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1. Introduction

1.1  Relevance of research on speech-to-text technology for students
with dyslexia

Writing is a key competence and essential for academic and professional achieve-
ment. In formal schooling, writing remains the most common way of demonstrating
knowledge and is an essential tool for acquiring knowledge. Moreover, people write
to record information, regulate emotions, and persuade or entertain others. For ev-
eryday communication, writing has become more important than ever, as writing,
using a variety of social networks and media, provides a powerful tool for keeping
people connected (Arcon et al., 2017; Dockrell et al., 2015; S. Graham & Harris, 2020;
S. Graham et al., 2016; Troia & Graham, 2017).

However, not all students acquire writing skills equally quickly and equally well.
According to S. Graham (2019), many students with diagnosed educational needs
in primary and secondary school do not meet even basic standards in writing. One
subgroup of students with special educational needs are students with diagnosed
dyslexia, a disorder in the acquisition of written language that affects a considerable
part of the population (Scheerer-Neumann et al., 2010).

Over the course of a student’s school career, the gap between pupils with poor
writing skills and others widens, despite absolute learning progress, which limits
these learners’ ability to progress in school. Dyslexia is therefore, for many students,
a substantial barrier to their future academic and professional achievement (Scheer-
er-Neumann et al., 2010; Svensson et al., 2019). So how can students with dyslexia
overcome this barrier to acquire the key skill of writing and to have equal opportu-
nities in school and in their professional careers?

To answer this question, it is necessary to differentiate between the writing pro-
cesses and writing products; that is, depending on the particular field of writing re-
search and writing instruction, the focus may be on either writing products or writ-
ing processes. In addition, an analytical separation regarding the hierarchical levels
of both writing processes or products is important to investigate writing (Philipp,
2017). The above-mentioned educational and extracurricular writing activities use
the term writing in the sense of text production, depending on the discipline, also
known as higher-order processes. However, the term writing also applies to the tran-
scription; or in other terms, the lower-order, to processes such as the mechanics of
handwriting or typing to produce letters and words with a writing tool - on paper
or on computer — while respecting the rules of the writing system one is using, i.e.,
spelling.

Motor skills and correct spelling are not ends in themselves but support the
comprehensibility and readability of a text and affect text quality (Bachmann &
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Becker-Mrotzek, 2017b; A. Sturm & Schneider, 2019). Non-automated mechanics
of handwriting or typing and the orthographic processes of spelling place major
demands on the working memory (Kellogg et al., 2013). Cognitive Load Theory by
Sweller (1994) suggests that working memory resources are limited and that differ-
ent processes compete for them. As a result, the writer’s limited resources are not
available for higher-order processes (Kellogg et al., 2013). Thus, if writers often have
to solve orthographic problems during text production and frequently think about
how an expression should be written, this impacts text quality in a negative way (A.
Sturm & Schneider, 2019). This particularly applies to students with dyslexia. It is
assumed that, due to non-automated lower-order writing processes, students with
dyslexia lack cognitive resources for the development of the higher-order writing
processes, in other words, text production (Haug & Klein, 2018).

According to Bachmann and Becker-Mrotzek (2017b), the term, text production,
does not presuppose that someone producing text must have the ability to do the
mechanics and spelling themself. Rather, it denotes the ability to create text in a
form that can be re-used and transmitted, thus, in spoken or written form. In this
sense, dictation is also a way of producing text. However, while dictating takes place
in an oral modality, dictating needs, on a conceptual level, a concept of writing,
meaning that the way of thinking and planning text corresponds to the written form
(Koch & Oesterreicher, 1985).

Given the importance of writing in terms of producing text for multiple purposes
in school, and the fact that lower- and higher-order writing processes can be disso-
ciated, the question arises as to whether students with dyslexia would benefit from
bypassing the lower-order writing processes in favour of the higher-order processes.
Digital applications that enhance text production present a possible means of cir-
cumventing challenges such as those of orthography or handwriting, because they
are assumed to free up cognitive resources for planning, structuring and revising a
text. Technologies that are, firstly, aimed at improving functioning, and secondly, in-
tended for people with disabilities, are called assistive technologies (ATs). Svensson
et al. (2019) consider that ATs are now sufficiently effective to be a real alternative
for students with writing difficulties. According to these authors, in the future, there
will be at least two options for text processing and written communication: either
people will read and write in the traditional way; or they will use technological tools
to do so. Both speech-to-text technology and text-to-speech technology have, in
recent years, transitioned into mainstream technology that can be easily accessed
on computers, tablets or mobile phones (Almgren Béck et al., 2023; D.L. Edyburn,
2015). The focus in this thesis research is on speech-to-text technology (STT), also
known as dictating software, which is based on an automated speech-recognition
system and assists in writing.

Legally, the use of STT, as one type of AT, falls under the right to compensation
for disadvantage which, in Switzerland, is based on the Federal Act on the ‘Elimi-
nation of Discrimination against Persons with Disabilities’ (BehiG SR 151.3, 2002).
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As dyslexia is classified as a language disability (Langenfeld, 2007), this law applies.
The approval of a technological aid is, for example in the Swiss canton of Freiburg,
listed as a possible measure to compensate for disadvantages (Staat Freiburg, 2023).

However, not all professionals in the educational system, e.g. teachers, speech
pathologists or special needs teachers, perceive the use of a technology in the in-
clusive classroom in the same way. While some consider the use of a technology
like STT as a compensational measure, in other words an AT only, others consider
it as a common tool for learning or remediation. Researchers from a range of dis-
ciplines, including media education, writing research and special needs education,
advocate a shift in this respect. As a result of rapid and significant changes in literacy
and technology, they promote a recognition of these tools as common learning or
educational tools (I. Bosse et al., 2018; Matre & Cameron, 2024). The emergence of
new tools and the improvement of existing ones have impacts on both literacy and
language modalities, especially writing processes and products. Therefore, research
and schools, particularly the field of writing instruction, must adapt to these changes
(Applebee & Langer, 2009; Leu et al., 2013). In the classroom of today and tomor-
row, roles and expertise are changing, as teachers no longer necessarily know all the
available technologies better than their learners. Instead of instructing on the use of
tools, teachers in future, might have to orchestrate learning with such tools (Leu et
al., 2013; Tate et al., 2016).

According to S. Graham (2019), today, students in the USA receive few specific
instructions for writing on the computer or opportunities to practice, even though
digital writing clearly predominates in writing inside and outside of school. In ad-
dition, school-related writing on computers strongly impacts school and career op-
portunities, which is particularly true for learners with writing difficulties, who tend
to write less than others in school and in everyday life (S. Graham, 2019). Although
the research literature does not yet provide a solid answer to the question of which
media and methods to use, researchers see opportunities in digital media, specifi-
cally for struggling writers, to improve their writing (S. Graham, 2019; Regan et al.,
2021; Schroder et al., 2022).

Arguments for compensating for inadequate writing skills can also be found in
studies about writing motivation (e.g. Ekholm et al., 2018). People with dyslexia
experience high levels of anxiety and stress (McArthur et al., 2000) and suffer from
low self-esteem and social exclusion because of their difficulties. These feelings are
likely to have a negative impact on motivation (Svensson et al., 2019). Meanwhile, it
is well established that the motivational variables, writing attitudes and self-efficacy
in writing, are important predictors for writing performance (S. Graham et al., 2017;
Wright et al., 2021), which is even more the case for struggling writers (S. Graham
et al,, 2018). Thus, if negative feelings are reduced by an AT intervention and, in
turn, writing motivation and self-efficacy are improved, this could, potentially, have
a positive impact on writing performance. Svensson et al. (2019), investigating STT
and TTS, consider the possibility of a positive impact of the application of apps
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on writing motivation and general school motivation, especially for students with
severe dyslexia. However, according to Matre and Cameron (2024), there is little ev-
idence on the question. No study specifically investigating writing motivation with
STT and on students with dyslexia is found in the research literature reviewed for
this thesis.

Regarding the literature about STT as AT for students with poor writing skills,
quantitative research studies report benefits in outcomes such as text quality, text
length (MacArthur & Cavalier, 2004; Schiiler, 2020), and number of ideas (Arcon
et al,, 2017), for students with learning disabilities and struggling writers, but not
for students without difficulties. Haug and Klein (2018) report a transfer of writ-
ing strategies from one modality to another. Svensson et al. (2019) confirm trans-
fer effects also for spelling, in a study on different types of AT for students with
dyslexia in regular classrooms. However, some authors report mixed results, both
on higher-order and on lower-order writing measures (e.g. Berner & Alves, 2021;
Quinlan, 2004); and user experiences of STT draw attention to problems such as
misinterpretation of spoken words, which can be exhausting for the users and lead
to feelings of frustration or stigmatisation (Almgren Béck et al., 2023; Briiggemann,
2018; Soderstrom, 2016). Furthermore, research literature from the field of media
education indicates that the successful implementation of a tool is challenging for
the teachers and schools (e. g. Kerres et al., in press).

Research contributions from Arcon et al. (2017), MacArthur (2009) and Liu et
al. (2019) identify conditions for success. Accordingly, an STT tool will only deliver
the desired benefits if the learners are motivated and willing to learn to use the tool
and agree to use it consistently. In addition, the learners should receive a thorough
introduction to become familiar with the tool. Once STT and other technological
tools are introduced, they are helpful for teachers, because students become more
independent (Svensson et al., 2019).

This thesis addresses the question of whether STT is an effective tool, both to
assist and enhance writing, for primary school students with dyslexia and, if so, what
teachers and specialists need to know for its implementation so that the benefits of
STT enhance the students’ learning. The current state of research with regard to the
question of the effectiveness of STT for students with dyslexia contains some re-
search gaps, which the following studies identify. Matre and Cameron (2024) argue,
“there is a great need for more robust research on the use of speech-to-text tech-
nology (STT) in educational settings, especially on its effect on writing skills” (p. 1).
Svensson et al. (2019) agree on the current lack of solid studies but also consider that
there are no reliable quantitative and qualitative instruments to investigate the pos-
sible benefits of ATs. Investigating changes in written language abilities due to the
use of a tool such as STT, compared to traditional teaching and writing approaches,

1 The expression ‘poor writing skills’ is often used synonymously with ‘struggling writers’
including different subgroups such as learning disabilities or dyslexia.
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requires specific instruments, i.e., to measure gains in dictated texts. Furthermore,
due to the limited empirical base in the field, there is insufficient evidence on how
interventions should be designed in a school setting (Nordstrém et al., 2019). Matre
and Cameron (2024) and Almgren Béck et al. (2023) identify technical, contextual
and emotional barriers that impede the application of STT for primary and second-
ary school students.

Research in this field also has to cope with the rapid pace of technological de-
velopment (H. Schneider & Anskeit, 2017; Schiiler, 2021). While the quality of the
Automatic Speech Recognition technology (ASR) has improved substantially and
continued technological developments in STT may potentially resolve many chal-
lenges (Filippidou & Moussiades, 2020), some questions remain that require further
exploration. One question is the accuracy in different languages, because STT quali-
ty varies from one language to another (Matre & Cameron, 2024; Silber-Varod et al.,
2021). STT as a mode of text production has not yet been fundamentally investigated
in German-speaking countries (H. Schneider & Anskeit, 2017; Schiiler, 2020). Fur-
thermore, Matre and Cameron (2024) state, in their scoping review on the use of
STT with struggling writers at secondary level, that little is known about the age that
suits best for introducing the use of STT. These authors assume that STT does not
suit all students, which Almgren Béck et al. (2023) confirm. This observation, firstly,
reinforces Schroder et al’s (2022) claim that research should be more specific about
the use of a tool by individual groups of students. STT has been studied for vari-
ous groups of students, e.g. students with learning disabilities, struggling writers,
students in second language acquisition, secondary school and college students, or
students after traumatic brain injury (Arcon et al., 2017; Haug & Klein, 2018; MacAr-
thur & Cavalier, 2004; Matre & Cameron, 2024; Noakes et al., 2019; Schiiler, 2020).
Secondly, no studies on STT appear to have been conducted specifically on students
with dyslexia. Thirdly, while most of the limited number of studies investigate the
usefulness of STT for writing in the dictating modality (e.g. Almgren Béck et al.,
2024) or differences between modalities, even fewer studies attempt to investigate
changes in modality-independent writing and writing-related skills (Svensson et al.,
2019). The present thesis project aims to fill these research gaps. In addition, the
present research includes the question of the challenges met during implementation
in schools.

1.2 Research goal and questions

In line with the above-elaborated research gaps, this thesis research investigates the
effectiveness of speech recognition technology for primary school students with
dyslexia. Situated in the field of intervention research, it addresses the following
overall research question, according to methods of inferential statistics (Bortz &
Schuster, 2010):
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Is the use of STT-tools for students in fifth grade with dyslexia an effective method to
improve text quality and other literacy skills and increase their writing motivation?

According to Cognitive Load Theory and motivation theories, as well as the state of
the research in this field, this thesis hypothesises that text quality, and other literacy
skills such as spelling and basal reading skills, improve, and that writing motivation
increases, among students who use an STT tool.

Given the state of the research and the complexity of writing processes, challeng-
es during the implementation in the classroom must, however, be expected. This
project also aims to identify these, and asks:

Which challenges accompany the implementation of STT in the classroom?

The explanatory methods to investigate the effectiveness of the tool are, therefore,
supplemented by an explorative approach. The mixed-methods approach in this
project combines quantitative and qualitative research methods to provide insights
into this topic and substantiate the scope of the results (P. Schneider & Niederberger,
2020).

1.3 Research outline

This thesis study investigates the questions above with a quasi-experimental study
with a mixed-methods design. It examines the development of written language
skills and writing motivation among Grade 5 students with dyslexia. The study takes
place in the German-speaking part of Switzerland during the school year 2022/2023.
The study includes a pre- and post-test and attempts to meet the conditions for a suc-
cessful use of STT, i.e., a thorough software instruction for those using the tool, and
specific writing instruction. Three groups are compared to each other. One group
receives the software introduction and uses STT in their writing classes. This group
also receives writing instruction by videos provided to the teachers. This group is
compared to two distinct groups that write in a traditional manner, i.e., without
STT. While these latter two groups write by hand, they differ in terms of the writing
instruction they receive: one receives the writing instruction by videos; the other,
conventional writing instruction by the teacher. At the end of the intervention peri-
od, interviews are conducted with the teachers, including special needs teachers and
speech pathologists, who worked with the participants of the experimental group
that use STT in their writing classes.

As there are no guidelines or manuals for the introduction of speech recognition
software, appropriate materials needed to be developed for the student group and
evaluated for use in this study. Teaching materials for writing lessons do exist, but
due to the design of this study, it is important that the writing lessons in the exper-
imental groups are comparable. Thus, specific materials for the present study were
also designed and piloted in advance. While existing instruments can be used to as-
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sess text quality, writing fluency and reading fluency, there is no suitable instrument
in German to assess motivation to write. A questionnaire was thus translated from
English, adapted, and evaluated prior to the study.

14  Structure of the thesis

This thesis is structured as follows. The first part of Chapter 2 focuses on the defi-
nition and importance of writing competence. Following this, relevant models are
discussed that illustrate the complexity of writing. S. Graham’s (2018) “Revised Writ-
er(s)-Within-Community Model of Writing” conceptualises writing as a social ac-
tivity within specific writing communities. It emphasises that writing does not occur
isolated from the environment and includes the writing tool. The writing model by
Hayes (2012) illustrates the separation of lower-order and higher-order processes.
Olive’s (2014) model addresses the complexity of the coordination of writing pro-
cesses. The second part of this chapter focuses on dyslexia and its impact on school,
work and everyday life. It then discusses ways of addressing dyslexia, such as inter-
vention or compensation, with STT being one option.

Chapter 3, firstly, outlines major developments in technology over the last few
decades. Secondly, the use of STT for students with dyslexia is discussed in a theo-
retical approach, namely from the perspectives of Cognitive Load Theory (Sweller,
1994), motivational theories (e. g. Bandura, 1997), New Literacies Theory (Leu et al.,
2013) and media education (Kerres, 2018). Chapter 4 elaborates on the benefits and
challenges of STT for writing. While substantial literature for students with dyslexia
is scarce, studies from neighbouring fields can provide some useful information for
the question of how students with dyslexia may benefit from using STT. This chap-
ter also delves into advantages and challenges of this type of tool. According to the
literature, such tools need to be carefully introduced and combined with effective
writing instruction. Therefore, this chapter maps key elements of conditions for the
successful application of STT.

Chapters 5 and 6 constitute the empirical research report. Chapter 5 presents: the
subsidiary research questions to the above-mentioned overall questions in detail,
the research design with the methodological approach of the quasi-experimental
study and the interview study, including the field access, the participant recruitment
and the sample for each, and the quantitative and the qualitative study component.
Within the research design, the integration strategy of both components is also out-
lined. Due to the self-assignment into study groups, the comparability of the groups
is presented in detail. This chapter also includes the rationale for the selection of the
assessment instruments, and discusses adaptations made to meet the research pur-
poses. The final section of Chapter 5 presents the hardware and software provided to
the group using STT, and all instructional materials for the software instruction and
writing instruction by videos. Chapter 6 reports all results for the inferential statisti-
cal and the qualitative content analyses, in order of the research questions, including
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reporting on any breaches of the required statistical assumptions. The quantitative
and qualitative data allow for complementary findings which are presented in the
last part of each section.

Chapter 7, firstly, brings the results of the two components together and discuss-
es these within the context of the literature. This first section also elaborates implica-
tions for further research and practice for the use of STT for students with dyslexia,
followed, in the second section, by limitations of this study. Chapter 8 is dedicated
to the thesis conclusions; Chapter 9 closes the thesis with a summary of the research.



2. Writing despite Dyslexia

In Chapter 1, the importance of skilled writing was emphasised as a key competence
for school, professional and everyday life. This chapter elaborates the terms writing
or writing competence and situates writing in its contexts. Writing is commonly
known as a complex task, which is why, at this point in the thesis, the processes and
components necessary to accomplish a writing task are highlighted. An overview of
the development within the norm of writing and writing instruction is presented,
which provides a basis to discuss the impairment of writing acquisition and possible
measures.

Writing - a flexible, versatile and powerful tool - is undoubtedly very important
for school and everyday life. However, S. Graham and Harris (2019b) also describe
writing as a very complex competence and activity, as their following statement il-
lustrates:

Writers must juggle and master a commanding array of skills, knowledge, and pro-
cesses, including knowledge about topic and genre; strategies for planning, drafting,
revising, editing, and publishing text; and the skills needed to craft and transcribe
ideas into sentences that convey the author’s intended meaning (2019b, p. 19).

In addition to its multidimensionality and complexity, writing is also a social activity
shaped by cultural, societal and historical factors which takes years of training and
effective instruction (Girgensohn & Sennewald, 2012; S. Graham & Harris, 2019b).
Section 2.1 elaborates this task, commonly considered complex with its numer-
ous processes and components. To the end of this overview, this chapter elaborates
on the term, writing competence, by the presentation of three models. The first
model presented is the Revised Writer(s)-Within-Community Model (WWC) by
S. Graham (2018), which provides a broad perspective on writing within a writing
community, such as in writing instruction. This model also considers the writing
tool. The second model presented here is the current version of the writing model,
by Hayes (2012) illustrating the elements of the internal processes that are import-
ant in writing. Although the differentiation of lower-order and higher-order writing
processes is at the core of the discussion presented in this chapter, further cognitive
processes such as working memory are also developed. However, these two models
don’t provide a detailed description of how the writing processes described are coor-
dinated by Olive’s. The coordination of these processes is considered to be of interest
for the present thesis research, because the use of a technology might impact such
processes and their coordination. Therefore, a third model, by Olive (2014, p. 173),
“toward a parallel and cascading model of the writing system’, is discussed and sum-
marised. Sections 2.1.2 and 2.1.3 then elaborate key points of writing instruction
including the writing tasks and writing assessment within the normally expected de-
velopment of student writing abilities. On this basis, Section 2.2, next, focuses on the



22 | 2. Writing despite Dyslexia

impaired acquisition of written language and possible interventional, adaptational
and compensational measures.

21 Writing competence

Philipp (2015) assumes that ‘writing competence’ is a challenging term to define.
While the author assumes that the term ‘writing’ can be defined, he points out the
difficulty of defining the term ‘competence’. Becker-Mrotzek (2014) summarises the
term ‘writing’ as commonly used to describe a written-language action that involves
spatially and/or temporally extended text-based communication between a writer
and a reader. Philipp (2015) describes writing, at its prototypical core, as a commu-
nicative action. By contrast, the term competence is difficult to define because there
are several different understandings, e.g. cognitive competences, key competences
or meta-competences, in research and commonly used in everyday life (Grabowski,
2014; Philipp, 2015). Harsch et al. (2007, 45, Transl. Fliitsch Keravec) define writing
competence’ as the “ability to formulate texts in a way that is appropriate for the
target audience and, depending on the writing goal, to inform precisely, argue con-
vincingly or use language in an aesthetically accurate and creative way”.

Writing competence requires various linguistic and cognitive resources as well as
knowledge about writing and content (Becker-Mrotzek, 2014). Philipp (2015) distin-
guishes writing competence from a purely graphomotor or (meta-)cognitive action
and proposes a narrow and a broader definition of writing competence. While the
broad definition includes motivational factors as well as the social context and the
individual’s interaction with the developing text, the narrow definition focuses on
the text production performance but still includes motivational factors.

With regard to students with dyslexia both definitions may be of interest. One
the one hand, considering students’ participation in the community by the means of
writing, accordingly a broad perspective of writing seems important for consider-
ations about whether or not to apply digital technologies as AT. On the other hand,
instruction in literacy acquisition and remediation, often focussing single elements
of writing, take a narrower perspective of writing. This perspective seems worthwhile
when considering research questions about the effectiveness of digital technologies
on writing such as in the scope of this thesis. It puts the writing skills and writing
motivation of students with dyslexia at its core and focusses on text production’.
Nevertheless, the supplementary research question in this thesis, about accompa-
nying challenges for the implementation of a transcribing technology in school,
invites a broader perspective because, for example, the social context, well-being

2 Not differentiating between competence and ability; Harsch et al. (2007).
3 Spelling and handwriting/typing are mentioned when it seems relevant to the under-
standing of (text) writing skills or their acquisition.
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of students with dyslexia, or teamwork among teachers and specialists, all play an

important role.

2.1.1 Models of writing

A scientific model is an approximation of a phenomenon (S. Graham, 2018) and is
used to describe, explain and predict that phenomenon (A. Sturm & Weder, 2016).
According to the perspective different models are possible (S. Graham, 2018). This
thesis starts from a broad perspective, of writing within the community. Subse-
quently, the perspective is narrowed to the cognitive and motivational processes of
writing, in the current version of the writing model by Hayes (2012), and then to the
perspective of the model by Olive (2014) representing the interaction and coordina-

tion of processes during the writing process.

2111 Written products, writers and the community:
The Writer(s)-within-Community Model

S. Graham (2018) presents a model that he calls the Revised Writer(s)-within-Com-
munity Model (WWC), with the aim of improving understanding of how writing
occurs. He illustrates the complexity of writing with two figures, one (Figure 2.1)
putting writing at the core of the community, the other (S. Graham, 2018, p. 265)
showing the cognitive mechanisms involved in writing.
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Figure 2.1:  Basic components of a writing community (s. Graham, 2018, p. 264)
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By merging the sociocultural and cognitive perspectives, this model places the writ-
ing process within a large context, i.e., on a macrolevel, and emphasises the impor-
tance of social interaction and collaboration (Ekholm et al., 2018). All components of
the writing community interact reciprocally, shown in Figure 2.1 by the arrows. The
second circle, moving from the outside to the centre, shows that a writing commu-
nity includes its purpose for engaging in writing, its members, i.e., writers, collabo-
rators, audiences, its typical practices, its physical and social environments, and its
own collective history. A language arts class, where students are learning to write, is
one example of a writing community; but an online website where writers share and
support one another’s writing efforts is also one, or a parent and a child who write
stories together to entertain someone (S. Graham, 2018). According to the third circle
in Graham’s WWC, “writing is simultaneously shaped and constrained by context, the
capabilities, and perceptions of writers and collaborators, and the interactions between
the two” (2018, p. 258). These multiple interacting characteristics of the community
simultaneously influence, at its core, the written product and how writers and possible
collaborators achieve the desired writing goals, which writing tools they apply, and
which actions they use (S. Graham, 2018). Tools for writing include not only paper and
pencil or typewriters, but also dictation with a human or technologies such as word
processors and speech recognition technology (Gabrial, 2008; S. Graham, 2018).

Within the writer, the cognitive, affective and motivational resources interact
among themselves but also with all resources within the community. These include:
1) long-term memory resources such as knowledge and beliefs; 2) control mecha-
nisms such as attention or working memory; 3) production processes such as tran-
scription or ideation; and 4) modulators, i.e., emotions, personality traits, and the
physical state (S. Graham, 2018).

S. Graham (2018) takes, with this second part of the model, a closer look at the
resources within the writer that influence the written product. Due to similarities
with other models, S. Graham’s second part is not presented here. Hayes (2012) and
his colleagues have proposed models to illustrate the resources and interacting pro-
cesses in writing since 1980, firstly with the Hayes-Flower (1980) model. While this
model presented adults’ writing, more recent work also addresses children’s exposi-
tory writing (Hayes & Olinghouse, 2015). “Although the different models of the writ-
ing processes cannot be regarded as equivalent” (Olive, 2014, p. 174), several models
conceive writing as an engaging process that includes different levels of processing,
in which conceptual, linguistic and motor processes must be orchestrated (Olive,
2014). The following section aims to disentangle this engaging process by highlight-
ing the most relevant processes and their development for this thesis.

2.1.1.2  Writing processes in models including development of processes

While the WWC model contains the writing products, the models from Hayes and
colleagues intend to describe the writing processes. According to Philipp (2015), the
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distinction between both in the field of competences is beneficial for understanding
and addressing them coherently in research and instruction. The two approaches
should therefore be seen as complementing rather than competing with each other
(Philipp, 2015; A. Sturm & Weder, 2016).

Figure 2.2 shows that the model by Hayes (2012) divides the writing process into
three levels. Several factors, processes and functions are involved in writing (Hayes &
Olinghouse, 2015). The components considered central for this thesis are elaborated
and complemented by consideration of writing development in children and adoles-
cents, since the (2012) model describes* writing in competent adult writers.

The three levels of the model, from the top to the bottom, are the control level,
the process level, and the resource level. The control level includes factors that shape
and direct the writing activity. Its components are ‘motivation, goal setting, cur-
rent plan’ (both further mentioned in Section 2.1.2 about writing instruction) and
‘writing schema’ ‘Motivation’ to engage in writing, and to maintain throughout the
writing process, is an important component to make writing happen at all. However,
Hayes and Olinghouse (2015) state that hampered transcription skills limit writers
from engaging in writing, especially in long essay writing. This is therefore inter-
preted as an interaction between motivation and transcription, which illustrates that
the processes of different levels and resources interact with each other, although the
model in Figure 2.2 contains no arrow between the levels. Since students with dys-
lexia have, per definition presented below in Section 2.2.1 difficulties in transcrip-
tion, dyslexia might reduce writing motivation, which is thus discussed in detail in
Chapter 3, Section 3.3.2.

‘Writing schemas’ represent the writer’s knowledge about strategies, as well as
knowledge of text properties such as genre, length, format and tone. Schemas guide
experienced writers in creating a variety of genres, but they also support the con-
struction of written plans and guide the carrying out of revisions. Included in these
schemas are knowledge about how the writer can generate ideas or how to structure
a text. The various genres require different schemas which are acquired at different
times and rates. Parts of genre knowledge may be taught and learned piecemeal. The
use of schemas is a conscious activity that is learned through years of instruction and
experience in reading and writing (Hayes & Olinghouse, 2015). Writing schemas are
not intended to be automated processes (Hayes & Olinghouse, 2015); but according
to cognitive load theory (see Chapter 3, Section 3.3.1), previously acquired schemas
can be automated to some extent, freeing working memory space (Paas et al., 2003).
The process level includes, on the one hand, the internal writing processes and, on
the other hand, the environmental factors, which influence each other. While the
writing processes, one component of the process level, are discussed in the following

4 For full details, please refer to further literature. See Hayes (2012); Hayes and Olinghouse
(2015); A. Sturm et al. (2017).Klicken oder tippen Sie hier, um Text einzugeben.
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paragraphs, the other component, the task environment, is discussed within Section
2.1.2 on writing instruction (Hayes & Olinghouse, 2015).

Writing processes represent the internal mental processes going on in writing ac-
tivities. These are not observable by themselves, but by combining the four internal
writing processes, an outcome in the form of a written product can result. The four
internal writing processes are, according to this model, the ‘proposer; the ‘translator’
the ‘evaluator’, and the ‘transcriber’ (Hayes & Olinghouse, 2015).

The ‘proposer’, in Hayes (2012), suggests ideas for inclusion into the text, which are
triggered by stimuli such as the sensory environment, memory, goals, or collaborators.
These ideas are then processed by the ‘translator’ The ideas are translated into gram-
matical strings of language; in other words, the translator translates nonverbal ideas
into verbal form (Hayes & Ann Chenoweth, 2007). The ‘transcriber’ applies rules of
spelling and good written form, such as well-formed letters and appropriate capital-
isation and punctuation, to these grammatical strings and turns them into written
text (Hayes, 2009). This process plays a critical role in the development of children’s
writing in early school years (Hayes, 2012) and also for children with learning difficul-
ties (A. Sturm et al., 2017). “Successful transcription requires skills in forming letters
(handwriting or typing), in spelling, in capitalisation, and in punctuation” (Hayes &
Olinghouse, 2015, p. 487). This is why this process requires a significant number of
resources and is described as the major bottleneck limiting writing fluency (Hayes &
Olinghouse, 2015). In contrast to Hayes (2012) model, writing fluency is distinctly
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illustrated in the translated and adapted model for German by A. Sturm et al. (2017,
p- 85). Handwriting or typing and spelling are two entities that form, together with the
retrieval of linguistic knowledge, writing fluency. Retrieving linguistic knowledge from
the long-term memory refers to the translator in Hayes’ model, shown in Figure 2.2.
A. Sturm et al. (2017), which describe the development of these skills with a focus on
their automatization, also known as ‘lower-order’ writing processes (Philipp, 2015). In
contrast to the higher-order writing processes, these processes can and must become
more automatic to relieve the burden on the cognitive system (A. Sturm et al., 2017),
in other words, to require less working memory and interfere less with other writing
processes (Hayes, 2012). Therefore, writing fluency plays a mediating role between the
higher- and lower-order processes, i. e., between the control and process levels (Y.-S. G.
Kim et al., 2018). Hayes and Olinghouse (2015) cite research literature showing that
specific training in handwriting or spelling increases the length and quality of texts.
However, the acquisition and automatisation of these transcription skills take years
and training (Bazerman et al., 2017), and these skills are mode-specific, meaning that
the transcription training must also be mode-specific (Hayes & Olinghouse, 2015).
Regarding spelling and orthography, the orthographic skills are, according to the de-
velopmental model of written language acquisition by Frith (1985)°, acquired last, af-
ter logographic and alphabetic skills. Frith assumes that orthographic knowledge can
only be transferred to the spelling output system when it becomes precise enough; in
other words, internal representations must be exact in terms of letter-by-letter detail.
However, it is important to point out that the application of the automated spelling
process is only of interest in the transcription process, whereas the revision process
needs access to rule knowledge, targeted rehearsals and correction strategies, which
are particularly important in German (A. Sturm et al., 2017).

The ‘evaluator, presented in the model by Hayes (2012) with arrows to the three
other processes, examines their outputs and judges their adequacy. The evaluator
can act on ideas, on translation into language, or on transcription, by rejecting or
keeping stages of the developing written product. Not illustrated in the model, but
important parts in writing, are ‘planning’ and ‘revision. Both are complex activities,
each with its own writing schema and each making use of some of the basic process-
es to accomplish their own special goals. The processes of planning and revision dif-
fer between children and competent adult writers. While developing writers spend
little time on planning, the relation between planning and composing develops with
age. While adults spend time on revision while composing, this type of revision, but
also post-composition revisions, are relatively rare in children, even if children are
able to revise when specifically asked to do so (Hayes & Olinghouse, 2015).

5  The orthographic skills refer to the units that are internally represented as abstract let-
ter-by-letter strings. These units make up a limited set that can be used to create, by
recombination, an almost unlimited number of words. The orthographic strategy is dis-
tinguished from the logographic and the alphabetic ones by Frith (1985).



28 | 2. Writing despite Dyslexia

The resource level in Hayes” (2012) model contains four components, ‘attention,
‘long-term memory; ‘working memory’ and ‘reading, which are used in writing and
many other activities (Hayes & Olinghouse, 2015). In contrast to the first model by
Hayes and Flower (1980), the model of 2012 places ‘reading’ as a resource. Editing
and revising typically involve the repeated reading of the text written so far. Thereby,
the reading process depends on the writer’s goals and the specific task (Hayes &
Olinghouse, 2015). According to Linnemann et al. (2022) and R.D. Abbott et al.
(2010), reading and writing are closely related, because they are based on compara-
ble cognitive skills and common knowledge (Linnemann et al., 2022). ‘Attention’ “is
the ability to maintain focus on a task in the face of distraction” (2015, p. 486). Atten-
tion, also referred to as ‘executive function’ or ‘executive control; is essential in writ-
ing high-quality texts. ‘Long-term memory’ consists of topic knowledge, schemas,
linguistic knowledge, events etc. (Hayes & Olinghouse, 2015). Long-term memory
has no known limits of capacity or duration. A signal from the environment can
trigger the transfer of information from the long-term memory back to the working
memory, where the appropriate action is executed. Regarding writing, this applies,
for example, in the activation of writing schemas (Sweller, 2023), discussed in detail
in Chapter 3, Section 3.3.1 about cognitive load theory. The ‘working memory’ is pre-
sented as a short-term memory system with separate storage for verbal and for spa-
tial information, which is used to handle information requirements needed to carry
out tasks (Hayes & Olinghouse, 2015). According to their paper, “The phonological
loop as a buffer store: An update, Baddeley and Hitch (2019) state that this percep-
tion has lacked further development, and the authors elaborate a multicomponent
model of working memory with a number of inter-related buffer stores. The authors
propose the current working memory model as a hierarchical structure based on a
series of interacting buffer stores (Figure 2.3).
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Figure 2.3:  Current version of multicomponent model of working memory (Baddeley, 2012, p. 23)
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This model retains the episodic buffer, the two elements of visuo-spatial sketch-
pad (VSSP) and the phonological loop, as well as the central executive. In contrast to
previous models of working memory, it distinguishes between the purely attentional
function of the central executive and the capacity for passive storage of the episodic
buffer. The buffer represents the aspects of the visuo-spatial and phonological sub-
systems that are accessible to conscious awareness. These buffer stores are potential-
ly able to combine information from two or more sources and are likely to process
information. This applies for the sketchpad and the phonological loop. Regarding
the latter, the authors assume it to provide a merging point for language-related ma-
terial. It processes not only sound and phonology but also associated language-based
features such as lip reading. These types of input have different but relatable codes
and different input rates. This allows the input to be bound into more complex verbal
linguistic episodes. Combining codes and coordinating input rates probably require
temporary storage. This update on the phonological loop as a buffer store illustrates,
on the one hand, that the complex processes executed during writing are not yet
completely known. On the other hand, the model offers an account of how memo-
ry and attention combine to facilitate complex cognition (Baddeley & Hitch, 2019).
In this sense, and regarding the research question in this thesis about transcrip-
tion technology, the question is raised as to the extent to which the transcription
technology affects the demands on the storage and the coordination of processes in
the working memory. At this point, it is assumed that the demands of handwriting
and thinking about spelling when producing text put a different strain on work-
ing memory than in dictating text. While the model by Hayes (2012) illustrates the
multitude of interacting components and processes, however, it does not delve into
the question of how these processes are coordinated. Therefore, an overview of the
model by Olive (2014), about the parallel and cascading architecture of the writing
system, which is based on studies that examine the impact of handwriting skills on
higher-order writing processes, is presented next and concludes this section about
writing models.

2113 Toward a parallel and cascading model of the writing system — Olive
(2014)

Olive’s (2014) article, “Toward a parallel and cascading model of the writing system,
takes numerous proposals for models into account and proposes a conceptual archi-
tecture of the writing system, which is a domain-specific model. The model (Figure
2.4) specifies that the processes in writing do not take place successively but that
they partially overlap (Linnemann et al., 2022).

The conception of this model is in line with incremental speech production models
such as Levelt’s (1989) model which offers, according to Olive (2014), a more sophisticat-
ed model for speaking than that which exists for writing. The author proposes a model
that contains three levels of processing: the conceptualising level, the formulation level,
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Figure 2.4:  Schematic representation of writing processes coordination (Olive, 2014, p. 178)

and execution level. These levels are organised hierarchically, from more central cogni-
tive processes, i. ., conceptual, to more peripheral ones, i.e., execution processes. Olive
(2014) calls this flow, from the centre to the periphery, ‘cascading. During the writing
process, the three levels operate simultaneously on different segments, illustrated in the
upper part of Figure 2.4, labelled as (a). Regarding the production of written language,
this corresponds to converting ideas into well-elaborated language before transforming
it into written text via hand and finger movements. In addition to the cascading process,
Olive (2014) assumes that different segments of text are processed in ‘parallel, when
sufficient cognitive resources are available. He argues (2014, p. 176):

if writing processes were only sequentially coordinated, then writers would first plan a
segment of text, next transcribe it, and they would not be able to prepare the following
segment of text until the handwriting of this segment of text was finished”

He illustrates such sequential processes in the lower part of Figure 2.4, labelled as
(b). By contrast, observations gathered from several studies show, firstly, that lan-
guage preparation occurs not only during (handwriting) pauses®, and secondly, that
rapid interactions between planning and translating observed in skilled writers are
possible. Therefore, Olive summarises the conceptualisation of writing as follows
(2014, p. 177): “Each segment of text is sequentially processed from central to periph-
eral processes, and different levels of processing operate simultaneously on different

6  The light grey field with the letter b in the lower model ‘b’ indicates the writing pause.
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segments of text”. From the top down, operations at a particular level may interact
with a subsequent level, because information cascades between levels of processing.
At the same time, bottom-up interferences are possible, as operations at low levels
of processing may affect higher levels because several levels of processing operate si-
multaneously. For example, the time taken to physically write down thoughts might
cause the writer to forget the ideas on the conceptual level or formulations. The
observation that handwriting might affect quality of composition in these two ways
was already described in 1987 by Bereiter and Scardamalia, which is therefore in
line with Olive’s (2014) model. As a result of a particular need at a particular level of
processing, or due to less experience in writing, fluency decreases or becomes more
hesitant because writers focus on a specific level of processing and therefore adopt a
more sequential coordination of the writing processes (Olive, 2014).

Working memory and the executive functions, although domain free, in this
model receive the role of mediators for process coordination’. The processing de-
mands of each level, placed on working memory capacity influence to what extent
the levels of processing are parallel. Observations of children and adults, the former
preferentially adapting a step-by-step strategy with pauses to plan further text seg-
ments, the latter tending to prepare longer text segments, suggests a development
from sequential to more concurrent activation due to practice and age (Olive, 2014).

In summary, several points of these three models influence the present thesis and
its research approach. S. Graham’s (2018) WWC illustrates that, in writing research
and instruction, the environment must be considered, including among many other
factors the writing classroom and the writing tools. Hayes’ (2012) model presents
many processes and components that interact. The application of a transcribing tech-
nology potentially influences lower-order writing processes. Subsequently, working
memory resources might be freed and possibly used by higher-order processes. At
the same time, an application that acts on transcribing potentially interacts also with
motivation. Olive’s (2014) model illustrates that different levels and different seg-
ments are processed simultaneously. At this point, it is therefore assumed that the
transcribing technology impacts the simultaneous processing because the type of
input and the input pace vary, which thus needs to be considered.

2.1.2 Writing instruction and writing task

Girgensohn and Sennewald (2012) wrote that to become a virtuoso at writing takes
many years or even decades; and S. Graham and Harris (2019b, p. 24) state, “Writing
is hard work and learning to write well is even harder”. To become a skilled writer,
learners need writing instruction that allows them to flourish. This instruction must
make sure that students acquire the skills, strategies, and knowledge they need to

7 'The light grey field with the letter a in the upper model @’ represents a period where
buffering is necessary while the following processes get ready to operate.
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meet the challenges on the path to becoming a skilled writer (S. Graham & Harris,
2019b). The quality of writing tasks is also an important component of writing in-
struction, especially for motivation and engagement (Bruning & Horn, 2000). The
key points of both writing instruction (Section 2.1.2.1) and the task environment
(Section 2.1.2.2) are elaborated in the following.

2121 Writing instruction

The models presented above provide a roadmap for writing instruction (S. Gra-
ham & Harris, 2019b)because both writing instruction and writing development
should consider the context, as well as the role of cognition and motivation in writ-
ing, to understand them adequately (Bazerman et al., 2017). This section provides an
overview of evidence-based writing instruction, referring by writing instruction to
the whole spectrum of writing, i.e., not only lower-order processes such as spelling
or higher-order processes such as writing strategies. This section provides the foun-
dation for the selection of an adequate method for the present thesis, which will be
presented in Chapter 5, Section 5.4.3.

A supportive writing environment, where the teacher supports students and stu-
dents support one another, is an important basis for effective writing (S. Graham et
al., 2015), both according to the scientific literature and teacher-based best practice (S.
Graham & Harris, 2019b). Scientifically supported practices that stand for a supportive
writing classroom are, firstly, when teachers reinforce a positive feature of students’
writing. However, such praise must be specific. Secondly, setting clear, specific and
reasonably challenging goals improves the quality of what students write. Thirdly, in-
structional arrangements where students write together improves the quality of their
writing. This applies to planning, drafting, revising and editing, but it requires specific
directions and guidelines for what they will do when working together, and it should
directly teach them how to apply these procedures (S. Graham & Harris, 2019b; S.
Graham et al.,, 2011; MacArthur, 2019). Fourthly, the most critical element to grow as
writers is, according to S. Graham and Harris (2019b), that the students write frequent-
ly and regularly. However, Applebee and Langer (2009) show that American students
spend surprisingly little time writing in school, and that writing assignments often are
short. Philipp (2019) assumes, despite fewer available studies, a similar picture in Ger-
man-speaking areas. Fifthly, a supportive writing environment also requires consider-
ation of tools that students use when they write. While, for example, word processors
have several advantages over writing by hand, digital writing is still relatively less used
for composing in school, compared to the everyday and workplace habits of the 21%
century (S. Graham & Harris, 2019b).

Philipp (2017) emphasises three areas of instruction and/or support that are espe-
cially efficient to improve writing: highly demanding, higher-order writing processes
(planning and revising); lower-order writing processes (writing fluency); and relieving
writing processes (by technology or human assistance). Regarding Philipp’s first area
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mentioned, scientific experiments support the practice of explicitly teaching writing
strategies to students. The strategies of planning, drafting, evaluating and revising text
strongly improve the quality of writing. This applies to students of all grades, from
elementary to high school (S. Graham & Harris, 2019b; S. Graham, McKeown, et al.,
2012; Philipp, 2017). Writing strategy instruction is, at the most basic level, to explain
the purpose and rationale of a strategy, including when and where to use it. Modelling
the strategy, ideally several times, and providing students with assistance in applying
the strategy, are further possibilities of strategy instruction. The aim is to use these
strategies independently and effectively. Facilitating the continued and adaptive use
of such strategies by explaining, modelling and providing guided practice is enhanced
when students are shown how to regulate the learnt strategies. Therefore, the impact
of a strategy has to be monitored, which requires the teacher to set goals and evaluate
them (S. Graham et al., 2015). In addition to writing strategies, to support this first area
named by Philipp (2017), it is especially important for writers to acquire two types of
knowledge: topic knowledge and knowledge about the text type, i. e., genre. Prewriting
activities such as brainstorming, reading or other informational-gathering procedures
help students to acquire information on topic knowledge to write about. Teaching stu-
dents about the characteristics of specific text types and providing them with good
models for the expected genres, are scientifically based best practices toward this end
(S. Graham & Harris, 2019b; S. Graham et al., 2015; Philipp, 2017).

The second area of writing instruction is, according to Philipp (2017), lower-or-
der writing processes. It was emphasised in Section 2.1.1.2 that a lack of fluency in
handwriting or typing and spelling interferes with other writing processes (Berei-
ter & Scardamalia, 1987). Effective instruction is therefore essential. Handwriting,
or typing and spelling, together result in writing fluency, which Linnemann et al.
(2022, p. 193) define as the “automatized ability to produce legible letters, correct
words and, on the basis of information in lemmas, syntactically correct phrases/sen-
tences (= Transcription fluency) as well as locally coherent text (= Text generation
fluency) at a reasonable pace with sustained attention” These foundational writing
skills must be taught, and such instruction has been shown in writing research to be
efficient (S. Graham & Harris, 2019b; S. Graham et al., 2015; S. Graham & Santange-
lo, 2014; Santangelo & Graham, 2016). Philipp (2017) summarises as key examples,
fostering writing vocabulary, combining sentences, and repeated short training in
transcribing skills, that have shown significant results with moderate effect sizes re-
sulting from meta-analysis research (e.g. Gillespie & Graham, 2014; S. Graham &
Santangelo, 2014; Santangelo & Graham, 2016). The only approach found with a
negative effect on text quality was traditional grammar instruction (Philipp, 2017).

Regarding the third area of instruction and support, Philipp (2017) names sev-
eral efficient measures that relieve the writing process, all of them with moderate
to strong effect sizes in meta-analyses. Such an example is cooperative writing. Co-
operative writing means that, usually, two persons plan, transcribe and/or revise
together. In addition, Phillipp indicates, especially for young adults, dictating with
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a human scribe or a device to provide effective assistance. Formative feedback® by
humans is also a possibility with positive impact on text quality, whereby feedback
from adults is the most effective, followed by peer-feedback and self-assessment.
Until Philipp’s (2017) publication, feedback by a computer had only a small effect.

2.1.2.2 Task environment and writing task

The task environment is, next to the writing processes, the second component of the
process level in Hayes’s (2012) model. The task environment includes the immediate
physical and social surroundings that influence writers when they write. Examples of
the physical context of the writing task are task materials, the transcribing technology,
and the text-written-so-far. The social task environment includes all of the inputs, for
example, from peers or teachers, but also any background conversations and social dis-
tractions in a classroom (Hayes & Olinghouse, 2015). However, the writing task itself
also needs attention (Bruning & Horn, 2000; Feilke, 2017). Although Feilke (2017) states
that, as a response to the PISA? studies, the writing task itself has recently been receiving
more attention in writing research and writing instruction. A. Sturm (2017) writes that
practice-orientated publications and intervention studies rarely go into detail about the
writing tasks used as part of the instruction. Bachmann and Becker-Mrotzek (2017a)
address this question by asking about the conditions of instructional writing settings
and writing arrangements that make the writing activity particularly effective for learn-
ing. Since solid research regarding this question is scarce, they base their approach on
interdisciplinary quality criteria for effective instruction and the available theoretical
models about writing processes and writing acquisition. Important in their reasoning
is that any oral or written action is a form of communicative problem-solving. There-
fore, a writing task must initiate the motivation to solve a communicative problem by
forming and executing a plan in a written form and with the particularities of writing.
According to these authors, four points are particularly important for meaningful writ-
ing assignments: 1) the text to write needs an identifiable function which is recognisable
for the students, which must also identify the communicative problem and know the
goal and the addressee(s) of the text, to make meaningful decisions regarding genre,
content, linguistic, style etc.; 2) students need the opportunity to acquire the necessary
linguistic and content knowledge to know how and what they can write about; 3) the
social context discussed above must give students the opportunity to write their text
with social interaction; and 4) students need the opportunity to check the effect of their
text on the reader, as they are used to doing in oral communication. When these four
conditions are met, Bachmann and Becker-Mrotzek (2017a) conclude that writing tasks

8  Incontrast to summative feedback, formative feedback is not only given at the end of the
text production process but early and throughout the process, see Philipp (2017).

