceedings of the 19th International ACM
SIGACCESS Conference on Computers and Accessibility, 319—-320. https://doi.org/10.1145/3132525.3134773

Rello, L., Williams, K., Ali, A., White, N. C., & Bigham, J. P. (2016). Dytective: Towards detecting dyslexia across
languages using an online game. W4A 2016 - 13th Web for All Conference, 1-4. https://doi.org/10.1145/2899475.2899491

Rosell-Aguilar, F. (2017). State of the App: A Taxonomy and Framework for Evaluating Language Learning Mobile
Applications. CALICO Journal, 34(2), 243—-258. https://doi.org/10.1558/cj.27623

Sabisch, B., Hahne, A., Glass, E., Von Suchodoletz, W., & Friederici, A. D. (2006). Auditory language comprehension in
children with developmental dyslexia: Evidence from event-related brain potentials. Journal of Cognitive Neuroscience,

18(10), 1676—1695. https://doi.org/10.1162/jocn.2006.18.10.1676

Satapathy, A. (2019). Applications of Assistive Tools and Technologies in Enhancing the Learning Abilities of Dyslexic
Children. TechnoLearn An International Journal of Educational Technology, 9(2), 117-123. https://doi.org/10.30954/2231-
4105.02.2019.9

Schaars, M. M. H., Segers, E., & Verhoeven, L. (2017). Word Decoding Development during Phonics Instruction in
Children at Risk for Dyslexia. Dyslexia, 23(2), 141—160. https://doi.org/10.1002/dys.1556

Schmidt, R. W. (1990). The Role of Consciousness in Second Language Learning.Applied Linguistics, 11(2), 129—158.

Serrano, F., Bravo Sanchez, J. F., & Gémez Olmedo, M. (2016). Galexia: Evidence-based Software for Intervention in

Reading Fluency and Comprehension. INTED2016 Proceedings, 1, 2001-2007. https://doi.org/10.21125/inted.2016.1419

Snowling, M. (1998). Dyslexia as a Phonological Deficit: Evidence and Implications. Child Psychology and Psychiatry
Review, 3(1), 4-11. https://doi.org/10.1017/S1360641797001366

Qeios ID: VOOEY7 - https://doi.org/10.32388/VOOEY7 17/18


https://doi.org/10.1016/j.system.2019.102193
https://doi.org/10.1145/2897736
https://dl.acm.org/doi/proceedings/10.1145/3132525
https://doi.org/10.1145/3132525.3134773
https://doi.org/10.1145/2899475.2899491
https://doi.org/10.1558/cj.27623
https://doi.org/10.1162/jocn.2006.18.10.1676
https://doi.org/10.30954/2231-4105.02.2019.9
https://doi.org/10.1002/dys.1556
https://doi.org/10.21125/inted.2016.1419
https://doi.org/10.1017/S1360641797001366

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

Sggaard, A., de Lhoneux, M., & Augenstein, I. (2018). Nightmare at test time: How punctuation prevents parsers from
generalizing. Proceedings of the 2018 EMNLP Workshop BlackboxNLP: Analyzing and Interpreting Neural Networks for
NLP, 25-29. https://doi.org/10.18653/v1/w18-5404

Tops, W., Callens, C., van Cauwenberghe, E., Adriaens, J., & Brysbaert, M. (2013). Beyond spelling: The writing skills of
students with dyslexia in higher education. Reading and Writing, 26(5), 705—720. https://doi.org/10.1007/s11145-012-
9387-2

Triantafyllidou, C. (2020). Assistive Technologies for Dyslexia: Punctuation and its Interfaces with Speech[Master’s

dissertation: Trinity College Dublin]. Trinity’s Access to Research Archive (TARA)
http://www.tara.tcd.ie/handle/2262/94118

van Rijthoven, R., Kleemans, T., Segers, E., & Verhoeven, L. (2020). Response to Phonics Through Spelling Intervention

in Children With Dyslexia. Reading & Writing Quarterly, 1-15. https://doi.org/10.1080/10573569.2019.1707732

VanPatten, B. (2004). Input Processing in Second Language Acquisition. In B. VanPatten (Ed.),Processing Instruction:

Theory, Research, and Commentary. Routledge.

Vasalou, A., Khaled, R., Holmes, W., & Gooch, D. (2017). Digital games-based learning for children with dyslexia: A social

constructivist perspective on engagement and learning during group game-play. Computers and Education, 114, 175-192.

https://doi.org/10.1016/j.compedu.2017.06.009

Vygotsky, L. (1986). Thought and Language (A. Kozulin (ed.)). MIT Press.

Qeios ID: VOOEY7 - https://doi.org/10.32388/VOOEY7 18/18


https://doi.org/10.18653/v1/w18-5404
https://doi.org/10.1007/s11145-012-9387-2
http://www.tara.tcd.ie/handle/2262/94118
https://doi.org/10.1080/10573569.2019.1707732
https://doi.org/10.1016/j.compedu.2017.06.009

	Computer-Assisted Language Learning Tools for Punctuation in Dyslexia: Development and Evaluation
	Abstract
	Software for Dyslexia
	The Development of PunkBuddy
	The TATL Framework and the Learner Group
	Theories of Language Learning
	Actions and Technology
	The Text-to-Speech Interface
	The Punctuation Correction Interface
	The Chatbot
	The Evaluation of PunkBuddy
	Conclusive Remarks
	Acknowledgements and Declaration