9  PISA: Programme for International Student Assessment, see Wallner-Paschon and Hai-
der (2002).
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can be defined as ‘profiled. The authors explain the term ‘profiled task as being one that
embeds the learning process in an authentic and social context in which writing has a
recognisable meaning for the students.

While Bachmann and Becker-Mrotzek (2017a) focus on the task and its effect on
learning to write, Boscolo and Gelati (2013) write from a motivational perspective
about the task. They argue that the interest in the writing task is important for their
motivation to write and thus the engagement and success in writing. However, they
emphasise that finding an interesting topic, although it might be a good starting
point, is not enough to engage students in writing. Despite this different perspective,
the authors suggest some similar points as the above-mentioned authors. Firstly,
they assume that the students need the awareness that writing on that topic is worth-
while, as well as awareness of the multiple functions of writing such as writing as a
tool for learning. Secondly, what is written, individually or in collaboration, should
have a value or relevance for the students. At this point, it is estimated that Bach-
mann and Becker-Mrotzek’s (2017a) conditions for a profiled writing task meet the
latter condition of relevance by Boscolo and Gelati (2013). It is thus concluded that a
profiled writing task is both motivating and engaging at the same time.

2.1.3 Assessment of writing skills

Due to the complexity and multidimensionality of writing, writing performance is
one of the more challenging skills to assess (Bouwer et al., 2024; Hopfenbeck, 2019).
A text can be well or badly written because of its linguistic features and/or because of
features such as fulfilling communicative purposes and/or well-developed or logical
structure (Bouwer et al., 2024). It is therefore important to consider the dimensions
of writing and to specify the goal and the focus of the assessment.

In this thesis, the first focus is set concerning the writing processes and the genres.
Regarding the lower-order writing skills, multicomponent writing fluency" is pri-
oritised over the single subskills, handwriting/typing and spelling. Regarding the
higher-order writing skills, the focus is set on narrative writing, since each text genre
demands adapted assessment (Brouwer, 2012). The second specification of the focus
is the aim of the assessment. There is no doubt that writing assessment within writ-
ing instruction should, on the one hand, meet the claims of Bazerman et al. (2017)
for fairness and authenticity and, on the other hand, foster learning, which would
speak in favour of formative assessment" (S. Graham et al., 2011). Nevertheless, this

10 “Writing fluency’ is, in this thesis, understood as a multicomponent ability compris-
ing productivity and accuracy measures, in contrast to a narrow definition taking into
account only the motor component, i.e., fluent, legible handwriting; see A. Sturm and
Weder (2016).

11 ‘Formative assessment’ is understood as an assessment for learning with the aim of ad-
justing instruction to maximise learning, and stands in contrast to ‘summative assess-
ment’; see Wilson (2019).
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section focuses on the context of interventional research and therefore on evaluating
the degree to which students have progressed, which is referred to as summative
assessment. Results of summative writing assessments are often set in relation to one
of the three comparative values: a reference sample, such as the class or an age-group
standardised sample; with one’s performance at an earlier time point; or in relation
to a criterion (Lenhard & Lenhard, 2017). Lastly, unlike the diagnostic assessment of
potential special needs in Section 2.2, this section addresses assessment in the sense
of the educational diagnostics of writing (Gebhardt, 2023).

2.1.3.1 Assessment of lower-order writing processes and products

The basic subskills of handwriting or keyboarding and spelling can each be assessed
in isolation. Test tasks that do not require text production can be used for this pur-
pose: examples are copying and dictating tasks (A. Sturm et al., 2017), and dicta-
tion with gaps to fill in such as the “Hamburger Schreibprobe” (HSP) (Lenhard &
Lenhard, 2017). In German, some standardised assessment tools exist for the low-
er-order writing skills (Winkes & Schaller, 2022). This means that results can be
compared to a norm group (Gebhardt, 2023).

The analytical rating of a text presents a further possibility to analyse a product
according to pre-defined criteria (A. Sturm et al., 2017), with one example in Ger-
man being the “Oldenburger Fehleranalyse” (OLFA) (Lenhard & Lenhard, 2017).
This type of rating allows statements about criteria defined prior to the assessment,
but not about writing fluency, as this method generally does not contain strict time
restrictions. Therefore, to assess the multidimensional construct of writing fluency,
one can examine either the writing products or the processes. The investigation of
the writing processes can, for example, be of interest in order to learn about the chal-
lenges a writer encounters during transcribing, formulating or revising (A. Sturm
et al., 2017). Some of these processes occurring during writing can be observed or
asked for, e.g. by think-aloud protocols and/or retrospective reports (Piolat et al.,
1999; Weder, 2021). Other processes require equipment such as tablets, smartpens
or keystroke-logger software — each with or without eye-tracking (A. Sturm et al.,
2017). The equipment then allows one to analyse so-called ‘bursts, which are peri-
ods of handwriting or typing separated by pauses. Length and structure of bursts
potentially allow drawing inferences about the processes occurring, i.e., planning,
translating and revising (Alves et al., 2008).

Writing fluency can also be assessed in writing products with so-called cur-
riculum-based measurement (CBM). CBM-writing reflects both productivity and
accuracy (Dockrell et al., 2015). Students receive mainly story starters as a writing
prompt. The writing time is strictly limited, usually between three and ten minutes,
with a short period for mental planning, often exactly one minute. The time for plan-
ning intends to generate the main ideas before the writing period in order to focus
on formulation and transcribing during the writing process (Hosp et al., 2016). CBM
aims to record progress in basic skills, as well as small increases in performance, and
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to assess writing with a stronger alignment with teaching and the curriculum than
standardised tests (Saddler & Asaro-Saddler, 2013; A. Sturm et al., 2017). CBM as-
sessment allows one to record the individual learning of a student and to compare it
with an individual norm, which proves to be superior for learning than comparison
with a social norm such as an age-group norm (A. Sturm & Weder, 2016). Hosp et
al. (2016) have developed norms for writing assessment, which can provide useful
information to monitor writing development and/or interventions, not least for re-
search. However, there are currently no standards for writing in German.

Different categories of variables can be collected by CBM-Writing. The first cat-
egory is productivity-dependent measures, which means that they depend on the
length of text, i. e., total words written (TWW), words spelled correctly (WSC), correct
writing sequences (CWS), and incorrect writing sequences (IWS). The second cate-
gory is productivity independent, meaning that it is a percentage value independent
of text length, i.e., percentage of correct writing sequences (%CWS) and percentage
of incorrect writing sequences (%IWS). The last category is a value for accuracy and
fluency. To obtain this, the incorrect writing sequences are subtracted from the correct
writing sequences (CIWS) (Malecki & Jewell, 2003). This last value corresponds to
the above-discussed understanding of writing fluency. By contrast, the TWW does
not include the accuracy of the produced words. Nevertheless, the total number of
words produced in a text has been found to be a reliable and valid measure of overall
writing ability, in some previous studies (Troia et al., 2019). This could speak in favour
of collecting more comprehensive data within the framework of CBM.

2132 Assessment of higher-order writing products

For the assessment of writing skills beyond the level of lower-order writing products
and processes, there is an array of different rating procedures, varying in the amount
and type of information they provide (Feenstra, 2014). Wolcott and Legg (1998) state
that writing assessment is discussed by several terms that are often almost opposing,
such as the above-mentioned terms, formative versus summative. Two of these po-
larities, the standardisation of the assessment task and the scoring procedure, will
be discussed here, because they are estimated as useful to give an overview of the
various options for writing research and instruction.

Wolcott and Legg (1998) present the tasks of writing assessment on a scale
with two polarities. At the most extreme polarity in writing assessment stands the
norm-referenced standardised tests, also referred to as indirect testing. An exam-
ple of indirect testing is the evaluation of correct and incorrect sentences. At the
other end are performance assessments or authentic assessments, where students
demonstrate competence by producing text rather than selecting an answer, and
where projects are prioritised rather than items. However, the tasks that involve text
production can vary greatly. For example, a portfolio assessment is completed over
a period of time and is a purposeful collection of student’s work that exhibits efforts,
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progress or achievement. A specificity of performance assessment is that they at-
tempt to consider not only writing products but also writing processes. By contrast,
a more direct assignment to produce text is an ‘on-demand writing task’ such as a
direct assignment to produce an essay on a specific topic. Such impromptu essays are
often timed and used for a variety of examination purposes, because the controlled
conditions allow comparisons to be made across or within reference samples (Wol-
cott & Legg, 1998).

With regard to the writing product, any type of text assessment, portfolio or
impromptu essay, requires ‘informed judgement’ rather than mechanical scoring.
Neumann (2017) describes the scoring procedures — referred to above as informed
judgement - also on a scale, placing the analytical ratings on one side and holistic
ratings on the other. There are variants with combined procedures between the two
poles. Wolcott and Legg (1998) name such combined variants, e.g. ratings with an
exemplary essay, as a ‘reference point, or ‘primary trait, which means that a text is
judged on how well a goal is achieved. The following paragraph names and high-
lights advantages and disadvantages of different scoring methods. It also considers
possibilities in German.

‘Holistic ratings’ give an overall quality evaluation by jointly considering multiple
facets of an essay. The key advantage of holistic ratings is the relatively short amount
of time needed for the scoring (Feenstra, 2014; Lai et al., 2015). While Feenstra (2014)
estimates the scores as relatively reliable, Lai et al. (2015) question their consistency
because individual raters may weigh the multiple facets differently. Another disad-
vantage emphasised by both is the little diagnostic information available to students
concerning the basis of the score or how to improve their writing. Holistic scoring
compares one text to texts from a reference sample (Wolcott & Legg, 1998).

The so-called ‘comparative judgement, which can be based on holistic informa-
tion on the overall quality of the text or on specific traits, compares texts directly to
each other in a series or pairwise comparison. The similarly comparative approach
with exemplary essays, or so-called ‘benchmarks, compares each text to prototyp-
ical texts on a continuous rating scale and scores the text accordingly (Bouwer et
al., 2024). Bouwer et al. (2024) state that the comparative judgements in writing
research are associated with less rater variance than holistic ratings, and with less
task-specific rater variance than analytic ratings, but that they require several com-
parisons to reach a minimum level of reliability.

As already mentioned, ‘primary-trait scoring’ is somewhere between holistic and
analytic scoring. This procedure requires the precision of a scoring guide and should,
in contrast to holistic scoring, enable the scoring to be replicated. This method was
developed to respond to the limitations of holistic scoring. Thus, the primary-trait
method considers particularities of different text genres and evaluates texts based
on specific criteria (Wolcott & Legg, 1998). However, the disadvantage of poor in-
formation applies, according to Wolcott and Legg (1998), to some extent also to the
primary-trait method. Nevertheless, it is also an efficient method and might illus-
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trate the essence of writing (Feenstra, 2014). The assessment method using so-called
‘rubrics’ has certain similarities, aiming for more analytical information to serve to
directly link instruction and evaluation within the formative assessment framework.
A rubric summarises different criteria in a checklist and classifies what distinguishes
different levels of performance for each criterion. The aim is to evaluate the presence
of elements and/or the performance levels (Wilson, 2019). Depending on the con-
tent and precision of a rubric, this method can be categorised as analytical scoring.

‘Analytical scoring’ methods evaluate different facets of the writing and assign a
separate score to each trait such as structure, voice or development. This procedure
requires more time to score compared to a holistic rating and requires the construc-
tion of detailed scoring schemes (Feenstra, 2014), but it is suited to providing more
extensive information on the writing performance. Theoretically, this procedure
should result in better agreement between raters; but this benefit, as well as the ben-
efit of provision of diagnostically useful information, depend on whether the raters
apply the distinct analytic scoring rubrics accurately (Lai et al., 2015).

From these presented options it is concluded that many questions must be con-
sidered when choosing a task and a scoring method. On the one hand, there is the
question of cost and benefits, meaning how much time is invested for the develop-
ment of the scoring guide and the rating, and how much information is obtained.
However, for writing research, the scientific quality criteria of objectivity, reliability
and validity are prerequisites (Bortz & Doring, 2006) and should also be striven for
in the educational context in order to ensure a fair assessment (Neumann, 2017).
On the other hand, in addition to advantages and disadvantages of each procedure,
the risk of rating biases, such as sequence effect” or halo effect”, are important in
writing assessment (Feenstra, 2014). For the selection of an appropriate assessment
procedure or tool for the purpose of research, these issues must be kept in mind. Re-
garding the assessment of writing processes in German, there is the further difficulty
of the lack of appropriate, well-established tools.

Regarding the assessment of higher-order writing processes, such as planning
and revision, there are, according to Lenhard and Lenhard (2017), no psychometri-
cally well-founded instruments in German. And there is also a lack of standardised
assessing tools for higher-order writing products in this language. However, at this
point it is estimated that a holistic rating (referring to a non-standardised refer-
ence sample) is independent of the language and could therefore be administered
in German. Comparative judgement, comparing to a class or a study sample, would
be possible. By contrast, comparing to an exemplary text would only be possible if
benchmark texts were available. However, no exemplary essays or benchmark texts

12 The sequence in which texts are scored influences the rating; see Feenstra (2014).
13 Irrelevant aspects of the performance influence the rating, e.g. poor spelling affects the
score of text quality; see Feenstra (2014).
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for narrative writing in German are known. Thus, such prototypical texts would
have to be created first.

An example for a differentiated assessment of content and linguistic aspects in
German is the “Ziircher Textanalyseraster, presented as a basic catalogue that needs
to be specified, i.e., a schema of specific features to assess must be developed from
this basic catalogue. The development of such a catalogue is time consuming but has
then the advantage that it becomes easier and quicker to assess a text, especially for
unexperienced raters. The results also allow detailed feedback to the writer, allowing
one to illustrate weaknesses and strengths on a group level (Neumann, 2017).

An example of an on-demand-writing task — where students write, during a lim-
ited period, a story to a picture prompt — with analytical scoring, are the Subtests 6
and 7 of the Test of Written Language-Fourth Edition (TOWL-4) which is norm-ref-
erenced in English (Hammill & Larsen, 2009). A non-standardised translation for
this test in German exists (Winkes & Schaller, 2022).

To sum up, not only are the acquisition of writing competence and writing in-
struction challenging but also the assessment of this manifold competence, with
numerous skills and processes involved. Many considerations are necessary to select
an adequate assessment method, as well as a task and scoring method. In addition,
assessment is task- and genre-specific. It is therefore not surprising that few well-es-
tablished assessment tools are available, especially in a less widespread language oth-
er than English. This can be problematic when considering students who encounter
problems in written language acquisition, since the recognition of students strug-
gling in their development is an important part of adapted intervention.

So far, writing competence has been elaborated without regard to particular ed-
ucational needs. In the following section, the focus will be on students with literacy
difficulties.

2.2 Dyslexia

A useful definition of dyslexia in the educational context is as follows: “Literacy
difficulties, when they are not caused by the lack of education, are known as dys-
lexia” (Snowling, 2019, p. 1). Although this definition may seem clear and plausible,
a consensus on the definition of dyslexia, also called developmental* dyslexia®, has
not yet been reached in the research and education community. In recent decades,

14  The term ‘developmental dyslexia’ is used to distinguish it from ‘acquired dyslexia’ fol-
lowing brain injury or illness after the acquisition of literacy skills; see Baddeley et al.
(1982). In favour of readability, with a few exceptions only, the term dyslexia is used in
this paper instead of developmental dyslexia.

15 Dpyslexia is an alternative term used to refer to a pattern of learning difficulties charac-
terized by problems with accurate or fluent word recognition, poor decoding, and poor
spelling abilities. If dyslexia is used to specify this particular pattern of difficulties, it is
important also to specify any additional difficulties that are present, such as difficulties
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much has been published about dyslexia. Not only have various research disciplines
published texts about dyslexia; the popular media have also made it a topic of dis-
cussion. This has brought more attention to the topic but has also led to confused
definitions of the condition (Kirby & Snowling, 2022).

Therefore, this section gives an overview of the current state of the research,
and of debates on the classification and definition(s) (Section 2.2.1), prevalence and
aetiology (Section 2.2.2), and primary and secondary symptoms, as well as comor-
bidities, of dyslexia (Section 2.2.3). Comorbidities occur frequently, and this work
addresses some of these. Section 2.2.4 focuses on evidence-based assessment of dys-
lexia and interventions, adaptational measures, and possibilities for compensation.
Preventive measures will not be discussed here, as this thesis focuses on manifested
dyslexia.

2.2.1 Classification and definition(s)

According to the two most recent and most widely used classification systems, the
International Classification of Diseases (ICD-11, i. e., the 11" version), from the World
Health Organization (WHO), and the American Psychiatric Association’s Diagnos-
tic and Statistical Manual (5" version), reading, writing and mathematical disorders
are currently classified under an umbrella term. The ICD-11 classifies the disorders
as ‘developmental learning disorders, while DSM-5 categorises them as ‘specific
learning disorders’ Both recognise the existence of cases with a more specific form
of learning disorder, by providing ‘with impairment in’ reading, written expression,
or mathematics (Di Folco et al,, 2022). Concerning reading, an isolated reading dis-
order can, lately, be classified as in ICD-11, which has been approved by researchers,
for example by Schulte-Kérne (2021). By contrast, Schulte-Kérne (2021) criticises the
term ‘learning disorders with impairment in written expression’ which was adopted
into ICD-11 from DSM-5. Schulte-Kérne (2021) estimates that this diagnosis, which
expands the spelling disorder considerably by including grammar, text production
and punctuation, is not sufficiently empirically substantial and harbours diagnostic
problems. There is little evidence for the newly added core problems of punctuation,
text production, and grammar. Thus, there is a risk of misunderstandings and con-
fusion in clinical practice when diagnosing difficulties as ‘learning disorders with
impairment in written expression’ (Schulte-Korne, 2021). Considering the difficulty
of assessment of higher-order writing in general, and especially in German as elab-
orated in Section 2.1.3.2, the statement by Schulte-Kdrne (2021) is by no means sur-
prising. How should practitioners diagnose ‘learning disorder with impairment in
written expression’ if there are no appropriate instruments and norms for assessing
written expression?

with reading comprehension or math reasoning; see American Psychiatric Association
(2013).
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Although the 11" revision of the WHO follows APA's DSM-5 quite closely, the
two classifications crucially differ in terms of certain criteria used in the definition,
which can lead to the identification of different individuals and to different preva-
lence rates depending on the defining criteria (Di Folco et al., 2022). Whether read-
ing and writing disabilities should be defined relative to the level of intellectual func-
tioning is one major difference of the two classification systems, but also in research.
Snowling (2019, p. 2) writes, “there is a continuing debate regarding the boundaries
of the ‘disorder, its precise characterization, and even its name”. On the one hand,
ICD-11 applies the double discrepancy criterion. This states that the individual’s per-
formance in the affected academic skill(s) is markedly below what would be expect-
ed for chronological age and general level of intellectual functioning (WHO, 2024).
Schulte-Korne (2021) criticises this sharply, because the state of research does not
allow us to determine distinct differences between the two groups of students expe-
riencing problems learning to read and write, one with a discrepancy of the IQ and
the other with a discrepancy in relation to the age group. On the other hand, DSM-5
(American Psychiatric Association, 2013) renounces an IQ discrepancy and recom-
mends the use of an age discrepancy criterion: “The affected academic skills are sub-
stantially and quantifiably below those expected for the individual’s chronological
age” (2013, p. 67) and have persisted for at least six months, despite the provision
of interventions targeting the difficulties. The problem of the dimensional nature of
the disorder thus remains, meaning that there is no clear cut of values, but DSM-5
asserts various exclusionary criteria and advocates for the importance of clinical
judgement (Snowling et al., 2020). Subtypes of dyslexia have been widely discussed
in English. However, this scientific discussion of dyslexia subtypes in German is
considered to be too weak and is therefore not discussed further here.

In sum, these classifications do not answer all the questions about the defini-
tion of reading and writing disorders, and they are not congruent to the question
of the role of IQ for the diagnosis of dyslexia. While Schulte-K6rne (2021) claims,
in his critique of the ICD-11-revision, that there is a lack of additional information
about the significance of severity, comorbidities and, above all, the development of
dyslexia, Catts et al. (2024) make recommendations for the diagnosis of dyslexia. In
rethinking the definition of dyslexia of the International Dyslexia Association, these
latter authors recommend recognising the persistence of word-reading, decoding
and spelling difficulties, acknowledging the multifactorial causal basis of dyslexia,
clarifying exclusionary factors, and denoting comorbidity with other developmental
disorders (Catts et al., 2024). Meanwhile, Snowling et al. (2020), who also consider
the difficulty of defining and understanding dyslexia and the advantages and disad-
vantages of dropping the IQ-discrepancy definition, go a step further and propose
four specific points for the practice of labelling a child or an adult as having dyslexia:

1. “The term dyslexia should not be used as a shorthand for ‘reading disorder” but
should be used to refer to a difficulty with decoding and spelling fluency which is
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evident from the early school years and persistent over time” (2020, p. 507). How-
ever, according to Snowling et al. (2020), DSM-5 does suggest that achievement,
such as literacy skills, more than 1.5 standard deviations below the mean assures
the greatest diagnostic certainty.

2. To define the difficulties as dyslexia, they should affect academic functioning, i.e.,
progress in school as being less in literacy-based areas of the curriculum than the
progress of peers in a similar setting.

3. Co-occurring features should be labelled as such, but they should not be consid-
ered core to the diagnosis.

4. The diagnosis should be qualified as mild, moderate, or severe. These authors
would classify dyslexia as mild when the difficulties can be fully compensated
when appropriate arrangements are in place. They hypothesise that students with
‘severe’ difficulties are often those with a range of comorbid conditions (Snowling
etal., 2020).

Both the delimitations and the recommendations by Catts et al. (2024) and Snowling
et al. (2020) are, at this point, considered to be largely accepted in the field of speech
pathology. Therefore, this framework is used for the further description of dyslexia
in this thesis.

2.2.2 Prevalence and aetiology

The prevalence of dyslexia heavily depends on the definition which, as elaborated
above, differs in terms of classification systems (Di Folco et al., 2022; Schulte-Korne &
Galuschka, 2019). Schulte-Kérne and Galuschka (2019) summarise the prevalence of
dyslexia, for combined reading and writing disorders, as being between 2 to 6 %,
for isolated writing disorders between 2 to 9 %, and for isolated reading disorders
between 4 to 7 %.

Boys are more affected by dyslexia than girls. An early Isle of Wight population
study of 1968 showed that boys were more affected by ‘unexpectedly’ poor reading
skills, ‘unexpectedly’ referring to the expectation of the reading skills compared to
the IQ (Snowling, 2019). Moll et al. (2014) confirm this detrimental impact on boys
in a study about specific learning disorders including also arithmetic deficits. Ac-
cordingly, in particular isolated spelling deficits, as well as combined reading and
spelling deficits, are more common in boys than in girls.

The aetiology of dyslexia is also, to some extent, uncertain (Schulte-Koérne & Ga-
luschka, 2019). Klicpera et al. (2020) write that, in most of the cases, several factors
interact in developmental dyslexia. Catts et al. (2024) also acknowledge the multi-
factorial causal basis of dyslexia, but they emphasise that dyslexia is not primarily
caused by environmental factors (e.g., poor instruction) or by lack of motivation.
While the research situation thus does not yet allow a clear understanding of the
cause, Schulte-Korne and Galuschka (2019) describe the research efforts, in this re-
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gard, which provide some models for a pathomechanism based on molecular genet-
ic findings. These authors divide the assumed causes into the following influencing
factors: 1) genetic; 2) neurobiological and neuropsychological correlates; and 3) psy-
chosocial. The following paragraphs give an overview of these areas.

Several authors, e.g. Schulte-Korne and Galuschka (2019), assume that ‘genetic
factors’ show a causal link between gene-function and brain-function, although the
state of research does not yet allow a causal link between specific candidate genes or
candidate gene regions. This genetic factor explains, to some extent, the hereditary
component that has been demonstrated and confirmed by various studies (Schul-
te-Korne & Galuschka, 2019). According to Klicpera et al. (2020), the significance of
genetic factors is greater for spelling, compared to reading, and tends to remain high
or even increase in older children and adolescents, while the significance of genetic
factors decreases for reading and with age.

Regarding ‘neurobiological and neuropsychological correlates, Schulte-Kérne
and Galuschka (2019) write that literacy skills require a functional neural system
that integrates the processing of orthographic, phonological and semantic-lexical
features of words. These authors summarise deficits in the neural system as follows.
On a neurobiological level, there are impaired functions in regions of the occipi-
to-temporal cortex, the dorsal temporo-parietal cortex, and the inferior frontal gy-
rus. The impaired functions are mainly situated in the left hemisphere of the brain.
Allocating this effect to the behavioural level, the authors write that reduced visual
and auditory stimulus processing is discussed as a correlate of the reading and/or
spelling disorder.

Although the evidence is quite strong that phonological processing difficulties
often underlie dyslexia - these difficulties are generally believed to be constitutional
in origin (Castles & Coltheart, 2004) - there is notable inconsistency in this associa-
tion. Not all individuals with dyslexia have difficulties with phonological processing,
and not all of those who demonstrate such difficulties develop significant word-read-
ing problems (Castles & Coltheart, 2004; Catts et al., 2024). Schulte-K6rne and Ga-
luschka (2019) also name deficits in phonological awareness, automated memory
recall, expressive and receptive language skills, and deficits in working memory and
attention. The authors summarise these as deficits at a cognitive level. Further defi-
cits of this type are, according to Catts et al. (2024), for example limitations in oral
language, processing speed, visual processing or procedural learning.

‘Psychosocial factors; e.g. the child’s family, school environment and socio-eco-
nomic environment, have not been investigated sufficiently to estimate their role in
the development of dyslexia. At present, researchers assume that the family envi-
ronment has a significant influence on literacy development, and that literacy can
be stimulated in the family environment, but only when reading and spelling skills
are explicitly taught. However, as mentioned above, the lack of a rich family reading
environment is not a causative factor for dyslexia. The same applies to school in-
struction and methods which can be important influencing factors. These are most
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probably significant for the development of reading and/or spelling disorders, but
in the opposite direction, it cannot be assumed that optimal instruction can prevent
dyslexia based on neurobiological and genetic differences (Catts et al., 2024; Schul-
te-Korne & Galuschka, 2019). Emotional and motivational factors in the child, such
as the disposition to learn and to work hard, or reduced self-concept and self-effi-
cacy, can also have an impact on achievement and therefore on the manifestation of
dyslexia. However, these are more likely to be internalised disorders or secondary
disorders (see next section) and are not viewed as primary causal factors of dyslexia.
Other individual and environmental factors also play a role in the multifactorial
causal model of dyslexia, e.g. comorbidities such as AD(H)D, or mental disorders.
These factors do not explain dyslexia but can aggravate it (Catts et al., 2024).

2.2.3 Symptomatology, secondary symptoms, and comorbidities
2.23.1 Symptoms of dyslexia

The symptoms of dyslexia have already been partially outlined by the recommen-
dations by Catts et al. (2024) and Snowling et al. (2020). Thereafter, dyslexia can be
defined as a problem with learning that primarily affects the development of reading
accuracy and fluency and/or spelling skills. Schulte-Kérne and Galuschka (2019)
specify that these persistent and significant difficulties labelled as dyslexia are not
attributed to a far below average intelligence or developmental age, insufficient abil-
ity in the instructional language, difficult psychological circumstances, uncorrected
visual and hearing impairments, or neurological or mental illness. Dyslexia is a life-
long condition with an early onset (Snowling et al., 2020). The difficulties are also
manifest in other school subjects when literacy skills are involved, as well as when
learning foreign languages (Schulte-Kérne & Galuschka, 2019). The above-presented
prevalence rates are classified as isolated and combined disorders. Moll and Landerl
(2009) state that reading difficulties are often, but by no means always, associated
with poor spelling (Moll & Landerl, 2009)*.

Schulte-Kérne and Galuschka (2019) and A. Mayer and Lindberg (2016) describe
the symptoms of reading disorders as characterised by pronounced difficulties in
reading accuracy, e. g. characterised by a large number of errors when reading aloud,
as well as significantly reduced reading speed, due to a lack of automated word recog-
nition. Both difficulties have a negative impact on reading comprehension and other
everyday tasks for which reading skills are required (Schulte-Kérne & Galuschka,
2019). However, A. Mayer and Lindberg (2016) specify that these difficulties in read-
ing comprehension are not original symptoms of dyslexia. Therefore, the authors’

16 In favour of the readability, this thesis does not always mention isolated and/or com-
bined disorders, although their existence is not questioned. The term dyslexia is used as
a common term for both isolated and combined disorders.
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view is not in line with the ICD-11 classification that includes reading comprehen-
sion difficulties as symptoms of dyslexia.

Spelling disorders are characterised by high frequency of spelling errors that
persist despite intensive learning efforts. Children with a spelling disorder also find
it difficult to deal with well-practised words and tend to spell the same words in
differently incorrect ways. There is no characteristic error type for spelling disorders.
The diagnosis can therefore not be derived from the type of error (Schulte-Kérne &
Galuschka, 2019). In addition to poor spelling, Sumner et al. (2014) observe that
students with dyslexia produce fewer words than their peers without dyslexia during
the same period of time. Afonso et al. (2019) and Sumner et al. (2014) explain these
differences mainly by the higher number of pauses produced within misspelled
words and by longer pauses. The differences are therefore rather situated in the spell-
ing processes than in differences in handwriting speed.

Further basic functions and skills may impact spelling skills of students with
dyslexia in a negative way (Hebert et al., 2018). According to Hebert et al. (2018) dif-
ficulties experienced by students with dyslexia may be related to poor reading skills,
and problems in working memory and/or executive functions such as goal-directed
behaviour, planning, and organisation. These difficulties therefore potentially affect
overall writing skills. From this perspective, difficulties in the overall writing skills
would not be categorised as original symptoms but as secondary symptoms. Again,
this is not in line with the above presented core symptoms in the ICD-11-classifi-
cation (WHO, 2024) which was criticised by Schulte-Kérne (2021) regarding the
existing lack of evidence and potential difficulty of diagnosis.

The symptoms of dyslexia are present from the start in school and stay relative-
ly stable throughout the school career (Schulte-Kérne & Galuschka, 2019). 70 % of
the dysfluent readers in Grade 1 were, in a follow-up study in Grade 8, still poor
readers. The assessments showed that reading speed, rather than accuracy, impacted
reading fluency (Landerl & Wimmer, 2008). Regarding difficulties in spelling, these
stay present throughout the school years and into adulthood. People with dyslexia
produce a higher number of mistakes at word and sentence levels (Schulte-Korne &
Galuschka, 2019). Such persistent spelling difficulties represent the major reason for
complaint in adults with developmental dyslexia (Afonso et al., 2019; Di Betta &
Romani, 2006). However, the spelling errors change over time. Students in Grade
3 committed various kinds of errors; while students in Grade 5 produced mainly
errors that were phonologically plausible. However, the errors of adults cannot be
explained by the phonological deficits usually reported in children (Afonso et al.,
2019). The assumption that the difficulties in adulthood are only due to reduced ex-
posure has not been confirmed and can therefore explain the difficulties in reading
and writing in adulthood only to a limited extent (Di Betta & Romani, 2006).

Early, high-quality and intensive support and teaching can have a positive in-
fluence on the progression of reading and/or spelling disorders (Schulte-Korne &
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Galuschka, 2019); but the risk of secondary symptoms and heavy consequences for
school and professional career is high, as the following sections illustrate.

2232 Secondary symptoms, consequences on school and professional
career

While ICD-11 classifies reading comprehension and text production as core symp-
toms of dyslexia, many researchers categorise these as consequences of primary dis-
orders (e.g. Hebert et al., 2018; A. Mayer & Lindberg, 2016; Schulte-Kérne, 2021).
While some students manage to hide difficulties to some extent, the reading and/or
spelling disorder becomes more obvious when the demands increase and students’
school performance declines rapidly. Those affected experience repeated academic
failures as well as difficulties in extracurricular learning. This can lead to serious
fears of failure and further, indirectly related challenges such as negative self-con-
cept, low self-esteem, anxiety, and depression (Catts et al., 2024; McArthur et al.,
2000; Scheerer-Neumann, 2018; Schulte-Korne & Galuschka, 2019). However, the
secondary symptoms of dyslexia do not stop at the higher vulnerability to experi-
encing poorer school achievement and overall school success: affected people are
also more vulnerable to experiencing consequences such as behavioural problems,
psycho-social problems, truancy, or dropout from high school (Catts et al., 2024).
DSM-5 by the American Psychiatric Association (2013, p. 70) classifies dyslexia
among specific learning disorders, and states: the “Specific learning disorder is asso-
ciated with increased risk of suicidal ideation and suicide attempts in children and
adolescents, and adults” These negative consequences are just as concerning as the
primary symptoms, because they can seriously impact the overall quality of life of
people with dyslexia. Therefore, these consequences need explicit recognition and
attention to potentially prevent or reduce their occurrence (Catts et al., 2024).

2.23.3 Comorbidities

The co-occurrence between two (or more) disorders in the same individual is called
a comorbidity (Angold et al., 1999). Regarding dyslexia, comorbidity can occur be-
tween disorders within the same diagnostic category such as a mathematical disor-
der which is, in DSM-5, equally grouped within the subcategory of specific learning
disorders among the neurodevelopmental disorders, or between disorders from
different diagnostic categories (American Psychiatric Association, 2013; Angold et
al., 1999). The prevalence rates of comorbidities vary widely, but Moll et al. (2019)
estimate that about 40 % of the children with a reading disorder or dyslexia have an-
other disorder as well. Dyslexia commonly but not exclusively co-occurs with a de-
velopmental language disorder (DLD), speech sound disorder (SSD), mathematical
disorder (MD), or attention-deficit/hyperactivity disorder (AD(H)D) (Catts et al.,
2024). Since these comorbidities show an increased prevalence in people with dys-
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lexia, they are each discussed in the following paragraphs. The already mentioned
secondary symptoms - anxiety disorders, depressive symptoms, and absenteeism
from school - are also named among the comorbidities by Galuschka and Schul-
te-Korne (2016).

Developmental language disorder (DLD): According to Catts et al. (2024, p. 12),
“numerous studies have demonstrated the increased prevalence of DLD in children
with dyslexia”. These language problems, which extend beyond phonology, are fre-
quent in individuals with dyslexia, some of them as “late talkers”, but the problems
vary in intensity from clinically mild to significant (Price et al., 2022). The comor-
bidity rates for children with dyslexia and DLD observed by McArthur et al. (2000)
in their sample were even higher than the rates given by Moll et al. (2019). McArthur
et al. (2000) found that over 50 % of children can be equally classified as having a
specific reading disability (SRD) or DLD". Adlof et al. (2021) and Duft et al. (2023)
state that children with dyslexia and comorbid DLD have more severe difficulties in
word reading and general reading than those with dyslexia alone. Early spoken-lan-
guage difficulties should therefore be considered as a risk factor for dyslexia (Catts
etal., 2024).

Speech sound disorder (SDD)* involves the persistent and systematic deletion,
substitution and distortion of speech sounds (Farquharson et al., 2021). Cabbage et
al. (2018) recognise that the prevalence of SDD in dyslexia are inconsistent and that
SDD is often mediated by oral language skills. Therefore, the authors do not estimate
SDD as a major risk factor of dyslexia, but they argue that an isolated speech sound
disorder also poses an increased risk for dyslexia that should be considered.

Mathematical disorder (MD) is also often comorbid with reading disorder” (RD),
with prevalence rates varying greatly depending on the study (Moll et al., 2019).
Joyner and Wagner (2020) found, via a meta-analysis, that children with MD are
twice as likely to have dyslexia as those without MD. However, Moll et al. (2019)
claim that the large overlap between MD and RD does not concern all mathemat-
ical skills but is restricted to those mathematical subskills that build on language
skills, i. e., arithmetic fluency. However, the deficits in basic number processing and
in literacy are distinct. Thus, “Comorbidity between RD and arithmetic deficits can
be explained by domain-general risk factors (i. e., language skills) and by symptom
overlap (Moll et al., 2019, p. 292)".

Regarding Attention-deficit/hyperactivity disorder (AD(H)D), Catts et al. (2024)
describe a bidirectional comorbidity between AD(H)D and dyslexia and name a
25-40 % prevalence rate. Schuchardt et al. (2015) investigated the comorbidity rates
of AD(H)D symptoms and of specific learning disorders, including dyslexia and

17 Former specific language impairment (SLI).

18  Children with persistent speech sound disorders-(SSD) are those who continue to expe-
rience speech sound errors past a typical age of acquisition; see Farquharson et al. (2021).

19 Aspects of writing are not mentioned explicitly in the cited studies.
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MD. While they assume a prevalence rate of AD(H)D of 5% in children without a
specific learning disorder, they find considerably higher prevalence rates between
AD(H)D and reading and/or writing disorder (around 20 %), but not with MD. In
addition, these authors describe a much higher risk of comorbidity for boys than for
girls.

Several authors recommend to carefully identify these comorbid conditions in
diagnostic evaluations, although these disorders are not a defining characteristic of
dyslexia. Firstly, the comorbidities should be noted as such to improve the diagnosis
and adjust the subsequent treatment. Secondly, the precise picture of the conditions
might serve as additional criteria for identifying dyslexia in diagnostic evaluations,
meaning that MD might lead to the detection of dyslexia (Catts et al., 2024; Joyner &
Wagner, 2020; Moll et al., 2019; Price et al., 2022; Snowling et al., 2020).

2.2.4 Assessment, intervention, adaptation, and compensation
2241 Assessment of dyslexia

Already in the 1960s, it was accepted that dyslexia required an educational interven-
tion. However, before teaching could begin, a ‘diagnosis’ was sought that was based
on a medical model of referral and treatment (Snowling, 2019). Therefore, this sec-
tion, firstly, provides an overview of the diagnosis of dyslexia; and secondly, presents
the options for intervention and/or adaptations and compensation. In distinction to
Section 2.1.3 where the educational assessment of writing skills was elaborated, this
section focusses on special educational diagnostics, aiming to identify and classify
disabilities and impairments and to support and promote people with disabilities
(Gebhardt, 2023). As this thesis concentrates on already manifest dyslexia, the topic
of early detection and prevention is not in the scope of this thesis.

According to Scheerer-Neumann (2018), diagnosing reading and/or spelling
disorders should follow a hierarchical approach that starts with the assessment of
whether a disorder is present. Subsequently the diagnosis is refined, and further fea-
tures are assessed. Schulte-Korne and Galuschka (2015) wrote, in the now outdated
S3-Guideline, that diagnosis should be based on the results of psychometric perfor-
mance tests that measure reading speed, reading errors, reading comprehension,
and spelling errors in word and/or text writing. The problem is that dyslexia is not
a specific medical syndrome with a clear cut-off value (Snowling et al., 2020), and
as discussed in Section 2.2.1, there are no (inter-)nationally recognised standards
(Schroder et al., 2022). Therefore, Schulte-Korne and Galuschka (2019) recommend
using any of the three discrepancy definitions: the age norm, the class norm, or the
IQ norm. A difference of at least one standard deviation (SD) below the age or class
norm equals a below-average performance in reading and/or spelling.

Once the deficits have been identified, the diagnostician determines the current
state of reading and/or writing development of the child or adolescent (Scheer-
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er-Neumann, 2018). The diagnostic objective, the age of the person, the grade level
and the type of school, as well as the methodological quality of the psychometric
tests, determine the selection of the appropriate test procedure (Schulte-Kérne &
Galuschka, 2019). Regarding reading skills, a distinction is required between basic
reading, such as word recognition and decoding at word level, reading fluency at
sentence or text level, and reading comprehension®. The same distinctive proce-
dure is recommended for writing skills in order to assign the developmental stage
and a detailed error analysis. This precise assessment of phonetic, orthographic and
morphemic writing skills not only enables a statement about specific deficits but
can provide indications for specific intervention planning and also allows one to
derive the precise support measures (Scheerer-Neumann, 2018; Schulte-Koérne &
Galuschka, 2019). For the diagnosis of these lower-order writing skills in German,
several standardised tests are available for all grade levels and from the end of pri-
mary school onwards, and also for different types of school. Nevertheless, Galuschka
and Schulte-Korne (2016) indicate a lack of standardised spelling tests in German
that can be used for the entire school year because of their standardisation with time
intervals or at specific periods. Regarding the diagnosis of the core symptom - ac-
cording to the classification systems, ‘impairment in written expression, here used
synonymously with ‘higher-order writing skills’ - diagnosis in German is fraught
with problems because no up-to-date standardised test is available (Lenhard & Len-
hard, 2017; Schulte-Korne, 2021), as already highlighted in Sections 2.1.3 and 2.2.1.

As presented in Section 2.2.1 Snowling et al. (2020) recommend qualifying dys-
lexia as mild, moderate or severe. In addition to psychometric performance tests,
the assessment of developmental and school history and, as stated above, of co-oc-
curring features and comorbidities are important parts of the diagnostical process
and must be considered in the treatment plan (e.g. Catts et al., 2024; Galuschka
et al., 2014; Galuschka & Schulte-Korne, 2016; Schulte-Korne & Galuschka, 2019;
Snowling et al., 2020). Clinical examinations, such as hearing or visual tests, and
the observation of learning strategies, are also recommended (Scheerer-Neumann,
2018). Schulte-Korne and Galuschka (2019) call this a ‘multiaxial approach’ which
includes the assessment of the core difficulty, differential diagnostics, and the clari-
fication of specific comorbidities. They recommend an interdisciplinary diagnostic
for the diagnosis of dyslexia.

This section has so far presented the diagnostic procedure and its elements to
determine, firstly, the presence or not of dyslexia and, secondly, the aims to evaluate
the development at a specific point. However, assessment does not stop there but
also takes place in the process of an intervention in order to evaluate the response
to an intervention (Gebhardt, 2023), as discussed under the following subheadings.

20 Tests meeting the standards for reading assessment are presented in detail by: Schul-
te-Korne and Galuschka (2019); Scheerer-Neumann (2018); and A. Mayer and Lindberg
(2016).
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2.2.4.2 Interventions

A vast arsenal of different treatment methods for dyslexia is available, but many
methods have not been evaluated or only to an unsatisfactory degree. A meta-anal-
ysis including treatment methods, up to April 2015 (Galuschka & Schulte-Kérne,
2016), shows an improvement in reading and spelling performance but only for
symptom-specific approaches. Galuschka and Schulte-Korne (2016) recommend
these evaluated methods for treating reading and spelling disorders, requesting, at
the same time, more solid research for all interventional approaches and methods.

Systematic instructions on letter-sound correspondences and letter-syllable-syn-
thesis, as well as on morpheme synthesis, are the best for developing reading perfor-
mance. A more recent meta-analysis on phonics training for English-speaking poor
readers, by McArthur et al. (2018), confirms the former findings. Phonics training
teaches the identification of each letter of a letter-cluster in a new word, transposes
each letter or letter-cluster into its corresponding speech sound, and blends those
speech sounds into a word. On the writing side, Galuschka and Schulte-Korne
(2016) recommend, as the most effective methods to improve spelling performance,
systematic instructions on sound-letter correspondences and exercises analysing
sounds, syllables, and morphemes. In addition, applying a training procedure to
enable the acquisition and generalisation of orthographic regularities has proven to
be effective (Berninger et al., 2008; Galuschka & Schulte-Korne, 2016; Ise & Schul-
te-Korne, 2010; Kirk & Gillon, 2009). However, most of the studies included in the
meta-analysis stem from English-speaking countries. Galuschka et al. (2014) state
that it is not yet clear whether these interventions are equally effective across lan-
guages, among others in German. Important to add is that there is a dearth of evi-
dence on interventions for spelling and writing fluency, as pointed out by Snowling
et al. (2020). This meta-analysis also did not confirm the effectiveness of programs
for auditory or visual perception and processing, training, medication, or Irlen lens-
es. The same applies to alternative approaches (Galuschka & Schulte-Korne, 2016).

Interventions to support children with dyslexia should start as early as possible
and continue until the child or young adult has reached a reading and spelling ability
that enables their participation in social and public life in an age-appropriate way
(Galuschka & Schulte-Korne, 2016). Although the state of research on this aspect
is not currently sufficient, some evidence indicates that interventions with higher
amounts of treatment or longer durations of treatment seem to be more effective in
improving literacy skills than therapies with small amounts of treatment or short-
time interventions (Galuschka et al., 2014). The same applies for the success of in-
terventions regarding subgroups of severity. Thereafter, children and adolescents
with mild reading disabilities show more improvement in literacy skills than more
severely impaired children (Galuschka et al., 2014).

In addition, Galuschka and Schulte-K6rne (2016) investigated, by the means of
a meta-analysis, the setting, i.e., individual or small groups, and the person that
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provided the therapy or intervention. The authors do not identify a difference in
effectiveness between individual sessions or group sessions, but the profession of
the therapist did affect the effectiveness of the intervention. Measures administered
by teachers and study authors were more effective than those by pupils, parents and
university students.

2.2.4.3 Adaptational measures

As elaborated above, early intervention is strongly recommended for students with
dyslexia. In addition to remedial intervention, instruction in school and potential
adaptations of instruction to students who are struggling with reading and writing
play an important role (S. Graham et al., 2022). S. Graham et al. (2022) describe in-
structional adaptations for the weakest writers as modification with the underlying
idea that the success of weaker writers is aided by making instruction responsive to
students’ needs.

An information sheet (in German, ‘Infoblatt H, Lese- und/oder Rechtschreib-
storung (Dyslexie)’), of the Swiss Foundation Centre for special needs education,
presents such measures for students with dyslexia for the attention of the teachers.
On the one hand, this document presents instructional recommendations for all
students that are at the same time helpful for students with dyslexia, e.g. the choice
of simple fonts without serifs for better decoding. On the other hand, it presents
examples of adaptations that can be applied in the classroom for students with dys-
lexia, such as digital teaching materials with an additional accessible format. The
authors recommend planning these adaptations as a team of teachers and special-
ists, and discussing them with parents (Ayer & Joss Almassri, 2023). However, such
recommendations for teachers give no information about what actually is applied
in the field; but a few studies about instructional adaptations for struggling writers
have been conducted in North and South America (S. Graham et al., 2022; S. Gra-
ham et al., 2016). These have investigated the type® and the frequency of adaptations
applied by primary and middle school teachers. Accordingly, extra encouragement
and extra time to complete writing assignments are the most common adaptations
applied by teachers of Grades 1 to 3 in the USA. Adaptations involving the use of
technology or dictations are the least commonly applied. S. Graham et al. (2016) re-
port that teachers knew about the adaptations and how to implement them but were
less positive about the time needed to apply them. In addition, “teachers further
evidenced some concern about dictation having negative effects on their struggling

21 Adaptations named by S. Graham et al. (2022): extra handwriting, grammar/spelling,
planning/revising, sentence construction, and text structure instruction, as well indi-
vidual mentoring, extra writing instruction using computer technology, adaptations for
facilitating writing such as weaker writers working with a peer, and providing choice or
alternative writing assignments.
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writers” (S. Graham et al., 2016, pp. 12-13). Almost the same picture emerged when
investigating the same topic for middle school teachers in the USA. Teachers men-
tioned the lack of hardware and software in school as reasons for the limited use
of technology (S. Graham et al., 2014). The study by S. Graham et al. (2022) about
adaptations of writing instruction to the weakest writers also shows more frequently
applied adaptations in Chile than in the USA. Regarding differences of adaptations
between grade levels, the authors found no significant differences in the type or the
frequency of adaptations.

Locke et al. (2015), who investigated effects and adaptive strategies of dyslexia in
and after training of doctors and nurses, conclude that there is insufficient research
currently available about adaptations in dyslexia and that the existing studies are
not sufficiently recent to map the possibilities of new technologies. Beer et al. (2014)
draw a more positive picture for students with dyslexia, by assuming that the edu-
cational possibilities for children and adolescents with dyslexia have been improved
during the last decades through assistive technology, by providing extra time, and
other adaptations such as recorded textbooks or bigger font. However, these authors
see still major challenges for people with dyslexia in the transition from education
to professional life.

Svensson and Lindeblad (2019) state, with regard to students’ academic and pro-
fessional future, that at a certain point in the learning process, the question arises
as to whether therapy and differentiation are sufficient or whether certain processes
should be compensated for. The adaptations and differentiations discussed in this
section support learning, but adaptations as mentioned by Beer et al. (2014) also
touch on measures that could be classified as compensational measures which re-
lieve the learner with dyslexia of certain processes. These measures usually do not
change the objectives of learning, because the compensation allows the learner to
direct the full attention to the essential learning content and therefore perform as
expected without a disadvantage such as dyslexia. In Switzerland, under certain cir-
cumstances, these compensational measures are classified as ‘compensation of dis-
advantages’ (Ayer & Joss Almassri, 2023).

2.2.4.4 Compensational measures and compensation of disadvantages
‘Nachteilsausgleich’

The descriptions above in Section 2.2.3 of the secondary symptoms of dyslexia illus-
trate the high risks that come with such difficulties. As also discussed, the symptoms
of dyslexia remain often present throughout school and in adults and cause many
risks and difficulties at work and in everyday life (Schulte-Kérne & Galuschka, 2019).
Section 2.2.1 about the classification of dyslexia outlined the disorder, from a med-
ical perspective, as a developmental disorder (WHO, 2024), or as specific learning
disorder (American Psychiatric Association, 2013). From a legal perspective, dyslex-
ia is classified as a handicap (Ayer & Joss Almassri, 2023). Therefore, internationally,
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the ‘Convention on the Rights of Persons with Disabilities’ (United Nations, 2024),
and on the Swiss National level, the ‘Behindertengleichstellungsgesetz’ (BehiG SR
151.3, 2002/as at 1. Juli 2020), apply. Accordingly, persons with a disability are legally
entitled to measures to compensate for their disadvantage. The resources invested in
eliminating the disadvantage, and the effect achieved, must remain in a reasonable
relationship and comprise individual measures to minimise the disadvantage caused
by a disability. This does not refer to an adaptation of the content or educational
objectives; instead, it refers to the adaptation of the conditions under which teaching
and examinations take place. Technological aids, personal assistance, and adapta-
tions of teaching and examination materials, but also adjustments in terms of time
and space, can be approved (Ayer & Joss Almassri, 2023; United Nations, 2024).

While several cantons® provide policies on compensation for disadvantage (e. g.
Staat Freiburg, 2023), there is no substantial research found on German-speaking
countries about what compensational measures teachers actually apply in school
and about their effectiveness. However, according to Sahli Lozano et al. (2016) and
Schellenberg et al. (2017): firstly, dyslexia is the most common reason for applica-
tions for compensation for disadvantage; and secondly, additional time is the most
frequently accorded compensation.

In sum, the literature on the adaptational and compensational measures present-
ed here does not allow overall conclusions about the effectiveness, type and frequen-
cy of applied measures in educational and professional settings. Locke et al. (2015)
state that up-to-date and substantial research is needed for the professional develop-
ment of affected people. Regarding the educational setting of interest for this thesis
research, Peterson-Karlan (2011) and S. Graham et al. (2016) make the following two
points: on the one hand, critical examination of the tools and technologies that may
provide compensatory benefit are necessary; on the other hand, it is also important
to make sure that teacher education programs and professional development efforts
by schools help pre- and in-service teachers to receive the necessary knowledge. The
teachers must become aware of possible adaptations and know their strength and
limitations as well as how to apply them in a busy and over-crowded curriculum (S.
Graham et al., 2016).

22 The cantons of Switzerland are the member states and have their own constitutions, par-
liaments, governments and courts, EDA (2024).
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Writing is a complex process that involves several challenges for all students, but
especially for students with dyslexia (e.g. Afonso et al., 2019; Mossige, Arendal, et
al., 2023). Therefore, early intervention, and/or adaptational and compensational
measures for reading and writing, are a necessity for learning and coping with the
challenges of dyslexia (Ayer & Joss Almassri, 2023).

Difficulties in accurate and fluent spelling are the principal primary symptoms
of dyslexia regarding writing (Rose, 2009), as elaborated in Chapter 2, Section 2.2.3.
Because spelling is not automised, this process demands many of the limited re-
sources in the working memory and thus leaves few resources for text generation
and executive functions (Berninger & Amtmann, 2003; Mossige, Arendal, et al.,
2023). Therefore, Mossige, Arendal, et al. (2023) assume that writers with dyslexia
depend on technological tools which can help ensure accurate spelling. Section 3.1
presents an overview of technological tools that support transcription and explains
why the focus in this thesis research is directed towards STT. Section 3.2 provides
an insight into the technology of STT. Section 3.3 raises the question of whether, on
a theoretical basis, STT is an appropriate technology for writing for students with
dyslexia.

3.1 Overview of technology-supported writing tools for students with
dyslexia

Various authors consider that technological tools for writing could be applied in a
beneficial way to support students and adults with dyslexia (Locke et al., 2015; Moss-
ige, Arendal, et al., 2023; Svensson et al., 2021). Peterson-Karlan (2011) assumes that,
for example, word processors, due to their support, can advance planning, transcrib-
ing, and editing and revising. Such tools can be applied as adaptational measures in
the differentiation of the educational setting; or, on the legal basis of the Convention
on the Rights of Persons with Disabilities (United Nations, 2024), they can be ap-
proved as compensation for disadvantage (Ayer & Joss Almassri, 2023). Schroder et
al. (2022) identify, as digital interventions and media to support the narrative writing
skills of students with diagnosed special educational needs, the technologies of word
processing, word prediction, and text-to-speech programs. Text-to-speech (TTS)
compensates for difficulties in decoding, which can be due to visual impairment or
literacy difficulties. Meanwhile, Svensson et al. (2021) refer also, for students with
dyslexia, speech recognition or speech-to-text technology (STT) to compensate for
impaired writing abilities. On a theoretical basis, the following discussion pursues
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the question of the most adequate technology for learners with dyslexia. To this end,
it firstly outlines the most prominent features of the above-mentioned technologies.

Chapter 2, Section 2.1.1 illustrated the spelling process as one of the lower-order
processes. Lower-order processes receive assistance by spellcheckers, commonly in-
tegrated in ‘word processing. The term, word processing, has changed over time,
and this technology is increasingly packaged with other technologies that support
writing. A text editor, usually integrated in word processing, simplifies editing and
revising text (Morphy & Graham, 2012). Perelmutter et al. (2017) assume, on the
basis of a limited number of studies with adolescents and young adults, that a text
editor can assist in writing. However, the person who produces text still accomplish-
es both the lower-order processes, by typing letters and words, and the higher-order
processes such as planning and structuring text. Regarding assistance in relation to
the challenges for a person with dyslexia, the assistance is limited and might direct
the attention to spelling in a hampering way for the higher-order processes. In ad-
dition, Renneberg et al. (2022) point out the problem of spellcheckers pinpointing
misspellings with red underlining, which provides negative feedback for all writers
but especially for those with dyslexia with poor spelling.

The technology of ‘word prediction’ assists the writing process by generating a list
of the words most likely to follow in a sentence. The software then displays these in
a word list, and the user selects the desired word. This process decreases the number
of keystrokes required to type a word. It is therefore supposed to improve the rate
and accuracy of text entry, reduce fatigue, and thereby enhance the productivity of
writing (Tam et al., 2002). Using this technology, the machine thus takes over parts
of the lower-order processes. Nevertheless, Mossige, Arendal, et al. (2023) criticise
this procedure as time-consuming.

A technology that does mostly take over the lower-order writing processes is
‘speech recognition technology’, here used synonymously with STT, which translates
oral language into written language. In other words, a person dictates oral text to a
machine. The person thus neither types nor focuses on the spelling of words. How-
ever, the interpunctuation must still be accomplished by the person.

At the time of study planning in 2021, STT represented the technology that
most consequently assisted in lower-order writing processes. With the release of
ChatGPT-4 in November 2022 and subsequent advances in natural language gener-
ation, writers have gained access to another tool that supports the entire writing pro-
cess — from idea generation to final proofreading and editing (Imran & Almusharraf,
2023). One could therefore argue that such a comprehensive tool is better suited to
assist students with dyslexia across all stages of writing. However, as outlined above,
the aim of this study is to understand the effect of reducing the burden of lower-or-
der processes, by allowing the writer to handle the higher-order processes such as
idea generation and text structuring. Consequently, the use of STT only remains
appropriate for the purpose of the present thesis research despite recent technolog-
ical developments.
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This chapter explores the question of whether STT can be beneficial for students
with dyslexia from a theoretical perspective. To this end, it develops the theoretical
cognitive and motivational rationales that can argue in favour of or against the use of
this technology for students with dyslexia. It then addresses the use of STT from an
educational perspective, in particular media theory and new literacy theory. How-
ever, firstly, this chapter provides an insight into the most important steps in the
development of the technology of STT.

3.2 Speech recognition technology

One of the primary means of human communication is speech. Two primary tech-
nologies concerning speech have developed: text-to-speech (TTS); and speech-to-
text (STT) or automatic speech recognition (ASR). As its name suggests, TTS refers
to the process of the conversion of text into speech (Filippidou & Moussiades, 2020).
The software transforms written text to oral language, i. e., a speech synthesizer gen-
erates a synthetic spoken form without the necessity of pre-recording (Giannouli &
Banou, 2020). However, since TTS assists, first and foremost, reading, it is only brief-
ly mentioned in this thesis research. The counterpart to TTS is STT which “generates
digital text from spoken language” (Matre & Cameron, 2024, p. 2). This technology
converts sound waves into electric signals, using sound cards that digitalise the sig-
nals and by a speech engine software that transforms data into text. The technology
user speaks into a microphone connected to a device where the translated words
appear on the screen within seconds (Aldosari et al., 2023).

3.2.1 Development of the technology

Researchers at the Bell Telephone Laboratories (USA) built the first speech recog-
nition system in 1952 (Davis et al., 1952; Filippidou & Moussiades, 2020). This early
recognizer, called circuity, automatically recognised spoken digits, i.e., numbers

Figure 3.1:  Generation of (digital) text from spoken language via microphone and speech recognition
technology (own representation)
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from 0 to 9, at normal speech rate by a person for whom the machine is adjusted.
The circuity contained three separate sequential functions. Firstly, it compared un-
known sounds to Format 1 plots versus Format 2 plots; and secondly, it matched
these against similar plots of reference sounds. The technique for identification of
the digits is part of the process called pattern matching:

Pattern matching involves comparing some aspect or aspects of data derived from
an unknown signal with the corresponding aspect or aspects of a number of known
signals considered as standards to determine which of the standards was intended by
the talker when speaking the unknown digit (Davis et al., 1952, p. 637).

The best matching techniques were employed in a way that normalised various lengths
of digits and speeds of talking. Since human speech contains variability, the goal is not
an exact match of an utterance to any standard sound but rather to decide whether a
sound resembles one standard more closely than any other (Davis et al., 1952). There-
fore, the speech recognition is in this regard the opposite of voice recognition with its
unique identification of a speaker from his voice pattern, as applied in security devices
(Hollier, 1983). Finally, the speech recognition machine presented the information visu-
ally. This matching technique from 1952 allowed the machine to deliver a determination
in spite of a poor match. While short unintentional sounds and noises were eliminat-
ed, this circuity did not allow the machine to reject a word or sound but provided the
output within the accepted vocabulary (Davis et al., 1952). Initially, this early system
required speakers to pause after each digit (Filippidou & Moussiades, 2020).

The first recognition system of continuous speech, a major achievement, was con-
structed in the late 1960s in the USA; followed by the development of an algorithm
in the UK that could recognise speech, creating a sequence of words contained in
connected speech (Filippidou & Moussiades, 2020). This latter technology was in-
tended for activities where free hands were of advantage, such as giving instructions
or commanding controls in industry, and aimed to accelerate speed by oral entry
as a faster alternative to keyboard entry (Hollier, 1983; Sensor Review, 1981). The
technology also used pattern recognition approaches, including, among other tech-
niques, the use of linear predictive coding, as the basic methods of spectral analysis
(Karpagavalli et al., 2011). The pattern recognition approach or pattern-matching
approach involves two main steps, namely pattern training and pattern comparison.
The system described in the Sensor Review (1981) contained an initial vocabulary of
100 words but was extended up to 2000 words.

Karpagavalli et al. (2011) outline the advancement that occurred in the early
1980s by the introduction of the Hidden Markov Models* to the Automatic Speech

23 Hidden Markov Models (HMM) are powerful tools for probabilistic sequence align-
ment. They contain a doubly stochastic process with an underlying stochastic process
that is not observable (hence the term, hidden), and a second stochastic process that
produces a sequence of observations; see Furui (2010).
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Recognition (ASR). These models provide a much more powerful tool for speech
recognition and allow the use of larger vocabulary. “Recognizers with continuous
speech capabilities are some of the most difficult to create because they utilize spe-
cial methods to determine utterance boundaries” (Karpagavalli et al., 2011, p. 327).
In contrast to the initial technology that had to be adjusted to a speaker, this new
technology allowed speech recognition in a speaker-independent manner.

Nevertheless, the performance of speech recognition applications still had the
challenge of reverberation and to overcome even low levels of ambient noise that
deteriorated the performance of ASR. The robustness of recognition of speech in
noise increased in the next generation of ASR. From 2000 onwards, the technology
has used parallel processing methods that increase recognition decision reliability.
The combination of Hidden Markov Models and Acoustic Phonetic Approaches*
targeted to detect and correct linguistic irregularities. In addition, the techniques of
machine learning advanced the technology by finding the optimal combination of
models (Karpagavalli et al., 2011).

In their paper of 2011, Karpagavalli et al. estimate that the most successful solu-
tion is going to be the use of larger databases and trying to embed into the training
set all the variability of speech and speakers. These authors assume that approaches
mostly based on Artificial Neural Network® would provide the computational pow-
er required for continuous speech recognition (Filippidou & Moussiades, 2020).

Figure 3.2 and the following paragraphs illustrate the architecture of a typical
ASR system based on Filippidou and Moussiades (2020) and Karpagavalli et al.
(2011), before the introduction of the recent, so-called End-to-End technology.

An acoustic front-end processes the speech signal to extract useful features. Sev-
eral feature extraction methods are used for this purpose (Filippidou & Moussiades,
2020). The most used is the so-called Mel-Frequency Cepstral Coefficients process
(Karpagavalli et al., 2011). This involves the generation of a feature vector. The ex-
tracted information is then processed by a so-called ‘decoder’, or ‘search algorithm,
using an acoustic model, a lexicon, and a language model. The product is a hypoth-
esized word or phoneme:

An acoustic model is a file that contains statistical representations of each of the distinct
sounds that makes up a word. The lexicon includes terms of the vocabulary of the current
application. The language model consists of the limitations associated with the sequence
of words that are accepted in a given language (Filippidou & Moussiades, 2020, p. 74).

24  The Acoustic Phonetic Approach postulates that finite, distinctive phonetic units in spo-
ken language exist and that these are broadly characterised by a set of acoustic properties
which are manifested in the speech signal over time. Several steps are conducted from
the analysis of the sound to the determination of a valid word; see Karpagavalli et al.
(2011).

25  Artificial neural networks (ANN) are classifiers that are used to learn, organise and im-
prove pattern recognition; Malik et al. (2021).
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Figure 3.2:  Conventional speech recognition architecture based on Filippidou & Moussiades (2020, p. 75)
and Karpagavalli et al. (2011, p. 327)

The number of ASR systems is continuously increasing up to the present (Filippi-
dou & Moussiades, 2020). Several international companies such as Microsoft SAPI,
Natural and Google, and research groups, are currently working on ASR systems
and continuing to develop these. Because conventional models have some disad-
vantages, e. g. the acoustic models are time-consuming to train and must be trained
for each language, improved technologies have been innovated and introduced. The
new models contain a technology that is based on an architecture composed of a
whole and unique block that jointly optimises acoustic, lexicon and language mod-
els. The so-called End to End (E2E) model is an example of this technology. Figure
3.3 illustrates the combined processing of the previously separated procedures. One
major advantage of this technology, in addition to the faster processing, is that it
does not require training to a specific acoustic or language model (Ghayas et al.,
2024).

Speech Utterance . Acoustic
Preprocessing Model
Output
Transcription
Features Language
Extraction Model

Jointly Trained DNN

Figure 3.3:  End-to-end ASR Architecture (Ghayas et al., 2024, p. 150) (simplified representation)
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In sum, “speech recognition technology has improved rapidly, ranging from sys-
tems that needed to be adapted for individual users to more advanced programming
that builds on deep learning algorithms ...” (Matre & Cameron, 2024, p. 2). Howev-
er, the question of whether this technology is appropriate for students with dyslexia
is considered important for this thesis research.

Important in this regard is the improvement of ASR systems and, according to
Kuhn et al. (2023), the reduction of the word error rate (WER)*. The application of
new technological innovations such as End-to-End (E2E) models or self-supervised
learning improves the accuracy of the tool. Google reported in 2017, for example, an
accuracy rate for their speech recognition of 95% (Palmiter Bajorek, 2019). Kuhn
et al. (2023) concede that ASR systems outperform human transcriptions on some
datasets, but they assume two problems with these high indications given by provid-
ers. Firstly, these indications tend to be too high because of overfitting for specific
datasets and therefore perform lower on novel datasets. Secondly, these authors dis-
cuss studies that have investigated specific biases for speakers of under-represent-
ed groups, but Kuhn et al. (2023) deplore that there is no precise knowledge on a
baseline of accuracy for the ASR systems. In addition, accuracy rates vary strongly
between different providers. Feng et al. (2024) suggest, however, that research and
developers should not focus blindly on lowering the error rates but should consider
the speaker groups and demographics that are inherently present in society.

S.-E. Kim et al. (2024) and Kuhn et al. (2023) agree on the fact that the disparity
between human and ASR performance has significantly diminished with recent de-
velopments in technology. However, they state that noise or variability in language
are continuing issues of ASR. When these authors compared ASR-based intelligibil-
ity values with those of human listeners under some of the most challenging condi-
tions, which were speech of second language (L2) speakers and in continuous broad-
band noise, they also found that the ASR system?® outperformed human listeners on
some accuracy measurements in spite of the variability in L2 speakers and the back-
ground noise. However, while the results are promising on some aspects of accuracy,

26  Word error rate (WER) is a metric used to evaluate the quality of transcriptions produced
by Automatic Speech Recognition (ASR) systems. To calculate the WER, the ‘minimum
edit distance’ between the reference text (original text) and the recognised transcript is
measured. A distinction is made between substitutions (S), deletions (D), and insertions
(I) as errors. The WER is the proportion of the total number of errors (S+D+I) over the
number of words in the reference; see Kuhn et al. (2023); Schiiler (2020).

27  'The authors investigated four state-of-the-art ASR systems and found that the ASR sys-
tem called ‘WISPER’ achieved the best overall accuracy values. The three other systems,
GOOGLE SPEECH-TO-TEXT, HUBERT, and WAV2VEC 2.0, showed, overall, less pos-
itive results. The authors suspect this difference to originate in different training tasks
and materials: while WISPER was trained with L2 speech in noisy environments, WAV-
2VEC 2.0 and HUBERT were only pre-trained in English speech in quiet environments;
see S.-E. Kim et al. (2024).
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the authors still see challenges regarding observed ‘hallucination errors’ committed
in speech input and think that further investigation of ASR systems is warranted to
gather a deeper understanding of their strengths and limitations (S.-E. Kim et al.,
2024; Kuhn et al., 2023). Other researchers in the field of ASR systems name several
challenges in addition to L2-recognition. The following section addresses challenges
that might impact empirical research on a German-speaking environment with pri-
mary school students with dyslexia.

3.2.2 Considerations about speech recognition for different user groups

Feng et al. (2024) show differences in state-of-the-art ASR systems in their per-
formance according to speaker groups. These authors assume that many factors
can cause bias, and investigate gender, age, and regional and non-native accents.
However, before addressing these biases, the question about the performance of
ASR systems in other languages is considered relevant for this thesis research. The
above-discussed developmental advancements took place, on the whole, in En-
glish-speaking countries and on an English-language basis. The German-speaking
environment, relevant for this thesis, requires an ASR system capable of processing
another language than English.

While challenges remaining for English are stated by authors (e.g. S.-E. Kim et
al., 2024), the recognition of other languages than English is even less satisfactory.
Silber-Varod et al. (2021) assume, among other challenges, that ASR systems are
language-dependent (Silber-Varod et al., 2021). These authors investigated four ASR
engines® in the different languages of English (high-resourced), German (mid-re-
sourced) and Hebrew (low-resourced), by four commonly used metrics, WER being
one of them. Findings suggest that English ASR systems provide the best results.
Surprisingly, the researchers find similar performances for ASR systems in Hebrew
and German despite the estimation of German as a mid-resourced language. Kuhn
et al. (2023) report also findings about Germany, comparing the German ASR-sys-
tem with English L1 and English as L2. These researchers, interested in speech recog-
nition as a possibility for access for deaf- and hearing-disabled people, analysed the
accuracy of higher education lecturers among eleven ASR providers. Their findings
show that accuracy is best in English L1, second in English L2, and the lowest in Ger-
man. However, they state, firstly, variations in accuracy rates according to different
factors, and secondly, that none are on top in every analysis.

The lower performance of speech recognition in German must be considered in
the present thesis research, in which the state of research is mostly based on studies
conducted in English, while the environment of the present thesis research is a Ger-
man-speaking environment. In addition, to date there is an unknown proportion
of the strength of any provider (Silber-Varod et al., 2021). For the present thesis

28 Google Cloud, Google Search, IBM Watson, WIT.
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research this means, firstly, that there is no provider outperforming the others in
a way that implies the selection of one tool or provider over another. Secondly, the
strengths and weaknesses of current tools remain unknown to a certain extent.

Feng et al. (2024), whose goal is to uncover and mitigate bias in order to work
towards a more inclusive automatic speech recognition for all people, show that, in
addition to the bias of speakers in different languages, there are also biases for dif-
ferent speaker groups that are independent of the state-of-the-art ASR architecture.
The investigated groups are namely different genders, age groups, native vs. non-na-
tive speaker groups, and dialect speaker groups. The two speech test modalities were
a reading condition and a human-machine-interaction. These authors examined
biases in Mandarin and Dutch; with the latter being considered informative for the
present thesis research.

The results on Dutch indicate, firstly, an age bias. Among native speakers, the
speech of adolescents was recognised the best, followed by adults, while children’s
speech reached the lowest rates. This is an important finding for the present thesis,
since primary students are targeted (Feng et al., 2024). Higgins and Raskind (1995)
consider that the higher pitch of younger students’ voices may hinder accuracy. Feng
et al. (2024) assume there is bias at the high volume and with the disfluency and/
or hesitations in children’s speech. For non-native speakers, however, the speech of
children is found to be better recognised than that of adults.

The second bias is one against non-native speech, for whom the accuracy rate was
significantly lower with an absolute WER degradation of 15 to 24 % according to the
testing condition (Feng et al., 2024). This bias must also be considered for the pres-
ent thesis, as the population under study is composed of both native and non-native
German speakers. However, while the age error is disadvantageous for children, the
non-native speaker error seems to have a less negative effect on children.

A third bias described by Feng et al. (2024) is one against regional accents, with
the strongest biases against Flemish and speech from the south of the Netherlands.
The authors assume the reason for this is a lack of the use of ASR training speech
data for these regional accents (Feng et al., 2024). For two major reasons, this bias
needs also consideration in the present thesis research. Swiss German is classified
as a variety of German. Within the Swiss German variety, several regional accents
are present and largely spoken in everyday life and in informal situations. Formal
situations and written language take place, with a few exceptions, in Standard High
German which is also the language of education. According to many authors, the
mastery of both, Standard High German and Swiss German Dialects, is necessary
in Switzerland (Berthele, 2019). At this point, two assumptions are made that might
impact the accuracy of speech recognition. Firstly, Standard High German, learned
as the educational language in Switzerland, is characterised by peculiarities in con-
trast to the standard language in other areas of Germany or Austria (Variantengram-
matik, 2020). The German-speaking part of Switzerland is considered a relatively
small region of the entire German-speaking area. It is therefore assumed that speech
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data of Standard High German spoken by Swiss people is probably underrepresent-
ed. Secondly, due to the situation of diglossia in German-speaking Switzerland, the
Standard High German spoken by Swiss people and especially by primary students
might be less fluent than the German in Germany and Austria. Therefore, in addi-
tion to the comparable situation of a lack of Flemish ASR-training, speech recogni-
tion in the German-speaking region of Switzerland might be affected by disfluency
or hesitations.

According to Feng et al. (2024), a last bias is the gender bias. Because earlier
research results on gender bias cited by these authors are mixed, the present thesis
research only presents the findings reported by Feng et al. (2024) regarding children
and adolescents, focussed on by this thesis research. These authors find a bias against
male adolescents in the reading condition and a bias against female children in hu-
man-machine interaction.

In sum, speech recognition for the user group forming the focus of the present
research may be affected by certain factors as presented above. The primary students
with dyslexia need a speech recognition software that works for German; and they
may, due to their age, tend to speak less fluently than adults. This could be partic-
ularly true for those students with comorbidities such as oral language disorders
or AD(H)D. In a representative sample of primary school students with dyslexia,
both genders, as well as mono- and multilingual students, are likely to be present.
These many factors play a role in the accuracy, and thus the performance, of speech
recognition. They must, therefore, be considered carefully in the approach and the
design of the present study.

3.2.3 Definition and characterisation of assistive technology

The rationale, elaborated at the beginning of this chapter, of speech recognition as
the most consequential technology to assist students with dyslexia, on their journey
through school, professional career and everyday life, is based on the concept of
using STT as an assistive technology. However, the development of the technology,
as shown in Section 3.2.1, reveals that this technology was not, or not specifically, in-
tended for people with disabilities. While studies have emerged in the field of special
education on STT as an assistive technology from the late 1980s onwards (Matre &
Cameron, 2024), other sectors, such as industry or aviation, have also been inter-
ested in this technology (Hollier, 1983). This illustrates that whether a technology
is considered as assistive or as mainstream technology goes far beyond the focus
on machines (Blackhurst, 2005). Matre and Cameron (2024) state that ST'T can be
applied as an assistive, a remediation or an instructional tool. Thus, it depends on
the aim or intended effect of implementing the tool in education or research. How-
ever, Matre and Cameron assume that there has been insufficient research about
theoretical, empirical and practical distinctions between STT as an assistive or as
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an instructional technology, i. e., a learning medium. Therefore, the following para-
graphs frame the theoretical approach taken in this thesis research.

C. Abbott (2007) presents three approaches to using digital technologies, elabo-
rating the question of the inclusion of people with disabilities through access to dig-
ital technologies. The first category in this work about e-inclusion comprises tech-
nologies to train or rehearse. C. Abbott criticises this kind of much used technology,
which focuses on drill and practice, as being limited because it is often associated
with a behaviourist model of learning that does not sufficiently consider social in-
clusion and social justice. C. Abbott categorises the second approach as using tech-
nology to assist learning. He firstly points out that the term, assistive technology, is
problematic since it is differently defined in various contexts. His second critique
is that the use of a technology linked to the need to compensate is as an adjunct to
learning rather than a key agency through which learning takes place. The third
category comes closer to what he calls a ‘catalyst for learning itself’ The author de-
scribes this category as technology to enable learning. This use of technology makes
learning possible where it was not possible before, because it facilitates the creation
of collaborations and communities. This approach, associated with social-construc-
tivist models of learning, differs from the others because the use of technology trans-
forms rather than modifies the learning context.

In considering these categories, he recognises the limitations of drill and prac-
tice as well as purely compensational software and discerns the potential of socially
collaborative use of digital technologies (C. Abbott, 2007). This separation between
assistive and enabling technologies is not emphasised in the definition of ‘assistive
technologies’ (AT) by D.L. Edyburn (2015, p. 9) who focuses on AT and frames the
term as follows: “Assistive technology has the potential to enable people with dis-
abilities to live, learn, and work more independently through the application of spe-
cialized technologies that reduce, eliminate, or minimize the impact of a disability”

This definition is interpreted in such a way that the participation is directly fos-
tered both by compensating for impaired functions and, at the same time, by in-
creasing learning through the use of the technology. Therefore, this thesis research
draws on this definition of AT and strives to investigate the question of the effective-
ness of the use of speech recognition for students with dyslexia accordingly. In terms
of writing, compensation (assistive technology) refers to the efforts to compensate
for a lack of written skills and enhance the student’s ability to plan, compose and
revise text. By contrast, remediation or instructional technology aims to improve
skills by enabling students to produce more text and increase exposure to writing
activities (Matre & Cameron, 2024).

The present investigation of a technology intervention for a particular group of
students confirms the classification of STT as an assistive technology because only
the primary beneficiaries benefit from the intervention. However, STT and TTS are
also conceivable as being applications within the framework of universal design
for learning (UDL). A technology has quantifiable evidence as an UDL-application
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when it is used by most students in a classroom and they benefit from it. UDL implies
that instructional materials and environments are accessible for all students (D.L.
Edyburn, 2021). STT is, next to TTS, an example of a UDL that also affords benefits
to secondary beneficiaries, i. e., further learners might improve in their learning due
to these technologies. D. L. Edyburn (2021, p. 311) states, “every technology platform
has universal accessibility features that support the writing composition process by
allowing users to speak their thoughts and have the device correctly spell the words”
Therefore, STT can be considered as a UDL from a provider perspective (D.L. Edy-
burn, 2021); but dictation also meets the framework of UDL based on the legal per-
spective. The ‘Individuals with Disabilities Education Act’ in the USA asks for the
provision of flexibility: in the ways in which information is presented; in the ways
students respond or demonstrate knowledge and skills; and in the ways students are
engaged. It also demands a reduction of the “barriers in instruction, provides appro-
priate accommodations, support, and challenges, and maintains high achievement
expectations for all students, including students with disabilities and students who
are limited English proficient” (D.L. Edyburn, 2010, 34).

3.3 Reasons for STT as assistive and/or enabling technology

People are using speech recognition technology more and more frequently. Such
technology has demonstrated its enormous potential in Human-Computer Inter-
action (HCI) systems and is now playing an important role to assist people in var-
ious fields (Dhanjal & Singh, 2024). Examples where speech technology nowadays
is used are speech commands in the car or in smart homes, in the military domain,
in industry, and more recently in oral search commands and usage of STT in social
media where videos are aggregated by text. In addition, the healthcare system and
people with disabilities are increasingly benefitting from this technology. People at-
fected by deafness or hearing disabilities use ASR systems to transcribe oral speech
into written text. People with physical disabilities can command their computer and
search on the internet without using their hands, and people with visual impairment
use TTS and STT to listen to and produce text (Chen & Jokinen, 2010; Dhanjal &
Singh, 2024). An increasing number of studies about students struggling with read-
ing and writing demonstrate the possible benefits of such technology for students
with disadvantages at school, such as dyslexia or learning disabilities.

Before the presentation of the state of literature in Chapter 4, three major the-
oretical approaches are discussed in the following sections. Chapter 2, Section 2.1
illustrated the complexity of writing and stated the enormous demands occurring
simultaneously for the several writing processes as well as for the executive func-
tions, working memory etc. This demand for cognitive functions is also known as
the cognitive load. Section 3.3.1 following therefore asks whether Cognitive Load
Theory (CLT), by Sweller (1994), gives reasons to support the application of STT
for students with dyslexia. Section 3.3.2 addresses general motivation and writing
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motivation, which is illustrated as another component that plays an important role
in the writing process. In addition, the description of secondary symptoms of dys-
lexia, elaborated above, potentially affect self-esteem, self-efficacy and, thus, writing
motivation. Section 3.3.3 moves away from the (neuro)cognitive and sociocognitive
theories of learning and seeks reasons in favour of or against STT for this group
from an educational perspective. To this end, this section discusses consequences of
digital tools such as ST'T, for literacy and educational settings.

3.3.1 Cognitive Load Theory
33.1.1 Theoretical framework

Fayol wrote, in 1999, that writers must decrease demands that writing processes
place on working memory to avoid overloading their limited working memory. This
assumption is based on CLT which claims that resources in the working memory
are limited, and that working memory can be overloaded. This theory assumes that
instruction must adapt to this and reduce the cognitive load, to facilitate learning.
The following paragraphs present the current version of CLT and illustrate the re-
lationship between the cognitive load and the working memory. The importance
of cognitive load considerations for the writing process, writing instruction, and
the compensation of lower-order processes to improve higher-order processes, are
discussed.

CLT, introduced by the Australian educational psychologist, John Sweller in the
late 1980s, focusses mostly “on how the objective characteristics of the task affect
cognitive load and, in turn, learning” (Moreno & Park, 2010, p. 11). It is a psycholog-
ical theory that attempts to explain psychological or behavioural phenomena result-
ing from instruction. Skills, such as writing skills, are psychological constructs. The
theory goes back to early psychological theories that recognise the multidimension-
al nature of the mental load which results from the interaction of subject individual
characteristics and objective task characteristics. Since CLT is concerned with the
question of how to design instruction to promote problem solving, it is now also re-
ferred to as an instructional design theory. Other theories, such as problem solving
and schema theories®, inspired CLT from its inception and are important concepts
of the theory (Sweller, 2023).

An integral part of CLT is a basic assumption that heavily influences the theory:
the theory assumes that human cognitive architecture is characterised by a very lim-
ited short-term memory, and a very large long-term memory. ‘Short-term memory’

29  “A schema is a cognitive construct that organizes the elements of information according
to the manner with which they will be dealt”; see Sweller (1994, p. 296). “Knowledge
and intellectual skill based on knowledge is heavily dependent on schema acquisition”;
Sweller (1994, p. 297). Sweller (1988) concludes that different types of analysis to solve
problems leave more or less cognitive resources for schema acquisition.
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is now mostly known as ‘working memory’ (Moreno & Park, 2010). This assumption
differs between automatic and controlled processing, which are two qualitatively
distinct ways to process information. Both processes must work together to enable
learning. Since the awareness of this interplay is considered a prerequisite for the
elaboration of CLT, working memory and long-term memory are described as fol-
lows, before the three categories of cognitive load are presented.

3.3.1.2 Working memory and long-term memory in CLT

Moreno and Park (2010, p. 14) summarise controlled processing as “relatively slow,
mentally demanding, and highly dependent on working memory capacity”. This
controlled part of memory, where all conscious processes occur, is called working
memory or short-term memory. It can only handle a very limited number of novel
interacting elements, possibly no more than two or three. According to Paas et al.
(2003), this number is considerably smaller than the number of interacting elements
that most substantive areas of human intellectual activity contain. On its own, work-
ing memory would thus allow only relatively trivial human cognitive activities.
However, long-term memory completes the working memory by providing
humans with the ability to vastly expand the processing ability (Paas et al., 2003).
Moreno and Park (2010, p. 14) describe this automatic processing, in contrast to
the working memory, as “fast, effortless, not limited by working memory capacity,
and developed with extensive practice”. In other words, the long-term memory can
store information and can contain vast numbers of schemas. Schemas are “cognitive
constructs that incorporate multiple elements of information into a single element
with a specific function” (Paas et al., 2003, p. 1). These constructs may consist of a
large number of lower-level, interacting elements. The incorporation of these ele-
ments into a schema and stored in the long-term memory allows people to bring the
schema back to the working memory where it is processed and manipulated as one
whole element instead of several (Paas et al., 2003). This process, as well as the au-
tomation of schemas, reduce the load for working memory during problem solving.
The storage of automated schemas is therefore a function of learning, according to
CLT (Sweller, 1994). Especially when one must deal with higher cognitive activities,
schema acquisition and automation are major learning mechanisms because they
are designed to circumvent the limited working memory (Sweller & Chandler, 1994).

3.3.1.3 Categories of cognitive load

Paas et al. (2003) describe three categories of cognitive load: intrinsic cognitive load,
extraneous cognitive load, and germane cognitive load (Figure 3.4).

The intrinsic cognitive load is inherent to the complexity of the material and
information, and depends on the learner’s prior knowledge (Sweller, 1994). The de-
mands on the working memory capacity depend on the extent to which relevant
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Figure 3.4:  Visual representation of the assumptions underlying the CLT development (Moreno & Park,
2010, p. 18)

elements, which must be processed, interact. These demands are intrinsic to the
material being learned, and figure as a base load. It is currently considered question-
able in the literature, and thus labelled with question marks in Figure 3.4, whether
and to what extent intrinsic cognitive load can be altered. It can be argued that in-
structional manipulations cannot alter the intrinsic cognitive load, because different
materials have different levels of element interactivity. However, additional schemas
and automating previously acquired schemas could theoretically reduce the intrin-
sic cognitive load to some extent (Moreno & Park, 2010; Paas et al., 2003).

The extraneous cognitive load, also called ineffective cognitive load (Paas et al.,
2003), is caused by the way in which information is presented, i.e., the instruction-
al design used. Since many conventional instructional procedures were developed
without any consideration or knowledge of the structure of information or cognitive
architecture, such procedures may contain activities that are irrelevant to schema
acquisition and automation (Moreno & Park, 2010). In this case, working memory
resources are used in vain. Thus, the cognitive load can be reduced by alternative in-
structional designs and procedures that reduce this extraneous cognitive load (Paas
et al., 2003).

The third category is the germane or effective cognitive load. The germane cog-
nitive load is, like the extraneous cognitive load, influenced by the design of the
instruction. The difference between both lies in how instruction influences the load.
Instruction enhances learning by the germane cognitive load, while instruction

69
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interferes with learning due to the extraneous cognitive load. Increased effort or
motivation can increase the cognitive resources devoted to a task (Paas et al., 2003).

As Figure 3.4 illustrates, the “intrinsic, extraneous, and germane cognitive loads
are additive in that, together, the total load cannot exceed the working memory re-
sources available if learning is to occur. The relations between the three forms of
cognitive load are asymmetric” (Paas et al., 2003, p. 2). Thus, by using a more effec-
tive instructional design, the extraneous cognitive load can be reduced and thus the
germane cognitive load can be increased. Consequently, learning through schema
acquisition and automation might increase, which could therefore reduce the intrin-
sic load and the total cognitive load. This therefore freed working memory capacity
allows the learner to use the newly learned material in acquiring more advanced
schemas. The repetition of this cycle allows one to acquire advanced knowledge
(Paas et al., 2003).

Instructional techniques that have been investigated to reduce extraneous cog-
nitive load are goal specificity, worked examples, completion, split-attention, re-
dundancy, and modality effects. While various techniques are effective for different
learning activities and in different stages of expertise, their effectiveness alters with
the development of experience in the learner. However, two scaffolding techniques
consider this challenge: “the intrinsic aspects of cognitive load can be reduced by
the scaffold of simple-to-complex sequencing, whereas the extraneous aspects can
be reduced by providing the substantial scaffolding of worked examples initially,
followed by completion problems and then full problems.” (Paas et al., 2003, p. 3).

Whether the amount of extraneous cognitive load is important depends on the
intrinsic element interactivity. If this is low, extraneous cognitive load caused by
instructional design may not be important. However, by contrast, when dealing with
materials with an intrinsically high element interactivity, the extent of the extrane-
ous cognitive load is important. Intrinsic load can be estimated by the number of
elements that must be considered simultaneously in the learning activity (Sweller &
Chandler, 1994). Chapter 2, Section 2.1 emphasised the complexity of writing, and
illustrated how many, mostly mental processes must be performed simultaneously.
Since several of these processes are highly effortful and entail the temporary storage
and processing of information, working memory plays a crucial role in text produc-
tion (Kellogg, 2001; Linnemann et al., 2022). In the following, what this means for
writing processes is discussed from a CLT perspective, and especially for writers
with dyslexia. The following discussion also mentions possibilities and limitations
for instruction or compensation.

3.3.1.4 Writing processes from a CLT perspective

Olive (2014, p. 175) writes, “producing written language requires converting ideas
into well-elaborated language before transforming it into visual signs via hand and
finger movements”. The writer must therefore apply both lower-order and higher-or-
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der processes. At the same time, as Kellogg et al. (2013) state, composing a written
text entails far more than language production, and they refer, in addition to Ol-
ive’s observations, further elements such as decision making or monitoring. Due
to all these demands, writing places considerable demands on the working mem-
ory: knowledge and beliefs from long-term memory and external information are
brought into working memory. There, all this information is processed and acted
upon, while attention, writing processes, writing tools, motivations, emotions, per-
sonality traits, and the environmental and social situation in which writing takes
place, must be regulated (Olive, 2014).

As emphasised above, CLT claims that working memory is a limited and tempo-
rary storage system (Sweller, 1994). However, as long as these processing demands
do not exceed working memory capacity, the writing processes can be orchestrated
(Olive, 2014). As stated above, schemes and automation free working memory ca-
pacity. An example of automation regarding writing is a relatively automatic motor
execution. This helps writers to attend more to the higher-order writing processes
required in text composition (Olive & Kellogg, 2002). By contrast, when motor pro-
cesses, i.e., handwriting or typing, consume too much of the available attention,
writers perform more weakly in the higher-order processes. Therefore, Linnemann
etal. (2022) conclude that handwriting is associated with saving cognitive resources.
According to several authors, this applies not only to handwriting or typing but also
to spelling (Fayol, 1999; Olive & Kellogg, 2002).

Students with dyslexia often experience challenges in this regard. Thus, they con-
sume more cognitive resources for spelling in the writing tasks (Beers et al., 2017).
As aresult, the working memory capacity available for the above-mentioned further
cognitive processes in writing is limited. It is therefore emphasised in this thesis
that there is a risk on two levels. Firstly, the completion of higher-order writing pro-
cesses is hindered by the limited free resources. Secondly, the repetition of the cycle
of learning through acquisition and automation of schemes, considered necessary
to gain knowledge (Paas et al., 2003), is affected. In sum, the hampered lower-or-
der writing processes in students with dyslexia bear the risk of hindering also the
higher-order writing processes. The following discussion raises the question of how
this risk, for the acquisition of higher-order writing processes, can be mitigated for
students with dyslexia.

3.3.1.5 Deduction from CLT perspective regarding the application of STT for
students with dyslexia

When the limited working memory capacity is at risk of overloading, the demands
placed on it must be decreased (Fayol, 1999). An adequate instructional design can
free working memory capacity. While there is less agreement on the question of
whether intrinsic cognitive load can be altered — some authors claim that reduc-
ing intrinsic cognitive load artificially reduces also understanding, in other words,
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a reduction in the material hurts learning - there is agreement that the extraneous
load can be decreased and germane cognitive load can be increased by adapted in-
structional design (Paas et al., 2003). Referring to writing, in particular lower-order
processes such as handwriting and spelling are favourable for automation (Fayol,
1999). A. Sturm and Weder (2016) write, concerning spelling instruction, that spell-
ing develops and automates partly in an informal and casual way through many
writing experiences, but that it nevertheless needs formal instruction. These authors
name three instructional principles to foster spelling in a formal and explicit way: a)
guided practice; b) systematic instruction of rules, application of spell-based revi-
sion checks, and strategies; and c) reflective activities for a deeper understanding of
the spelling system. An important pillar of automation to keep in mind is, according
to writing researchers, not only specific instruction but also the time on task (S. Gra-
ham & Harris, 2019b). Automation only occurs with many hours of practice. This is
true for both lower-order processes and higher-order processes. In addition to the
writing time, specific instruction also for higher-order tasks is suitable for reducing
cognitive load. As mentioned in Chapter 2, Section 2.1, writing strategies divide the
process into portions that facilitate the task, and which can be used in similar assign-
ments (A. Sturm & Weder, 2016). This is emphasised as an example of constructing
schemes to affect the extraneous and germane cognitive loads in a beneficial way.

However, the Chapter 2, Section 2.2 has demonstrated in detail that dyslexia is
characterised by specifically poor skills and automation of spelling that remain prob-
lematic throughout the lifespan and result often in secondary symptoms. Despite
remediation and adaptive instruction, these students achieve only reduced levels of
automation of the lower-order writing processes. The often-experienced challenges
in transcription skills limit the working memory capacity which is therefore not
available for other cognitive processes in writing, such as idea generation and organ-
isation (Linnemann et al., 2022; Yeung, 2022). Sturm and Rankin-Erickson (2002)
contend that technology interventions can make writing less onerous for students by
providing supports that reduce the cognitive burdens placed on them.

Therefore, this thesis emphasises that, from the CLT perspective, it is reasonable
to assist spelling to reduce the extraneous cognitive load. STT, which produces writ-
ten text from spoken text and, thus, takes over the lower-order writing processes, is
argued to be the most consequential technology to assist spelling. While the intrinsic
cognitive load of the complex tasks of writing is assumed to remain high, STT could
free some cognitive load by relieving the lower-order processes. In the words of Paas
et al. (2003), the freed cognitive resources can then be used to engage in schema
acquisition activities. This thesis does not provide arguments about any impact of
the technology on the germane cognitive load of writing. Nevertheless, it assumes
that the germane cognitive load could, and should, be fostered by a suitable instruc-
tional design of writing instruction. Specific writing instruction has been shown to
be effective for all students and for struggling writers, such as instruction on writing
strategies or self-regulation strategies (Harris et al., 2003). It would, therefore, foster
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the acquisition of higher-order processes and subsequently increase the germane
cognitive load.

This thesis does not, however, question the importance of remediation and spe-
cific, adapted instruction for students with dyslexia. While STT assists the text pro-
duction, the writer still must be knowledgeable for the text revision.

3.3.2 Writing motivation

Chapter 2 has emphasised at several points that the writing ability is a difficult and
complex competence. This fact is important in considering writing motivation be-
cause motivational issues will assume particularly prominent status. Bruning and
Horn (2000, p. 26) state, “writers need to develop strong beliefs in the relevance and
importance of writing and, as they grapple with writing’s complexities and frustra-
tions, learn to be patient, persistent, and flexible”

Camacho et al. (2021), in their systematic research on empirical studies of writing
motivation® published between 2000-2018, describe a growth of publications on
the topic of writing motivation over this period. They interpret this growth as a sign
of an increasing awareness of the importance of motivational constructs in writing
research and point out that many researchers have highlighted the influential role
of motivation in writing. However, while Camacho et al. (2021) and Ekholm et al.
(2018) praise this growing research interest in the field of writing motivation, they are
critical about the conceptualisation and terminology related to writing motivation.
This difficulty is not only present on the side of empirical research, but also on the
side of capturing and illustrating writing motivation in a writing model. Motivation
figures in the latest model from Hayes (2012) who is convinced that researchers must
learn how to integrate motivation into models of writing, to adequately account for
how people write. However, since Hayes published his latest model in 2012, some
doubts have remained about the adequacy of this model to capture the influence of
motivation on writing. Therefore, the discussion in Section 3.3.2.1 attempts to clarify
the concept of writing motivation for this thesis by elaborating, firstly, the difficulty
of defining the concept of writing motivation. Secondly, this discussion following
presents the rationale for the selection of an adequate conceptualisation required
for the present thesis. It subsequently presents the model for writing motivation by
Wright et al. (2019). Section 3.3.2.2 gives an overview on students’ development of
writing motivation throughout the school years. Lastly, Section 3.3.2.3 delves into
the relationship between writing achievement and writing motivation regarding
group differences and the effects of digital tools.

30 This thesis does not differ among the three terms, “motivation to write”, writing moti-
vation”, and “motivation towards writing”, but uses them synonymously, according to
context.
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3.3.21 Framing the construct of writing motivation

According to the above-mentioned systematic reviews by Ekholm et al. (2018) and
Camacho et al. (2021), there are various matters that complicate comprehension of
the construct of motivation to write. Firstly, Ekholm et al. (2018) assume that re-
searchers have not systematically declared the underlying concepts. This may have
led to measurements and definitions that fluctuate from study to study, and it is
therefore questionable how researchers could fit the construct into a coherent theory
with any explanatory power. Secondly, Camacho et al. (2021) report a profusion of
implicit definitions of motivational constructs. Ekholm et al. (2018) also report, as a
third complicating matter, that some research situates motivational constructs such
as self-efficacy as components of writing attitudes, i. e., self-efficacy as part of writing
attitudes, whereas other research subsumes writing attitudes and self-efficacy as two
distinct components on the same level within general motivation. Therefore, both
Camacho et al. (2021) and Ekholm et al. (2018) attempt to clarify these concepts to
conduct meaningful research.

According to Ekholm et al. (2018) it is essential to define the construct of mo-
tivation and to reach conceptual and operational agreement among researchers on
what ‘writing attitudes’ means. To the same end, Camacho et al. (2021) consider,
firstly, generic motivation. They synthesise motivation as a multidimensional con-
struct comprising several interrelated factors such as emotions, needs, beliefs, val-
ues, desires, and goals. Several different theories of motivation, for example the so-
cial cognitive theory (Bandura, 1997), the self-determination theory (Ryan & Deci,
2000), the expectancy-value theory (Eccles & Wigfield, 2002), or the interest theory
(Hidi & Renninger, 2006) have influenced conceptualisations of writing motivation.
Wright et al. (2020) agree on the expectancy-value theory and the sociocognitive
theory, together, explaining the various components of writing motivation; but these
authors do not name further theories in their study about writing motivation in
middle school. In contrast to the list of theories by Camacho et al. (2021), Bosco-
lo and Gelati (2013) disagree on the usefulness of the self-determination theory to
understand writing motivation. In that theory, the terms ‘intrinsic’ and ‘extrinsic’
motivation are widely used to explain human behaviour. Boscolo and Gelati (2013,
p. 288) argue “that a motivated-to-write student is not necessarily eager to write,
but, with differing degrees of awareness, wants to write because he or she thinks
that writing is a worthwhile activity, although not always an enjoyable one”. They
consider that the conceptualisation of writing motivation requires a more complex
view; which is why this thesis does not further explore the terms of intrinsic and ex-
trinsic motivation although as stated by Wright et al. (2019), it is not questioned here
that motivation includes internal and external forces that influence an individual’s
decisions to engage in and persist through tasks.

Regarding the tasks themselves, interest and task value are components of human
motivation to which researchers accord an important role for writing motivation.
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Task interest and value are situated within the expectancy-value theory, highlighted
by both Wright et al. (2019) and Camacho et al. (2021) and were briefly mentioned
within Chapter 2, Section 2.1.2 about writing instruction and the writing task. Task
interest and value are emphasised as important to be included in the design of writ-
ing instruction and planning of the writing task (Boscolo & Gelati, 2013; Eccles &
Wigfield, 2002; Troia et al., 2013).

In addition to their theoretical approach, Camacho et al. (2021) attempt to clarify
the key concepts from research in the field, on the one hand, by identifying mo-
tivational constructs, and on the other hand, by analysing explicit versus implicit
definitions of motivational constructs. They identify 24 motivational constructs that
confirm the multidimensional nature of writing motivation. Out of these, they select
12 motivational constructs, with explicit definitions provided by experienced schol-
ars and summarise that researchers have focused on generic motivational constructs
(e.g., attitudes) as well as on specific ones (e. g., self-efficacy). The two most studied
constructs are self-efficacy and attitudes, which are discussed as follows.

In contrast to the approach above used to shed light on the complex construct of
writing motivation by the means of systematic reviews, Wright et al. (2019) investi-
gate the multiple dimensions of writing motivation through a combined approach,
based upon a combination of theory and psychometrics, with the goal of proposing
a model of writing motivation that aligns with current theories of motivation. Their
results overlap with constructs described by the expectancy-value theory* (EVT)
and aspects of Conradi et al’s (2014) proposed hierarchy of reading motivation-relat-
ed constructs. In relation to the latter study, Wright et al. (2019, pp. 74-75) observe:

Their hierarchy conceptualized two categories related to beliefs — those about the self
and those specific to the task. Furthermore, subsumed within beliefs about the self
were self-efficacy and self-concept. Similarly, our model suggests that self-beliefs as a
writer are comprised of students’ self-concept and self-efficacy” [italics in original].

In contrast to EVT, Wright et al. indicate that attitude is a separate construct from
students’ beliefs towards writing and themselves as writers, as illustrated in Figure
3.5.

The theoretically based factors found by Wright et al. (2019) are ‘beliefs related to
the task’ and ‘pre-dispositions towards the task’ Wright et al. (2019) firstly defined a
model with theoretically based factors for 41 items established for measuring effects
on writing motivation. Then, they conducted both exploratory (EFA) and confir-
matory (CFA) factor analyses to develop and confirm the model that best fitted the

31 EVT assumes that human behaviour can be explained by a person’s beliefs about their
ability to be successful at a task (i.e., expectancies) and the value they place upon that
task (Eccles & Wigfield, 2002). Writer Self-Beliefs are representative of the former, and
beliefs about writing specifically addresses the value placed upon the task; Wright et al.

(2019, p. 75)
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Figure 3.5:  Proposed model of writing motivation according to Wright et al. (2019, p. 74)

data. The results of their analysis indicate a psychometrically based model as being
the strongest fit. This model is based on 30 items that correlate logically and align
with existing theory. It contains three factors, which are beliefs about self as a writer,
beliefs about writing, and attitudes towards writing. In addition, the factor ‘beliefs
about self as a writer’ contains two sub-factors: ‘self-efficacy’ and ‘self-concept’

The request to disclose underlying constructs, the lack of precise definitions of
motivational constructs, and the relatedness of the variables pointed out by Cama-
cho etal. (2021), Ekholm et al. (2018), and Pajares and Valiante (1997), are taken into
account in this thesis in applying Wright et al’s (2019) model. Therefore, the follow-
ing discussion addresses the components of writing motivation according to this
three-factor model. Furthermore, it is thus acknowledged in this thesis: firstly, that
conceptualisations are disparate and include combinations of affective, motivation-
al, and cognitive components; and secondly, that motivation and writing motivation
are complex and multifaceted constructs (Wright et al., 2019).

Beliefs about self as a writer

‘Beliefs about self as a writer’ includes, in the model by Wright et al. (2019) illustrated
in Figure 3.5, the two subfactors, self-efficacy and self-concept, which are presented
separately.
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Self-efficacy

Bandura (1997) explains that effective personal functioning is not simply a matter
of knowing what to do and being motivated to do it, nor is efficacy a fixed ability
that one does or does not have in one’s behavioural repertoire. Rather, efficacy is a
generative capability in which cognitive, social, emotional and behavioural subskills
must be organised and effectively orchestrated to serve innumerable purposes. Ban-
dura (1997, p. 3) emphasises the importance of self-efficacy because people’s beliefs
in their efficacy influence:

“the courses of action people choose to pursue, how much effort they put forth in giv-
en endeavours, how long they will persevere in the face of obstacles and failures, their
resilience to adversity, whether their thought patterns are self-hindering or self-aid-
ing, how much stress and depression they experience in coping with taxing environ-
mental demands, and the level of accomplishments they realize”

Since beliefs in personal efficacy depend on contextual factors, they vary according
to the specific situation. Some situations require greater self-regulatory skills and
more arduous performance than others (Bandura, 1997).

Klassen (2002) summarises that self-efficacy describes how someone perceives
their own capability to perform specific tasks, which strongly influences their en-
gagement in a task and its successful completion. Klassen points out that the self-ef-
ficacy beliefs are more task-specific than related constructs such as self-concept.
Bandura (1997) specifies, furthermore, that they are established through normative
criteria rather than through comparison with others. While self-esteem is concerned
with judgments of self-worth, perceived self-efficacy is concerned with judgments
of personal capability.

Regarding tasks in the domain of written expression, their demands are mani-
fold, and correspondingly, the need to believe in one’s own capabilities to monitor
and execute the individual skills is high (Klassen, 2002). Writing self-efficacy refers,
therefore, to the belief that one has the skills and abilities to overcome a writing
task, even when that task is challenging (Wright et al., 2019). Klassen (2002, p. 174)
illustrates this by the exemplary item “How confident are you in writing a paragraph
on this subject?” which may be included in a scale measuring writing self-efficacy.

Self-concept

Self-concept for writing is a more global evaluation of one’s abilities. It relates to
whether writers generally consider themselves as strong or struggling writers
(Wright et al., 2020). Conradi et al. (2014), who claim in their work on ‘motivation
terminology’ in reading research that the term self-concept has often been misused,
stress that the term, self-concept, properly denotes an individual’s general self-per-
ception related to a domain. Thus, it denotes a broader consideration than self-effi-
cacy. Corresponding to the reader self-concept by Conradi et al. (2014), in relation

77



78 | 3. Speech-to-text for Students with Dyslexia — Theoretical Approach

to writing, one possesses a self-concept as a writer. Boscolo and Gelati (2013), who
write about ‘self-perception’ rather than ‘self-concept, confirm the frequent synony-
mous use of ‘self-efficacy’ and ‘self-perception; although these refer to two different
motivational variables. They define self-perception of writing as an individual’s eval-
uation of their writing ability. Therefore, scales measuring writing self-concept or
writing competence might ask “Are you a good writer (compared to others in your
class)?” (Klassen, 2002, p. 174) or “I am able to express my ideas clearly in written
form” (Boscolo & Gelati, 2013, p. 286).

Beliefs about writing

Wright et al’s (2021) model describes ‘beliefs about writing’ as a separate construct
from the above-discussed ‘beliefs about self as a writer’ and from ‘attitudes towards
writing. While expectancy-value theorists emphasise the more prominent role of
perceived value constructs, Bandura (1997) considers that individuals who expect
success in a particular enterprise tend to value those enterprises. Therefore, he ar-
gues, the perceived usefulness or outcome expectations are unlikely to make a strong
independent contribution if self-efficacy perceptions are controlled (Pajares & Val-
iante, 1997). However, according to Bruning and Horn (2000), writers embrace a
range of important motivation-relevant beliefs that go far beyond ideas of beliefs
in the value of writing and in their own writing competence. Writers must devel-
op strong beliefs in the relevance and importance of writing to carry themselves
through the difficult and often emotion-laden process of writing.

This thesis understands ‘beliefs about writing’ as being the perception that writ-
ing has value and the beliefs regarding its importance for achieving academic and
vocational goals (Bruning & Horn, 2000).

Attitudes towards writing

The definition of domain-general attitudes as “a learned predisposition to respond
in a consistently favourable or unfavourable manner with respect to a given object”
(Fishbein & Ajzen, 1975, p. 6) appears to be widely accepted and used in a variety of
educational contexts (Ekholm et al., 2018). Nevertheless, the relationship between
attitude and motivation has been somewhat unclear in the literature; and even
though, or because, it has been the second most studied concept of writing motiva-
tion, measurements and definitions have fluctuated. While some researchers have
considered attitude and motivation as related but theoretically distinct concepts,
others considered attitude as a subconstruct of motivation (Ekholm et al., 2018). The
analyses by Wright et al. (2019, p. 75) “indicate that attitude is a separate construct
from students’ beliefs towards writing and themselves as writers”. Ekholm et al.
(2018) point out that several researchers (e. g. S. Graham, Berninger, & Abbott, 2012;
Troia et al,, 2012) have defined writing attitudes as a primarily affective construct
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that describes how a person feels while writing or about writing. Some definitions
also include further psychological components and other motivational constructs.

For an explicit definition of attitudes towards writing, this thesis refers to S. Gra-
ham et al. (2007) who conceptualise these attitudes along a continuum with negative
and positive extremes. These authors define writing attitudes as an affective disposi-
tion involving how the act of writing makes the author feel, ranging from happy to
unhappy. Writing attitude cannot be described as a personality trait, because it is not
that stable. However, it cannot be equated with a temporary emotional state either,
as it is more stable. Therefore, it is more likely to lie somewhere in between the two
(S. Graham et al., 2007).

Considering attitudes towards writing, two important points must be empha-
sised. Firstly, attitudes themselves are domain-specific and should therefore be stud-
ied as such (S. Graham, Berninger, & Abbott, 2012). Secondly, writing at its core is a
social activity that takes place within a writing community. According to Camacho
etal. (2021), S. Graham’s recent Writer within Community (WWC) model of writing
(see Chapter 2, Section 2.1.1.1) provides a useful framework for understanding writ-
ing attitudes, as it merges sociocultural and cognitive perspectives to offer a more
complete understanding of how writing occurs.

3.3.2.2 Development of writing motivation

An influential article on developing writing motivation by Bruning and Horn (2000)
proposes four clusters of conditions to enhance writing motivation in the classroom,
some of them mentioned in Chapter 2, Section 2.1.2.2 about writing instruction and
the writing tasks. These clusters are: nurturing functional beliefs about writing; fos-
tering engagement using authentic writing tasks; providing a supportive context for
writing; and creating a positive emotional environment. Furthermore, the teachers’
own conception of writing plays a crucial role for adequate conditions in writing
contexts. On the one hand, this list of areas to enhance writing motivation suggests
that writing motivation is malleable and develops over time (Camacho et al., 2021).
On the other hand, it illustrates that writing motivation can rather be fostered in an
indirect way, i.e., by improving the context of writing, than in a direct way, i.e., by
influencing writing motivation itself.

Regarding the development of writing motivation, Boscolo and Gelati (2013) for-
mulate two main assumptions. One states that ‘attitude toward writing’ and ‘attitude
toward self as a writer’ decrease over the school years. These authors assume that this
is due to the increasing complexity, and awareness of the difficulty, of the activity of
writing. The other assumption is in line with Bruning and Horn (2000), stating that
instructional practices may influence attitudes either positively or negatively. Pajares
(2003), firstly, reports a decrease in writing self-efficacy beliefs in middle school
age, which is consistent with findings from expectancy-value researchers and with
patterns of other language art skills. Secondly, he concludes that confidence in writ-
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ing skills is not, in fact, nurtured as students become better writers. Ekholm et al.
(2018) support that writing attitudes decline naturally with age. By contrast, Klassen
(2002) and Camacho et al. (2021) disagree because they have not found single trends
for grade-level differences in self-efficacy for writing. Thus, some point to greater
self-efficacy among younger students, while other studies indicate an advantage for
older ones.

The literature offers some explanations for this inconsistent state of research. As
mentioned above, the lack of explicit definitions of conceptualisations in writing
motivation, for example ‘attitude towards writing, might have a negative impact on
assessment and comparison of scores (Ekholm et al., 2018). The deficient accura-
cy and validity of self-efficacy measures may complicate comparison of grade-level
findings of different studies. In addition, there is a lack of research focusing on caus-
es underlying grade-level differences, and a lack of longitudinal studies examining
the development of different writing constructs (Camacho et al., 2021).

While the state of research on the first assumption of the development of writ-
ing motivation is unclear, there is more agreement on the second assumption that
instructional practices may influence writing motivation. Bandura (1997) notes that
there have been no successful interventions that have used attributions to affect
motivation, but that socio-cognitive programs aimed at promoting personal em-
powerment have uniformly produced positive change. Persuasive attributions can,
therefore, only serve as complementary motivators but not as the primary mode for
generating human motivation and achievement.

S. Graham, Berninger, and Abbott (2012) assume that self-efficacy (Klassen,
2002), topic interest (Boscolo & Gelati, 2013) and attitude towards writing (S. Gra-
ham et al., 2007) each also play a role as contributor to, and as an outcome of, writing
development. Bruning and Horn (2000) suggest that writing efficacy increases as a
result of interventions that provide students with tools for improving their writing
skills. Teaching strategies for writing stories and essays, for example, increase both
writing skills and self-efficacy of students with learning disabilities (S. Graham &
Harris, 1989). As for writing attitude, there is also some evidence suggesting that
it is a malleable belief that is sensitive to various types of writing interventions in-
cluding technology interventions, strategy interventions, and changes in the general
approach to writing in the classroom (Boscolo & Gelati, 2013; Ekholm et al., 2018).

In summary, students’ perceptions of the value of writing as an intellectual and
social tool, and of its potential for learning and communication (Boscolo & Gelati,
2013; Bruning & Horn, 2000), as well as their beliefs and their attitudes, are all im-
portant for writing. Therefore, teachers need to rely on evidence-based practices in
writing instruction and writing task planning (Chapter 2, Section 2.1.2), to develop
students’ writing motivation along with relevant skills, strategies and knowledge
(Camacho et al., 2021; S. Graham & Harris, 2019a).
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3.3.23 Writing motivation and achievement

Modern theories of writing (Hayes, 2012; Kellogg et al., 2013) stress that students’
motivational beliefs have an important influence on how students respond to writ-
ing assignments and engage in the act of writing. Theoretically, students with stron-
ger beliefs about self as a writer and about writing, and with a more positive attitude,
are more likely to write better and longer stories, because they are, firstly, more likely
to persist when they are writing and, secondly, likely to put more effort into the
task (S. Graham et al.,, 2018; S. Graham et al., 2017). Empirically, previous research
indicates that self-efficacy and attitude towards writing predict writing performance
(e.g. Bruning et al., 2013; Ekholm et al., 2018; Klassen, 2002; Pajares, 2003; Saddler &
Graham, 2007). However, Camacho et al. (2021) highlight three points about writ-
ing motivation: firstly, writing motivation is of a multidimensional nature; secondly,
motivational variables shape and are shaped by writing competence; and thirdly,
these authors assume that little is known about the role of motivational constructs
other than self-efficacy and attitude toward writing.

The following discussion delves into some of the evidence on correlations be-
tween motivational variables and achievement, with a focus on middle school stu-
dents and struggling writers. In line with the present thesis research, findings on
digital tools are mentioned. The topic of gender appears frequently in the writing
motivation literature. However, this thesis does not primarily deal with the relation-
ship between writing motivation and gender. Nevertheless, gender might need to be
considered as a control variable, which is why it is treated briefly.

Motivational variables and achievement in middle school students

Previous systematic reviews show that attitude and self-efficacy predict writing per-
formance (Ekholm et al., 2018; Klassen, 2002; Pajares, 2003). The effect size of atti-
tude on writing performance ranges from d=0.5 to d=0.9. Text quality, text length
and longest correct word sequences are commonly used measures to determine
writing performance (Ekholm et al., 2018). According to Pajares (2003), research
conducted on college students shows consistently that beliefs about writing self-ef-
ficacy, and writing performance, are related. The effect size for writing self-efficacy
in multiple regression models ranges from .32 to .42. Writing self-efficacy beliefs
are further correlated with variables such as writing anxiety, grade goals, depth of
processing, and expected outcomes. However, another consistent finding is that nei-
ther writing apprehension nor other motivation variables are predictive of writing
performance in regression models that include self-efficacy. Self-efficacy, therefore,
remains an independent predictor of writing performance when the influences of
previous achievement, gender, grade-level and other motivational constructs are
analysed (Pajares, 2003).
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While S. Graham, Berninger, and Abbott (2012) report that attitudes positively
predict writing performance measures, S. Graham et al. (2018) examine whether atti-
tudes toward writing and self-efficacy predict writing performance of middle school
students collectively, and they confirm this. These two writing beliefs, combined, ac-
count for a statistically significant 7 % of the variability in students’ standard scores
on writing performance, once variance due to other factors (gender, free/reduced
lunch status, students’ first language and disability status) are controlled for.

Motivational variables in students with dyslexia, DLD and struggling writers

A uniform statement about writing motivation in groups with impairments is ham-
pered due to the different concepts and components investigated. Brouwer (2012)
reports, from a study investigating intrinsic writing motivation in 8 to 10-year-old
students with language impairment, that their level of reported writing motivation
and perceived writing competence, i. e., by self-evaluative judgment, was lower com-
pared to typically developing peers. While language impairment is not a significant
predictor of writing motivation, Brouwer states that perceived writing competence
is a significant predictor of writing motivation; in other words, that writing achieve-
ment affects writing motivation. This is inconsistent with S. Graham et al. (2007) who
postulate that writing achievement does not affect writing attitude in this direction
or is bidirectional, but that attitude only affects writing achievement in a unidirec-
tional manner. This is consistent with Yeung (2022) who investigates differences in
writing motivation between Chinese Grades 3-5 students with and without dyslexia.
The perceived value of writing, i. e., a motivational variable, is found to predict writ-
ing productivity in the students with dyslexia. Yeung found no significant difference
in writing motivation between the two groups in elementary students but suggests
that the influence of writing motivation on writing achievement become stronger
over the school years. The above-mentioned study by S. Graham et al. (2018) investi-
gates the impact of writing attitudes and self-efficacy on the writing performance in
students with special educational needs. These authors find, in a series of explorato-
ry analyses, that writing attitudes and self-efficacy, collectively, account even more
for statistically significant variability in the writing performance of students with
disabilities, once variance related to the above-listed variables are controlled. Writ-
ing beliefs account for 16 % of unique variance in writing performance for students
with disability, which is even more than for students without disabilities. However,
the limited number of participants with disabilities (N=53) in their study limits the
validity of the results. Nevertheless, Camacho et al. (2021) acknowledge the impor-
tance of writing motivation for all students including those with special educational
needs and with migrant backgrounds. S. Graham et al. (2018) assume that writing
motivational beliefs might be especially important to the writing success of students
with disabilities.
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Motivational variables and digital devices

Since digital technology is becoming increasingly prevalent in the classroom, writing
researchers have been interested in the influence of various instructional technolo-
gies and students’ attitudes towards writing (Ekholm et al., 2018). Boscolo and Gelati
(2013) argue that new possibilities that have arisen with the internet may contrib-
ute to making school writing even less attractive. By contrast, Ekholm et al. (2018)
cite a majority of studies that support the notion that students’ writing attitudes are
positively associated with digital technology use. These authors consider this to be
particularly true when technology conditions are compared to pen and paper condi-
tions. Measures of attitudes toward recreational reading/writing and academic writ-
ing in digital contexts have predicted statistically and uniquely writing performance
(S. Graham et al., 2018). One explication given suggests that digital platforms allow
students more choice in writing and thus lead to more positive attitudes (Pruden
et al,, 2017). Another study suggests that digital technology interventions can make
writing less onerous for students by providing support that reduces the cognitive
burdens placed on them (see Chapter 2, Section 2.1.1 and Chapter 3, Section 3.3.1)
(J. M. Sturm & Rankin-Erickson, 2002). Both these studies investigate students with
learning disabilities. These findings and the S. Graham (2018) WWC-model (see
Chapter 2, Section 2.1.1) provide further support for the idea that the relationship
between writing motivational beliefs and student’s writing is related to the writing
context.

The implication of these findings for the present thesis research is that the con-
text, such as STT, needs to be considered when examining writing motivation.

Gender and writing motivation

Gender differences are not in the focus of the present thesis. However, since numer-
ous studies have found that females typically have more positive writing attitudes
than males (Ekholm et al., 2018), gender must be considered. Gender-based dif-
ferences in writing attitude appear to exist from the start, and persist throughout
school (S. Graham, Berninger, & Abbott, 2012). Camacho et al. (2021) agree with,
and add to, these findings on gender differences by pointing out advantages of girls
over boys in other motivational constructs. However, they advise about interpreting
these findings with caution, since the role of other variables has not been examined
in most studies. In addition, a study by Pajares and Valiante (2001, p. 366) shows that
“all gender differences favouring girls in writing motivation and achievement were
rendered nonsignificant when feminine orientation beliefs were controlled”

In summary, the state of research on writing motivation bears numerous chal-
lenges for conclusions regarding students with dyslexia. However, this thesis as-
sumes, firstly, that these students’ potentially weak writing motivation with tradi-
tional techniques may affect their writing achievement. Secondly, the application of
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a digital writing tool such as STT may increase these students’ writing motivation.
By contrast, it is unlikely that writing motivation increases due to a potential effect
of STT on, for example, text quality, because of the likely unidirectional influence of
writing motivation on writing achievement.

3.3.3 Situating STT for students with dyslexia within further theoretical
perspectives

So far, the use of STT has been discussed from the learner’s perspective, and it has
been argued that its application is reasonable from cognitive and motivational per-
spectives. However, this thesis assumes that the question of the use of STT for stu-
dents with dyslexia cannot only be considered from the learner’s perspective. On
the one hand, the utilisation of tools influences the writing system (Leu, 1997). On
the other hand, the application of an AT in the classroom raises questions such as
the feasibility or inclusion and exclusion. The application of an AT in the classroom
most likely does affect teaching in some way. Therefore, the overall research ques-
tions presented in Chapter 1, Section 1.2 are considered from linguistic and societal
perspectives (see Section 3.3.3.1), and the challenges of technology implementation
are raised from the media educational perspective (see Section 3.3.3.2).

3.3.3.1 Rationale for text production with STT from the perspective of New
Literacies Theory

Leu et al. (2013) consider that literacy has always been changing, depending on the
tools for reading and writing, naming the first writing system as cuneiform clay tab-
lets many centuries B. C. These authors assume that, recently, this change has been
accelerated by digital tools. They call the way in which digitalisation continuously
affects literacy ‘deictically’ because “the nature of literacy changes even faster than
we can develop adequate theory” (2013, p. 4). There are now many terms trying to
capture these newly emerged literacies in connection with changes due to digital-
isation and technologies. For this reason, Leu et al. (2013) propose a collaborative
approach by a theoretical framework that recognises simultaneously the numerous
changes and multiplicity of perspectives. Such a theoretical framework that consid-
ers the ways in which new technologies serve as cultural tools to mediate literacy is
particularly important for studies of digital writing (West, 2019). Leu et al. (2013)
frame ‘new literacies theory’ as a theory containing two levels: lowercase ‘new lit-
eracies theories’ explore specific areas of new literacies and/or new technologies,
whereas uppercase New Literacies Theory defines common findings and patterns
from the lowercase theories. Although it is too early to define a complete uppercase
New Literacies Theory, multiple studies in the field of ICTs and the Internet have
so far generated the identification of eight central principles of such an uppercase
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theory. Examples of these principles that appear common across research and the-
oretical work are:

o New literacies are multiple, multimodal, and multifaceted.

o New forms of strategic knowledge are required with new literacies.

o Teachers become more important though their role changes within new literacy
classrooms (Leu et al., 2013).

Regarding writing, Leu (1997) assumes that these technologies alter various language
modalities, especially writing processes and products. That fact that technological
tools affect the writing process itself seems widely accepted, and after the presenta-
tion of the writing model of Hayes (2012) in Chapter 2, Section 2.1.1.2, not surprising
(Applebee & Langer, 2009; Leu et al., 2013; Morphy & Graham, 2012). These changes
in writing processes continue at a rapid pace with the development and the distri-
bution of generative, pre-trained transformer architecture, such as ChatGP*, driven
by advancements in artificial intelligence (AI) and natural language processing tech-
nologies. These deep learning techniques are applied to understand and generate
text which is based on given prompts (Mabuan, 2024). Applebee and Langer (2009)
wrote, several years before this recent development, that new genres and forms of
publications have emerged due the tools and technologies for creating written text.

To summarise, theories regarding literacies, especially concerning writing, have
witnessed significant advancements with the emergence of digital technologies. Two
conclusions are drawn from this. Firstly, these transformed literacy practices and
writing processes demand the acquisition of adapted abilities to use these writing
tools. STT is such a recently emerged writing tool. Secondly, the educational system,
the task of which is to educate literate people, must adapt to these changes. There-
fore, the role of educators is to give access and to adapt instruction of writing to this
reality. Schools and educators play a crucial role in shaping instructional practices
and in determining the effectiveness of educational interventions with these tech-
nologies. However, this task is challenging and needs close consideration. The fields
of educational research and practice that deal with the question of enabling the next
generation to use technologies and media in an educationally responsible way are
media pedagogy and media education (Schifer, 2001). The following discussion ex-
plores this challenge from the media education perspective.

3.3.3.2 STTin the writing classroom from the perspective of media
education

Kerres (2018) states that any technology can only exploit its potential when the tech-
nology matches the intended learning goals and further parameters in the instruc-

32 ChatGPT is an advanced language model developed by OpenAlI that has gained momen-
tum since its introduction to the public in November 2022; see Mabuan (2024).
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tional field. While the goal of writing was elaborated in Chapter 2, Section 2.1, the
parameters and influencing factors in the instructional field are addressed as follows.

Impact of digitalisation on learning and teaching

The vision of digitalisation on learning impacts heavily the teaching and, it is as-
sumed, also any technology-mediated intervention. The impact of digitalisation on
learning has been the subject of controversial debate in the educational environment
(Kerres, 2018). Kerres (2018) names three different notions about the role of technol-
ogy on humans’ actions which are important for the further discussion about media
education and, therefore, discussed first.

There is, firstly, the notion that ‘digitalisation is associated with an epoch-
al change’ to which education must adapt with the aim of optimising educational
work with digital media. The use of digital technology is, in this view, part of the
educational process, and students become competent handling digital information
and tools through the active application of and reflection on their use. According
to this notion, the educational offers adapt to socially widespread expectations and
routines. The hope in technology lies in improving teaching and learning by better
practice and expanded materials. Since instruction must be designed, this can in-
volve major changes and effort for the teacher, which is rejected by some. Since the
educational setting does not change profoundly, this view of digitalisation has an
‘affirmative function’ (Kerres, 2018).

A second notion, seen as digitalisation with disruptive effects, accords digital-
isation more far-reaching effects on learning and the entire educational system.
This effect of digital technologies emanates from the artefact itself: a cognitive con-
frontation or conscious adoption, or even decision, by the actors is not necessary.
According to this line of argument, the presence of technology in the social environ-
ment affects people’s behaviour, and the computers in the classroom change not only
teaching and learning but also the role of the teacher (Kerres, 2018).

The third notion discussed by Kerres (2018), ‘digitalisation as an option for ac-
tion, acknowledges digitalisation as a design field and recognises that it depends on
the players to bring changes into the learning environment. In this view, technology
and digital transformation open up a wide range of options for teaching and learn-
ing, but Kerres (2018) states that the technology itself does not trigger the change
in education. On the contrary, according to the author, a pedagogical goal can be
achieved with various methods and is largely independent of the medium. Accord-
ingly, the people responsible for the design of instruction can influence education
with the help of digital technology because the technologies allow organising edu-
cation differently and effectively implementing certain teaching and learning sce-
narios. The teachers’ role will change in this setting because they will increasingly
become orchestraters of learning contexts rather than dispensers of skills. Neverthe-
less, teachers must develop new instructional strategies and proficiency with new
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technologies, which requires time spent on professional development (Leu et al.,
2013).

The impact of digitalisation, according to this last notion, is therefore more com-
plex than in the first two. Ultimately, whether certain expectations associated with
media can be realised depends on the preparation and the design of their imple-
mentation in an educational context. At the heart of an intervention is therefore
the potential a technology can have for a student through the student’s engagement
(Kerres, 2018).

In sum, it seems obvious for this thesis research that the assumption of reaching
learning objectives by the simple application of the tool is too short-sighted. In other
words, the use of a tool and the equipping of students with STT is not enough to
improve their learning. It is therefore emphasised here that the tool must be imple-
mented in the instructional design, and that it must match as closely as possible the
educational situation of students with dyslexia, in order to permit a positive impact.
In the case of STT as an AT in the writing process, the tool must match the instruc-
tional design of writing lessons and, possibly, further writing situations. Howev-
er, the investigation of varying visions on digitalisation and learning and teaching
among schools and educators are not within the scope of this thesis.

Nevertheless, these visions may impact the effectiveness of the use of the tool,
because the support of study participants using an AT for writing may vary in terms
of acceptance and adaptation of the instructional design. The fact that STT is an AT
aimed at a specific group of students, rather than a technology for the whole class,
might also be an impeding factor. The attempt to implement the technology into
the instructional design might thus not receive sufficient attention. Educators with
the above-discussed vision of digitalisation as affirmation - according to which a
digital tool reinforces students with special needs, but adaptions in the instructional
design present a high level of effort for educators in their conventional way of work-
ing - could reduce their investment of effort into an adapted instructional design.
The lack of sufficient attention to the instructional design might also be relevant for
educators with a vision of digitalisation as a disruption. Educators who assume that
the digital technology impacts learning by itself might be less willing to consciously
take an active role in planning and organising the instruction accordingly.

Framework for technology-mediated writing

Finding an instructional design that supports educators in their task to teach lit-
eracy, in the present thesis, writing, and to foster the meaningful use of technolo-
gies, are major and highly important challenges for stakeholders in the educational
system, i.e., teachers and specialists. According to Usman et al. (2024), a practical
model for delivering lessons with technological integration is the TPACK-frame-
work by Mishra and Koehler (2006). The letters of TPACK stand for technological,
pedagogical, and content knowledge. The TPACK-model supports understanding
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Figure 3.6: Technological Pedagogical Content Knowledge according to Mishra and Koehler (2006,
p. 1025)

of the complex relationships between technology, content and pedagogy. Although
Leu et al. (2013) call for further research about its efficacy, these authors assume that
the TPACK-model facilitates teachers’ growth in new literacies. Figure 3.6 illustrates
that there are overlaps and interactions between the individual areas of knowledge
(Usman et al., 2024).

Regarding writing, teachers must have content knowledge such as linguistic or
text genres knowledge. The overlapping spheres of P and C refers to knowledge
related to the learning process, such as teaching writing strategies or scaffolding
techniques; whereas the overlapping area of technological and content knowledge
refers to how various technologies can be used in learning to write. The inner part of
the illustration refers to the knowledge teachers require to combine technology with
learning and the writing areas (S. Graham, 2019; Usman et al., 2024).

This model illustrates the complexity of the tasks to bring technology into the
writing classroom. This might be part of the reason why, according to S. Graham
(2019), digital media have so far been underrepresented in writing lessons, although
the majority of writing outside of school takes place digitally. An “indicator of the
insufficiency of writing instruction in the typical classroom was the notable absence
of the use of digital tools for writing” (S. Graham, 2019, p. 281). Another concern
is that the writing needs of students with a disability are not sufficiently addressed
(Dockrell et al., 2016). A further aggravating factor regarding students with disabil-
ities, or low performing students, is that they receive less exposure to writing on
the computer, both inside and outside of school (White & Robertson, 2015). This
is problematic because, as Tate et al. (2016) found from the National Assessment of
Educational Progress (NAEP) in the USA, regarding computer-based writing assess-
ment, students’ prior use of computers for school-related writing impacts writing
achievement. School-related digital writing — in distinction to casual computer use
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for more general writing - is found to have a greater impact on writing achievement
because the tools must be integrated in a way that supports and extends the curric-
ulum in meaningful ways.

3.4 Summary

In this chapter, it has been pointed out that digital technologies, independently,
whether for all students or AT for specific students, are not efficient without adapted
instruction (Kerres, 2018). By means of the TPACK model, it was then illustrated
that technology-enhanced teaching is challenging and needs comprehensive teach-
er training and extensive knowledge (Mishra & Koehler, 2006). This is especially
true for a challenging content such as writing instruction (Schroder et al., 2022).
In Chapter 2, Section 2.2.3.2 it was emphasised that students with disabilities, and
thus students with dyslexia, are more vulnerable to negative impacts of lesser prior
computer use. It is therefore concluded that, for struggling writers, students with
dyslexia included, it is even more relevant and necessary to receive both effective
writing instruction and technology-mediated writing instruction and interventions
(Regan et al., 2021). Boscolo and Gelati (2013, p. 286) write: “The internet has created
a new literacy and provides people, particularly adolescents, with new possibilities
of expressing themselves and communicating by writing”. However, if the groups of
students with special needs do not receive the necessary support to become compe-
tent in the use of media and digital writing, they are unable to exploit the potential
of these new possibilities.

This is an example of the risk often referred to as the ‘digital divide’ Digital di-
vide(s) emerge through inequalities in access to and use of digital technologies for
social, leisure and citizenship purposes (C. Abbott, 2007; I. Bosse et al., 2018). ‘E-in-
clusion’ is the term used by C. Abbott (2007) which stands within the context of
debates around social inclusion and social justice. Social inclusion, a basic principle
of human rights, is now understood in a much wider sense than when discussed
initially in educational settings. While physical disabilities were prominent at first,
there was then a shift to inclusion regardless of gender, race, age, gender, disability
or class. E-inclusion refers to the use of digital technologies to break down all such
barriers.

STT, as an assistive technology to improve both writing and knowledgeable use
of digital tools, is at this point estimated as meaningful on a theoretical basis. Learn-
ing to apply these now widely used digital writing tools is important for the school
and professional career. The introduction and supervised acquisition of such tools is
especially important for students confronted with difficulties.

The development of STT has reached a state that allows application in different
languages and for various groups of people. Some questions remain open, however,
about its functionality for primary students with dyslexia and potentially further
language difficulties or comorbidities. Nevertheless, according to CLT, motivational
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theories and media theory, the compensation of the hampered lower-order writing
processes offered by STT was argued to possibly be a suitable option to overcome
barriers in learning due to dyslexia. Therefore, the following chapter elaborates on
the state of research about STT for students with dyslexia.



4, State of the Art on Speech Recognition Technology for
Learners with Dyslexia

Several arguments presented on a theoretical basis in Chapters 2 and 3 advocate
for the application of STT for students with dyslexia: 1) STT is a powerful tool with
the potential of further improvement and is nowadays easily accessible on various
devices and/or online; 2) STT potentially frees cognitive resources at the level of
lower-order writing processes, and the application of such a tool could thus have a
positive impact on writing achievement and writing motivation; and 3) learning to
use 21* century writing tools is supported for all students but especially for students
with dyslexia. Nevertheless, several reasons could also be given against the use of
STT for this group of students:

1) students with dyslexia potentially have secondary symptoms, e.g. avoidance be-
haviour, or comorbidities such as developmental language disorder (DLD), that
could hamper the use of STT due to influent speech.

2) The presented writing models illustrate the complexity of the task and that many
skills must be acquired and coordinated. Oral text production, which means by
dictation, requires different processes and coordination which might, to some
extent, bear challenges too. Chapter 2 also emphasised that writing fluency is
mode-specific, and a new writing technology must thus be learnt and trained.

3) On the side of digital tools and learning in school, Chapters 3 highlighted that
the successful implementation of a tool is demanding for educators and can be
perceived as challenging.

However, the theoretical approach by itself does not allow a conclusion on the
suitability of STT tools for students with dyslexia in the classroom. Therefore, this
chapter delves into the state of literature on STT in the educational setting and spe-
cifically for the group of students with dyslexia.

4.1 Overview of the state of research regarding the focus user group

Research endeavours in the field of learning disabilities and speech recognition
technology have been in progress since the first prominent study by Higgins and
Raskind in 1995 which investigated the compensatory effectiveness of speech rec-
ognition on the written composition performance of postsecondary students with
learning disabilities (Pennington et al., 2018). However, one conclusion of the scop-
ing review by Berner and Alves (2023) is that research in this field greatly lacks
empirical evidence. Their review of literature using STT by individuals with disabil-
ities in multiple contexts shows that most of the studies are non-empirical or have
lower levels of evidence. Matre and Cameron’s (2024) conclusion from their scoping
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review about STT for adolescents with learning difficulties points in a similar di-
rection, stating that there is a great need for more robust research on STT use and
especially on its effect on writing skills.

The implementation of STT in the classroom requires certain conditions to be
beneficial (see Section 4.3). Regarding research in this specific field, two major chal-
lenges are added to those commonly present in experimental or quasi-experimental
research studies in the educational field such as the recruitment of sufficient par-
ticipants for statistical power, meeting the quality criteria, and obtaining authori-
sations. Firstly, STT has been presented as a rather recent technology, as discussed
in Chapter 3, Section 3.2.1, and technological advancements have been and are still
occurring. This implies that research findings in educational settings — which are
time-consuming to obtain - are exposed to these rapid technological changes and
thus rapidly outdated (Schiiler, 2021), as already emphasised by Leu et al. (2013) and
in the New Literacies theory. These rapid changes in STT complicate the identifica-
tion of the most effective technology or the establishment of reliable outcome mea-
sures to conduct rigorous study designs (Berner & Alves, 2023). Secondly, according
to Berner and Alves (2023, p. 1143), “An assistive technology must meet the complex
needs of the individual, capitalise on the strengths of the individual, be compatible
with multiple layers of context, and successfully support participation in the chosen
activity or occupation”. Studying AT in an empirical and standardised fashion limits,
therefore, these requirements because it is difficult to account for variation in sever-
ity of disability and differences in desired outcomes and contexts.

In response to these calls for more solid research, Matre and Cameron (2024)
acknowledge that, in their field on LD in secondary education, there is a small, yet
important collection of studies on effects of the application of STT. However, in the
specific field of students with dyslexia in primary school there are, indeed, only a
few studies focussing on writing and writing-related skills. As a result of this lack,
there is little knowledge about the influence of STT on texts written by students with
dyslexia and about what the production process might look like (Mossige, Almgren
Bidck, et al., 2023). Therefore, findings from neighbouring fields, presented in the
following section, are considered in this thesis to elaborate potential benefits and
challenges of STT in the educational setting, although these may be generalised for
other groups only to a limited extent.

This thesis prioritises studies with primary and secondary students, while stud-
ies with post-secondary students and adults are considered only in specific cases.
Schréder et al. (2022), who investigate digital technologies for writing but not STT,
observe that most interventions with digital technologies for narrative writing are
only implemented from Grade 5 onwards which might explain why only a limited
number of studies on primary students is available. Since only one study on STT
is available from a German-speaking country, attention cannot be paid to the lan-
guage in which the study was conducted and the STT-technology employed. The
transferability of research findings of symptom-based treatment approaches from
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English-speaking countries to other languages is largely debated, e.g. the transfer-
ability to German with a more consistent orthography and less syllabic complexity
(Galuschka et al., 2014). Since, in the present thesis the intervention is not a symp-
tom-based treatment of spelling or writing accuracy, but higher-order processes are
the focus, which are more comparable between related languages, the transferability
is to some extent estimated as meaningful. Furthermore, some relevant research
has been conducted in Swedish and Norwegian, thus strongly related to German.
More problematic for the transferability of research findings between languages, but
also over time, is the already mentioned fast development of the technology. On the
one hand, STT in English, is presented as, to date, the most high performing tech-
nology outperforming lower-resourced languages such as German (Silber-Varod et
al., 2021). On the other hand, research findings in English from, for example, two
decades ago are themselves subject to limitations due to the enormous subsequent
technological advances, which therefore reduces their transferability (Svensson et
al., 2019).

Three research articles reviewing the state of the art in neighbouring fields are
considered for the present state of research in this thesis. According to the scoping
review by Berner and Alves (2021), there is no strong evidence supporting STT for
individuals with various disabilities, although they conclude that STT may improve
participation and independence. Matre and Cameron (2024) formulate the results
of their own scoping review with the same caution, namely that STT may increase
certain abilities and provide help with some processes. Meanwhile, Perelmutter
et al. (2017) summarise the results of their evidence-based systematic review and
meta-analysis regarding STT as having a small positive effect, despite some mixed
results. These latter authors investigate AT interventions for adolescents and adults
with LD. A first deduction is thus drawn from the reviews, that the state of research
is ambivalent, meaning that there are not only advantages but also obstacles and sig-
nificant challenges in the application of such technology in the educational setting.

Of the greatest interest for this thesis research are Scandinavian studies because
they investigate digital technologies as AT for students with dyslexia. (Almgren Back
etal.,, 2023; Almgren Bick et al., 2024; Mossige, Arendal, et al., 2023; Svensson et al.,
2019). However, the scope of the tools examined in the most comprehensive study,
by Svensson et al. (2019), is broader than only on STT, and allows only a few state-
ments on writing. Further literature considered for this thesis review investigates
STT for: students with LD (Higgins & Raskind, 1995; Lee, 2011; MacArthur, 2009;
MacArthur & Cavalier, 2004); individuals with disabilities in multiple contexts such
as physical disabilities (Berner & Alves, 2023); struggling writers (Schiiler, 2020);
English language learners, meaning learners of a second language (L2) (Arcon et al.,
2017); regular school settings (Haug & Klein, 2018); or students with traumatic brain
injuries (Noakes et al., 2019). A second deduction is thus drawn from this general
overview: to date there is insufficient research to assert that STT simplifies the entire
writing process for students with dyslexia. Research findings must thus be sought
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in neighbouring fields and assembled according to distinct writing processes and
further components, for the purposes of the present, thesis research.

4.2 Benefits and challenges of STT for students with dyslexia in school

Examples of observed benefits of STT in the educational setting are presented in the
following discussion, separately according to the writing and writing related skills,
e.g., text quality, writing fluency, reading fluency, or writing motivation. Assump-
tions about challenges are elaborated, with the aim of making informed decisions
for the subsequent deduction of the thesis research procedure. Conditions for the
successful implementation of the assistive technology are then elaborated in Sec-
tion 4.3 according to the larger context of the educational setting and the individual
needs of the student.

4.2.1 Research findings on STT condition and higher-order writing skills

Students with dyslexia struggle in getting text on paper, because of difficulties in
spelling, capitalisation, punctuation and/or handwriting which interfere with the
higher-order processes of composing (MacArthur & Cavalier, 2004). Therefore, in-
terventions or adaptations that potentially remove barriers at the level of spelling
and handwriting or typing would, theoretically, enhance the higher-order writing
processes and, thus, writing skills. Therefore, benefits and challenges for higher-or-
der writing skills are presented. However, it should be noted that the difficulty of
assessing higher-order writing skills, presented in Chapter 2, Section 2.1.3, is further
amplified here because of the lack of assessment tools for the dictating process and
dictated text products (Svensson et al., 2019).

4211 Text quality

MacArthur and Cavalier (2004) and Arcon et al. (2017) both compare three con-
ditions to each other: handwriting; dictating to a human scribe; and dictating with
STT. Findings of these studies indicate that the best results are achieved with a hu-
man scribe, which is not, however, within the scope of this thesis. Both studies inves-
tigate text quality via a holistic scoring. The study by MacArthur and Cavalier (2004)
- comparing high school students with and without LD - results in significantly
higher text quality when dictated with STT than when written by hand for students
with LD; with ¢ (20) 2.36, and p=.028, d=.42. By contrast, the study by Arcon et al.
(2017) investigates the use of STT for 9- to 14-year-old English language learners,
with these authors reporting significantly higher text quality in the dictating than in
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the handwriting condition.” This finding is not confirmed by the results of Quinlan
(2004) who compares handwriting with STT in narrative writing of 11- to 14-year-
old, fluent and less fluent writers, finding a significant interaction of group x mode
of STT for text length (see below) but not text quality.

In contrast to these studies on students with LD and less fluent writers, Svensson
et al. (2019) investigate TTS and STT for students with severe reading and writing
difficulties, excluding comorbidities such as DLD and autism as well as students who
had not attended school in Sweden from Grade 1. These authors specify that none
of the assessment methods objectively capture writing skills but that the students
and parents testified by self-reporting that, thanks to STT, the students with writing
difficulties were as skilful at producing text as their typically developing peers.

4212 Vocabulary diversity, text length, and word length as predictor
variables of text quality

Almgren Biack et al. (2024) seek to fill the gap of objective effects on writing skills
in research, focusing also on students with dyslexia. However, these authors do not
provide a holistic or analytic score for text quality. Instead, they endeavour to cap-
ture text quality by variables of text complexity commonly assumed as predictors for
text quality, i.e., vocabulary diversity, word length (WL), and text length. Almgren
Béck et al. (2024) find, in their multiple-baseline single-case study, that seven out
of eight students, aged 9 to 12 years, improve their proportion of diverse vocabu-
lary, calculated by a non-overlap of all pairs (NAP)**. The NAP =.62-1.00, showing
medium to large effect sizes. MacArthur and Cavalier (2004) as well as Arcon et
al. (2017), also investigate vocabulary diversity in students with LD and conclude
that this variable does not explain quality differences among the conditions. Fur-
thermore, Almgren Béck et al. (2024) and some other researchers investigate pro-
ductivity, meaning ‘text length’ as a predictor of text quality. Almgren Béck et al.
(2024) state that STT improves the productivity of most students in their study, with
NAP =.70-1.00, but that the magnitude of the effects varies greatly with median level
changes among students, 15-218 words. Quinlan (2004) also finds an increase in text
length. The repeated measures ANCOVA shows a mode x group interaction for text
length, i.e., STT or handwriting, with F (1, 38) =4.75, p <.05. This indicates that the
STT writing mode allows less fluent writers to produce longer texts, which is not
the case for fluent writers. By contrast, studies by Kraft et al. (2019) and MacArthur

33 Arconetal (2017) indicate the ANOVA results, with F(2, 34) =18.99, and p <.oo1, 17,2, =.53,
but do not provide the post hoc results comparing handwriting to STT.

34 NAP is an index of data overlap between phases in single-case studies, and quantifies
the extent to which measurements for each phase are the same; see Parker and Van-
nest (2009). The effect size is defined as weak (0.51-0.65), medium (0.66-0.92), or large
(0.93-1.0); see Almgren Bick et al. (2024).
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and Cavalier (2004), which both also score for length as a predictor for text quality
in total number of words, find no difference between conditions. The only study
available in German by Schiiler (2021) investigates STT in Year 8 without focus on
a specific group. This author compares students’ text production by handwriting,
typing and dictating conditions. The study findings regarding text length, assessed
in the number of syllables, show a significant effect between these three modes, with
F (2, 90)=13.5, p<.001. Post hoc analyses result in significant differences between
handwriting and STT, with t=-5.09, p<.001, and d=.73, and between typing and
STT, with t=-2.36, p=.02, and d=.37. It is important to note that this author did
not determine a significant difference between handwriting and typing, with ¢=-1.9,
and p=.06.

An additional variable investigated by Almgren Béck et al. (2024) in students
with dyslexia is word length, i. e., words with seven letters and more, as an indica-
tor of text complexity. These authors find that the proportion of words with seven
and more letters increased in all eight students, with NAP =.65-1.00. This finding
supports prior research suggesting that STT can encourage the usage of complex
and diverse vocabulary. One explanation for this could be that STT encourages the
writer to dictate relevant and semantically accurate words to the text that would
be deselected in handwriting or typing because of the spelling complexity (Kraft et
al., 2019). Another plausible explanation is that writers, in the case of these studies
of secondary and post-secondary students, on purpose use orthographically more
complex words because they realise that STT recognises those better than less com-
plex words (Higgins & Raskind, 1995; Schiiler, 2020).

As presented above, Quinlan (2004) finds a different effect in text length between
middle school students with and without difficulties in writing fluency. It is thus
assumed that STT does not affect text length in the same manner among different
groups of students. This is in line with MacArthur and Cavalier (2004) who also
find a positive effect for struggling writers but none for fluent writers. The effect of
STT is, thereafter, not equal for all subgroups. However, more research is needed
regarding effects on different subgroups of students (Quinlan, 2004; Schiiler, 2020).

In summary, the research findings presented above on STT, respecting vocabu-
lary diversity, text length, and word length, indicate: 1) positive effects or no effects,
with negative effects either not found or not published; and 2) differences between
groups observed, confirming Svensson et al’s (2019) assumption that assistive tech-
nologies are especially beneficial for students with severe reading and writing diffi-
culties.

4213 Writing strategies and revision

An important element of the higher-order writing processes is writing strategies
(Philipp, 2015). Haug and Klein (2018) investigate the acquisition of writing strat-
egies in students in Grade 5 from regular classes under two conditions: writing by
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hand or with STT. Their results show large, statistically significant gains in text qual-
ity, word count, and variety of rhetorical argument moves over time, but no interac-
tion between time and treatment. Thus, in respect to strategy acquisition, STT is not
more effective compared to the handwriting condition. However, these authors find
a significant transfer to the untrained modality. Two conclusions are drawn from
this. Firstly, while transcription skills were discussed as mode-specific by Hayes and
Olinghouse (2015), the results of Haug and Klein (2018) suggest that STT provides
an alternative medium for learning strategies, because learning a strategy by the
means of STT is possible. Furthermore, higher-order writing processes are not or
not exclusively mode-specific. Secondly, this result emphasises the positive effect of
specific writing instruction such as instruction and training on strategies.

Quinlan (2004) investigates text revision - assigned to the higher-order process-
es by A. Sturm et al. (2017) - and observes that text quality decreases when students
apply more revisions. This author suggests that revision is a specific challenge in
using STT.

4.2.2 Research findings on STT condition and lower-order writing
performance

The higher-order writing skills were presented above as the overall goal of writing.
However, the lower-order writing skills, as a means to the end of producing legible
and understandable text, are also of great importance. The following sections pres-
ent a discussion of research findings on the impacts of STT on spelling, investigated
as surface errors or word errors, and writing fluency, assessed as value of accuracy
and speed.

MacArthur and Cavalier (2004) score for ‘word errors, including homonyms,
grammatical errors, start of sentence capitalisation, and end of sentence punctua-
tion. In the STT condition, errors differ from the handwriting condition, since the
technology recognises real words only (Chapter 3, Section 3.2.1). Errors relevant to
STT include word substitutions, insertions, omissions, and incorrect endings. Errors
typically in handwriting include spelling and illegible handwriting. However, errors
on a word level may occur due to inaccurate revisions. In their study, MacArthur and
Cavalier (2004) find a statistically significant interaction effect of disability status x
condition, with F (1, 27) =6.11, and p=.020, n?=.184. LD students made significant-
ly less errors in the STT-condition than in handwriting, with ¢ (20)=3.94, p=.001,
and d=.83, but this was not the case for typically developing peers. Quinlan (2004)
reports the same finding for younger students with and without fluency difficulties.
Again, a significant interaction is found regarding ‘surface errors, i.e., spelling and
punctuation, of mode x group, with F (1, 38) =17.38, and p <.01, indicating the dif-
ference that the STT-mode has on the groups of fluent and less fluent writers. Post
hoc analyses comparing the two modes within less fluent writers show, in addition,
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that the less fluent writers make significantly fewer surface errors by dictating than
by handwriting, with f (19) =4.55, and p <.0125.

Although the only available study in German by Schiiler (2021) does not focus on
students with dyslexia, the descriptive analyses of the comparisons of handwriting,
typing and dictating are of interest for the present thesis. The author investigates
writing fluency, defined as writing performance within a set time by different writ-
ing accuracy variables. The dictating modality outperforms the other modalities in
terms of: 1) the greatest number of completely correct transcriptions on a syllable
level; 2) dictated texts being more accurate than typed, the latter still being more
accurate than handwritten texts; 3) dictated texts containing the highest percent-
age of correct word sequences (%CWS); and 4) the highest minimal percentage of
correct word sequences. The investigated variables, accuracy on a syllable level and
the %CWS, both show statistically significant effects: accuracy, of F (2 90)=112.09,
and p<.001; and %CWS, of F (2, 90) =31.82, and p<.001. Post hoc analyses show
significant differences between all three transcription modes.

The only available study specifically investigating word-level accuracy in STT
among students with dyslexia, by Almgren Back et al. (2024), finds positive results
for word-level accuracy. Seven students of the multiple-baseline single-case study
improved their proportion of word-level accuracy, with NAP =.69-1.00, while one
remained, with NAP =51, at the same level. While word-level inaccuracies were
nearly non-existent during the dictating process, some inaccuracies occurred while
revising. Regarding the correct word sequences, four students in their study im-
proved, with NAP =.82-1.00, three students remained stable, and one student de-
clined, with NAP =.03.

In sum, the state of research on lower-order writing skills points in the direction
of an advantage of STT over handwriting and typing, but the state of research is still
scarce. On the one hand, studies have worked with limited numbers of participants;
on the other hand, few studies have investigated specific groups such as students with
dyslexia with a uniform definition of their disorder (Matre & Cameron, 2024; Svens-
son et al., 2019). Furthermore, the question raised by Svensson et al. (2019), about
the effect of STT on learning to read and write in all modalities, remains unanswered
because the above- presented studies investigated differences between handwriting
and dictating, or effects over time within dictated texts. Except for Svensson et al.
(2019) who investigated the transfer of learning with tools to various modalities but
did not capture writing, the studies reviewed here have not investigated the remedial
aspects of STT tools. However, the latter authors have investigated further aspects of
writing such as writing motivation, as addressed in the following section.
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4.2.3 Research findings on STT condition and writing-related skills and
demands

423.1 Reading fluency

Interventions can advantageously combine writing and reading (Shanahan, 2019)
because they are based on the same basic processes (Linnemann et al., 2022) and
because writing involves re-reading when editing and revising the text (Hayes &
Olinghouse, 2015). In addition, some research studies about STT, e. g., Almgren Back
et al. (2024) and Svensson et al. (2019), also involve the TTS function, in other words
using a tool that synthesises written text to oral language. These authors suggest that
it may be beneficial for students with dyslexia to listen to their produced text using
TTS alongside STT: firstly, because their struggle to decode could be a barrier to
revising and improving the text (Almgren Béck et al., 2024); and secondly, because
research on TTS by itself shows positive results on reading skills of students with
dyslexia (Keelor et al., 2023; Wood et al., 2018). However, to date, no clear evidence
is available on the effect of STT on decoding or reading comprehension. According
to Almgren Béck et al. (2024), the students’ choice of when to use TTS or to read
unassisted varies. Nevertheless, these authors positively estimate that the students,
to some degree, used TTS autonomously during the intervention.

4.2.3.2 Writing motivation, general school motivation

Svensson et al. (2019) are interested in both STT and TTS but also in general school
motivation and motivation to write. Although they do not capture objective changes
in writing skills, they do obtain information about motivation, through questions to
participants and parents. According to these authors, students and parents generally
agree on the increase in general school motivation and writing motivation due to
using TTS and STT apps. Interestingly, the students with the most severe written
language difficulties answered more positively questions about these technologies,
such as, “Has your motivation for schoolwork increased after working with the read-
ing apps?” (Svensson et al., 2019, p. 8). Matre and Cameron (2024) also consider STT
to be a tool possibly promoting engagement in writing, but they assume that little is
known about students’ motivation derived from STT use as transferred to writing
in other modes.

4.2.4 Participation, social inclusion, and well-being

Already in 2004, MacArthur and Cavalier describe the advantage of STT in terms of
the independence that a student may gain by the technology, compared to dictation
to a human scribe, which had outperformed STT at that time. Research findings
about STT in multiple disability contexts show that STT and TTS my foster inde-
pendence and participation in school activities (Berner & Alves, 2021; Liu et al.,
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2019). Regarding students with dyslexia, Almgren Bick et al. (2024) observe stu-
dents’ operational independence and their ability to use STT, which the students
consistently maintained during the STT intervention in a single setting and in fol-
low-up assessment. However, little is known about those students’ long-term experi-
ences of AT use in the school setting and their actual independence, social inclusion,
and well-being with STT in school (Almgren Back et al., 2023). Almgren Béck et al.
(2023) describe, by means of an interview study, mixed user experiences and chal-
lenges encountered when using STT in the school setting. These authors depict three
major themes that they estimate as essential to rendering AT interventions sustain-
able, which are developed in the following discussion: ‘emotional responses in the
learning environment’; ‘contextual factors’; and ‘developing meaningful strategies.

‘Emotional responses in the learning environment’ refers to students’ thoughts,
feelings and behaviour when using STT or avoiding its application. Individuals ex-
press mixed feelings when using STT (Almgren Bick et al., 2023). Almgren Back et
al. (2023) suggest that these feelings stem either from (non)acceptance of dyslexia
and/or AT, or from unwanted attention. Some adolescents who used STT in Svens-
son et al’s (2019) intervention study, prior to the interviews by Almgren Béck et al.
(2023), experienced emotional difficulties such as embarrassment in the classroom,
anxiety, or frustration with the technology. These students’ feelings are linked to
real or perceived stigmatisation in relation to dyslexia and/or AT. One aspect of
unwanted attention from peers could be a discomfort because the tool is visible, and
the speech is audible, to those around. As a result, STT use exhibits a difficulty that
is usually, unlike a physical disability or severe cognitive impairment, less obvious
(Dawson et al., 2019). Another such aspect is seen in being uncomfortable leaving
the classroom to use STT, or even in feeling a discomfort about being prioritised
by teachers in occupying a separate room that peers would also like to use. By con-
trast, other individuals describe using STT as being destigmatising because it allows
them to participate in the classroom assignments and because STT is considered as
mainstream technology accessible to everyone (Almgren Béck et al., 2023). These
positive feelings are in line with the assumption by Dawson et al. (2019) suggesting
that students with dyslexia may adopt most those technologies that blur the bound-
aries between everyday technologies, such as STT, and assistive technologies. In
sum, these findings and observations indicate that context is relevant for technology
integration and the well-being of students.

According to Almgren Bidck et al. (2023), ‘contextual factors’ in the school and
classroom can function as facilitators or barriers. The authors, conducting research
in Sweden, suggest that these factors do not concern access to digital devices in the
school environment but that organisational shortcomings can hinder the contin-
ued use of AT. Their interview study reveals three subthemes: ‘(un)aware access and
transitions’; ‘need for environmental adaptations’; and ‘continuous or fragmentary
support. Accordingly, there are several organisational prerequisites, further dis-
cussed in Section 4.3, as conditions for successful STT use, that might undermine
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schools’ investments in digital devices, AT, and good intentions. To summarise, the
use of STT requires support from teachers and specialists to promote students’ in-
dependence with the tools and hence, to improve social inclusion and well-being.

In addition to the requirements within the context, students who use STT for
writing need support in developing new writing strategies when using a tool, as fur-
ther elaborated in Section 4.3.2 addressing the introduction of the tool in the present
study. The constraints imposed by writing differ from those imposed by speaking
(Olive, 2014). However, dictating also differs from speaking: although dictating is an
oral form of text production, meaning that the medium is spoken language, dictat-
ing a narrative text, as an example, is based on a written concept (Koch & Oesterrei-
cher, 1985; Oesterreicher, 2008). This shift from the written to the spoken modality
is not the only challenge that the tool imposes on the user: researchers describe a
certain number of further issues that are challenging in dictation and, it is assumed,
especially for students with dyslexia.

4.2.5 Recognition issues, technical issues, and time consumption

Automated speech recognition technology, and therefore STT-tools, has become
much more efficient in recent years. However, not only the meta-analysis by Ma-
tre and Cameron (2024) but also several recent studies (Almgren Back et al., 2024;
Matre, 2022; Mossige, Arendal, et al., 2023) describe word recognition errors that
hamper the use of STT. Matre (2022), who investigates STT for all students, with the
idea of an inclusive approach, reports accuracy issues when dictating among typical-
ly developing lower secondary students. The problem of a technology that does not
capture the pronunciation of students with dyslexia is, according to Almgren Back
et al. (2023), Almgren Béck et al. (2024), and Svensson et al. (2019), one of the main
reasons for students to abandon the STT-tool and potentially leads to frustration
and decreased productivity. Mossige, Arendal, et al. (2023) agree that this is a major
challenge for a writer, and that this can lead to a high effort in revising and correct-
ing mistakes (Matre & Cameron, 2024). Recalling the differences in word accuracy
rates depending on the age and possible accent of the user (Chapter 3, Section 3.2.2),
accuracy issues might therefore be especially important for younger students with
dyslexia who, in addition, potentially have comorbidities such as DLD. The time
needed for text production with STT in addition to costly revision is also an issue
highlighted by Matre and Cameron (2024) because STT requires the student to be
trained with the system. Furthermore, technical challenges such as connection or
login problems are among the most frequent criticism reported by students and
teachers.

In summary, the literature on the benefits and challenges of STT for students
with dyslexia reveals a mixed picture of its effectiveness. Although numerous stud-
ies have investigated its effectiveness, there is currently no specific evidence about
contra-indications, aside from potential discomfort with the tool among students
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and the commitment and time it requires. However, the above elaborated challenges
suggest that the dictating process itself and the use of STT within the school context
bear challenges that must be considered despite the benefits of STT. Almgren Back
et al. (2023, pp. 6-7) express this conclusion as follows: “The accumulated research
suggests that it is essential to address these drawbacks to make AT interventions
sustainable”

Therefore, the next section addresses the conditions for the successful use of STT.

4.3 Conditions for successful STT use

Perelmutter et al. (2017) and Svensson et al. (2019) claim that AT, and especially STT,
must be customised to the individual in order to be effective. Not only the individ-
ual fit of a tool but also the adjustment to the contexts in school and teaching are
important. The research on an implementation guide for AT by Bausch et al. (2015)
illustrates the complexity involved in, and how many steps that must be considered
before, implementing AT. The following discussion addresses the complexity of us-
ing a tool such as STT in school. To this end, this discussion provides an overview
of conditions for the successful use of STT. Conditions are organised as: contextual
factors on the user (Section 4.3.1); the importance of a thorough introduction and
support (Section 4.3.2); and the combination of the STT application with effective
writing instruction (Section 4.3.3). This thesis discusses these conditions with an
understanding of schools as entities including teachers and specialists. Meanwhile,
neither addressing the responsibilities within the school, nor taking a position on
the professional disciplines responsible for AT interventions®, are within the scope
of the thesis. Regarding the attribution of STT, this thesis is in line with Dawson et
al. (2019) who state that AT is not a replacement for effective intervention strategies
in reading and writing. On the contrary, a comprehensive program must include
both intervention strategies and AT implementation.

4.3.1 Contextual factors

The previous sections emphasised that STT can be both beneficial and challenging
at the same time. Although access to the tool or a device is one prerequisite, this is
only one component within the entire context that plays an important role in the
technology integration in the classroom. According to Petko (2012, p. 1352):

Regardless of the intensity of well-intentioned efforts at other levels (such as improve-
ment of hardware, software and content, the adaptation of curriculum procedures and
academic strategy papers, or the providing of continuing education, coaching, sup-

35 Professional disciplines named by Bausch et al. (2015) are AT specialists, occupational
therapists, speech/language pathologists, physical therapists and special educators, ad-
ministrators, and general educators.
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port and educational leadership), all remedial measures will ultimately prove futile
unless teachers have a fundamentally positive attitude toward the potential benefits
of ICT.

This statement emphasises the central role of teachers and/or specialists®, as is il-
lustrated in the ‘will, skill, tool model’ (Knezek & Christensen, 2016). Four vari-
ables — the will, the skill(s), the tool(s) and pedagogical practice — are at the core
of technology integration (Petko, 2012). Knezek and Christensen (2016) and Petko
(2012) show, in their research on the ‘will, skill, tool model’ enhanced by pedago-
gy, that these important contributors to the integration of technology explain up to
90 % of variance in the level of ICT integration in the classroom. In the following,
their contributions are outlined and supplemented by examples of research findings
about the application of STT by students with dyslexia.

The area named ‘tool; i. e., the availability, accessibility and extent of technology
use include not only hardware and software but also professional development for
teachers (Knezek & Christensen, 2016) and specialists (Bausch et al., 2015). Regard-
ing STT, Matre and Cameron (2024) state, in their scoping review on STT for sec-
ondary students with LD, that the acceptability and usability of STT is encouraging
but that, at the same time, it is clear that students need sufficient preparation, time
and ongoing support to use these technologies successfully. Thus, the teachers and
specialists might need, first and foremost, knowledge about the tool and the spec-
ificity of its impact on writing, to provide the support needed, but they also need
knowledge to obtain the resources for a tool if not yet available (Bausch et al., 2015).

‘Skill” refers to the ability to use and experience the technology. Self-perceived
confidence, i. e., self-efficacy, and readiness to use the technology, also belong to this
skill variable (Knezek & Christensen, 2016). Regarding the use of STT technology,
Almgren Bick et al. (2023) name organisational prerequisites that may contribute to
the students’ mastery experiences. Such organisational prerequisites include the ca-
pability, based on experience with tools and with their use, to anticipate difficulties.
These authors refer, on the one hand, to more general knowledge such as about tran-
sitions between devices, e.g. from a tablet to a laptop¥, which requires consideration
from teachers and specialists. However, on the other hand, these professionals also
need specific knowledge of the tool, for example knowing how the tool functions in
the auditory environment, to make meaningful adaptations.

A positive attitude towards the use of technology in instruction is named ‘will’
Matre and Cameron (2024) conclude that acceptability and perceived usability of
the tool they studied is generally high among teachers, parents and students. This is

36 This model focuses on the teacher. Specialists are also mentioned in this paper, as they
are also considered important in the present study and the field of research in Switzer-
land.

37 In Sweden, frequently occurring at the transition from primary school to secondary
school; see Almgren Béck et al. (2023).
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in line with Nordstrom et al. (2019) who state that the general attitude among teach-
ers and specialists in Sweden towards AT such as STT is positive, since they estimate
such tools as being a great help for students. However, as discussed in Chapter 3,
Section 3.3.3, the vision of digitalisation varies among professionals, which impacts
their expectations and engagement (Kerres, 2018).

‘Pedagogical practice’ in this model is defined as “any conscious activity by one
person designed to enhance learning in another” (Knezek & Christensen, 2016,
p- 312). This definition, which is in line with the TPACK model presented in Chap-
ter 3, Section 3.3.3, includes also the level of confidence that teachers have in their use
of instructional strategies for technologies (Mishra & Koehler, 2006). Almgren Béack
et al. (2023) write that lesson organisation is an important aspect for the students
in using a tool. Since the setup of the dictation tool or installation in the provided
workspace may take more time than for traditional writing tools, it is important to
consider when, where and for how much time STT can be used within a lesson. In
addition, teachers and specialists also need knowledge about the specificities of text
production with STT to provide systematic training (Perelmutter et al., 2017).

However, MacArthur (2009) and Arcon et al. (2017) also take the role of the
student into account. They emphasise the importance of motivation and will on the
student’s side, as well as their consequent use of STT. At this point, the importance of
the role of the student is not questioned; and it seems obvious that, on the one hand,
avoidance strategies must be prevented, while on the other hand, the importance of
the user’s participation in decision-making around AT, as well as the requirement
of mutual agreement, are therefore emphasised as essential to maintain and devel-
op individual AT strategies in the classroom. One example of this is the agreement
between the teacher and the student about when and where to use STT (Almgren
Back et al., 2023).

4.3.2 Software introduction and support

The role of the teacher and/or specialist has been emphasised as substantial for the
successful implementation of the technology. One reason for this is that learners
in general, and students with dyslexia in particular, must learn to use the writing
technologies (MacArthur, 2009). Although the students today grow up surrounded
by digital technologies, they do not necessarily have the appropriate strategies to
handle a technology, or they do not know how to employ appropriate strategies,
when they are left to themselves to manage their learning environment (Kirschner &
van Merriénboer, 2013). This is why the students benefit when teachers and/or spe-
cialists understand how AT may mediate their writing and reading challenges, when
the professionals acquire basic technical knowledge themselves, and when they
know how to support students using AT adequately (Dawson et al., 2019). Regarding
such support for the use of STT, research findings suggest that systematic support
throughout school is necessary (Almgren Béck et al., 2023). Ok et al. (2022) name,
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in this regard: 1) environmental support; 2) device support; and 3) instructional
support. These authors understand, by environmental support, the provision of a
quiet place, a comfortable environment for speaking out loud, and a stable internet
connection. The device support includes the appropriate hardware and software that
provides a high speech recognition accuracy. The instructional support contains the
opportunity to practice verbal skills and learning to edit, but it also provides scaffolds
such as checklists and prompts to support the writing and editing process. The latter
process is emphasised by several authors. MacArthur and Cavalier describe (2004)
that STT technology imposes additional cognitive burdens that must be addressed,
because “the transcription part of the text production process radically changes
from encoding and typing to speaking” (Mossige, Almgren Béck, et al., 2023, p. 100).
MacArthur (2009, p. 102) states that the main question is not whether the writing
technologies work, “but how to design effective instruction using the technology”
In the MacArthur and Cavalier (2004) study, a research assistant therefore explained
the system, demonstrated how to dictate, and guided the student through the initial
training on the system. However, the users must learn numerous peculiarities of
dictation. They must articulate carefully and avoid extraneous vocalisations. At the
same time, they must dictate punctuation and format the text, such as starting a
new paragraph. The dictating condition changes also the revision process. While
the writer should recognise spelling errors in handwritten texts, the writer must,
for example, learn to recognise homophones such as ‘by’ and ‘buy’ or hallucination
errors where STT output does not correspond to the intended input (MacArthur,
2009). Mossige, Almgren Bick, et al. (2023, p. 107) address this challenge by a struc-
tured working process for text production that is “based on years of experience at
the Competence Center for Reading in Aarhus” This foresees three main phases,
each with detailed steps: the preparation of the hardware and software; the dictation
procedure; and the revision procedure.

In detail, the authors advise on these steps as follows (Mossige, Almgren Back,
et al., 2023, p. 108):

1. Preparation: a. Prepare the computer and the task. b. Open an empty document
and save it. c. Check the microphone and sound.

2. Dictation: a. Say the sentence aloud without recording it (or think the sentence).
b. Record the sentence with speech-to-text. c. Say or type a full stop.

3. Revision: a. Listen to the sentence with text-to-speech. b. Assess the sentence.
c. Make necessary changes.

A further difference between the handwriting and dictating conditions might lie
in the size of segments treated at once. The model by Olive (2014) illustrates the
parallel and cascading processing of segments by hand (Chapter 2, Section 2.1.1.3).
Regarding dictation, the software might impose a different procedure because the
software interprets a word input based on surrounding words. The accuracy there-
fore improves when using sentences as recognition units (MacArthur & Cavalier,
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2004). The step ‘@ of the dictation phase in Mossige, Almgren Béck, et al. (2023) just
mentioned is supposed to counter this feature of the software, through adaptation
of the size of the segment. These authors assume that the oral rehearsal can improve
sentence planning, structuring and pronunciation (Myhill & Jones, 2009), particu-
larly beneficial for students with dyslexia and additional speech disorders (Almgren
Back et al., 2024).

In summary, introduction of STT confirms the high demands placed on teach-
ers and specialists already emphasised in the presentation of the two models, the
TPACK-model, and the will, skill, tool model also including pedagogy, in Chapter
3, 3.3.3 and Section 4.3.1. However, this requires not only knowledge but also time.
According to Matre and Cameron (2024), findings show that the success of STT
introduction in schools depends, among other factors, also on the school and staff
resources. The high level of resources necessary might, to some extent, explain why
the National Assistive Technology Research Institute in the US found that, although
schools tend to consider AT during meetings of the ‘individualized education pro-
gram’ (IEP), it is less common to follow through on all the recommended steps:
assessment, selection, implementation, and evaluation. To increase success of AT,
one key point is thus providing instruction to in-service and pre-service teachers
and specialists (Bausch et al., 2015).

4.3.3 Combination with effective writing instruction

Firstly, the compensation of lower-order writing processes by the introduction and
application of STT does not replace intervention (Dawson et al., 2019). Secondly, the
application of the tool must be combined with writing instruction (MacArthur &
Cavalier, 2004). Research findings support the general principle that technological
tools by themselves have little impact on learning, as elaborated in Chapter 3, Sec-
tion 3.3.3 about media in education. Learning depends, instead, on a combination of
the technology and the instruction, which is especially true for struggling learners.
Therefore, instruction should be designed to help students benefit from the capa-
bilities of the technology (MacArthur, 2009). The research findings by MacArthur
and Cavalier (2004, pp. 45-46) illustrate this mutual influence: “Neither instruc-
tion in a planning strategy nor dictation alone had a statistically significant effect
on the quality of their persuasive essays, but the combination resulted in superior
essays’. These authors assume planning as particularly important when writers com-
pose via dictation; but also, further evidence-based strategies such as self-regulation
strategies, including goal setting, organising, self-monitoring and self-evaluation
are mentioned in STT research (Yeung, 2022). At this point, it is estimated that the
content and features for evidence-based writing instruction elaborated in Chapter 2,
Section 2.1.2 also apply to text production via dictation. Besides this, as mentioned
in in the same chapter, S. Graham and Harris (2020) assume, on the one hand, that
not only students in regular classrooms but also students with LD receive little
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writing instruction and spend very little time writing. On the other hand, although
teachers report using evidence-based writing practices, these procedures are applied
infrequently. In respect to teaching, MacArthur (2009) recognises the high demand
on professionals to provide both sufficient time on task to train in writing with ST'T,
as well as to offer the necessary instruction to support students to take advantage of
the STT technology and to provide specific and evidence-based writing instruction.
Therefore, he pursues the “idea and reasoning that teachers would need support
to design writing instruction ...” (MacArthur, 2009, p. 94). In respect to research,
Matre and Cameron (2024) conclude, from their scoping review on writing with
STT in secondary students with LD, that research on STT requires consideration of
the willingness of teachers and students to adopt STT. Furthermore, research should
investigate the application of STT in the educational context, including how any
potential benefits may occur and under what circumstances this happens.

In summary, to date there is a lack of high-quality research due, on the one hand,
to rapid technological changes and, on the other hand, to the difficulty of investigat-
ing the topic of STT with randomised controlled trials within subgroups. As a result,
questions such as, ‘Who can benefit from STT?, ‘In what contexts is the application
of STT successful?, and ‘At what age is the application of STT reasonable?;, are, to
date, not yet, or only partially, answered. The present thesis focuses on the specific
group of students with dyslexia — although this group involves also a certain diversi-
ty — and asks about the challenges of implementation in the writing classroom.



5. Intervention Study - Methodological Approach

Being able to write is essential for academic and professional careers and everyday
life, as argued in Chapter 2, Section 2.1. The strands of theory and the current state
of research discussed in Chapter 2 to 4 have revealed that STT has the potential to
be a useful tool for students with dyslexia to participate in society through writing.
Nevertheless, there are also prerequisites to be met and challenges to consider. This
thesis seeks answers to the question of the effectiveness and compatibility of this
technology for students with dyslexia. Chapter 5 presents the methodological ap-
proach of the thesis research, while Chapter 6 presents its findings.

After two preliminary notes on the methodological approach in Section 5.1, Sec-
tion 5.2 derives the research questions (RQs) from the theory and literature part and
formulates the corresponding hypotheses. The overall research design, with its two
strands, the quantitative in Section 5.3.3 and the qualitative in Section 5.3.5, each are
followed by their respective sample description. Section 5.4 presents the selection
of appropriate assessment instruments and the preliminary work to fit them to the
study requirements. Section 5.5 presents the study equipment, i.e., hardware and
software, and the introduction and teaching materials developed for the present,
quasi-experimental study. An overview of the survey instrument is presented in
Section 5.6.

5.1 Preliminary notes on the present methodological approach
5.1.1 Three study groups and their functions

Due to the conditions elaborated in Chapter 4, Section 4.3.3 for the use of STT, the
present methodological approach contains a particularity which must be highlight-
ed for a common understanding of the following RQs. Because writing instruction
is an important condition for the benefits of STT (MacArthur, 2009), the present
intervention study provides writing instruction by instructional videos. Since the
provision of writing instruction goes beyond the application of a tool and might in-
fluence the results, it is considered as a second intervention and must be controlled,
which is done by an additional group. Therefore, this study comprises three groups:

o Experimental group 1 (EG 1) uses the STT tool, receives writing instruction by
videos, and treatment as usual (TAU)

» Experimental group 2 (EG 2) receives writing instruction by videos, and TAU

o Control group (CG) receives conventional writing instruction by the teacher,
and TAU - ‘conventional” as opposed to the specific writing instruction based on
instructional videos provided in this study.
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5.1.2 Investigating the effect of a writing tool by writing assessment

One major challenge of this study is the aim to determine whether the intervention
of a writing tool is effective on writing outcomes. Writing outcomes, however, are
influenced by the writing tool. This means that a standardised, minimally biased
procedure of comparison must be found. Comparing dictated and handwritten texts
between groups is not considered, as this would not allow the research to distinguish
between differences due to the intervention and the modality. Furthermore, in EG 1
it would not be possible to distinguish how much of the change between T1 and T2 is
caused by using the tool and how much is caused by changes in writing competence.
Comparing all groups in both modalities, handwriting and dictating, is not possible
because only EG 1 is trained in the dictating modality. Therefore, three deductions
are made as follows.

1) To examine changes in writing and writing related skills in a standardised way,
the students must write with the same tool. Handwriting is the modality known
to all participants. This procedure can be supported by the research finding that
writing strategies can be transferred from one modality to another (Haug & Klein,
2018). It has also the advantage that no specific assessment method for dictated
texts needs to be developed for this comparison, as there are none, according to
Svensson et al. (2019).

2) However, in contrast to the transfer of writing strategies, the development of writ-
ing fluency is mode-specific, meaning that it cannot easily be transferred from one
modality to another (Hayes & Olinghouse, 2015). The EG 1 might therefore be
disadvantaged regarding writing fluency, because the students practice dictating
and write less by hand during the intervention period. This needs to be considered
when testing hypotheses.

3) Thus, a separate research question addresses differences between fluency in the two
modalities, i. e., handwriting fluency and dictating fluency, within EG 1 only.

5.2 Research questions and hypotheses
5.2.1 Research question 1
5211 Effects of STT on text quality - RQ 1A

The main part of the study investigates the overarching question of whether the
application of speech recognition technology is an effective method to improve writ-
ing among the group of students with dyslexia. The idea of STT for students with
dyslexia it that students need to write to pursue their academic and professional
career, but the ability to write texts is hindered for this particular group due to their
difficulty with lower-order writing processes. In Chapter 2, Section 2.1, producing
text was argued to be the ultimate goal of writing. Therefore, RQ 1A addresses text
production with text quality as an overall indicator of text production skills. So far,
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alterations in text quality due to the application of STT have not yet been examined
for the group of students with dyslexia, and most studies have compared text quality
output produced in different modalities rather than the effect of STT on text pro-
duction in other modalities.

1A Does text quality increase significantly more strongly in students of EG 1 who
used speech recognition technology between pre- and post-test, than in comparable
students of EG 2 and CG?

From a theoretical point of view, STT is assumed to free resources in the working
memory which can then be used for higher-order processes. Therefore, text quality
is expected to increase in the EG 1. If writing motivation increases due to STT use
(see RQ 4 below), writing motivation could have an additional positive impact on
text quantity, which in turn correlates strongly with text quality (Quinlan, 2004). The
current state of research indicates that STT has positive effects on text quality and
text length when compared with the handwriting modality. Despite concerns about
its use in German and numerous challenges, a one-sided hypothesis is formulated:

HI,,: The text quality of students’ texts of EG 1 increases more strongly between pre-
and post-test than the text quality of comparable students’ texts of EG 2 and CG.

> HIIA K EG 1 text quality > H EG 2 & CG text quality

5.2.1.2 Effects of provided writing instruction by videos on text quality —
RQ1B

For the reasons mentioned in Chapter 4, Section 4.2, this study combines two types
of intervention. Question 1A investigates the effect of STT, which is the main focus
of the study. Meanwhile, the writing instruction by videos — with writing under-
stood as composing, not transcription — provided for EG 1 and EG 2, might have
an effect on text production too. It is recalled that the provided writing instruction
has the following two goals: 1) writing classes for students with and without STT
should be comparable; and 2) a certain amount of specific writing instruction and
evidence-based writing instruction needs to be assured to accomplish one main pre-
requisite. The aim of this part of the investigation and RQ 1B is, therefore, to distin-
guish between the effects of STT and the effects of the provided writing instruction.

IB Does text quality increase significantly more strongly between pre- and post-test
in students of EG 1 & EG 2 who receive the provided writing instruction, than in
comparable students of CG who do not receive the same instruction?

According to the current state of research, in recent years, a considerable share of
students has not achieved basic skills for their age group in writing. One assump-
tion is that time on task for writing is currently too low to develop this complex
competence properly (Applebee & Langer, 2009). Another assumption is that teach-
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ers do not dispose of specific knowledge to instruct on writing strategies, which
is why mostly lower-order writing skills are taught (S. Graham, 2019). In the Ger-
man-speaking part of Switzerland, the knowledge about the quantity and the con-
tent of writing instruction is considered limited. Therefore, consistently providing
one hour of pre-prepared writing instruction for 18 weeks could be more in terms of
amount, and more specific, than the usual writing instruction. The related hypothe-
sis, therefore formulated in a directed way;, is as follows:

Hl,p: The text quality of students’ texts of EG I and EG 2 increases more strongly be-
tween pre- and post-test than the text quality of comparable students’ texts of CG.

9HI]B : P EG1& EG 2 text quality > l’l CG text quality

This study compares writing outcomes of the CG that does not receive writing in-
struction by videos to both experimental groups that receive writing instruction by
instructional videos (see Section 5.5.3). The results will allow this study to differen-
tiate between effects of STT and effects of writing instruction, but it will not allow
any statement about the content of the writing instruction in the CG, since no data is
collected about the writing instruction that the CG receives during the intervention.

5213 Effects of STT on text length — RQ 1C

Text quality and the amount of text are strongly correlated (Quinlan, 2004). This is
why the question of the development of text length is of interest and, in this thesis,
associated to the text quality.

IC Does text length increase significantly more strongly in students of EG 1 who
use speech recognition technology between pre- and post-test, than in comparable
students of EG 2 and CG?

On the one hand, the students who dictate their texts in the writing lessons during
the intervention period write less by hand. Therefore, they have less training time
in handwriting (see RQ 2 below). Since writing fluency is, according to Hayes and
Olinghouse (2015), mode-specific, the same amount of training in dictating might
not affect handwriting fluency. On the other hand, the use of a tool with potentially
freed resources in working memory and an assumed increased writing motivation
could affect the amount of text students write. Since the state of research is, due
to the two opposite rationales, estimated to be not sufficiently solid to formulate a
directed hypothesis (Bortz & Schuster, 2010), the following hypothesis about text
length is formulated in a non-directional way:

HI,.: The text length of students’ texts of EG 1 develops differently between pre- and
post-test than the text length of comparable students’ texts of EG 2 and CG.

> HIIC . l’l EG 1 text length * l’l EG 2 & CG text length
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5.2.1.4 Effects of provided writing instruction by videos on text length -
RQ1D

Again, effects of STT and the provided writing instruction by videos must be dis-
tinguished.

ID Does text length increase significantly more strongly between pre- and post-test
in students of EG 1 & EG 2 who receive the provided writing instruction than in
comparable students of CG who do not receive the same instruction?

While little is known about the amount and the specificity of writing instruction in
German-speaking Switzerland, it was argued in RQ 1B that the provided instruction
by videos for EG 1 and EG 2 contains specific writing instruction and fosters the
provision of one hour per week. Therefore, the following hypothesis is formulated
in a directed way:

HI,: The text length of students’ texts of EG 1 and EG 2 increases more strongly be-
tween pre- and post-test than the text length of comparable students’ texts of CG.

> HIID *HEG1&EG 2 text length > H G text length

For reasons of comparability, all students write their texts at pre- and post-test by
hand. Since the EG 1 students write less by hand during writing lessons, this could
be seen as a disadvantage for this group. However, as the EG 1 still uses handwriting
in other lessons and takes notes during writing lessons, this disadvantage is not es-
timated as problematic and thus accepted as a more conservative way of testing H1.

5.2.2 Research question 2
52.2.1 Effects of STT on handwriting fluency — RQ 2A

This section addresses the research questions’ effects of STT on further writing and
writing-related skills. Writing fluency is understood as the fluency in handwritten
texts, unless otherwise stated as such in dictated texts, addressed in Section 5.2.3
Concerning writing fluency, defined by the quantity (e. g. number of words written)
and correctness of the text (e.g. spelling), there are reasons to assume both positive
and negative effects. On the one hand, one can argue that STT bears the risk that
students no longer progress in their writing fluency skills, since these mode-specific
(Hayes & Olinghouse, 2015) lower-order processes are taken over by the software.
For example, the motor process of handwriting is substituted by oral text produc-
tion. However, such a substituted process may be necessary for the acquisition of
correct spelling (M.-L. Bosse et al., 2014). As a result, writing fluency could be neg-
atively affected by STT. On the other hand, the use of STT might have a positive
impact on spelling, because STT produces correctly spelled words — which does not
guarantee the accurate recognition of the input and does not rule out the possibility
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of students intervening with the keyboard. Thus, students with dyslexia, tending per
definition to make spelling mistakes, are more likely to see correctly spelled words
on the screen when dictating, than when writing by hand or typing. The repeated
exposure to correct spellings, compared to seeing various incorrect spellings, could
have a positive effect. Therefore, the RQs 2A and 2B ask whether the application of
STT for students with dyslexia impacts writing fluency skills.

2A Does writing fluency differ significantly in students in EG 1 who used STT be-
tween pre- and post-test in comparison to students in EG 2 and the CG?

As stated above, there are reasons to assume either that EG 1 does or does not im-
prove writing fluency skills. Therefore, the following hypothesis regarding writing
and reading fluency is formulated in a non-directional way:

HL,,: Writing fluency skills develop differently between pre- and post-test in students of
EG 1 and in students of EG 2 and CG.

> H12A : ” EG 1 writing fluency skills * H EG 2 & CG writing fluency skills

Equally to the first research question, EG 1 might be disadvantaged in writing fluen-
cy in the handwriting assessment condition, due to less time being spent on hand-
writing during the intervention period.

5222 Effects of STT on reading fluency - RQ 2B

A further effect is conceivable on reading skills, which Matre and Cameron (2024)
describe as ‘writing related skills. Writing and reading are correlated and share
common characteristics in acquisition and in instruction. Linnemann et al. (2022)
write that they are based on comparable cognitive skills and common knowledge
resources. In addition, the basic reading and writing processes must be automated
to free resources for higher-order processes. The authors summarise literature as-
suming that promoting one, i.e., reading or writing, might have a positive effect on
the other. Therefore, this thesis study asks whether text production with STT and
revising on a computer affect reading fluency. The use of STT could, for example,
impact reading due to the time spent on reading (Taylor et al., 1990) while revising.
While STT is treating text, the user might spontaneously read what is being written.
In addition, text written on the screen is more readable than handwritten text. Thus,
it is conceivable that students are more likely to re-read text on the screen than on
paper. Another example of STT impacting reading could lie in the revision process
in this thesis study. Students of EG 1 are held to revise their dictated text by the TTS
function of MS Word, called “Read Aloud” (see Section 5.5.2).

2B Does reading fluency increase significantly more strongly in students in EG 1 who
used STT between pre- and post-test than in comparison to students in EG 2 and
the CG?
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For the reasons discussed above, students of EG 1 might improve more strongly
in their reading fluency than the EG 2 and the CG. Consequently, the following
hypothesis to this question is formulated in a directed way:

H1,: Basic reading skills show a greater increase in students of EG 1 between pre- and
post-test than in students of EG 2 and CG.

> HIZB: L reading fluency > K ec2&ce reading fluency

The writing instruction by videos provided to EG 1 and EG 2 focuses on higher-or-
der writing skills, e.g. planning or structuring text. This instruction does not target
or primarily foster writing and reading fluency. Therefore, controlling for effects of
this instruction on reading and writing fluency does not appear necessary.

5.2.3 Research question3
5.23.1 Dictating fluency versus handwriting fluency — RQ 3A

The investigation of STT implying a specific writing modality, and comparing groups
using different modalities, harbours the challenge of distinguishing the effect of the
tool from the impact of the modality. Therefore, RQs 1 and 2 focus the effect of the
intervention on the only comparable modality which is handwriting. By contrast,
RQ 3 investigates the effect of the intervention and the modality. To this end, RQ
3 investigates differences between texts produced in the two modalities, i.e., hand-
writing and dictating with STT (3A), and the effect of the intervention on dictated
texts, i. e., the development over time (3B).

3A Are dictated texts from students with dyslexia significantly better in terms of flu-
ency measures than their handwritten texts produced under comparable conditions?

The speech recognition software takes over the transcription of spoken text. Chapter
4, Section 4.1 showed that this immediately leads to an increase in the amount of
writing for adults. As discussed in the literature review, for children with dyslexia,
it is unclear whether the tool leads to an immediate increase in the amount of text
and the correctness. Two assumptions are made based on theory and the current
state of research. Firstly, it is hypothesised that more text can be dictated during the
same time period than written by hand, as the speaking speed is higher than the
handwriting speed. Secondly, it is hypothesised that the correctness in dictated texts
is higher than in handwritten texts, as the technology is developed in a way that
transcribes speech sounds into existing words. This leads to two, one-sided alterna-
tive hypotheses as follows:

Hl,,: Texts dictated by EG 1 at pre-test (T1) are longer than handwritten texts at pre-
test.

> H13A1 . l’l length dictated texts T1 > l’l length handwritten text T1
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HL,,,: Text dictated by EG 1 at pre-test contain significantly more correct spelling than
texts written by hand at pre-test.

> H13A2: l’l correctness dictated texts T1 > l’l correctness handwritten text T1

5.23.2 Development of dictating fluency - RQ 3B

Question 3B, which examines changes over time in the dictating modality, compares
dictated texts from EG 1 students at pre- and post-test.

3B Does dictating fluency in the group of students with dyslexia increase significant-
ly between pre-test and post-test?

As shown in literature, the application of a tool needs to be learned. EG 1 composes
texts during writing classes with the assistance of STT. It is therefore assumed that a
training effect of the use of STT impacts length and correctness of dictated texts, in
the following hypotheses:

Hly,: Texts dictated by EG 1 at post-test (12) are significantly longer than texts dictated
at pre-test (T1).

> H13Bl: ‘Ll length dictated texts T2 > [/l length dictated texts T1

HI,y,: Texts dictated by EG 1 at post-test contain significantly more correct spelling than
texts dictated at pre-test.

> H13BZ: H correctness dictated texts T2 > ‘U correctness dictated texts TI

The answers to both RQs 3A and B should not be confounded with the question
of the effectiveness of STT on the modality-independent acquisition of written
language. The present answers may, however, contribute to the understanding of
possibilities and limitations of STT to assist students with dyslexia in their modali-
ty-specific text production.

5.2.4 Research question 4
52.4.1 Effects of STT on writing motivation —RQ 4A

Chapter 3, Section 3.3.2 highlighted the importance of writing motivation as a pre-
dictor for writing achievement, especially for struggling writers (e.g. S. Graham et
al., 2018). While some authors believe that writing motivation decreases over time,
others think that the application of digital tools, such as STT, and the writing envi-
ronment may impact writing motivation in a positive way (e. g. Ekholm et al., 2018).
Therefore, writing motivation and possible alterations due to the STT-intervention
will be investigated by RQs 4A. RQ 4A addresses the writing motivation.
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4A Does the writing motivation of students in EG 1 show a significantly greater
increase between pre- and post-test than the writing motivation of students in EG
2 and CG?

Theory and literature allow the assumption that writing motivation increases when
an impaired function is circumvented by a digital tool, which is why the present
thesis investigates the following, one-sided alternative hypothesis:

H1,,: The overall writing motivation increases more strongly between pre- and post-test
in students in EG I than in students in EG 2 and CG.

> H14A : P‘ EG 1 writing motivation > !"l EG 2 & CG writing motivation

5.2.4.2 Effects of provided writing instruction on writing motivation - RQ 4B

Chapter 3, Section 3.3.2 discussed that writing instruction and writing motivation
correlate. At least some aspects of writing motivation appear to be malleable and
sensitive to various types of writing interventions (Ekholm et al., 2018). It is con-
ceivable that the writing instruction provided by videos also influences writing mo-
tivation more so than the STT condition. RQ 4B investigates alterations due to the
provided writing instruction on the writing motivation.

4B Does the writing motivation of students in EG 1 & EG 2 show a significantly
greater increase between pre- and post-test than the writing motivation of students
in CG?

Chapter 3, Section 3.3.2 argues that not enough is known about effects of writing in-
tervention. For an unambiguous theoretical foundation such as this one, a two-sided
hypothesis, as follows, must be formulated (Bortz & Schuster, 2010):

H1,: The writing motivation develops differently between pre- and post-test
in students in EG 1 and EG 2 than in students CG.

> HI 48" B EG 1& EG 2 overall writing motivation # H G overall writing motivation

5.2.5 Research question5

The last research question addresses possible challenges that the implementation of
an audible tool, i.e., STT, harbours. The literature review emphasised the possible
challenges and high demands on professionals. Knowing these challenges is essen-
tial, firstly, to encounter them in practice and, secondly, to deepen the understand-
ing of this thesis research findings, leading to RQ 5.

5 Which challenges accompany the implementation of STT in the classroom?

While RQs 1 to 4 are investigated by quantitative methods of inferential statistics,
RQ 5 is explored through a qualitative approach. Based on theory and research lit-
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erature (Chapter 4, Section 4.2), some assumptions about challenges can be made.
These assumptions influence the exploratory approach to this question, which is
discussed in Section 5.3.5 However, these assumptions are not tested in the form of
statistical hypotheses.

The study design requires the development or adaptation and procurement of
several study materials. Section 5.4, and the elements in green and in blue in Figure
5.6, present all assessment tools necessary for the present research, while Section
5.5 shows the developed instructional materials for the software introduction and
writing instruction, and the acquisition of hardware and software.

5.3 Research design

5.3.1 Overall research design - quantitatively-driven, mixed methods
design

Chapter 4, Section 4.1 stated that robust research in the domain of STT in the educa-
tional setting and its effect on the development of writing is much needed. This sec-
tion addresses this need and elaborates the appropriate study design to investigate
STT for students with dyslexia in writing classes.

The RQs and hypotheses presented in detail in Section 5.2 comprise two types of
RQs: four about the effectiveness of a method; and one about difficulties met during
the study and potentially met in the implementation of STT in the classroom. It
would be difficult or even impossible to answer both types of questions by oper-
ating solely within either the deductive-objective-general approach of quantitative
research methods or by an inductive-subjective-contextual approach that character-
ises qualitative research methods (Morgan, 2014). RQs 1-4 are based on theories and
they test hypotheses. They require the research to evaluate observations which rely
on the collection and analyses of data in an explicit and predetermined design. RQ
5 aims to capture and to discover patterns or themes, beginning with observations
and potentially leading to the creation of theory or the generation of new hypotheses
through flexible, emergent research designs (Morgan, 2014). The present study is
linked to both rationales, of quantitative and qualitative research methods. Bringing
both approaches together is the general goal of mixed methods research.

Glogowska (2011), naming mixed methods as a ‘third way’ of pragmatism,
concludes that mixed methods have already contributed to research in the field of
speech and language therapy (SLT). Glogowska estimates that mixed methods offer
a wealth of possibilities for SLT because of the multifaceted and multifactorial nature
of human communication and its disorders. Nevertheless, besides the strengths of
mixed methods, Glogowska also names challenges of mixed methods. One problem
is that there are only a few established and widely accepted procedures within the
two traditional strands (Morgan, 2014). Glogowska (2011) states that mixed methods
bear considerable challenges at each stage, from conceptualising over operationalis-
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ing, to defining how the methods are used in conjunction with each other and how
rigour is ensured. A further issue of bringing qualitative and quantitative methods
together is, according to Moran-Ellis et al. (2006), how to integrate the results of
such different data and of different formats. These authors also state that there are
different reasons and varying ways to incorporate mixed methods into research de-
signs and advise caution regarding the terms used.

To meet these challenges, this thesis follows the suggestion of Morgan (2014)
who argues for a compact typology following a purpose-driven perspective. This re-
quires an assignment of different levels of priority to each study component within a
project that uses different methods. The next subsections allocate, firstly, the priority
of the components. The resulting overall research design, as illustrated in Figure 5.1.
Section 5.3.2, thereafter, determines when and how the data are integrated. It also
assigns the weight as core and supplement components.

Priority level

The qualitative part of this present thesis research is largely planned according to the
state of research and is not based on the quantitative research results®. Therefore, this
mixed methods design is not a sequential contribution but a ‘parallel studies design
for additional coverage, as Morgan (2014, p. 36) names it, symbolized as “QUANT
+ qual”. Morse and Niehaus (2009) call the equivalent design, ‘quantitatively-driven
mixed method designs, and specify the moment of data integration. As shown in
Figure 5.1 below, the present research collects the qual data simultaneously, analyses
them separately, and integrates the results with the QUANT findings.

Based on Morgan (2014), the quantitative method in this research project is des-
ignated as the ‘core component’ (symbolised as QUANT). This part of the study
could stand on its own and answers the majority of the RQs. The qualitative part
(symbolised as qual) in the present study might not stand alone due to the depth
of the analysis and the criterion of saturation that is not sought (see Section 5.3.5).
Therefore, the interview study is the ‘supplementary component’ within the project.

According to Morse and Niehaus (2009, p. 119) “the theoretical drive for quanti-
tatively-driven mixed methods design is deductive, and the overall thinking about
the project is deductive, regardless of the minor supplemental qualitative compo-
nents”. The qualitative component must be appropriate in terms of its implementa-
tion, and interface with the quantitative core; but within the qualitative component,
the research follows the inductive paradigm for a qualitative study.

However, regarding this thesis project, it is considered that the two components,
conducted in parallel by one researcher, may influence one another. The strategy of

38 DPossible influences of the intervention study prior and during the intervention period on
the qualitative part will be discussed in Section 5.2.5.
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the data integration and how the two components could possibly interact with each
other is outlined in Section 5.3.2.

5.3.2 Integration strategy of quantitative and qualitative data

The Figure 5.1 indicates by arrows the strategy for the data integration as well as pos-
sible interactions between the QUANT and the qual components. Interactions and
integration are presented in the following paragraph from the top to the bottom, i.e.,
from number one to four, which corresponds to the timeline of the project.

The arrow nr. 1 illustrates the preparation of the study, including the

0 ,  development and evaluation of the study material. The first version

of the interview guide is tested with pilot teachers and subsequently

adapted. Feedback and collected QUANT data from the pilot studies might have
influenced the interview guide.

The arrow nr. 2 stands for any possible impact of the QUANT com-

0 ponent during the intervention period. The researcher was available

for questions and the contact person for any issues during the in-

troduction of the software and the 18-week intervention period. The researcher was

made aware of problems met with the tool and the application of writing instruction

by videos. This awareness is assumed to have had an impact on how challenges were
addressed during the interviews.

The arrow nr. 3 stands for the first conscious integration of the data.

<___€?__ The conduction of the interviews and the first cycle of qualitative

data analyses were run before the data analysis of the QUANT data.

This first analysis in MAXQDA was consciously used for the selection of the char-

acteristics of the students integrated in the QUANT data analysis later (see Chapter
6, Section 6.1.1).

The last arrow, nr. 4, illustrates the actual goal of the integration

o methods, which is to foster understanding of the QUANT data and

to extend the depth and breadth of the implementation of the tech-

nology in school. Therefore, the QUANT results and the qual results are presented
separately, but the qual results are integrated into the discussion in Chapter 7.

5.3.3 Quantitative core - quasi-experimental study

This section elaborates the research design and the elements of the quantitative core
component, including the rationale for the experimental study and the necessary
transformation to a quasi-experimental study. This section also illustrates the time-
line and the design of this quantitative component and explains the aim of each
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QUA e o
Enhancing understanding and explanation
by including qual (inductive) component
A
Core component of project Supplemental component of project

(additional coverage)

Selecting core method for QUANT
Selection an appropriate supplementary
strategy and followi rocedures to
maintain validity
Identifying core sample for QUANT

Identifying the sample for qual
Collection QUANT data

Collecting supplementary qual data

Analysing core QUANT data

Analysing supplementary qual data

Integrating supplementary qual findings
with those of core component

QUANT Results

Informing the research question

Figure 5.1:  lllustration of design according to Morse and Niehaus (2009, p.118)

study group. Section 5.3.3.1 develops the foreseen statistical model for the data anal-
ysis, i.e., the general linear model (GLM), and names an alternative for data not
allowing the calculation of a GLM.

5.3.3.1 Quantitative design

RQs 1to 4 are based on theoretically derived hypotheses. These hypotheses are test-
ed and answered in a deductive process. By the means of experiments, it is possible
to experimentally manipulate causes that might affect outcome variables. Experi-
mental research in the social sciences usually takes the form of program interven-
tions (Morgan, 2014). The S3-guideline for diagnosis and treatment of students
with dyslexia in German (Deutsche Gesellschaft fiir Kinder und Jugendpsychiatrie,
Psychosomatik und Psychotherapie e.V [DGKJP], 2015) (now outdated) calls for
high-quality intervention studies with randomised group assignment (RCT). Matre
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and Cameron (2024, p. 1) state, “there is a great need for more robust research on
the use of speech-to-text technology (STT) in educational settings, especially on its
effect on writing skills”. Bhide et al. (2018, p. 380) write, “the randomized controlled
trial is the most rigorous and robust research method of determining whether a
cause-effect relation exists between an intervention and an outcome” In the case of
the present study, the main manipulation, or the so-called treatment condition, is
the modality in which students produce text - dictating or handwriting. The out-
come variables, several writing skills and writing motivation, which were specified
in the research questions are used to investigate the effects of the intervention.

On the one hand, the current state of research, presented in Chapter 4, Section
4.2.2, has revealed that effective writing instruction is a condition for the successful
application of an STT-tool. Thus, it is derived from this state of research that writing
instruction should be included in the study design. On the other hand, the increased
workload and the work intensification of teachers do not allow unconditionally for
additional time investment in research participation (Creagh et al., 2023). As further
elaborated in Section 5.5.2.4, video instructions are applied to reduce workload in
terms of preparation and to enhance the comparability of writing instruction for all
classes. However, the development of the instructional materials in this study has led
to the growing presumption that the writing instruction by videos should be consid-
ered as an intervention on its own. This line of thought was reinforced by the later
feedback from the pilot-class teachers. For this reason, a third study group, called
‘control group’ (CG), was installed to control for any effect of this writing instruc-
tion. This study comprises, therefore, three groups, described below, and illustrated
in Figure 5.2 in black, red and blue.

Study groups and provided interventions

The CG, black in Figure 5.2, receives no intervention except ‘treatment as usual
(TAU), which means that the participants received the treatment or intervention
by the specialist, i.e., speech pathologist or special needs teacher®, as planned in-
dependently from the study participation. These participants also received conven-
tional writing instruction by the class teacher. The participants were assessed at pre-
and post-test by the specialists. The ‘experimental group 2’ (EG 2)*, red in Figure

39 Due to different policies in the various cantons, the individual setting can be with a
speech pathologist or a special educational needs teacher.

40 The term ‘experimental group 2’ could lead to confusion, because the purpose of this
group is to control for the STT intervention. This term was selected over a possible al-
ternative, e.g. control group 2, for two reasons: firstly, because this group does receive
an intervention; and secondly, because, in the communication in German with teachers,
specialists and authorities, it was always referred to as an experimental group (in Ger-
man: Interventionsgruppe 2), which is why this is maintained as EG 2 in the present
thesis.
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5.2, received the above-mentioned writing instruction by videos in the writing class-
room. The participants also received the ‘treatment as usual’ (TAU) with the special-
ist, which was planned independently from the study. This group was partly assessed
by the specialists and partly within the writing classroom. The ‘experimental group
I’ (EG 1), coloured in blue in the figure, received both interventions, the assistance
for text production by the STT-tool and the writing instruction by videos. As also
illustrated in Figure 5.2 in light blue, the EG 1 received a software introduction prior
to the intervention. Depending on the weekly time of speech therapy or support by
the special needs teacher, the treatment time in the individual setting was entirely
or partially used for the software instruction. During the intervention period, the
participants of EG 1 also received TAU. In the case of issues with the STT-tool, the
specialists functioned as contact persons for the classroom teacher and could use the
single setting to provide support if necessary. EG 1 was also assessed partly by the
specialists and partly within the writing classroom.

Timeline of the study

The intervention study took place during the school year 2022/2023. The introduc-
tion of the STT-software in EG 1 started after the summer holidays 2022, in the single
setting of speech therapy or special needs education. The pre-test was administered
after the autumn holidays, in October and November 2022, followed by the start
of the intervention period in the writing classroom. The intervention lasted for 18
school weeks. Due to varying school holidays, and exceptional weeks, e. g. ski camps,
the post-tests data collection took place between March and May 2023. Depending
on the group, the testing took place in the single- and/or classroom settings (Table
5.11). The total assessment time per student was approx. 50 minutes for EG 2 and
CG and approx. 70 minutes for EG 1. As mentioned above, another adaptation in
the study design was made to increase the probability of a sufficiently large sample.

With one exception, all data were collected at pre- and post-test times. The excep-
tion was the assessment of writing motivation in EG 1. Since the software introduc-
tion could have altered the writing motivation, this part of the pre-test data was col-
lected before the software introduction, to define the baseline of writing motivation,
thus approximately six school weeks earlier than EG 2 and CG. The assumption was
that the software equipment and possible beliefs in a valid solution or first-encoun-
tered difficulties could potentially impact the writing motivation in EG 1 during the
software instruction. Natural changes during six school weeks were considered to be
less important than the impact of the software instruction. The preliminary work,
illustrated in light green in Figure 5.2, such as adaptations of assessment tools, and
development of instructional videos or pilot studies, are mentioned, respectively, in
Sections 5.4 and 5.5, presenting the single elements.
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Abandonment of randomisation

Experimental designs are based on the idea of the removal of irrelevant sources of
variability that could reduce the precision of sample results and therefore reduce the
statistical power of tests (Cohen, 1988). Randomisation is the usual way to control
sources of bias that could result in undiscovered differences between the groups,
which could impact an outcome variable and been mistaken as treatment effect.
However, the participant recruitment, shown in the centre of Figure 5.2, proved
challenging from the start, including recruiting participants for the pilot studies.
For the following three reasons, the initially planned randomisation was abandoned,
which was equal to a transformation of the initial plan of an experimental study,
a so-called randomised controlled trial (RCT), to a quasi-experimental study. The
following explains the three reasons for this important change in the design and
explains how the risk of loss of reliability and power is encountered:

1) Firstly, the sample recruitment was anticipated to take longer than expected, which
could have been problematic for timely and randomised group allocation. This
was, in particular, due to the fact that the equipment for EG 1 had to be ordered in
advance, set up, and distributed to the various regions of German-speaking Swit-
zerland before the start of the software introduction, by the end of August 2022.

2) Secondly, the resulting self-assignment to the groups enabled more flexible par-
ticipation options. For example, participation in EG 2 was possible if a teacher
wanted to take part in the study, but the specialist only agreed to administer the
pre- or post-test but not the software instruction. A participation in the CG was,
meanwhile, possible if the specialist was willing to participate but not the class
teacher. In addition, the first part of the control group could be surveyed in the
2021/2022-school year, as the test materials were ready by then.

3) Thirdly, several specialists stated therapeutic motives for participating in one
group or another. Without randomisation, it was possible to take these motives
into account, which seems ethically sensible, because a waiting-control-group de-
sign was not possible due to the duration of the study, lasting over % of a school
year, and in some cases the limited resources of remediation in individual settings
for Grade 5 students.

To summarise, it is argued that the abandonment of randomisation has advantag-
es for this study and is considered essential for the recruitment of the required N.
However, the major disadvantages of this decision, namely the risk of the influence
of known and especially unknown factors, need thorough consideration. The conse-
quence of the self-assignment, according to Pildal et al. (2007), is that benefits of an
experimental intervention are overestimated. In the present study, two measures are
taken to counteract the possible bias of self-assignment. Firstly, further information
of the participants was collected among specialists and parents to control for the
comparability of the groups (see Section 5.3.4.6). Secondly, the study groups are
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compared by statistical analysis on the even distribution of these characteristics and
on the skills level at pre-test. The sample and the comparability of the groups are
described in detail in Section 5.3.4.

The data collection in the CG took place over the two periods presented above.
In autumn 2021, approximatively half of the CG was recruited, which is illustrated in
the upper centre of Figure 5.2. In other words, pre- and post-tests were administered
to 18 participants one year prior to the main data collection. An additional advantage
of this procedure was the confirmation that all assessment tools and the instructions
by videos for the assessment were handled without problems and worked out well.

The recruitment of the main sample for all groups confirmed the expected chal-
lenge, and the omission of the randomisation was subsequently considered as a
suitable measure. This is because: on the one hand, the search for participants was
delayed by waiting times for authorisations in certain cantons; while, on the other
hand, recruiting the required number of participants needed several attempts via
various channels and many individual contacts. The recruitment of participants for
the CG and EG 2 was extended until autumn holidays 2022, just before the inter-
vention started.

Scientific quality criteria

Important indicators for the quality of any experimental interventions are the sci-
entific quality standards. Objectivity is a key feature of experimental methods with
well-conducted experiments, and an essential standard of replicability (Morgan,
2014). Validity, another quality standard, stands for experiments and/or instruments
that measure what they claim to measure. They are also intended to be reliable, which
means that they produce similar results across time and across measures (Glogow-
ska, 2011). To this end, the outcome variables must, for example, be well-defined.

In addition to the precise description of the procedure and the already mentioned
preliminary comparison of the groups, this thesis addresses the quality standards at
various points, but especially in Section 5.4 about the assessment tools. In an inter-
vention study, however, not only the assessment tools are keys for quality standards,
but also the standardisation and replicability of an intervention. A particularity of
this study, and important for the quality standards, are the many video instructions
that were provided for both the assessment and the writing instruction for the EG 1
and EG 2. The advantage of these videos is that they are the same for all participants
and over time, i. e., at pre- and post-test. Since they are developed in advance by the
researcher, the instructions most likely follow more precisely the intended instruc-
tions than an oral, simultaneous instruction. An additional advantage of the videos
is that they could be used in a study replication.

In the present study, the assessments of the outcome variables were carried out by
the specialists and partially by the class teachers. These were, therefore, not blinded,
as appraised by Galuschka et al. (2014) for experimental studies, since the treatment
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condition was known to the teachers and specialists. However, all test documents
were coded with digitally randomised, five-digit numbers to hide the group affili-
ation. This was equivalent to blinding the scoring and analysis of all outcome data.

5.3.3.2 Statistical analyses - GLM

This thesis research requires statistical analyses to answer the RQs but also, as al-
ready mentioned, for the comparison of the study groups and for the adaptation
and validation of the assessment instruments. This sub-section describes the main
statistical model applied to answer RQs 1 to 4. It then presents the necessary sam-
ple size with its effect sizes and test power, followed by the potentially problematic
self-assignment to the study groups and the resulting question of comparability of
the study groups, due to the abandoned randomisation. It also addresses the as-
sumptions required for these analyses. The preliminary investigations of the sample
are presented in Section 5.3.4. All statistical analyses that are required for the adap-
tation and validation of assessment tools are included in Section 5.4.

All analyses to answer the research questions were run in IBM SPSS statistics,
version 28.01.1.0 (IBM). The sample size was planned with the free software G*Pow-
er, version 3.1.9.7 (Buchner et al., 2014), to ensure the appropriate interpretation of
the study results (Rasch et al., 2014).

RQs 1 to 4 investigate the effectiveness of one or two treatment conditions for
writing skills and writing motivation. The two treatment conditions are STT and
writing instruction by videos. Three aspects for the choice of the statistical model
are important. Firstly, the data of the same persons must be analysed at two times,
requiring a repeated measurement with dependent data. Secondly, Hypotheses A
and B of RQs 1, 2, and 4 should each be tested for differences among the three groups
with a single analysis, due to the two grouping variables: STT and/or writing in-
struction by videos. Thirdly, second-order effects are sought to be investigated and
therefore integrated into the model, in order to detect specific characteristics of par-
ticipants that potentially could amplify or attenuate effects.

The linear model framework, also known as the general linear model (GLM),
allows this study to analyse the outcome of more than two groups at repeated mea-
surement times (Field, 2018). The ‘one-way repeated measures ANOVA; one of the
many special cases of the GLM (Knapp, 1978), tests whether there is a statistical-
ly significant difference in the outcome of a variable at two or more measurement
times (Bortz & Schuster, 2010; DATAtab Team, 2024). Such ANOVAs are run to
answer RQs 1, 2 and 4, whereas T-tests, another case of the GLM, and ANOVAs are
run to answer RQ 3.

The ‘one-way repeated measures ANOVA' tests whether there is a difference or
a main effect over time, in the present study between pre- and post-test measures.
As shown in Equation 5.1, the total variance (SS;) consists of the variability between
the persons and of the variability within persons. The variability between persons is
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the variance explained by the model, the so-called model sum of squares (SS,,), also
known as the systematic variance. The variability within the persons consists of the
residual variance (SSg), which is the unexplained remaining variance (Rasch et al.,
2014). The effect of the model is the repeated measure (Field, 2018), in the present
case called Z, for “Zeit’ in German:

SS;=5S,, + SS, +SS, (5.1)

To investigate the main effect of the treatment condition, the group factor (G) must
be included into the model. This is possible by a ‘two-way repeated measures ANO-
VA (with repeated measurements on one factor). This model allows the research
to answer three questions: 1) whether the repetition of the measurement Z has an
impact on the outcome; 2) whether factor G, i.e., the group or treatment condition,
has an impact on the outcome; and 3) whether there is an interaction effect between
the factor G and Z (DATAtab Team, 2024), also known as first-order interaction
(Rasch et al., 2014).

The model of the ‘two-way repeated measures ANOVA' can be derived from the
regression path diagram (J. M. Graham, 2008). It attributes the variance of the de-
pendent variable to the two main effects, the interaction, and an error component
(Bortz & Schuster, 2010). The model is based on Equation 5.2:

SST: SSM + SSfuc[urG + SSfactorZ + SSin[emctionGZ + SSR (52)
(Field, 2018; Rasch et al., 2014).

The present study has a 2x3 plan with two independent variables (two measure-
ment times and three groups, i.e., treatment conditions). Factor Z is coded with
x,, factor G is coded with x, and x;, and the interaction Z - G is coded with x, (x,x,)
and x; (x,x;). The Regression Equation 5.3 for this linear model with a first-order
interaction shows the assumption that an estimated dependent variable () vy is
predicted by the constant (b,), also called intercept, the indicator variables (b), in
the present example b, to b.

:I}Ib0+b1Z+b2G1+b3G2+b4Z~G1+b5Z'G2 (53)
(Jaccard & Turrisi, 2003).

The ‘two-way repeated measures ANOVA is calculated in software such as SPSS.
The calculation tests the overall fit of the linear model, elaborated above, to a set of
observed data, by analysing whether using group means predict the outcome sig-
nificantly better than using the mean of all scores. The two-way repeated measures
ANOVA calculates the F-statistic. A large F indicates that group means differ, which
allows the discrimination between cases from different groups. Meanwhile, a small F
indicates that the ability to predict observed data will be poor, because group means
are the same or similar (Field, 2018). The significance test and the effect size can be
derived from F-statistics (Rasch et al., 2014), which is now automatically calculated
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in software such as SPSS. SPSS transforms the effect size for ANOVAs with repeat-
ed measures into partial eta square 7} (). This F-test does not identify differences
between specific means; however, the model parameters (the b-values) do (Field,
2018). To identify these differences, post hoc tests or visual inspection of outcome
graphs are necessary.

As elaborated above, ‘two-way repeated measures ANOVA’ can explain some of
the differences in the measured values by the ‘systematic variance’ or ‘effect variance,
due to the differences in the experimental manipulation (Rasch et al., 2014). How-
ever, human behaviour is often determined by more than one factor. In the present
study, several additional factors, such as co-morbidities or gender, potentially have
an effect on the outcome. Of particular interest also are interactions between the
main factors and these additional factors. If there is a systematic effect of an ad-
ditional factor, this explains part of the residual variance. Therefore, by reducing
the unexplained variance, a possible effect of the main factor becomes either more
pronounced (Rasch et al., 2014), or a so-far suppressed effect becomes visible.

Three-factorial designs are possible with a repeated measures ANOVA if, in addi-
tion to the main effects and the first-order interactions, the second-order interaction
is also coded. Correspondingly, in the two-factorial ANOVA, the additional indica-
tor variables are generated by multiplying the indicator variables that are involved
with main effects in the second-order interaction (Bortz & Schuster, 2010). In other
words, factor C - in the present analysis, for ‘students’ characteristic’ - is added to
and multiplied with the factors Z and G, resulting in main effects Z, G, and C as
well as the interaction effects ZG, ZC, GC and ZGC. The regression equation for this
model is based on the Equation 5.3 but extended by the factor C and all interactions.

In the present study, the GLM with repeated measures is considered adequate
to answer the RQs. This allows the research to analyse: 1) effects over time between
pre- and post-test; 2) effects of the three different treatment conditions over time;
and 3) potentially suppressing effects of additional, non-repeated factors. By con-
trast, no repeated measures were necessary to calculate differences between writing
modalities for RQ 3A. This could, therefore, be done by T-tests or one-way F-tests.

Prior to the data analysis, the questions about the statistical power and the sam-
ple size planning, the assumptions for the GLM, and the question about one- or
two-sided testing, must be considered. These questions are discussed in the follow-
ing subsection.

Power analysis and sample size planning

The power of a test is the probability that a given test will find an effect if there is
one in the population. This relates to the Type II error, which is to miss an effect that
genuinely exists, and which is the B-level. “The power of a test can be expressed as
1 - 87 (Field, 2018, p. 84). The power analysis builds the core of a rational basis for
deciding on the sample size to be used in an investigation (Cohen, 1965). G*Power
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software (Buchner et al., 2014) is used for its a priori computation. The following
paragraph describes the setting and the reasoning for the latter.

The sample size planning for a two-way repeated measures ANOVA depends in
addition to the three parameters of statistical interference i.e. power, significance
criterion, and effect size, and also on the mean correlation of the factor ‘measure-
ment occasions, i.e., the correlation between the outcomes at pre- and post-tests,
which is not known before running the experiment. Since no other studies could
provide guidance, the correlation between repeated measures is set to r=0.5. Ac-
cording to Rasch et al. (2014), the assumption of a correlation is justified when the
repeatedly measured characteristics can be regarded as relatively stable within test
subjects but differ between test subjects. This is the case for intellectual skills or
personality features (Rasch et al., 2014). In the present work, this stability is assumed
for writing skills and most components of writing motivation. Self-efficacy was dis-
cussed as to some degree dependent on the task and might therefore be less stable.
However, because the tasks in pre- and post-tests are identical, the stability is also
presumed for self-efficacy.

Power, significance criterion, effect size and sample size are related to each other.
Therefore, one is a function of the three others and influence each other. For the
present study, the anticipated effect size fis set to .25 which is a medium effect size
according to Cohen (1988). The test power is set to 1 - $=.90, together with an
a-level of .05. While power on .90 is rather conservative, the a-level is not set stricter
to avoid a higher probability of Type II error (Field, 2018). The number of groups
for the within-between interactions is calculated for three treatment conditions
which were analysed on up to two further non-repeated variables (3 x 2 x 2=12).
The addition of factors has advantages and disadvantages. They may explain further
residual variance, but at the same time they may decrease the power (Rasch et al.,
2014). Therefore, during the analyses, attention must be paid to whether a factor has
scientific value.

The power analysis results in a sample requirement of N=96. The repeated mea-
sures ANOVA therefore requires a minimum group sample size of n=32.

Repeated testing and inflated error rates

The investigation of students’ characteristics that might amplify or attenuate an ef-
fect of the treatment condition results in the repetition of statistical analyses on the
same data. This increases the risk of an a-error accumulation, also called Type I
error or family-wise error, which must be considered. According to Field (2018),
there is not only one way to counteract this build-up of errors. It is possible to adjust
the level of significance for individual tests so that the overall a-error rate across all
comparisons remains at .05. The most popular and easiest way is to divide « by the
number of comparisons k, known as the Bonferroni correction, shown in Equation
5.4. In the present work, the significance level therefore will be adjusted according to
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the number of repeated analyses, nevertheless keeping in mind that the Bonferroni’s
test has the disadvantage that it is conservative with an impact on the power:

Perit = % (5.4)
(Field, 2018).

As elaborated above, the repeated measures ANOVA computes the analyses of the
main effects and the interaction separately. As presented below, up to seven students’
characteristics are checked on second-order effects and interactions. Equation 5.5
results in a p level of .005. Therefore, only statistical results with a significance of p <
.005 will be interpreted and discussed further:

Perit = 0,005 = 01_%5 (55)

Assumptions for repeated measures ANOVAs

The assumptions for repeated measures ANOVAs are: 1) the interval scaling of the
outcome measures; 2) the normal distribution of the outcome measures within
groups; and 3) the homogeneity of the variances within groups - instead of the inde-
pendency of the data, which is, per se, not given in the repeated measures ANOVA,
an assumption about the type of dependency of the data of the different measure-
ment times applies to methods with repeated measurements; and 4) the correlations
between the individual levels of the repeated measurement factor must be homoge-
neous (Rasch et al., 2014).

In the present data, the first assumption of interval scaled outcome measures is
met as further elaborated in Section 5.4. For the second assumption, different possi-
bilities to deal with the assumption and violation of normal distribution exist. While
Field (2018) does not question the importance of meeting the assumptions for the
accuracy of the test statistics and p-values, he expresses concerns about significance
testing for normality, because they depend much on the sample size. The present
sample sizes, between n=34 and n =36 in each group, lie above the widely accepted
‘large enough value of 30’ but there is no simple answer because this also depends on
the population distribution (Field, 2018). The size of the present sample could have
been considered as being only on the edge of ignoring normality, according to this
indication. However, Bortz and Schuster (2010) write that n<10 is a small sample
size and assume that ANOVAs are relatively robust above this size, when the groups
are equal in size. The group sizes of n 34 to n 36 were considered as equal. Accord-
ing to both indications, the sample size in the present study is assumed to be large
enough to accept the second assumption for the analysis of the main effects and the
main interactions. However, boxplots and Q-Q plots are visually checked for out-
liers. Unless many outliers are found, these are excluded from the analysis because
repeated measures ANOVASs are sensitive to outliers. In case of a larger number of
outliers, a non-parametric alternative can be considered (Hemmerich, 2024b). The
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analyses of second-order effects and interactions reduce the sample size through
the further division into subgroups. For these analyses, the scattering of the data
by graphs were visualised and significant tests of normality were run. However, sig-
nificant tests have to be treated with caution, according to Field (2018, p. 248), who
writes, for small samples, that one must “pay attention if your significance tests are
significant but resist being lulled into a false sense of security if they are not”. The aim
of these observations, therefore, is to interpret significant second-order effects with
caution. As for the third assumption about homogeneity of variance, Field (2018)
discusses concerns of Levene’s test. However, on the one hand, repeated measures
ANOVAs are rather robust for minor violations of these assumptions with equal
sized groups (Methodenberatung, 2024). On the other hand, in the present research,
the common interpretation of Greenhouse-Geisser and Huynh-Feldt adjustments
are no alternative since only two measurement points are analysed (Girden, 1992).
Therefore, Levene’s tests are checked for major violations.

Field (2018) names, in addition, uncorrelated predictor variables as an assump-
tion for statistical analyses with more than one predictor variable. These predictor
variables should not correlate too highly. At the same time, predictors should also be
uncorrelated with ‘external variables’ because they, otherwise, could lead to unreli-
able conclusions drawn from a model (Field, 2018). As elaborated above in Section
5.3.3.1, further information of participants is collected due to the abandoned rando-
misation. Theoretically, some variables describing participants’ characteristics could
be correlated with each other; e. g. time of therapy, severity, or type of school may
be correlated, since the enrolment in a specialised school or the amount of therapy
time depends in general on severity or comorbidities. The risk of these correlations
is counteracted in three ways. Firstly, Spearman’s rank correlations among these
characteristics are analysed (see Table 5.2 in Section 5.3.4.5). Secondly, potentially
moderating effects of these variables were analysed by separate models; and because
of the repetition of analyses, measures are taken to avoid inflated error rates. Thirdly,
significant correlations must be considered in the interpretation of the results.

One-sided or two-sided significance testing

Some of the hypotheses are formulated as directional. This could be an argument to
perform one-sided significance tests because of their greater power. Although there
are occasional circumstances where the investigator does not need to know about
effects in the opposite direction (Cohen, 1965), in the present thesis two-sided tests
appear, for the majority of research questions, more reasonable because the state of
research about STT for students with dyslexia is not considered solid enough to take
the risk of leaving out important information.

The F-statistic only informs about the presence or not of significant differences
between the groups but does not inform about how the study groups differ. In case
of significant results, the post hoc analyses indicate how the treatment conditions
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differ (Rasch et al., 2014), which is why post hoc analyses are run for comparisons
between more than two groups.

Post hoc power analyses are run to investigate RQ 3 because the respective anal-
yses are only run on one study group and therefore on a smaller sample. The re-
duction in size of the sample decreases the power and increases the risk of a type II
error (Cohen, 1988). According to the resulting power, the results therefore must be
interpreted with caution.

5.3.4 Sample - Quasi-experimental study
53.4.1 Participant recruitment

The power analysis, discussed above, indicates the necessary number of 96 partici-
pants, 32 in each group, to conduct the intended analyses. However, a higher num-
ber of participants is desirable, especially for EG 1, because students dropping out
of a study, with a setting involving several people and implementing a challenging
technology, is likely.

The main recruitment of participants took place between February 2022 and
September 2022. Half of the CG was recruited before, see Section 5.3.3.1. 18 par-
ticipants were recruited via existing contacts with speech pathologists and special
educational needs teachers. Geographically, the recruitment took place in 21 of 26
Swiss cantons where German is either the only official language or one of the official
languages. To the end of having an effective participant recruitment, an advertise-
ment video, lasting for six minutes, in the style of the instructional materials for the
writing instruction, was created. The video contained the key information on the
study participation.

In the first step, the video was sent by email to speech pathologists of the
school sector through the association of Swiss German speech pathologists (DLV,
Deutschschweizer Logopddinnen und Logopadenverband). At the same time, the
specialised schools for language (Sprachheilschulen) in Fribourg, Bern, Zurich and
St. Gallen were contacted personally. In a second step, personal contacts were estab-
lished with teachers, principals and stakeholders like school services, responsible for
special needs education and SLT. The response rate allowed respondents to complete
EG 1 by the end of June 2022, which was the latest date to equip this group and
distribute the devices. By the end of June 2022, the recruitment of the CG and EG
2 was not yet completed. In addition, there was an imbalance between the number
of participants from mainstream and specialised schools. The positive response rate
from specialised schools in Freiburg and St. Gallen, interested specifically in partici-
pation in EG 1, was equalised by contacting the not yet contacted specialised schools
running Grade 5 classes, in a third and final step. Besides that, the last canton’s au-
thorisation received by the end of June 2022 allowed the researcher to address fur-



5. Intervention Study — Methodological Approach | 133

ther people not yet contacted. The recruitment lasted until the autumn holidays, i.e.
in October 2022, just before the start of the study after the holidays.

5.3.4.2 Inclusion and exclusion criteria

As emphasised in Section 5.3.4.1, this study aims to investigate a representative sam-
ple of the population with dyslexia. Therefore, the criteria for inclusion or exclusion
are kept to a minimum. Two criteria are mandatory for the inclusion in the study:

1. All students must be enrolled in Grade 5 in German-speaking Switzerland.
2. All students must have received a diagnosis of dyslexia prior to the study, accord-
ing to the cantons’ policies.

Furthermore, the dictation should make sense for the students eligible for the study.
The specialists of all participants were thus asked whether they could imagine the
student to use STT. If, for example, a comorbidity such as AD(H)D or dyspraxia was
so severe that the specialist could not imagine the student handling the device, the
student was not included in the study. Regarding IQ, only students with an intellec-
tual disability (IQ <70) were excluded.

Both the students and the parents had to agree to participate. The parents gave
their consent by signing the declaration of consent (Appendix A). All involved teach-
ers and specialists also had to agree to participation in the study with its provided
procedures. Grade 5 of primary school, in Switzerland also called 7 HarmoS’ was
selected for multiple reasons. Regarding the terms, this thesis research refers to the
international literature and thus mentions the primary school years. Firstly, Svens-
son et al. (2019) suggest that compensational measures are installed for a student
with persistent problems if there is no sufficient progress after three to four years of
intensive support of traditional techniques. Secondly, regarding younger primary
school students, the state of research on compensation for those students was, at this
point in time, estimated to be weak. In addition, there are also reasons for promoting
handwriting in the early school years (e.g. Hurschler Lichtsteiner, 2020; Santange-
lo & Graham, 2016). Thirdly, the literature review by Schroder et al. (2022), on digital
support of students with special educational needs for narrative writing competen-
cies, shows that most of the support by digital technologies is only implemented
from Grade 5 onwards. It was therefore concluded that the acceptance rate for a
study with younger kids might be too low. Fourthly, although the state of research
indicates that compensation with older students might be more successful (Matre,
2022; Schiiler, 2021), the following practical reasons led to the choice of Grade 5
for this study: 1) Grade 6 was excluded because of the transition from primary to
secondary school, taking an important place in Switzerland in this respective school
year; and 2) secondary school was excluded because of the limited number of stu-
dents from Grade 7 onwards that are still regularly supported by speech pathologists
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and/or special needs teachers, which would have greatly reduced the probability of
recruiting a sufficiently large sample.

5.3.4.3 Sample description — Quasi-experimental study

A total of N=118 students were recruited for the study. These participants were found
in the following 10 out of 21 eligible cantons: Aargau, Basel-Land, Bern, Freiburg,
Graubiinden, St. Gallen, Schafthausen, Thurgau, Zurich, and Zug. A total of 42
speech pathologists and special needs teachers participated with one or more than
one student in the study. While some of these specialists only participated in the
assessment of the students of the CG and/or EG 2 at pre- and post-tests, others also
provided the software introduction to the students of EG 1 and EG 2. The students
of EG 1 and EG 2 were enrolled in 36 classrooms, involving 35 teachers, since one
teacher taught two classes in writing.

Sample attrition

Eleven students had to be excluded for diverse reasons: family moved away (2), lost
data (2), execution of intervention obviously not according to indications (2), and
problems with dictating and too much typing (4). One student was excluded be-
cause of Cochlear implants and therefore questionable diagnosis of dyslexia accord-
ing to the definition in Chapter 2, Section 2.2.1. The eleven dropouts were equally
distributed to EG 1 (6) and EG 2 (5). 107 students completed the study. Two students,
one of the CG and one of EG 1, refused to write one of the two texts. For the student
of the EG 1, this was the pre-test text, whereas the student of the CG refused to write
the post-test text. One student of the EG 1 only started to write the text of the pre-
test after five minutes. Therefore, for this participant there is no CBM measurement
available for the pre-test.

Demographic information of the sample

Table 5.1 provides demographic information on the sample and students” character-
istics according to the treatment condition.

5.3.4.4 Participant characteristics and comparability of the study groups

The aim of investigating the efficacy of STT in the field with diverse students with
dyslexia led to the decision to recruit students with a minimum of exclusion criteria,
as stated in Section 5.3.4.2. Therefore, the participants may vary considerably due to
factors such as comorbidities, type of schooling, or multilingualism. In addition, as
elaborated in Section 5.3.3.1, the omission of the randomisation of the group assign-
ment, in favour of a sufficiently large sample, carries the risk that the groups differ
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Table 5.1:  Sample and students’ characteristics

Condition (study group)
CG: Control EG 1: STT & video writ-  EG 2: video writing in-
(TAU) ing instruction (TAU) struction only (TAU)

Variable n=35 n=36 n=36
Age (month)
M 136.77 135.36 134.64
SD 7.97 6.89 5.45
Gender
Male 26 22 25
Female 9 14 1
Language(s)
German 15 24 16
German + other(s) 20 12 20
Type of school
Regular 23 21 23
Special language needs 12 15 13
Severity of Dyslexia
Severe 15 22 14
Moderate 17 10 20
Mild 1 0 1
Comorbidities
DLD no 14 22 21

yes 21 13 14
Phonetic- no 28 33 34
phonologic dis.

yes 7 2 1
AD(H)D no 27 24 26

yes 8 11 9
Dyspraxia no 33 33 34

yes 2 2 1
LD+’ no 29 25 27

yes 6 6 6
1 or more co- No 6 9 8
morbidities? Yes 29 26 27
Time of therapy/ind. setting
M (min/week) 60.68 65.52 50.58
SD (min/week) 37.24 27.12 36.03
Parents’ highest degree
None 0 0
Compulsory education (CH) 7 11
Graduation or apprenticeship 12 17 13
dipl.
Higher degree (BA, MA ...) 8 12 8

1 Inconsistent information by the specialists, e.g. no answer for LD, but indication of reinforced mea-
sures in certain subjects, was interpreted as presence of LD+.
2 One missing in each group, i.e., EG 1 and EG 2.
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regarding certain factors and that the results therefore lose validity. To address both
issues, further information about the participants (see Appendix B) and parents (see
Appendix C) was collected. The following paragraphs list the information collect-
ed and the rationale for its selection. They also explain why IQ is not considered
necessary to assess. Possible correlations between participants’ characteristics are
examined and presented in Table 5.2 at the end of this section.

Age: This study investigates the effectiveness of STT only among Grade 5 stu-
dents. The age range is therefore limited. However, age might play a role because the
school careers of students with dyslexia are not straightforward (Schulte-Korne &
Galuschka, 2019) and can thus vary.

Gender: The research literature describes gender differences in written language
development (Reilly et al., 2019) and in motivation (Camacho et al., 2021). There-
fore, gender is included both to compare the groups and as a possible variable with
second-order effects. Gender is assessed as a binary variable (male/female) to be in
line with the binary standardisation of the SLS 2-9 (Wimmer & Mayringer, 2014)
applied in this study.

Language(s): German as a second language (L2) can be assumed as a factor that
can impact the use of STT due to language skills such as pronunciation or morpho-
syntactic skills. Usually, a diagnosis of dyslexia and subsequent speech therapy is
only given after a certain time period of language contact with the school language.
All L2 learners are therefore expected to speak German. In this study, data are col-
lected about whether a pupil speaks ‘German only’ or ‘German and one or more
other languages’ but not about the specific languages.

Type of school: In Switzerland, students with dyslexia are enrolled in regular
schools or in specialised schools for language disorders, in German, the so called
‘Sprachheilschulen’ While dyslexia by itself is not a sufficient factor for enrolment
in a specialised school, according to the cantons’ policies, it is commonly present
in these specialised schools due to co-occurrence of dyslexia with DLD and oth-
er impairments (e.g. Kanton Ziirich, Bildungsdirektion, 2022). Specialised schools
traditionally accommodate students with severe language disorders only. Today,
certain schools, e.g. the specialised school of the canton of Freiburg, also accom-
modate students with high needs for socio-pedagogical support (Institut St. Joseph
du Guintzet, 2021). Important for this thesis study is that the groups are equally
distributed concerning the type of schooling and comorbidities (see below).

Severity of dyslexia: In Switzerland, no official and nation-wide policy on diag-
nosis of dyslexia is available. According to Snowling et al. (2020), the severity of
dyslexia plays an important role in the development and impact of the disorder.
Therefore, information about severity appears important for this intervention study.
However, as there is no standardised cut-off for severity, this information is collected
as a subjective estimation by the specialist, assessed as severe, moderate or mild
dyslexia. This study does not differentiate between students with global and isolated
reading or spelling difficulties.
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To obtain a notion about the validity of the subjective scoring, Spearman’s rank
correlations are calculated between the severity estimations by the specialists, on
the one hand, and the total reading fluency score and the CWS produced in 5 min-
utes, on the other hand: Spearman’s p=.620, p <.001 for the reading fluency, p =.417,
p<.001 for writing fluency. According to Cohen (1988), the severity estimation in
the present findings correlates strongly with reading and moderately with the writ-
ing score.

Comorbidities: As elaborated above, comorbidities are frequent and important
features in combination with dyslexia (McArthur et al., 2000). Information about
the presence or not of DLD, phonetic-phonological disorder, dyspraxia, learning
disability (LD) and AD(H)D are collected. No difference is made between atten-
tion-deficit disorders with or without hyperactivity. As discussed in Chapter 2, Sec-
tion 2.2.1, there is disagreement on LD as exclusion criteria from dyslexia. The par-
ticipants for the present study are recruited from several Swiss cantons with different
policies according to this question. Therefore, it is possible that participants with LD
are in the sample, which is why this information is collected. Specialists were asked
to tick the presence of LD, but the information sheet also contained space for further
diagnostical information. This part of the data collection resulted in some ambiva-
lent information regarding LD and information on support provided in other sub-
jects. Thus, all statements on LD and ambivalent information of educational support
were summarised as LD+. For example, if LD was not ticked but an indication of
support needs in other subjects was given, this was recorded under LD+.

Time of therapy: All study groups received treatment as usual (TAU) during the
intervention period. TAU is understood as support in the individual setting given
by a speech pathologist or special needs teacher. The amount of time in individual
settings, therefore, could impact the study results and must be comparable in all
groups. In general, the specialised schools provide at least two speech therapy ses-
sions per week, whereas two sessions per week in regular schools are less common
despite severity, due to the limited resources available. Time of therapy is counted
in minutes per week. Specialists were held to give an average over the school year in
case of irregular therapies.

As discussed in Section 5.3.3.1, time of therapy is analysed on correlations with
other characteristics of students. Four characteristics correlate significantly with
time of therapy (see Table 5.2). Type of school with p .825, and p <.001, severity of
dyslexia with p .336, and p <.001, and DLD with p .492, and p <.001, are all strongly
correlated with time of therapy. LD+ correlates significantly, but with weak effect
size, with time of therapy, with p -.238, p=.020 (Cohen, 1992). Participants with LD+
receive less time in the individual setting than the others. A possible explanation for
this might be that these participants receive additional support by other specialists.

These results led to a subsequent measure in the data analysis: under the con-
ditions that the groups are comparable in terms of time of therapy initially, this
variable is primarily only analysed in this context. This avoids strongly overlapping
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predictors in the model. Nevertheless, these correlations must be kept in mind for
the interpretation of results, especially concerning type of school. If the school type
shows a significant effect between groups and over time, time of therapy might be
secondarily added to the model to avoid an unreliable conclusion due to time of
therapy as an external factor.

Parents highest degree of education: Access and support to use a digital tool could
depend on the socioeconomic environment in which a student grows up. There-
fore, in this study with self-assignment to one of the three groups, this could be a
bias. It is imaginable that parents would promote or prohibit the participation in a
specific group due to differently informed reflexions. Therefore, the highest degree
of education from either one of the parents as an indicator of socioeconomic status
is asked for. To avoid embarrassment, parents could return the answer sealed. The
scale contains the following:

o 1o compulsory schooling completed

o ompulsory schooling completed (i. e., nine school years)

o econdary II completed, i.e., graduation of high school or apprenticeship
o egree of higher education, i. e., bachelor’s degree or higher

The highest degree of the parents is found to be correlated with the type of school,
language, and LD+. This is consistent with the prevalence of dyslexia and comorbid-
ities, described, respectively, in Chapter 2, Section 2.2.3.2 and Section 2.2.3.3 about
environmental factors and comorbidities.

Intelligence quotient (IQ): The lack of common policies and definition of dyslexia
in terms of IQ, discussed in Chapter 2, Section 2.2.1, results in an inconsistent han-
dling among Swiss cantonal educational systems. Consequently, in Switzerland the
IQ is not assessed for every student with dyslexia, and therefore there is no available
information. For two reasons, it is argued that the exact IQ is not a necessity for this
thesis study. Firstly, extreme outliers in terms of IQ on both sides of the IQ curve are
unlikely. Students with an IQ below 70, i. e., with intellectual disabilities, are not in-
cluded in the study. Teachers and specialists dispose of this information. Meanwhile,
concerning highly gifted children, i.e., > 130, the literature states the difficulty of the
detection of dyslexia. This is due to the fact that highly gifted students with difficul-
ties in literacy often manage to compensate for difficulties by their high intellectual
competences, until advanced school years. As a result, these students are difficult to
be recognised as ‘dyslexic’ because the assessment tools are not performant enough
for its detection (Chusseau, 2018). Secondly, it is argued, in line with Chapter 2,
Section 2.2.1, that interventions do not primarily depend on the IQ. Nevertheless, as
presented above, for the students with LD, defined as IQ between 70 to 85, the infor-
mation is collected as part of the comorbidities and used to control for second-order
effects. For this group, in contrast to the counterpart on the upper side of the IQ
curve, i.e., IQ 115-129, this information might be important to understand potential
difficulties of students when learning to deal with a new tool and new procedures.
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The three groups are compared on each of these characteristics. Chi’ tests are run
for the group comparisons of the categorial variables: Gender, language(s), type of
school, severity, comorbidities, and parents’ highest educational degree. One-way
ANOVAs are applied for the metric variables of age and time of therapy.

An additional possibility to assure group comparability is to compare the out-
come measures of interest at the first measurement time. This is done systematically
for all outcome measures before running the intended model, as presented at the
beginning of each results section in Chapter 6, Section 6.1. In case of significant
differences between the groups regarding pre-test scores, an alternative statistical
model, a univariate ANOVA (UNIANOVA), should be run. To this end, the change
over time is calculated by the difference between pre- and post-test, serving as the
outcome variable. The baseline score for the pre-test becomes then a control variable.

The results of the comparisons (Table 5.3) show that the groups differ in their
distribution significantly on a single characteristic, namely the phonetic-phonologi-
cal disorder. The number of students affected in each group, i.e., CG7,EG1, 2, EG 2
1 differs with p=.033. Since this characteristic could mostly impact the treatment
condition of EG 1, i.e., dictating, and because the significant difference is not to the
disadvantage of EG 1, this difference between the groups is considered not to impact
the study in a significant way. While phonetic-phonological disorders can impact
the writing process in a negative way, it is argued at this point that this problem
would already be captured by the severity of dyslexia. This difference thus will only
be considered in the case of unexpected results. All other analyses regarding these
characteristics did not result in significant differences between the groups according
to these characteristics. Thus, the planned statistical model should therefore not be
biased due to such differences between the groups.

Table 5.3:  Comparison of groups according to participant characteristics

Variable Comparison between groups
Age F(2,104)=.89, p=.413

Gender X?(2,N=107)=1.46, p=.482
Language X?(2,N=107)=5.08, p=.079
Type of school X?(2,N=107)=.45,p=.798
Severity X2(2,N=107)=6.55,p=.162

Co-morbidities

DLD X2 (2, N=105)=4.38,p=.112
Phonetic-phonological disorder X?(2, N=105)=6.85, p=.033*
AD(H)D X?(2,N=105)=.68,p=.711
Dyspraxia X*(2,N=105)=.42,p=.811
LD+ X?(2,N=105)=.37,p=.833
Highest degree X?(2,N=105)=2.00,p=.735

Time of therapy F(2,96)=1.65,p=.197
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5.3.5 Qualitative supplemental component - Semi-structured
interviews

RQ 5, about challenges of implementing STT in school, requires a qualitative ap-
proach (see Section 5.3.1). The design for this qualitative part, the supplemental
component, is presented in this section. Firstly, the research interest pursued by this
component is recalled. Decisions regarding the research methods, the tools applied,
the criteria for the selection of interviewees, and their demographics are presented.

The intention of a qualitative supplement (qual) to a research project with a
quantitative core (QUAN) could be characterised as achieving a broader picture by
“identifying relevant and important factors in need of exploration which were not
previously salient to the researcher” (Glogowska, 2011, p. 254), or as a compensa-
tion for inadequacies in meaning or detail that may occur with a quantitative core
(Morse & Niehaus, 2009). Both reasons may apply to a research project in the field
of speech language therapy (SLT) because complexity is an inherent part of many
interventions conducted in the field of SLT. Reducing this complexity to outcomes
showing whether the intervention appears to be effective or not may leave many
important questions unanswered (Glogowska, 2011). Therefore, on the one hand,
the qualitative supplemental component could inform about possible difficulties
met during the intervention that impact the generated data of the quantitative core
component and thus increase the understanding of those results. On the other hand,
by the exploration of potential difficulties of the tool-application in the classroom,
this component could increase depth or breadth of knowledge about the technology
implementation with its benefits and challenges or raise more specific questions for
future research (Greene et al., 1989; Morse & Niehaus, 2009).

53.5.1 Design of qualitative supplemental component

As stated above, the qualitative supplement aims to gather and structure further
information and content about challenges and benefits that teachers and specialists
observe during the study, comprising the software instruction and the intervention
period in the classroom. Although, for example, the attitude of professionals in re-
spect to digital technologies in school is of great importance for the implementation
of a tool, the focus in the frame of the supplemental component is not to uncover
unconscious or hidden patterns and meaning. However, additional interests and
insights that this qualitative part brings to light are approved. Thus, the present ap-
proach seeks a method including both, i. e, to gather information about the topic of
interest and to allow additional information. The semi-structured interview meets
this demand (Morgan, 2014). A semi-structured interview is based on an interview
guide, with a certain flexibility (Helfferich, 2011).

Regarding the group of people estimated the most suitable to explore RQ 5, the
following considerations, based on the manual for conducting qualitative inter-
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views" by Helfferich (2011), led to the selection of teachers and specialists of EG
1 as interviewees. Firstly, only EG 1 received the software introduction and used
the tool during the intervention period. Secondly, the people most actively involved
in the intervention study were the students, the specialists and the teachers. It was
assumed at this point that the teachers had the broadest view of the challenges of
implementing a tool in the classroom. However, thirdly, the professionals such as
speech pathologists or special needs teachers who provide the instruction to use the
tool are also close by and may bring in an additional outside perspective. This leads
to a further specification of the interview type for this thesis. Since the interviewees
are experts and the research interest is primarily focussed on factual information,
the type of interview can be described as an expert interview. This type of interview
tolerates more control and structuring interventions by the interview guide. The
information is assumed to be ‘true; rather than a construction the meaning of which
must be decoded - in contrast to a narrative perspective, where information is con-
text-bound and subjective truths according to (Helfferich, 2011, p. 76).

Within the group of teachers and specialists, a heterogeneous sample is aimed
for. However, the group composition is not taken into account in the case of a drop-
out. As the aim of this research question is to identify the difficulties, at least one
professional from each dropout is asked for an interview. To gather a maximum of
information about both the software introduction and the intervention, the inter-
views are conducted towards the end of the quantitative core component, as illus-
trated in Figure 5.3.

At the beginning of the study, the professionals of EG 1 received notice of a pos-
sible later request for an interview. The selected interviewees were contacted during
the intervention period.

Regarding the role of the students of EG 1, their opinion and how they felt about
the tool could be pivotal for appropriate understanding of the results. Therefore,
all students of EG 1, including the students dropping out during the intervention,
answered three additional questions at the end of the intervention, also as illustrated
in Figure 5.3. However, the students were not considered for the exploration of RQ
5 since their perspective on the implementation of the technology in school was
estimated to be narrower.

The qualitative part of this thesis research is a supplement and is, therefore, not
expected to stand alone, as elaborated in Section 5.3.1. For this reason, theoretical
saturation*? was not sought in the interviews and no additional interviews conduct-

41 “Die Qualitét qualitativer Daten: Manual fiir die Durchfithrung qualitativer Interviews,
see Helfferich (2011).

42 “Theoretical saturation’ is a term from Grounded Theory methodology that stands for
a (provisional) end point of the analysis, meaning that new data do not provide any
substantial increase in knowledge for the generated theory; see Mey and Mruck (2011).
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ed during the analysis. The number of interviews* was determined, on the one hand,
by the number of dropouts, and, on the other hand, by the aim of heterogeneity of
the interviewees. However, Helfferich (2011) indicates, in her manual, between 6 and
30 interviews as a ‘medium’ sample size, estimating six as the minimum for a her-
meneutic interpretation. The aim for the present research component was to reach
at least a medium sample size.

The semi-structured interview requires an interview guide (Helfferich, 2011). Its
construction is presented in detail within the research instruments in Section 5.4.5.
The interviews were audio recorded and subsequently prepared for analysis. There-
fore, the audio recordings were transcribed to text with focus on verbatim transcrip-
tion, meaning that pauses, fillers etc. are not transcribed. This process is a reduction
of data the researcher must be aware of (Richards & Morse, 2013). The interviews in
Swiss German were transcribed by the researcher, while Transkripto.de (2024) was
mandated for the transcription for interviews conducted in Standard High German.
The transcription rules correspond to the rules for verbatim transcription by Tran-
skripto.de (2024).

A further decisive step in the design of an interview analysis is the decision on
the evaluation strategy (Helfferich, 2011). The aim of the present research supple-
ment is, rather, a detailed description and understanding of the data but no devel-
opment of a theory such as targeted by the Grounded Theory method (Radiker &
Kuckartz, 2019). The qualitative content analysis allows the present study to analyse
and structure linguistic material systematically through figures of semantic units.
The analyses seek to filter out themes, content and relevant facets in order to sum-
marise the elaborated paraphrases within subcategories and categories (Mayring,
2022). To this end, MAXQDA, a qualitative data analysis software (QDAS), has been
employed. Although MAXQDA supports all phases of the analysis in a project, the
central function of MAXQDA employed in this part of the present study is the as-
signment of codes (categories) to selected parts of the data, in the present research,
words or passages of a text, and the inductive generation of additional and refined
codes (Radiker & Kuckartz, 2019). The code system, also presented in Section 5.4.5,
contains a first set of codes deduced from the state of research, i.e, a concept-driv-
en approach, subsequently refined and supplemented by an inductive, data-driven
process.

5.3.6 Sample - Interview study

As stated above, the sample is designed to include specialists and/or teachers of
students who dropped out, and heterogeneous interviewees, purposively selected
regarding: all disciplines; varying amount of professional experience; accompanying

43  The maximal number of possible interviews in the present study is limited by the num-
ber of participants in EG 1, i. e, teachers and specialists of N=42.
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one and more than one participant; different gender; professionals from mainstream
and specialised schools; initiating the study participation; and not, with or without
experience with STT.

In the course of the intervention, five students dropped out of EG 1, and one ad-
ditional student was excluded because of an uncertain inclusion criterion. In one of
these cases, an interview with the teacher or the speech pathologist was not possible.
A total of eleven interviews with 12 professionals was conducted, with one interview,
on the request of two teachers, conducted with them both together. Table 5.4 con-
tains the demographic information of the interviewees.

In six cases, the interviews took place face-to-face at the workplace of the inter-
viewee, and in one case in a public space close to the workplace. Three interviews
were conducted via Microsoft Teams due to organisational issues, while one inter-
view was conducted in a meeting room of the Zurich University of Teacher Educa-
tion. The interviews lasted between 20 minutes and 1 %2 hours.

Table 5.4:  Demographics of the interviewees

Profession Less than 10 More than 10 Initiation of Number of
years of years of participation students as-
experience experience sessed
Teacher in regular school G.& 3
Special education teacher TRR. @ 711" v 2
Speech and language P.4 722 v 1
therapist (regular school) 5.0 3
L@ 1-1  Dropout
D.Q 733 v 1
59 v 1
MC. @ 4 1-1 Dropout
Teacher in specialized K. Q 6
school for language im- MM. @ 3-2 Dropouts
pairment M. 3 9-1 excluded
Speech and language ther- TR. @ 4-2 Dropouts74*

apist (specialized school)

1 Specialist that intended to use STT independently of the study.

2 Specialist with own experience in the use of STT (especially Nuance Dragon®).
3 Specialist who had been a colleague of the interviewer for many years.

4 Dropouts figuring at two places in the table.

5.4 Selection, adaptation, and fit of assessment instruments

The study design requires the development or adaptation and procurement of sev-
eral study materials. Section 5.4 and the elements in green and in blue in Figure
5.4 present all assessment tools necessary for the present research, while Section
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5.5 shows the developed instructional materials for the software introduction and
writing instruction, and the acquisition of hardware and software.

RQs 1 and 2 investigate the effect of STT on text quality and possible impact
on reading and writing fluency. Therefore, an assessment tool or method for high-
er-order writing skills (see Section 5.4.1) and lower-order writing skills (see Section
5.4.2), as well as a tool for measuring reading fluency, must be selected or adapted
to the study purposes. The effects on writing fluency are, by RQ 3, also investigated
within dictated texts and between the handwritten and dictated texts of EG 1. RQ
4, asking about effects on writing motivation, requires a survey instrument to cap-
ture writing motivation and changes in writing motivation over time (see Section
5.4.4). It is desirable that these assessment tools are reliable, valid, and sensitive to
changes. RQ 5, exploring challenges of the implementation of STT in the writing
classroom, requires the development of an interview guide and a code system (see
Section 5.4.5).

Several points must be kept in mind when selecting assessment methods and
tools. Firstly, the quality criteria of the tests must be met. Where these are only
partially satisfactory, this shall be considered in the interpretation of the results. A
challenge of the study design, with a geographically dispersed sample and collabo-
ration with many teachers and specialists, is met by using standardised assessment
instruction by the means of the video instructions. The instructions contain the
exact oral instructions with visual support where necessary, and the exact moni-
toring of assessment time. This method aims to maximise the comparability of the
assessment. Secondly, the selection and adaptation of tools must be determined by
the intended use of the test score and should match the feasibility of data collection
and analysis in terms of the available time and financial resources in the research
project. Thirdly, the burden on participants and teachers and specialists should re-
main within reasonable limits. Lastly, possible causes for rater effects (see Chapter
2, Section 2.1.3) should be avoided from the start (Feenstra, 2014). Knowledge about
the writer’s identity or, in the present case, the study group affiliation might, for
instance, influence the raters’ judgment (S. Graham et al., 2011). Therefore, all study
documents were randomly coded by a five-digit number, created by a random num-
ber generator (Matheretter, 2024).

5.4.1 Assessment of text quality - TOWL-4

The aim of RQ 1is to investigate text quality. Text quality in this thesis is understood
in the rather broad sense according to Neumann (2017), which includes content-re-
lated aspects of text production such as coherence and cohesion, but also linguistic
and orthographic aspects.

To date, there is no procedure in German to assess writing performance be-
yond the word level in a standardised way (see Chapter 2, Section 2.1.3). There-
fore, non-standardised procedures are the only options for research and practice,
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which should not be a problem per se because, according to the meta-analysis by
Galuschka et al. (2014), the inclusion of studies with non-standardised measures
does not lead to an overestimation of the effect sizes. However, Winkes and Schaller
(2022) and S. Graham et al. (2011) state that informal procedures are fraught with
difficulties such as questionable reliability for research. An additional difficulty for
writing assessment is that different text genres need appropriate assessment tools
(Dockrell et al., 2015), and inferences based on text quality scores should be limited
to genre-specific writing in order to make valid inferences (Bouwer et al., 2015).
Ideally, writing assessments should not only consider one text genre and one sample
(Bouwer et al., 2015; Feenstra, 2014; Y.-S. G. Kim & Schatschneider, 2017).

A holistic approach in the present study is not considered, for two reasons. First-
ly, in the present sample, the texts of students with dyslexia are expected to be at
the bottom of the spectrum. Therefore, the differentiation within this sample and
the sensibility to changes over the intervention period by a holistic approach are
considered questionable. Secondly, analytical scoring methods are suited to provide
more extensive information on writing performance (Feenstra, 2014). Therefore, an
analytical assessment is considered to give more precise information about changes
over time than a holistic approach.

Selection TOWL-4 and test description

Two subtests of the Test of Written Language — Fourth Edition (TOWL-4) have pre-
viously been translated to German and applied in research studies in Freiburg (CH),
for example by Winkes and Schaller (2022). This translated version is considered
as the most suitable and meaningful for this study. The present study aims to as-
sess narrative texts, such as the TOWL-4 by Hammill and Larsen (2009). Subtest 6
includes contextual conventions such as the use of punctuation marks, capitalisa-
tions, or sentence structure. Subtest 7 focuses on story composition, e.g. plot (sto-
ryline), story sequence, or writing style, but also comprises items about vocabulary
(Hammill & Larsen, 2009). The latter contains mostly information matching the
above-determined definition of text quality. Therefore, for RQ 1, the score of Subtest
7 is used, which has the necessary construct validity based on theory. By contrast,
Subtest 6 mainly provides information about lower-order writing processes, which
is why this subtest does not appear meaningful for answering RQ 1. However, this
subtest might be of interest in the investigation of RQ 2. Thus, the quality criteria
for Subtest 6 are mentioned in this section, while the use of it for data analysis is
addressed in Section 5.4.2.

The TOWL-4, published by PRO-ED, states the following purposes: measuring
and identifying students in need of support or intervention; identifying strengths
and weaknesses in students’ writing abilities; documenting progress resulting from
written language intervention; and providing measurement in written language re-
search. It contains seven subtests. It is designed for 9;0 to 17;11-year-olds. The story
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test, which is the focus of the present study, provides standardised instructions on
the task and on elements that are essential for a good narrative text. It also gives an
example story for a one picture input. After the instruction, the students receive the
picture card (A or B). Each picture contains a main action, i.e., a main event and
secondary scenes, which should stimulate writing. The students receive 5 minutes to
plan, during which they are allowed to take notes. Then, they write for 15 minutes.
The produced story provides the content assessed by Subtest 6, Contextual Conven-
tions, and Subtest 7, Story Composition (Hammill & Larsen, 2009; McCrimmon &
Climie, 2011). The scoring parameters vary in the number of points distributed per
item: 0 or 1 points; 0, 1 or 2 points; and 0 to 3 points. Primarily, the scoring is based
on yes/no qualifications or quantifiable data, such as 0=not evident, 1=1-2 items
evident, and 2 =3+ items evident (McCrimmon & Climie, 2011). Subtest 7 should
be scored according to adult standards for composition rather than age or grade
standards. A Supplemental Practice Scoring Booklet contains ten sample stories and
corresponding scoring results for scoring training (Hammill & Larsen, 2009).

Quality criteria of TOWL-4 and the translated version in German

The available German translation of TOWL-4 contains the translated instruction
with the example story and the scoring items. The scoring items were partly trans-
lated and partly adapted to specific language features in German. Although this
translation is not standardised for German, it offers the advantage of having a sol-
id basis in English. The American version, according to McCrimmon and Climie
(2011), meets acceptable standards regarding test construction and the quality cri-
teria. These authors assume that the reliability estimates are consistently within the
acceptable range. They also estimate that the validity is acceptable. Data for quali-
ty criteria are not available for German nor specifically for students with dyslexia.
Meanwhile, Winkes and Schaller (2022) analyse the criterion validity in German
of several measures of curriculum-based measurement writing (CBM-W) with the
translated version of TOWL-4 scores. Although TOWL-4 and the CBM-W scores
do not measure the exact same features of written language, they correlate in Grades
4 to 6 with >.50 — commonly accepted as the criterion validity threshold in English
CBM-W-literature (McMaster & Campbell, 2008). To date, no standardised norms
are available for German (Winkes & Schaller, 2022).

Writing researchers (e.g. Bouwer et al., 2015; Feenstra, 2014) suggest that the
writing task is important to make valid interferences about the writing ability. By
using the German version of TOWL-4, the task is in pre- and post-tests alike; but
in the present study, a task-specific assessment according to the writing instruction
is not estimated to be of advantage since writing instruction varies between the CG
and both experimental groups.

A further important aspect for the validity of writing assessment is the number
of raters for the scoring of the written product (Brouwer, 2012). The resources of
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the present study do not allow several raters for each text, but the main researcher
and the two additional raters are trained in a circular approach of discussing the
items, clarifying the item description if necessary, rating ten texts, and calculating
the interrater reliability. A total of 30 texts were rated within three common rat-
ing sessions. While the TOWL-4-manual indicates an interrater reliability of .80
(Hammill & Larsen, 2009), the interrater reliability in the present study shows a
substantial agreement for Subtest 6, according to Landis and Koch (1977), while
the agreement for Subtest 7 remains moderate (Table 5.5). The second session of
adaptation to the item description resulted in an inferior interrater reliability. As a
result, most of the newly added precisions were removed. After the third session, the
scoring of the text was done by one rater only. The reason for this lower agreement
in the present study, compared to the original test manual, is considered to lie in the
difficulty of scoring low performance texts compared to adult standards.

Table 5.5: Interrater reliability of translated TOWL-4 version

Subtest Fleiss’k Fleiss’k Fleiss’k
texts 1-10 texts 11-20 texts 21-30

6 .75 .66 74

7 .50 49 .55

Subsequently, two measures were taken to reduce the risk of low validity due to the
limited agreement between raters. Firstly, the main researcher and both raters decid-
ed together on all ambiguous items encountered during the rating process. Secondly,
the two raters were to rate the same part of the sample from pre- and post-tests,
meaning that a participant’s texts were rated both times by the same rater to work
around bias due to the rater. The reliability within raters (intrarater reliability) after
5 months showed substantial agreement for both raters (Table 5.6), varying between
Subtests 6 and 7.

Table 5.6: Intrarater reliability of translated TOWL-4 version

Rater Subtest Cohen’s k
1 6 .61

7 .76
2 6 .78

7 .61

The internal consistency of the German version of the TOWL-4, calculated for the
sample of students with dyslexia, resulted in Cronbach’s a=.83 for the 12 items of
Subtest 7 (TOWL-4 manual: .74/.72). This is considered a good value and the scale
therefore reliable.

The German version of the TOWL-4 (Winkes & Schaller, 2022) was adapted to
the video instruction mode. The instructional videos were drawn and animated in
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MS Power Point (Microsoft, 2024) and edited in Camtasia (TechSmith, 2020). The
practicability of the videos was tested within the pilot classes one year prior to the
main study. The practicability of the assessment by videos was approved by all pilot
teachers. The output of this preliminary work gave no reason to doubt the assess-
ment method by video.

In addition to the original TOWL-4, the data of the total words written (TWW)
were assessed to obtain the text length, called ‘written composition productivity’ by
Yeung (2022), since the number of words produced in a text has been found to be a
reliable and valid measure of overall writing ability (Troia et al., 2019).

Limitations

Two limitations seem notable at this point. Firstly, the German version of TOLW-4
has not yet been standardised. Therefore, neither a comparison of the sample with
a norm sample is possible nor a statement about the intervention effect relative to
a norm. Secondly, as illustrated above, the interrater reliability is only moderate.
Despite the measures taken, these need to be considered.

5.4.2 Assessment of writing fluency - CBM-W

RQ 2A asks whether writing fluency measures differ significantly in students in EG 1
compared to EG 2/CG, whereas RQs 3A and 3B investigate possible changes in writ-
ing fluency within handwritten and dictated texts from EG 1.

The broader definition of writing fluency, discussed in Chapter 2, Section 2.1.3, is
a more comprehensive measure of the transcription skills, i.e., lower-order writing
skills. This refers to the amount of text written legibly and correctly in terms of
spelling, grammar and semantics, within a certain period of time (Malecki & Jewell,
2003). The Subtest 6 of the TOWL-4 (see Section 5.4.1) comprises items in relation
to lower-order writing skills, including items such as handwriting, spelling, punc-
tuation or sentence construction (Hammill & Larsen, 2009). However, several mea-
sures of curriculum-based measurements — writing (CBM-W) also inform about
different aspects of lower-order writing skills (Malecki & Jewell, 2003). Therefore,
the most suitable variables to assess the RQs of interest must be determined. The
following paragraphs delve into this question.

While the total words written (TWW) rates the productivity of writing but not
the accuracy, it does not count as a value of the broad definition of writing fluency
by itself. The words spelled correctly (WSC), the correct word sequences (CWS),
and the incorrect word sequences (IWS), all inform about the accuracy analysed,
according to different reference values. These measures always give an absolute mea-
sure which is dependent on the quantity written (Malecki & Jewell, 2003). Since
WSC only considers orthography, CWS and IWS are considered more meaningful to
answer RQ 2A because they provide further information such as about semantics or
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punctuation. In addition, WSC is a measure that does not fit the analysis of dictated
texts because the speech recognition technology only transforms spoken language
into existing words, meaning that the STT output contains only correctly spelled
words, unless one interferes by keystrokes. A measure that counts the correctness
of a word on a word level only would, therefore, result in a meaningless outcome.

CBM-W also provides measures which are independent of the amount of text
produced. The percentage of CWS (%CWS) or IWS (%IWS) from TWW provides
such a relative measure, independent of the amount of text (Malecki & Jewell, 2003).
Therefore, this value can give a wrong impression because the variable does not de-
pict the amount of text produced; when, for instance, a student writes 10 out of 20
words correctly in the pre-test but 20 out of 40 in the post-test (Winkes & Schaller,
2022). For this thesis research, a relative measure is estimated of interest for RQ 3A,
namely, to compare texts written in two different modalities which have an impact
on the amount produced. However, for RQ 2A, the loss of the aspect of quantity,
pointed out by A. Sturm and Schneider (2019) and Winkes and Schaller (2022), is
considered a disadvantage for answering this RQ. One further measure explained by
Malecki and Jewell (2003) is the correct minus incorrect word sequences, abbreviat-
ed as CIWS or CMIWS. This measure results by subtracting the IWS from the CWS
and gives an accuracy measure that relates primarily to exact or correct writing.

According to the study conducted on German by Winkes and Schaller (2022), the
more complex measures, such as CWS or CIWS, produce a higher alternate-form
reliability from Grade 4 onwards than the simple measures, TWW and WSC. Using
the median of three samples results in a few exceptions for these Grades in an al-
ternate form reliability of > .80. The criterion validity, calculated in these authors’
study by the subtests of the translated TOWL-4 and a global teacher rating, matches
the recommended Anglo-American threshold of at least moderate correlation (be-
tween r=.40 and r=.70) for the more complex measures from Grade 4. The criteri-
on validity of CBM-W ratings in studies in English was acceptable, i.e., r = .50, for
CWS and CIWS. Nevertheless, this comparison in German is based on informal
assessment tools and must, therefore, be treated with caution. The scoring methods
of TWW and WSC are not sufficiently valid for all analysed grades from Grades 3 to
6 (Winkes & Schaller, 2022).

Sensitivity to development is an important criterion for an assessment that is de-
signed to measure change over time, especially for weak writers who progress more
slowly than others (Winkes & Schaller, 2022). Despite the lack of standardised norms
for writing fluency in German, Winkes and Schaller (2022) assume that CBM-W is
a valuable assessment method to observe changes over time, which in their study is
measured with two data collections in autumn and the following spring.

On the one hand, studies about these measures were not particularly conducted
regarding students with dyslexia. On the other hand, there are advantages and dis-
advantages of certain measures. For this reason, this thesis research additionally ex-
amines the correlation of the collected data to select the most informative measure
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for the data analyses. Therefore, in a first step, all available data about lower-order
writing skills are explored in the written and dictated texts to take an informed deci-
sion. Available data stem from curriculum-based measurement — writing (CBM-W)
and Subtest 6 from TOWL-4. In a second step, the extent to which the measures
correlate with each other is calculated for handwritten texts (Table 5.7) and for dic-
tated texts (Table 5.8).

Table 5.7:  Correlation matrix (Person’s r), spelling and writing fluency measures in handwritten texts

TWW  WSC CWS  IWS  CIWS  %CWS %IWS Sub_6
TWW (CBM) —
wsc ggree  —
cws o7se  ggrex  —
ws oxrx g7mex  ggee  —
aws -40%%%  _10 3gex _gowr  —
%CWs -03 23+ B5%%  _43%xx  gywwx
%IWS 08 -16 54 Saxex  _gEwx  _gEXKX
Sub_6(TOWL)  sgres  sgee  sgwsx  g5esx  ageex  goiex  _ggrex

Note: * p<.05, ** p<.01, *** p<.001

Both values, the CWS and the Subtest 6 of TOWL-4, correlate significantly in the
present study with all other values. CWS correlates particularly strongly with TWW
(r=.97), with the WSC value (r=.99), and with IWS (r=.95). It also correlates
strongly with the %CWS of TWW (r=.65), the %IWS, and the subtest 6 of TOWL-4.
The correlation with the CIWS is still significant on a p <.001 level, with a moderate
correlation. As discussed above, TWW did not produce a high enough criterion
validity in the study by Winkes and Schaller (2022). For this reason and because
it does not inform about writing fluency, TWW is not considered despite the high
correlation. In addition, TWW of the TOWL-4 is already considered in writing pro-
ductivity (see Section 5.4.1). WSC informs about spelling on a word level but does
not comprise further information about morphosyntactic writing skills. Therefore,
CWS is prioritised for the present study. The Subtest 6 of TOWL-4 likewise cor-
relates significantly and with moderate to strong effect sizes with all other measures.
Since the correlations are slightly lower, the CWS is selected as fluency measurement
in this thesis research.

Svensson et al. (2019) write that specific assessment methods for dictated text
need to be developed to compare dictated texts. However, CBM-W values are con-
sidered to allow rating dictating fluency and comparing different modalities. Howev-
er, two points must be considered. Firstly, WSC would be meaningless, as discussed
above. Secondly, the productivity and accuracy must be analysed separately, since
the modality affects both speed and correctness. Again, the selection of the most
appropriate measure results from the correlations between the measures (Table 5.8).
The total words dictated (TWD) (blue in Table 5.8) correlate significantly and par-
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ticularly strongly with CWS (r=.95) and IWS (r=.89) as well as significantly with a
moderate effect with CIWS (r=.44). This value does not significantly correlate with
the percentage values. Since the total number of words produced in a text has been
found to be a reliable and valid measure of overall writing ability (Troia et al., 2019),
this measure is included in the analysis of dictated texts.

Regarding the accuracy of the dictated texts without the amount, %CWS and
%IWS correlate in an equally significant and strong way in the present study. %CWS
(red in Table 5.8) is considered as having a more positive connotation and therefore
included in the further analysis. However, %CWS is considered as an appropriate
variable to compare texts produced in different modalities. Nevertheless, the dis-
advantage of a productivity-dependent variable is that the score does not illustrate
variations of productivity. Furthermore, some previous studies only provide pro-
ductivity-dependent variables such as CWS (green in Table 5.8). Thus, to obtain a
broader picture of the development of accuracy in dictated texts, the three variables
TWW, %CWS and CWS, are analysed.

Table 5.8:  Correlation matrix (Person’s r), writing fluency measures in dictated texts

TWD cws Iws ciws %CWS %IWS
TWD (CBM) —
cws 95#%¥¥* —
IWS 89*¥¥ TJO*¥* —
aaws A4F* 70%¥* -.02 —
%CWS -.04 21 -37% 66%** —
%IWS .02 -23 37% -.68*** - Q7 *¥¥ —

Note: * p<.05, ** p<.01, *** p<.001

Procedure, instruction, and rating

The present research aims at keeping the strain for student participants, teachers
and specialists as low as possible. To answer RQ 2A, no additional handwritten text
was collected, with the CBM-W scores instead obtained from the same texts, i.e.,
TOWL-4 assessment. Therefore, the instruction for TOWL-4 Subtest 7 contained
the additional element of marking the point where the students were after five
minutes of writing. Only the first five minutes are analysed by the CBM-W rating.
Meanwhile, for the dictating assessment, the students received a story starter such
as, “This morning I woke up and ...” The students received one minute to think
about this and five minutes to produce text following this beginning. The instruction
(see Appendix D) was translated from Hosp et al. (2016) and incorporated in an
instructional video. In sum, in both cases, the goal has been to obtain a sample of
five minutes of continuous writing.

Malecki and Jewell (2003) report interrater reliability >.98 in ratings of research
studies. Essential for the reliability of the rating are guidelines with descriptions or
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examples (S. Graham et al., 2011) to maintain consistency over the whole analysing
process and between pre- and post-test. Therefore, the rules for CBM-W-analysis
from Hosp et al. (2016) were translated into German and adapted to language-spe-
cific features. Prior to the study, these rules for the analysis were tested on ten stu-
dent texts and further specified for each ambiguous item (see Appendix E). One
person only rated the CWS in this thesis research. Therefore, no interrater reliability
is calculated.

Limitations

CBM-W proves to be more reliable and valid when using the median of three writ-
ing samples than when using a single writing sample (Winkes & Schaller, 2022). In
the present study, only one sample of each modality at pre- and post-test was col-
lected with regard to the workload for students, teachers and specialists. However,
the single sample might diminish the reliability, limiting the quality of the fit of the
assessment method.

The different assessment settings of CBM-W in the dictated and handwritten
task might be a limitation for the comparison of dictated and handwritten texts.
However, since both settings support five minutes of continuous writing and be-
cause the content is not assessed by CBM-W rating, this difference is considered
acceptable to answer the RQs. Furthermore, the %CWS in the comparison does not
comprise the amount of text and therefore should not affect the results heavily. In
addition, the development of the productivity over time compares the modality spe-
cific assessed by the same setting.

5.4.3 Assessment of reading fluency - SLS 2-9

Firstly, it was hypothesised, in Section 5.3, RQ 2B, that the intervention could affect
writing competences as well as the related reading competences (Linnemann et al.,
2022). Secondly, it was argued that the time on task could impact the basic reading
skills. Therefore, students possibly re-read more on the screen compared to their
re-reading on paper, because the text is more legible and the introduced dictating
procedure demands revision using TTS. Reading competence contains several sub-
components: reading speed, reading comprehension, word reading and pseudoword
reading (Winkes, 2014). RQ 2B focusses on reading fluency, i. e., accuracy and speed.
Consequently, this thesis study requires an assessment tool measuring reading fluen-
cy. The following discussion, in Section 5.4.3.1, presents first the selected assessment
tool, considered meaningful for recognising any changes and to be fitting for the
study design. Then, the advantages and limitations of the tool for this study are dis-
cussed. Section 5.4.3.2 outlines the standardised assessment by instructional videos.
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5.43.1 Salzburger Lesescreening 2-9 (SLS 2-9)

The ‘Salzburger Lesescreening’ 2-9 (SLS 2-9), according to the authors Wimmer
and Mayringer (2014), tests the basic reading skills in German, providing a parallel
test version. The students are asked to read a sequence of relatively simple sentences
as quickly as possible, and to mark at the end of each line whether the statement
in the sentence is correct or incorrect. The entire test, including instructions and
preparation of the materials, takes less than 15 minutes in an individual setting. The
actual reading time is limited to 30 seconds’ reading of exemplary sentences, fol-
lowed by 3 minutes of effective test reading time.

According to the test construction, the aim of the test items is to ensure that the
knowledge requirements for judging the sentences as correct or incorrect should
not cause any problems. In addition, the wording is chosen with care to ensure that
the judgement is as clear as possible. The most significant variation in the sentences
in the present study was the length. Care was also taken in the formulation of the
sentences to be judged as false, to ensure that the critical information was only given
towards the end of the sentence. The test has been standardised from the second
to the ninth school year. Wimmer and Mayringer (2014) recognise objections that
the assessment of sentences could involve more than word processing, for example
linguistic sentence processing. However, based on the test construction and several
studies on the quality criteria, these authors assume that the SLS 2-9 reflects basic
reading skills and is closely related to reading speed. Due to differences between
boys and girls in the norm sample of the test, the SLS 2-9 manual provides sepa-
rated norms for both genders. The SLS 2-9 test results are assessed using a reading
quotient. Like an intelligence quotient, the reading quotient expresses how far the
measured reading skill deviates from the average of the norm sample. According to
Wimmer and Mayringer (2014), the reading quotient has two advantages compared
to a percentage rank. Firstly, it is less affected by the composition of the respective
sample at the edges of the performance distribution (e. g. with very low values). Sec-
ondly, it is more sensitive for differentiating between very poor test performances.
The SLS 2-9 has a parallel test reliability of .87 to .95, depending on the grade level.
The correlations between the SLS 2-9, form A (to be applied in the present thesis
research) and word reading speed are high, with .89 for Grade 2 and moderate with
.55 for Grade 8. This decrease in the course of school years is explained by the ar-
ticulation in the read aloud testing which limits speed more strongly in older and
more competent readers. By the authors, reliability and validity were judged to be
satisfactory. The test is standardised in Austria for each Grade from Grades 2 to
9. The applicability of this standardisation in the entire German-speaking region
is supported by the fact that only minor differences were found between Austria,
Germany and Switzerland in repeated comparative international studies on reading
literacy, PISA 2000-2012 (Wimmer & Mayringer, 2014).
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Three main advantages are decisive for the choice of this tool for the present
study. Firstly, the SLS 2-9 is an economical method for assessing basic reading skills,
which is important in research in order to minimise the constraints for participants
and professionals. Secondly, the tool is sensitive to differences without floor and ceil-
ing effects. While not all students with dyslexia are weak readers, many of the results
of the present sample are expected to be in the lower part of the range. A test without
floor effect is therefore important. Thirdly, the test can be repeated at relatively short
intervals due to the available parallel forms (Wimmer & Mayringer, 2014), which is
required for the pre-/post-test design of the present study.

Since the other above presented assessment tools do not provide norm values in
German, the norms were considered to be another advantage. However, this advan-
tage proved to be in vain, since some raw values of the present sample were below
the norms provided. Therefore, the raw values were used in the statistical data anal-
yses (see Chapter 6, Section 6.1.3.3).

Limitation

A disadvantage of the SLS 2-9 might be the lack of research literature found on the
applicability of the STL 2-9 to detect progress in intervention studies.

5.43.2 Standardised assessment by instructional video

As mentioned above and already elaborated for the administration of the TOWL-
4, a video instruction was also developed for the SLS 2-9. The same instructional
video was applied at both pre- and post-test. It lasted for eleven minutes. The video
presents all the necessary materials, i. e., the test booklet and the two pens, and leads
step by step through the instructions for Grades 5 to 9 (Wimmer & Mayringer, 2014,
pp- 29-32). The 30-second exemplary sentences and the 3-minute test reading time
are timed within the video. Thus, the specialists only had to run the video. Therefore,
all participants received the identical instruction.

The speech pathologists and the special needs teachers are familiar with the ap-
plication of diagnostical tests and aware that the test instructions must be precisely
respected. The link was sent to the specialists by e-mail. No specialist reported any
problems running the video.

5.4.4 Assessment of writing motivation - Translation & adaptation of
SWAS

The importance of writing motivation and the relationship to writing achievement
has been elaborated in Chapter 3, Section 3.3.2. Ekholm et al. (2018) and Camacho
et al. (2021) recommend, for research and assessment of writing motivation, firstly,
to give an explicit definition of the theoretical background, and secondly, to clarify
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assumed concepts and base them on previous empirical studies and relevant theo-
ries of motivation. As elaborated in Section 3.3.2, the present thesis aligns with the
model of writing motivation by Wright et al. (2019) and elaborates here the selection
(see Sections 5.4.4.1 and 5.4.4.2), translation and adaptation (see Section 5.4.4.3),
and fit of an assessment tool (see Sections 5.4.4.4). Section 5.4.4.5 gives limitations
of the applied tool to answer RQ 4; and Section 5.4.4.6 explains how the impact of
the STT tool on writing motivation, is addressed among students of EG 1.

5.4.4.1 Considerations for the selection of an assessment tool

Writing motivation, like motivation in general, is domain- and task-specific (Bandu-
ra, 1997; Bruning & Horn, 2000), and a tool should therefore be adjusted to the study
and its RQs. Ekholm et al. (2018) estimate that research related to specific genres
could lead to better predictive utility of writing motivation measures than more
domain-general studies. According to Troia et al. (2012), the assessment of writing
motivation should include multiple measures of motivation that represent discrete
constructs within this multi-faceted construct (Troia et al., 2012). Furthermore, the
context of writing influences writing motivation (S. Graham, 2018). Therefore, writ-
ing modality and the use of STT should be captured.

Various methods, ranging from self-report scales to interviews, document anal-
ysis and focus groups, allow research to explore writing motivation (Camacho et al.,
2021). Steiner and Benesch (2021) write that questionnaires are often used to explore
opinions, attitudes and positions on issues or facts. Camacho et al. (2021) specify,
for writing motivation, that studies rely heavily on self-reported or teacher-report-
ed scales. For this thesis study, instruments for a self-reported survey are therefore
assumed to be more likely to be available and appear to be, for practical reasons of
the global research design, most adapted to the present research goal. However, the
issues and possible biases of a self-report survey must be considered.

At the time of the preliminary work on the study, an adequate instrument in Ger-
man for assessing writing motivation did not exist (Hennes et al., 2023). Wright et al.
(2019) studied the literature on existing English writing motivation assessment tools
for adolescent students and concludes that existing instruments contain important
limitations for measuring writing motivation, due to the lack of multidimensional-
ity, low reliability, or validity scores. Thus, these authors developed, in a multistep
approach, the ‘Self-Beliefs, Writing-Beliefs, and Attitude Survey, abbreviated as
‘SWAS.

5.4.4.2 Fit and selection of SWAS to assess writing motivation

Wright et al. (2019) based their approach to assess writing motivation on the
above-mentioned review of existing questionnaires on both writing motivation
theory and knowledge of reading motivation. Then, they tested the questionnaire,
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firstly, with an EFA on a sufficiently large sample. In the next step, they confirmed
the resulting factor structure with a confirmatory factor analysis on a second, suf-
ficiently large sample. In sum, the resulting SWAS consists of a multidimensional
questionnaire developed in a multi-stage process. In the study conducted by Wright
et al. (2019), the overall reliability coeflicients of the two factor analyses (a .936 and
.943) indicate that the SWAS produces reliable scores for the various factors and the
students’ writing motivation. The reliability scores for the isolated factors range from
Cronbach’s a 0.697 to 0.885. The lowest score for self-efficacy is explained by the
fewest number of items and is estimated to be equal or higher than previous research
(Wright et al., 2019). External validity, established by the correlation of observed
measures of writing motivation, i.e., teachers’ perceptions, and direct measures of
writing skills, i.e., TOWL-4, shows statistically significant but modest correlations,
explained by the small validation sample (n=53).

The validated questionnaire disposes of two main advantages for the present
study. Firstly, the questionnaire has a theoretical foundation that defines the con-
struct of writing motivation. Secondly, it is empirically established by analysing and
communicating the quality criteria of reliability and validity. Further advantages
of the SWAS might be that it also aims to investigate writing motivation of aca-
demic writing; and, it was validated on the text genre of narrative texts, and also
the TOWL-4 which is also selected for the present study. However, for the present
research, there are shortcomings in the use of the SWAS that must be considered:

1) The English survey needs to be translated into German and adapted to a sample in
the present study that tends to show lower reading skills, due to the younger age
and the diagnosis of dyslexia. Therefore, the resulting survey instrument must be
assessed on whether it measures what it claims to measure (Steiner & Benesch,
2021).

2) This questionnaire does not provide any insight into the influence of the writing
tool on writing motivation, as discussed in Chapter 3, Section 3.3.2.

3) S. Graham et al. (2023, p. 3) criticise that the SWAS “did not address students’ mo-
tives for writing”. Causal clauses, such as ‘T write because it makes me feel better,
inquire about students’ writing motives.

Nonetheless, for the purpose of this thesis study, the SWAS was considered the best
option in the context of this research and therefore selected.

5.4.43 Process of translation and adaptation of the survey

The aim of the writing motivation assessment is to measure changes due to the STT
intervention. The study sample of Grade 5 students with dyslexia is the target group
of this survey. However, the questionnaire could possibly be used for a broader tar-
get group in terms of age or for educational purposes. According to Bithner (2021),
a strategy based on the above presented aim is necessary for the construction of a
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questionnaire. For the present thesis research with an existing questionnaire, this
does not concern the construction but the translation and adaptation of the SWAS.

Translation and adaptation strategy

Literature recommends a forward-backward translation process (Beaton et al.,
2000). However, the aim of the present study is not for the translation to be as close
as possible but a translation with an adaptation in terms of language complexity to
the target group. The target group is younger than the sample in the study by Wright
et al. (2019) and has been diagnosed with dyslexia earlier. Therefore, the present
group is considered to have lower reading skills than the original, Grade 8 sample.
Instead of the forward-backward translation, an expert panel of speech pathologists
with extensive experience of working with children with dyslexia was installed. In a
first step, the SWAS was translated by a speech pathologist with a focus on language
difficulties. Regarding sentence structure, care was taken to ensure questions were
as short as possible and with as few subordinate clauses as possible. Meanwhile,
high-frequency vocabulary was chosen where possible, and specific vocabulary kept
to a minimum. The first version was then responded to by one primary school stu-
dent of the age group without dyslexia. First adaptations were made (e. g. ‘klug’ was
replaced by ‘intelligent’). The questionnaire was then discussed with a second speech
pathologist to focus on linguistic difficulties, with the aim of running a pilot, as
discussed next, a necessary step for all questionnaires (Fink, 2013).

Pilot version and adaptation according to observation of responding students

For the present research, five children with dyslexia and five children without dys-
lexia, aged between 10 and 12, were selected as the relevant pilot sample, as presented
in Table 5.9.

Table 5.9:  Demographics of questionnaire pilot sample

dyslexia gender grade-level multilingual
Yes 5 Female 4 End of 4™ grade: 5 Yes 7
No 5 Male 6 End of 5% grade: 4 No 3

End of 6™ grade: 1

The children’s answers, questions and comments were collected and used to opti-
mise the questionnaire. Due to translation and comprehension difficulties, one
question was dropped completely: I am confident in writing for many purposes (per-
suade, inform, entertain, or express). Minor adjustments were made to some further
questions. The translated and adapted questionnaire consisted of 29 questions which
are scored on a 4-point scale, as in the original survey by Wright et al. (2019). The
version for the present study was finalised after formatting adjustments based on
feedback from a speech pathologist (Appendix F).
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Exploratory factor analyses and analyses of reliability

The translated and adapted questionnaire was administered to the present study
sample before the software introduction for EG 1, at pre-test for EG 2 and CG. The
timing of the motivation assessment in EG 1 is chosen to minimise bias. Both the
introduction to the software and natural changes over time could have an influence
on writing motivation. The introduction of the software is assumed to have had a
greater bias than the approximately 6 school weeks, which is why EG 1 answered the
questionnaire before the introduction of the software and not during the pretest like
EG 2 and CG.

The data of the pre-test assessment were then used to confirm the factor struc-
ture of the translated and adapted scale. As a given factor structure was used as a ba-
sis, no overall EFA was carried out for this thesis research. Instead, it was examined
whether the items for each of the four factors from the original study (Section 3.3.2)
load on the same factors. The items grouped into one factor all showed significant
Bartlett test results (p<.001), and all Kaiser-Meyer-Olkin coefficients were higher
than the required .50. These conditions were therefore met. However, the condition
of a sufficient sample size for exploratory factor models was not met in the sample of
students with dyslexia (N=108) (Biihner, 2021). Therefore, a larger sample of N=529
was used. This larger sample, consisting of the study sample and a further 421 class-
mates without dyslexia, was used to run the analysis to achieve a more stable factor
structure (Fliitsch Keravec, forthcoming). With a single exception, the first EFAs
showed a structure of two factors with eigenvalues greater than 1.0 Further analyses
were run excluding one or two items per factor conducting EFAs — according to
visual analysis of the SPSS output and assumptions on difficulties. Table 5.10 shows
the results for both samples, presenting the explained variance and reliability scores
after the exclusion of the items (see grey-framed).

Table 5.10: Values of variance and reliability of factor analyses

N 108 with dyslexia N 529 (108 with & 421 without dyslexia)
Excluded variance Reliability Excluded variance Reliability
items Cronbach’s items Cronbach’s
a a
Self-efficacy 27 & 28 47.825 633 (4) 27 40.631 620 (5)
Self-concept 18 44.196 741 (6) 18 49.037 .784 (6)
Beliefs about writ- 10 46.642 .765 (6) - 41.720 .760 (7)
ing
Attitudes tw. writ- 2&6 47.610 .806 (7) 2&6 50.449 .824 (7)
ing

1 number of items

Therefore, the result of the combined sample, highlighted by the grey background,
was chosen. In respect to the reliability and the aim of excluding a minimum of
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items, the model based on the larger sample is considered to fit better. The disadvan-
tage of this procedure might be that the difficulties of the group with dyslexia with
Items 10 and 28 are not considered. However, visual inspections of the scree plots in
the smaller sample of N 108, in Figures 5.5 and 5.6, show that for both questionable
motivation components ‘self-efficacy’ and ‘beliefs about writing), the eigenvalues are
close to eigenvalue 1.0. The model for the larger sample is therefore considered tol-
erable for the students with dyslexia.

eigenvalue
[ N
eigenvalue
- N

0 0
1 2 3 4 5 1 2 3 4 5 6 7
factor factor
Figure 5.5:  Self-efficacy Figure 5.6:  Beliefs about writing

Excluded items

The four excluded items are Items 2, 6, 18, and 27:

Item 2:  Ich iiberarbeite meine Texte nicht gerne.

Item 6:  Ich mdchte in der Schule weniger schreiben.

Item 18: Ich bekomme keine guten Noten fiirs Schreiben, weil ich einfach nicht intelli-
gent genug bin.

Item 27: Wenn ich fiir einen Text keine gute Note bekomme, dann deshalb, weil ich
Gliick habe.

It is assumed at this point that the students had problems understanding: 1) nega-
tively worded items; 2) the concept of marks** for texts; and 3) the subordinate claus-
es. Regarding the negatively worded items, this concerned all four excluded items.

5.4.4.4 Limitations of writing motivation assessment in this thesis research

Writing motivation, in Chapter 3, Section 3.3.2, presented as a multi-dimensional
construct, is investigated by the RQ 4 as the sum of the single components according
to the model of Wright et al. (2019). The investigation of the individual parts is be-
yond the scope of this thesis but is considered important to obtain a more accurate
picture of writing motivation and its development among students with dyslexia.
Two limitations regarding the translated and adapted version of the SWAS must
be discussed. The first limitation concerns Cronbach’s a coefficients, informing

44  According to the specialists and teachers, some of the students in the sample have never
received any marks for texts.
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about the internal consistency. The coeflicients range between .620 and .806 (Ta-
ble 5.10). The value of .620 for the concept of ‘self-efficacy’ is rather low. However,
this is in line with the original SWAS (Chapter 3, Section 3.3.2.2). Two reasons are
considered in explaining the low consistency. Firstly, just as in the original study by
Wright et al. (2019), the number of items is low and, due to the exclusion of one item,
further reduced. Secondly, self-efficacy is the most task-specific construct of writing
motivation. Regarding the present study, firstly, a highly task-specific assessment of
writing motivation could be problematic, since the writing instruction varies be-
tween the CG and both experimental groups. Therefore, the assessment tool must,
to some extent, assess general academic writing motivation. Secondly, the writing
motivation survey assesses the writing motivation of all participants, using different
writing tools. Therefore, the present tool cannot investigate STT as a specific writing
medium unfamiliar to two groups.

The second limitation concerns the order of the questions, which was in the
translated version inadvertently the same as the list of questions published in the
article by Wright et al. (2019). However, the original SWAS, as presented to the stu-
dents, had a different order. At this point this is not considered a problem. Accord-
ing to Bithner (2021), the order is relevant when ordered by difficulty, which does
not apply here. However, in a further version, the order would be aligned with the
original and the items for self-efficacy would be further elaborated.

5.4.4.5 Additional questions on tool predilections for the EG 1

The shortcoming of the present assessment design, which does not assess tool-spe-
cific motivation and/or emotions, must be compensated for. Therefore, the EG 1-stu-
dents were asked to answer three additional questions about their feelings while
using the STT tool. The three questions presented in Table 5.11 were asked using a
MS Forms online survey:

Table 5.11:  Questions asked to EG 1-students

Original questions in German English translation

1. Welche Aussage passt am besten? Which statement fits best?
-Ich schreibe Texte lieber von Hand. -1 prefer to write texts by hand.
-Ich diktiere Texte lieber. -l prefer to dictate texts.

-Diktieren und von Hand schreiben mache ich
etwa gleich gerne.

Ich denke, dass ich in Zukunft ...
.. viel diktieren werde.
.. manchmal diktieren werde.
.. selten diktieren werde.
.. hie diktieren werde.

Wie flihlst du dich beim Diktieren?

Freiwilliger Zusatz:
Was méchtest du Silvana Fliitsch noch sagen?

-l like to dictate and write by hand about equally
well

I think that in the future ...
... I will dictate a lot.

... I will dictate sometimes.
... lwill rarely dictate.

... I will never dictate.

How do you feel while dictating?

Optional:
What else would you like to tell Silvana Fliitsch?
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While Questions 1 and 2 are multiple-choices, Question 3 is open-ended. In the
same online form, i.e., in Question 4, the participants had the option to leave a
comment or remark to the researcher.

For reasons mentioned above, these questions and answers are not part of the
writing motivation scale. Therefore, they are included in the qualitative analyses and
triangulated with the quantitative results. The results of the multiple-choice ques-
tions are, on the one hand, used as factors to analyse RQ 3B; on the other hand,
the results are analysed by the qualitative content analysis, using the closed-ended
answers as factors to analyse the open-ended answers.

5.4.5 Preparation of qualitative data collection -
interview guide and code system

5.4.5.1 Construction of interview guide

The interview guide is constructed on the basis of the manual for conducting qual-
itative interviews by Helfferich (2011) and her proposed four-step procedure® to
elaborate questions: collecting, checking, sorting, and subsuming.

The ‘collection of questions’ means that the researcher gathers a maximum of
questions and keywords in the context of the research topic of interest. All concerns
regarding suitability are put aside (Helfferich, 2011). For the present study construc-
tion of the interview guide, the questions address teachers” and specialists’ opinions
and attitudes about benefits, challenges, and the feasibility of writing with STT in
school for the group of students with dyslexia. Collected questions also intend to
evocate details about characteristics and features in the students and the contexts
that support or hinder the use of STT. As elaborated in Section 5.3.5.1, the interview
guide seeks to give space to unexpected narratives and considerations.

The second step of ‘checking the questions’ includes a reduction and structura-
tion of the questions. This can be done with review questions such as, “Is the ques-
tion going to be answered automatically when one talks about the topic?” or “Is the
question suitable for generating open answers and narratives?”. These first two steps
help to elaborate an inventory but also to reflect on the prior knowledge - possibly
diffuse - and about assumptions that come from literature or one’s own field experi-
ence. This procedure stimulates the awareness that the interviewees’ narrative could
deviate from the researcher’s expectations (Helfferich, 2011, 182 cont.).

The interview guide should comprise between one and four bundles of questions.
Therefore, the third step of ‘sorting’ allows the research to create these bundles ac-
cording to content, depending on the research interest. Some questions may remain
as individual questions, receiving a separate place in the guide later (Helfferich,

45  ‘SPSS bei der Leitfadenerstellung’: Sammeln- Priifen — Sortieren — Subsumieren; Helfferich
(2011).
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2011). The interview guide for the present study, formulated in German, comprises
four bundles (Appendix G):

o Opening, collection of challenges and difficulties of STT in the classroom or in a
single setting (speech/language therapy (SLT) or special education)

» Motives/attitude of the teachers and specialist

o Behaviour of the child and handling when using the device/software in the class-
room/in SLT.

o Writing processes/writing quality and writing motivation when dictating from
the teacher’s or specialist’s perspective

In the last step, ‘subsuming), the aim is to find one narrative prompt for each bundle.
This stimulus should be as simple as possible and contain as few presuppositions
as possible. These prompts must be tested on their suitability for evoking as many
aspects of interest as possible. The researcher enters the narrative prompts in the
first column of the interview guide, organised as a table. The researcher then trans-
forms the aspects and questions assigned to this bundle either into keywords, in
the second column, or pre-formulates questions, in the third column. The second
column serves for checking whether the content has already been addressed. The
third column contains the questions that are mandatory and should be asked using
the predefined formulation. The fourth column adds suggestions for maintenance
questions or questions to motivate the interviewee to continue and/or to show inter-
est and understanding in relatively short narrative passages (Helfferich, 2011).

The development of the interview guide by one researcher in this thesis study
was then discussed and revised with a researcher with experience in conducting
interviews. In a next step, the interview guide was tested with a speech patholo-
gist by means of a fictional interview. Subsequently, the interview guide was applied
within the preliminary studies with two speech pathologists and four class teachers.
Each time, the suitability of the interview guide was reflected on and improved when
shortcomings were recognised. Different versions of the interview guide were pre-
pared, depending on the discipline of the interviewee and whether the interviewer
and interviewee were on first-name terms or not (see Appendix G for an exemplary
interview guide).

5.4.5.2 Development of code system

The analysis and interpretation of the interviews is based on the fundamentals and
techniques by Mayring (2022). The flowchart in Figure 5.7 illustrates the main steps
of the development, and the differentiation of the category system with its codes,
which are a central element of the qualitative content analysis and presented in the
following paragraphs.

The literature reviews in Chapters 2 to 4 suggest that the application of STT har-
bours certain difficulties. Therefore, the aim of RQ 5 is to explore possible challenges
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Figure 5.7:  Evaluation model of the interview analysis on STT in the classroom (own representation)

and facilitators in the use of STT (see Section 5.3.5). This implies that there are as-
sumptions about challenges and facilitators, although RQ 5 is primarily explorative.
Therefore, a first set of categories is deduced, on the one hand, from the current
state of the literature and, on the other hand, from the preliminary investigations
and interviews. However, these first categories are neither exhaustive nor in depth.
Therefore, the first deduced categories must be complemented and differentiated,
which is done inductively from the original linguistic material of the interviews.

The procedure with an initial set of categories can be criticised, if an orientation
towards categories can hinder the understanding of the material. However, for the
present supplemental research component, working with a category system supports
the comparability of the results and the assessment of the reliability of the analysis
(Mayring, 2022).

The first set of main categories, deduced form the state of research and from
spontaneous feedback received during the intervention study, are inspired by certain
considerations that were already present in the development of the interview guide.
Therefore, some similarities are apparent between the interview guide and the code
system: 1) motives and attitude of the teacher and/or specialist; 2) challenges and
facilitators in the writing classroom; 3) challenges and facilitators in relation to the
software; 4) challenges and facilitators depending on the software introduction; and
5) challenges and facilitators in the handling and/or behaviour during dictation. The
first interview was then analysed with these five basic categories. At this point, the
approach was modified to an inductive process. Firstly, the categories were expanded
with additional main categories, e. g. supportive adaptations, features and resources.
Secondly, the categories were refined with up to two further levels of subcategories.
Anchor examples were added to the code system. In a circular process, new inter-
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views were then coded and necessary adjustments applied to the code system. The
whole process was carried out by the thesis researcher. Changes to the code system
and the scoring approach were recorded in the MAXQDA logbook.

The resulting code system (see Appendix H) contains seven main categories that
differ significantly from the categories deduced at the beginning: 1) positive expe-
riences; 2) challenges of STT in SLT or school; 3) supportive adaptations, features,
and resources; 4) handling of dictating and STT; 5) motives and attitudes among
teachers and specialists; 6) experiences with STT introduction in single setting; and
7) experiences with video writing instruction in writing classes.

5.4.6 Summarised overview of the survey instruments

Table 5.12 summarises the assessment tools used in this study and the scores collect-
ed for the data analysis.

Table 5.12:  Overview of assessment tools, analysed scores, and settings

Component of Assessment Analysed Assessment
interest tool score(s) setting
Text quality TOWL-4; Subtest 7 Score subtest 7 Classroom setting (EG 1 &
Text length TOWL-4 Total words written (15 min) EG 2), single setting CG
Writing fluency TOWL-4 + CBM CWS of 5 min TOWL-4 Classroom setting (EG 1 &
-accuracy EG 2), single setting CG
-speed %CWS/TWW of CBM (dictated Single setting for EG 1 only
texts only)
Reading fluency SLS 2-9 Raw score (total sentencesread  Single setting all groups
minus errors and omissions)
Writing motiva- Translation of Sum of means of all compo- Classroom setting (EG 1 &
tion SWAS nents EG 2), single setting CG
-attitude towards writing
-beliefs about writing
-self-concept
(-self-efficacy)
Challenges for ap- Semi-structured -Narratives Onsite and online inter-
plication in school interviews -Code system views with teachers and
-Code frequency specialists of EG 1
Additional ques-  Open ended and  -Percentages MS forms online question-
tionsto EG 1 closed ended -Narratives naire
questions

5.5

Intervention - Equipment, instructional, and teaching materials

The present study, on the STT-intervention for EG 1, on the one hand, and the writ-
ing instruction by videos for EG 1 and EG 2, on the other hand, requires study equip-
ment and instructional material. Instructional materials are needed for the software
instruction, the writing instruction by videos, and the instructions for pre- and
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post-test. Figure 5.8 illustrates the preliminary work in the study timeline. Section
5.4.1 presents all hardware and software used in this study. Section 5.4.2 outlines the
main content of the software instruction. Section 5.4.3 presents the essentials of the
writing lessons by instructional videos.

5.5.1 Selection of hardware and software

The hardware equipment consists of a Microsoft Surface Go tablet, a keyboard, and
a headset.

The Microsoft Surface Go tablets - Model 2 for the pilot study and Model 3 for
the main study - have 4GB random-access memory (RAM) and 64 GB internal
storage (ROM, read- only memory). These models were selected for the pilot study
due to their price-performance ratio, which matched the study budget. The models
proved suitable for the pilot study and worked well with the tested software. These
devices were therefore purchased for the main study.

Further study equipment includes the Microsoft Surface Go Type Cover key-
board and a Poly Blackwire 3215 headset. The keyboard is used for the purpose of
revision, which is challenging with voice commands only, and provides the option of
setting punctuation marks manually. Mono headsets were considered more adapted
to the classroom situation after the pilot trials, because the student must still hear
a teacher or specialist talking. These headsets are plugged into the 3.5 mm jack. An
additional USB-C to USB-A adapter allows the storage or exchange of documents.

Prior to the study, the software Nuance Dragon Home 15* was purchased and
installed on the tablet. This software was chosen for four reasons: 1) it runs without
internet connection, which was considered important since certain school web ac-
cesses do not allow external devices; 2) the university’s legal service authorised the
use of this software; 3) this software is designed to adapt to the speaker over time;
4) the majority of studies reviewed by Liu et al. (2019) used an edition of Dragon
Naturally Speaking software.

To avoid using any personal data of the participants, each tablet was equipped
with a fictitious Office 365 account. These accounts were kindly provided for study
purposes by Fritic*. 12 participants had access to a personal computer provided by
their school and were therefore only equipped with the software, the headset, and
the USB-C adaptor. In agreement with the persons responsible for ICT at the respec-
tive schools, these participants used their own Office 365 school account.

46  Dragon Home 15 was discontinued in 2024; see Nuance Communications (2024).

47  Fritic: Centre of Competence of the Canton of Fribourg, for all aspects of media as well
as information and communication technologies (ICT) in the classroom; see (Centre De
Compétences Fritic, 2024).
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5.5.2 STT-instruction in individual setting for EG 1

The review of the current state of research presented in Chapter 4, Section 4.3.2 em-
phasised the importance of a thorough introduction to the software (Liu et al., 2019).
MacArthur and Cavalier (2004) describe that a research assistant in their study ex-
plained the system, demonstrated dictation, and guided participants through the
initial training. Liu et al. (2019) summarise that most studies include such an in-
troduction but state that the number and duration of these sessions vary greatly.
Although these latter authors do not indicate the time or quantity necessary and
do not give specifications about the content, they recommend that students receive
training in the use of their specific STT technology. The review in Chapter 4 also
emphasised possible challenges due to the shift from written to oral text production
which must be addressed. Mossige, Almgren Back, et al. presented, in 2023, a study
protocol which indicates a precise sequence for the dictating procedure.

The present study introduces the use of the software in a comparable way to
Mossige, Arendal, et al. (2023), although it was not possible to refer to the Scandina-
vian research team’s publication when preparing the introduction in 2021-2022. In
contrast to other studies, the present thesis research provides the software instruc-
tions by video instructions because the specialist for each participant executes the
introduction in the field. This means that the principal researcher developed and
distributed the videos and was available to support the specialist in case of questions
and uncertainties. Therefore, the mentioned videos were intended to introduce the
participant to the use of STT and, simultaneously, transmit the necessary knowledge
to the executing specialist. The latter is important because, according to (Galuschka
et al., 2014), interventions provided by a study author with solid knowledge about
the topic and the interventions have been shown to be more effective than those by
other conductors. It is assumed that this knowledge impacts the effectiveness of an
intervention (Galuschka et al., 2014).

The revised introduction, after the preliminary trials, comprised two parts: 1) the
set up and training of the system; and 2) the practice of dictating with a proposed
dictating procedure. In total, six therapy sessions of 30 to 40 minutes were foreseen
for this introduction, including dictation practice. The aim of this introduction was
to be nearly autonomous in dictating texts in the writing classes at the end of the
introduction period.

The first session introduced participants to the set-up and the initial training on
Nuance Dragon Home 15, which is targeted at adult users. Therefore, the content
was reduced to its most important and presented in a linguistically simplified form.
Although the participants could use voice commands for punctuation, the introduc-
tion stipulated that punctuation marks are set using the keyboard. Voice commands
for revision were not introduced. The following four introductory sessions were
structured as follows:



5. Intervention Study — Methodological Approach | 7

o The second session aimed at getting used to starting the software, Dragon Home,
and to open a Microsoft Word document, as well as getting used to the headset
and switching the microphone on and off. The dictation was limited to the word
level.

o The third session addressed the dictating procedure. The introduction advised
the students to: 1) think about the sentence; 2) dictate the sentence and set the
punctuation mark; and 3) listen to the sentence via TTS and revise the sentence.
During this session, the students dictated predefined sentences.

o The fourth session aimed at automating the dictating and revision procedure
introduced before. In contrast to the previous session, the students would try to
invent new sentences.

o The fifth and sixth session still targeted the automatisation of the procedure but
moved on to more extensive linguistic input. Therefore, story starters were pro-
vided to dictate consecutive sentences.

o During the sixth session, the pre-test assessment took place and was instructed
on by a separate video. Therefore, a five-minute probe with a story starter was
timed and collected.

The first version of the videos for the introduction was tested by three speech pa-
thologists and their students with dyslexia during the school year 2021/2022. The
participating students were in Grades 4 and 5. The specialists took notes and gave
oral feedback to the researcher. According to the feedback, the researcher revised
all videos. The revision addressed two major issues: firstly, the linguistic complexity
was reduced through shorter sentences and reduced speaking pace; secondly, the
reading of text passages in the original second session was removed, as the accuracy
was too low.

In sum, the procedure is similar to Mossige, Almgren Back, et al’s (2023) proce-
dure. However, it does not include the oral rehearsal assumed to be helpful by those
authors. This could possibly be a limitation of the instruction in the present study.
Another limitation of the instruction could be that the word level at the beginning of
the introduction might compromise accuracy, due to the speech recognition system
that is generally more accurate in a larger context.

5.5.3 Writing intervention for EG1and EG 2

One challenge of this specific quasi-experimental research design for students with
dyslexia is that they come from many different places and classes. It was argued, in
Chapter 4, Section 4.3.3, that the provision of effective writing instruction is one
condition for the effective use of STT. The participants are enrolled in cantons with
the curriculum, “Lehrplan 21” (D-EDK, 2024), and used, up to the start of the in-
tervention, one of the two most common teaching materials authorised for Ger-
man language arts classes, i. e., “Die Sprachstarken” or “Sprachland” (Interkantonale
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Lehrmittelzentrale, 2024). However, comprehensive empirical studies that provide
an insight into the actual use of teaching materials in lessons and the effect on stu-
dents’ learning performance are rare, to date (Totter et al., 2024); nor are data avail-
able about what exactly is taught in the writing classroom or how much time is
spent on specific writing instruction — with focus on text writing in distinction from
spelling — in German-speaking Switzerland. Therefore, teaching materials for the
present study were specifically developed with the aim of providing evidence-based
writing instruction and assuring the comparability for all participating classes. The
application of the provided materials during the 18-week intervention period was
mandatory for the participation in both experimental groups. An additional aim
was to keep the teacher’s workload, of preparing writing instruction, to a minimum.

Various considerations outlined as follows resulted in the selection of the me-
dium of video instruction, and in the selection of a teachers’ manual serving as the
basis for the instructional materials. This latter was, namely, the “Aufsatztraining
fiir 4. bis 6. Klassen: Ein Lehrermanual mit Unterrichtsmaterialen zur Forderung
von Schreibkompetenz und Arbeitsverhalten” by Glaser and Palm (2014), meaning
“Narrative writing training: Teachers’ manual for 4™ to 6™ grade fostering writing
competence and working behaviour” (translated Fliitsch Keravec).

The scope of the present research does not allow to thoroughly elaborate learn-
ing with instructional videos. The present thesis research considers that video in-
struction as a learning tool is sufficiently evidence-based (Brame, 2016), although
the benefits for learning of a system-paced presentation mode with a predefined
presentation speed (Koning et al., 2011) and therefore the issue of too high or too
low mental demands (Kerres, 2018) could be questioned. However, the visually and
audibly conveyed information must meet the implications for instructional design
described by R. E. Mayer and Fiorella (2014, p. 307) such as the signalling principle,
saying, “the multimedia message should contain cues that emphasize the core essen-
tial material”. Therefore, the video instruction developed for this study, which is pri-
marily a means to the end of providing the writing instruction, aimed at following
the recommendations by Brame (2016, p. 5):

o Keep videos brief and targeted on learning goals.

o Use audio and visual elements to convey appropriate parts of an explanation;
consider how to make these elements complementary rather than redundant.

o Use signalling to highlight important ideas or concepts.

o Use conversational, enthusiastic style to enhance engagement.

o Embed videos in a context of active learning by using guiding questions, interac-
tive elements, or associated homework assignments.

While possible criticism is not questioned, the following discussion outlines ad-
vantages and limitations of instructional videos for the present research. Firstly, ex-
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pert knowledge can be shared (see Sections 5.4 and 5.5.1), which appears especially
important regarding the use of instructional videos in the writing classroom since
teachers in English-speaking countries rate their own expert knowledge in the area
of writing instruction as rather poor (S. Graham, 2019). Although little is known
about this aspect in the specific region of the present study, this might also apply.
Secondly, a further advantage of videos is considered in allowing the present study
to implement the instructional strategies that were presented as evidence-based in
Chapter 2, Section 2.1, i. e., explaining, modelling and illustrating scaffolding prac-
tices. Thirdly, the instruction by videos can be given several times, if necessary, e. g.,
if a student was absent or is working in a separate setting, or if a class needed the
input more than once. This is considered as counterbalancing, to some degree, the
potential disadvantage of an instructional video mentioned above.

The teacher’s manual by Glaser and Palm (2014) was selected because it instructs
specifically on the writing of narrative texts, as distinct from spelling instruction.
The manual describes the ability to produce text that: 1) fits the writing occasion; 2)
is comprehensible; and 3) is appealing to the reader. The program teaches a limited
number of writing strategies including associated genre-specific skills, and intro-
duces self-regulatory procedures to control, monitor and evaluate one’s own stra-
tegic approach, such as setting writing goals and evaluating writing outcomes. The
instructional techniques include, for example, modelling scaffolding tools through
visualisation, and it provides learning aids (Glaser & Palm, 2014). Many of these
contents were summarised as key points of evidence-based writing instruction in
Chapter 2, Section 2.1.2.

The manual itself is based on the state of the art of evidence-based writing in-
struction and includes the approach of self-regulated strategy development (SRSD)
(Harris et al., 2003). This approach, which has been shown to be especially efficient
for struggling writers (S. Graham et al., 2005), can “assist students in developing
knowledge about writing and powerful skills and strategies involved in the writing
process, including planning, writing, revising, and editing” (Harris et al., 2003, p. 2).
It also supports the students to monitor both to manage the own writing and writing
development. The third aim in this manual is to promote the children’s development
of positive attitudes towards writing and themselves as writers.

The instructional videos were drawn, animated and edited as summarised earlier
(see Section 5.4). The first version of the instructional videos was applied by three
Grade 5 and two Grade 6 classes from autumn 2021 to spring 2022. Based on feed-
back from teachers and students, the videos were revised in terms of pace of speech
and complexity of language. In addition, teachers unanimously reported that the
‘Smiley Protocol, intended to encourage self-reflection on writing strategies, was too
time-consuming to implement and did not elicit sufficiently differentiated reflec-
tions from students. Consequently, the protocol was removed. The latter change in
particular must be considered when interpreting the results of RQ 1B, as the content
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of the instructional videos no longer fully complies with the evidence-based proce-
dure of the SRSD.

All videos and additional teaching material were provided via the Moodle plat-
form of the University of Fribourg. A two to three sentence description, with the
indication of time, labelled each video. An 18-week overview of units outlined the
content. A first option with a faster pace for regular classes (see example Appendix
I) and an alternative with a slower pace was provided.
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6.1 Results of quantitative data analysis

Text quality and text length, writing fluency and reading fluency, and writing mo-
tivation, were assessed using the instruments and statistical analyses described in
Chapter 5. This chapter presents the results for RQs 1 to 4, in their respective order.
Each section elaborates, firstly, whether the assumptions were met or how any viola-
tions were dealt with. From this, it is derived whether a general linear model (GLM)
can be run. The second part of each section contains the descriptive data of interest
to each respective RQ. Each section’s third part presents the results of inferential
statistics, according to the findings, in tables and/or graphs, followed by the inter-
pretation of the results. For each RQ, the main effects and the first-order interaction
are calculated, firstly, by one model. Further effects of students’ characteristics are
then explored by separate analyses to check for any second-order effects. Because of
the repetition of the analyses and the risk of committing an a-error accumulation,
i.e., familywise error, a Bonferroni correction is applied for these explorations, by
adapting the p-level to p < .005 (see Chapter 5, Section 5.3.3.2). The most relevant
findings of the data exploration for second-order effects are described and interpret-
ed within each section. The further explorative data are presented in tables in the
Appendix ] where supplemental findings of interest are also highlighted by frames
and bold font.

Since the initially planned sample size of N 96 was exceeded, the statistical power
to analyse RQs 1, 2, and 4 was 1 — > .90. However, the models to answer RQs 3A
and 3B, regarding dictating only, were run within the data of the EG 1 students.
The statistical power of these tests is therefore reduced due to the smaller sample
size, with minimum valuable data for n=34. A post hoc power analysis is run with
the G*Power 3.1 software (Buchner et al., 2014) to determine statistical power. The
power for a two-sided t-test between two dependent means is 1 - p=.81, calculated
to detect moderate effect sizes. The probability of a type II error, in other words the
risk of not rejecting a false null hypothesis, is therefore higher for RQs 3A and 3B.

On a subgroup level, the group ‘mild severity’ includes only two participants.
With one exception, the exclusion of participants with mild dyslexia neither changed
the significance nor the effect size of most analyses. Therefore, this subgroup is only
excluded for the reading fluency analysis, as this group did affect the model’s as-
sumptions.
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6.1.1 Selection of students’ characteristics from theory and qualitative
component

The software MAXQDA, used in the qualitative content analysis, allows the research
to summarise and calculate frequencies of entries. This function in MAXQDA is
used to obtain an overview of challenging characteristics mentioned by teachers and
specialists with a high frequency. These characteristics are entered into the statistical
model for second-order effects and interactions, to explore whether they suppress
or reinforce effects.

All interview partners talked about ‘oral language problems, and ‘behaviour and
working process issues’ were mentioned frequently, meaning concentration, and
structure in working processes, while dictating. DLD is considered to be a major
reason for oral language problems, still in Grade 5. DLD is therefore systematically
included in the explorative analyses of second-order effects. 41 of the 107 partici-
pants had received a diagnosis of DLD earlier in life. Oral language skills and/or
dictating could also be affected by a bi- or multilingual background (Feng et al.,
2024); but only four statements by interviewees mentioned bilingualism or mul-
tilingualism as an adverse factor. However, the group of students speaking more
than one language comprises almost half of the sample, i.e., n=>55 speaking only
German versus n =52 speaking German and (an)other language(s). Due to the num-
ber concerned, bilingualism or multilingualism is therefore included in the models.
Only ten participants had phonetic-phonological disorders, and these students were
not equally distributed, as discussed in Chapter 5, Section 5.3.4.1. A phonetic-pho-
nological disorder could impact dictating; but since only two participants in EG 1
are concerned in this respect, this comorbidity is not systematically included in the
model. The above-mentioned problems of ‘behaviour and working process issues’
are considered as typical problems of students with AD(H)D. Therefore, AD(H)D
is also explored systematically. 28 participants had an AD(H)D diagnosis. However,
students without AD(H)D could possibly have problems with working behaviour.
The available data do not allow the research to capture these problems.

Although not analysed in depth, teachers and specialists from specialised schools
referred frequently to complex disorders. Thus, it is hypothesised that the type of
school could have an impact and is therefore also systematically included in the
exploration. Furthermore, theoretically derived variables to control for are gender
and severity (see Chapter 2, Section 2.2.3). The review of current state of research
shows differences between the groups and in the development of groups in terms
of severity (e.g. Quinlan, 2004) and gender (e.g. Camacho et al., 2021), which led
to the integration of these characteristics in the exploratory analyses. As discussed
in Chapter 5, Section 5.3.3, the presence of learning disabilities and further support
(LD+) are also systematically explored.
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6.1.2 Research Question 1-Text quality and text length
6.121 RQs1Aand1B -Text quality

RQ 1 asks about significant effects on text quality between groups, due to the use of
STT and/or the writing instruction by videos. The score of Subtest 7 of the TOWL-4
(Chapter 5, Section 5.4.1) serves to answer these RQs 1A and 1B.

Firstly, the pre-test score is used to check whether the assumptions to run repeat-
ed measures ANOVAs are met and whether the groups differ significantly from each
other in the pre-test scores. Normal distribution is assumed to be given, although
the Shapiro-Wilk test for EG 2 is significant at p .021, which would compromise the
GLM as a robust analysis. On the one hand, all Kolmogorov-Smirnov tests are not
significant; and on the other hand, all groups with comparable sizes have over 30
participants. There are no outliers. Homogeneity of variances is given according to
Levene’s test p >.216. Homogeneity of covariances is given according to the Box-test,
but close to significance, p=.060. A one-way ANOVA for the group comparison and
repeated measures ANOVAs can thus be run. As a precaution for robust testing, the
critical normal distribution should be kept in mind in case of a significant result.
As elaborated in Chapter 5, Section 5.3.3.2, the correction of the significance level
p < .005 is applied for the two-way repeated measures ANOVA with two factors.
The group comparison of the pre-test output using a one-way ANOVA shows no
significant difference between the three groups: with F (2,103) =.043, and p =.958.

The data on N 105 students were valuable for the analysis. Table 6.1, presenting
the means (M) and standard deviations (SD), show increasing M over all three treat-
ment conditions.

Table 6.1:  Descriptive statistics; M and SD for text quality measures

Group N Mean (M) Standard deviation (SD)
Pre-test (1) Post-test (2) Pre-test (1) Post-test (2)
Score subtest 7 CG 34 6.62 6.94 3.47 3.11
EG1 35 6.77 6.97 3.81 3.50
EG2 36 6.81 7.44 3.58 4.14

Table 6.2 presents that one-way repeated measures ANOVA across all groups. The
increase in the text quality scores between pre- and post-test is non-significant, de-
spite the general increase of M from 6.73 points at pre-test to 7.12 points at post-test.
Over the 18-week intervention period, this is equal to an increase of 0.39 points in
Subtest 7 of TOWL-4, which has a maximum score of 21 points. Neither differences
between the groups are found nor a significant interaction between the treatment
condition over time. In other words, the treatment condition had no effect on the
development of text quality during the intervention period. Figure 6.1 illustrates the
development over time, pre-test as measurement occasion ‘I’ and post-test as mea-
surement occasion 2, among the three groups with different treatment conditions.
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The three columns on the left visualise the unsystematic development at the individ-
ual level, while both the slopes in the column on the right and Figure 6.2 show the
mean values of the development on a group level, which does not differ significantly.

Table 6.2:  Main effects and interactions text quality

TOWL Subtest 7 Sum of Mean of F P n2
squares (SST) squares (M) (2,102)

Main effects within (time) 7.88 7.88 1.465 229 014

Interaction (time*group) 1.82 91 169 .844 .003

Main effects between (group) 4.52 2.26 .108 .897 .002

To summarise, Hypothesis HI,, is rejected. The quality of texts from students of EG
1 does not show a stronger increase between pre- and post-test than the quality of
texts from comparable students in EG 2 and CG. Thus, the use of the STT tool does
not show a significant effect on text quality over the 18-week intervention period.
HI,; is also rejected, because the quality of texts from students in both experimental
groups with the writing instruction by videos does not show a significantly stronger
increase than the quality of texts written by students from CG. The writing instruc-
tion by videos did not significantly increase text quality over the 18-week interven-
tion period.

6.1.2.2 Exploration of effects of participants’ characteristics on text quality

As elaborated above, it is possible that students” characteristics function in a sup-
pressing manner and interact with main variables. Therefore, two-way repeated

Development over time within groups and mean values of groups
CcG EG_1 EG_2 Mean values
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o

o

Text quality, TOWL4, Subtest7
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Figure 6.1: Development of text quality over time and group, presented by individuals and groups
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Figure 6.2: Development of text quality over time and group

measures ANOVAs are run. The variables, DLD, AD(H)D, school type, language,
gender, severity, and LD+, are separately analysed in the model. As elaborated above,
the Bonferroni correction is applied (Bortz & Schuster, 2010) by adjusting the p-level
to p <.005 to avoid a-error accumulation.

The only significant second-order effect (see Appendix Table J1) over time is
AD(H)D. When AD(H)D is integrated into the model to detect any second-order
effects, this results in an effect of the interaction with the development over time,
p=.014, and a moderate effect size of 7=.060. However, this effect is statistically
not significant at the adjusted level of p <.005. It is important to emphasise that no
significant effect of the treatment condition is found when the interaction of AD(H)
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D x group x time is integrated into the model. In other words, the presence of the
AD(H)D might impact the development of text quality over time in all groups but
cannot be explained by the application of STT or the writing instruction by videos
because the development of the control group is alike.

As elaborated above, the output of the statistical analyses allows the research to
detect both interactions between factors within the subjects and also effects between
subjects. In the case of the present analyses, several characteristics show significant
differences, with moderate to strong effect sizes, between participants according to
the presence of certain characteristics (see Appendix Table J2) Such effects show
differences between subgroups that are not due to the intervention. Therefore, these
results do not answer the RQs above but may provide insights into the writing skills
of the subgroups that could be of interest for further research. Together with the
qualitative results, they might also help to understand the challenges of using such
a tool in the classroom.

The analyses show significant differences at the level of p <.001 for DLD, the type
of school, severity of dyslexia, and language (mono- or multilingualism). The effect
sizes for DLD, school type, and severity, 7> > 14, are strong, while the one for lan-
guage, above 7} =.06, is moderate (Cohen, 1988). All these characteristics have no
significant interaction with the treatment condition. Therefore, the characteristics
of participants do not significantly affect the development of text quality under dif-
ferent treatment conditions.

6.1.2.3 RQs1Cand 1D -Text length

Text length was discussed, in Chapter 4, Section 4.2.1.2, to be an important predic-
tor for text quality and is therefore examined in connection with text quality. Text
length is measured by the total words written (TWW) in the TOWL-4 text writing
activity, which lasted for 15 minutes.

All assumptions for the TWW-score are met according to visual inspection and
test statistics. A one-way ANOVA is run to check for the comparability of the groups,
which shows no significant difference between the groups, with F (2,103) =1.17, and
p=.315. The box plot of TWW shows two outliers, which are excluded from the
analysis.

The M values of TWW in the TOWL-4 assessment, shown in Table 6.3 increase
between pre- and post-test. The development over time and among all groups is
significant, with F (2,100)=9.06, and p=.003, with a strong effect size of 7,=.082.
However, there are no significant group differences and no interaction between the
main factors, group and time, found (Table 6.4 and Figure 6.3).

Both hypotheses HI,; and HI,j, are thus rejected. There is neither a significantly
stronger increase from pre- to post-test in text length from students of EG 1 com-
pared to EG 2 and CG due to the STT condition, nor in EG 1 and EG 2 compared to
the CG due to the writing instruction.
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Table 6.3:  Descriptive statistics; M and SD of text length

Group n Mean (M) Standard deviation (SD)
Pre-test (1) Post-test (2) Pre-test (1) Post-test (2)
TOWL: TWW CG 34 92.71 100.76 34.81 30.78
EG1 35 84.63 96.66 36.97 36.22
EG2 34 94.86 106.91 34.52 41.49

Table 6.4:  Main effects and interaction in text length

Total words TOWL Sum of Mean of F p n’
squares (SSy) squares (M) (2,100)

Main effects within (time) 5968.90 5968.90 9.061 .003** .082

Interaction (time*group) 181.63 90.81 138 .871 .003

Main effects between (group) 3715.22 1857.61 995 373 .019

Development over time within groups and mean values of groups

CG EG_1 EG_ 2 Mean values

250

TWW - TOWL-4

Figure 6.3: Development of text length over time and group, presented by individuals and groups

6.1.2.4 Exploration of effects of participants’ characteristics on text length

Some subgroups, according to certain characteristics in participants, show signifi-
cant differences in their development over time or between their baselines, i.e., out-
put at pre-test. But again, no interaction with the treatment condition is observed
(see Appendix Table J3).

The two characteristics, school type and gender, show significant differences be-
tween baselines of the subgroups. While school type shows a moderate effect size,
the one for gender is strong (see Appendix Table J4). Both do not interact with the
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treatment condition. This means that no characteristics of the participants signifi-
cantly impact the development of text length under different treatment conditions.

6.1.3 Research Question 2 - writing fluency and reading fluency

The results on writing fluency, RQ 2A, and reading fluency, RQ 2B, are presented
separately in the following sub-sections.

6.1.3.1 RQ 2A - Writing fluency

Writing fluency is measured by CBM-W, i.e., CWS for accuracy and TWW for the
amount of text written.

No outliers are observed. All assumptions for the CWS are met. According to the
Shapiro-Wilk test, p > .05, normal distribution is given in the three groups. Levene
statistics show homogeneity of variance, p =.491. The one-way ANOVA, run to com-
pare the outcome at the pre-test, indicates no difference between the three groups,
with F (2,101) =.609, and p=.546.

The data on N 104 students are valuable for the analysis. The descriptive statistics
presenting the mean (M) and standard deviation (SD) show an increase in the CWS
in each group between pre- and post-test (Table 6.5).

Table 6.5:  Descriptive statistics; M and SD for writing fluency

Group n Mean (M) Standard deviation (SD)
Pre-test (1) Post-test (2) Pre-test (1) Post-test (2)
CWS CG 34 13.26 20.38 745 10.37
EG1 34 14.65 16.68 8.79 11.58
EG2 36 15.36 20.44 7.88 12.51

Table 6.6 shows the above-described increase of CWS, which is highly significant

over time, with F (2,101) =21.59, and p <.001, and with a strong effect size, ni =.176
(Cohen, 1988). However, the treatment condition and time do not interact signifi-
cantly, with F (2,101) =2.06, p .133.

Table 6.6:  Main effects and interaction in writing fluency measures

Correct word sequences Sum of Mean of F p n
squares (SS;) squares (M) (2,101)

Main effect within (time) 1169.17 1169.17 21.586 <.0071*** 176

Interaction effect (group*time) 223.13 111.56 2.060 133 .039

Main effect between (group) 175.64 87.82 610 .545 012

The individual lines in Figure 6.4 illustrate a similar picture of an increase with
unsystematic development within each group. Both the descriptive data and visual
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Development over time within groups and mean values of groups

CG EG_1 EG_2 Mean values

60
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Figure 6.4: Development of writing fluency over time and group, presented by individuals and groups

inspection of the slopes in Figure 6.4 on the right, showing the mean values of each
group, might give the impression of a difference between the groups that does not
correspond to the output of the repeated measures ANOVA.

To avoid missing an existing group difference due to the non-significant different
baseline values, a further case of the GLM is run at this point. A univariate ANOVA
is computed to measure differences in the change between pre- and post-test. There-
fore, the ‘change in CWS’ between pre- and post-tests is calculated and used as the
output variable. The baseline value of CWS is then added to the UNTANOVA-model
as the control variable. The results of the univariate test confirm the results above,
with F (2,101) =.420, and p=.658. There is no significant difference between the
three groups due to the treatment condition.

HL,, is therefore rejected. There is no significant difference in the development
of writing fluency skills between pre- and post-tests in students of EG 1 and in stu-
dents of EG 2 and CG. The use of the tool thus did not impact the development in a
significantly positive or negative manner.

6.1.3.2 Exploration of effects of participants’ characteristics on writing
fluency

The exploration of participants’ characteristics indicate that no characteristics sup-
press the effect of the treatment condition, since, at the p < .005 level, there are
no significant differences in the development over time within the subgroups and
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no interactions between the subgroups and the treatment condition over time (see
Appendix Table J5).

By contrast, several subgroups differ significantly in their baseline of writing flu-
ency. DLD, enrolment in specialised school, gender, and severe dyslexia, all show a
significantly lower baseline for writing accuracy, with p < .002. These results show
moderate and strong effect sizes. However, there are no interactions of these sub-
groups over time (see Appendix Table J6). In other words, no characteristics of the
participants significantly impact the development under different treatment condi-
tions.

6.1.3.3 RQ 2B - Reading fluency

The data on N 107 are analysed for differences between pre- and post-test measures
on reading fluency. Reading fluency is measured by the SLS 2-9 (see Chapter 5,
Section 5.4.4). Both visual inspection and tests give reason to assume that the as-
sumptions for the score of SLS 2-9 are met. Box plots showed outliers in the CG, but
since these are in the range of the two EGs, these are not excluded from the analyses.

The one-way ANOVA to compare the outcome of the reading fluency variable
at pre-test time shows no significant difference, with F (2, 104) =.417, and p =.660.

As shown in Table 6.7, all groups increase in the M number of sentences read
between pre- and post-test.

Table 6.7:  Descriptive statistics; M and SD for reading fluency

Group n Mean (M) Standard deviation (SD)
Pre-test (1) Post-test (2) Pre-test (1) Post-test (2)
SLS 2-9; CcG 35 32.11 37.97 10.55 10.40
raw value EG 1 36 30.03 34.22 11.97 12.39
EG2 36 32.00 36.69 9.99 10.92

This increase over all groups is significant, with F(2,104) =119.70, and p <.001, with a
very strong effect size of 7, =.530. The overall increase is visible in the graph on both
the individual and the group level. There is no interaction between time and group
(see Table 6.8 and Figure 6.5). Therefore, there is no difference between the three
treatment conditions.

Table 6.8:  Main effects and interactions in reading fluency

Score SLS 2-9 Sum of squares Mean of F P n?
(SS;) squares (M) (2,104)

Main effects within (time) 1292.36 1292.36 120.567  <.001*** 537

Interaction (time*group) 25.75 12.88 1.201 305 .023

Main effects between (group) 331.54 165.77 .706 496 .013
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development within groups and mean values

CG EG_1 EG_2 Mean values
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Reading fluency (SLS 2-9)

Figure 6.5: Development of reading fluency over time and group, presented by individuals and groups

It was hypothesised that EG 1 improves more strongly in reading skills due to poten-
tially more reading activity at the screen, which was encouraged by the revision with
the read aloud function, i.e., TTS, during the dictating procedure. However, Hl,,
is rejected, because there is no significant difference in the development of reading
fluency between pre- and post-test in the comparison of students of EG 1 and of
students of EG 2 and CG.

6.1.3.4 Exploration of effects of participants’ characteristics on reading
fluency

On a subgroup level, the analyses of the two-way repeated measures ANOVAs show
violations of the homogeneity of variances regarding the subgroups DLD and severi-
ty. The Box test for homogeneity of covariances is not significant, at p=.236, but four
Levene’s tests are significant at the .05 level (p .011 - p .015). As stated in Section 6.1,
the small subgroup of students with mild dyslexia, i. e., 1 2, is subsequently excluded.

On a subgroup level, the results show one significant difference at p < .005,
namely between the students with severe and moderate dyslexia. At the baseline, the
subgroup with severe dyslexia reads significantly fewer sentences, with M,;=-13.31,
during the 3-minute task than the group with moderate dyslexia (see Appendix Ta-
bles J7 and J8). However, no second-order interaction or subgroup difference proves
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significant. Therefore, it is summarized that no characteristics in students affect the
treatment condition significantly.

6.1.4 Research Question 3 - dictating fluency

RQ 3A examines differences between the two modalities, dictating and handwrit-
ing; and RQ 3B investigates differences in the development of dictating fluency.
In contrast to the presentation of the RQs (see Chapter 5, Section 5.2.3) and their
discussion (see Chapter 7, Section 7.1.3), the results in this section are presented
according to the values analysed, and not regarding the comparison of modalities
and development.

These RQs are answered by a slightly different approach concerning the mea-
sures, the dataset, and the model calculated. As discussed in Chapter 5, Section 5.4.2,
the writing fluency measures used are: 1) the total words produced in five minutes
and measured in both modalities (TWW for handwriting, TWD for dictating),
which score is used as a productivity score; and 2) the %CWS serves as value for
accuracy - since the %CWS score is a relative score or, in other words, a productivi-
ty-independent score, the number of words, i. e., the dictating productivity, does not
primarily impact this score (Malecki & Jewell, 2003).

To calculate differences between the two modalities, 1) at pre-test and 2) at post-
test, t-tests with two dependent means are run for both writing fluency and writing
productivity. A third, dependent samples t-test is run to investigate whether there
are differences between these measurements in the dictated texts of the pre-test and
those of the post-test. As outlined above, a post hoc power analysis is run to evaluate
the power in the sample of EG 1 only. The statistical power for two-tailed testing,
with an effect size of d .5 and the a level of .05, is 1 - B=0.81 for the analysis of 34
scores and 1 — f=0.83 for 36 scores.

Since t-tests are considered to be rather robust with n > 30 (Bortz & Schuster,
2010) and because the importance of checking the assumption of normal distribu-
tion is questioned (Hemmerich, 2024a), only visual inspection of the box plots for
outliers is applied, to be aware of potentially problematic data. The visual inspection
of the box plots shows two outliers for both the variables, TWD and %CWS, which
are thus excluded from the sample. Because the visual inspection subsequently
shows a tolerable normal distribution, ¢-tests are run.

6.1.4.1 RQ 3A1and 3B1- Writing productivity - TWW and TWD

The first measure to investigate differences between text production modalities is
writing productivity, measured in TWW and TWD in a 5-minute writing sample.

As presented in the two upper rows of Table 6.9, the comparison of the two con-
ditions for the same students shows, at both times, a higher M of total words pro-
duced in dictated texts than in handwritten texts.
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Table 6.9:  Descriptive statistics, M and SD for writing productivity in different modalities

Modality Measurement time N M sD

TWW handwritten Pre-test 32 32.72 15.66
TWD dictated Pre-test 32 51.59 25.74
TWW handwritten Post-test 33 33.55 15.25
TWD dictated Post-test 33 74.12 50.69
TWD dictated Pre-test 34 49.97 25.83
TWD dictated Post-test 34 72.71 50.60

The difference in the score at pre-test is significant; with M=18.88, SD=27.74; t
(31)=3.849 and p<.001. This difference is consistent with the post-test score, with
M=40.58, SD=51.97, t (32)=4.485 and p<.001. Both differences have d=.68 and
d=.78, as medium, the latter almost strong, effect sizes (Cohen, 1988).

The comparison of the dictated texts of pre- and post-test shows an increase in
the number of TWD, see the bottom row of Table 6.9 and Figure 6.6. While the
students dictated close to 50 words in five minutes at pre-test, they dictated almost
73 words at post-test. This is a significant increase, with M=22.74, SD=48.86, t
(33)=2.71and p=.011, with a close to moderate effect size of d=.47.

The two hypotheses concerning text length, HI,,; and Hl,y, are therefore accept-
ed. Firstly, the dictated texts by EG 1 are significantly longer than the handwritten
texts. Secondly, the dictated texts at post-test are significantly longer than the dictat-
ed texts at pre-test.

6.1.42 RQ 3A2 and 3B2 - Writing accuracy in dictated texts — %CWS

The descriptive statistics of the tests comparing the %CWS in the handwritten mo-
dality with the %CWS in the dictating modality are presented in the two upper rows
of Table 6.10. The comparison of the two conditions for the same students shows, at
both times, a higher M-%CWS in dictated texts than in handwritten texts.

The differences between the scores of handwritten and dictated %CBM at pre-
test are significant, with M=38.57, and SD=3.45, and ¢t (31)=11.18, and p<.00L
These differences are consistent with the post-test score, with M =34, SD=18.23, and
t (32)=10.71 and p <.001. Both differences have d=1.98 and d=1.87, as very strong
effect sizes. This means that the students produce a significantly higher %CWS when
they dictate texts with STT than when they write by hand.

The comparison of the accuracy in dictated texts from pre- and post-tests, by the
productivity-independent variable %CWS, presented in the third row in Table 6.10
and in Figure 6.7, results in no difference, with M =3.06, SD=17.17, and ¢ (33) =1.04
and p<.307. This means that, regardless of the amount of text produced, the texts
contain the same %CWS at post-test as they do at pre-test.
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However, comparing the accuracy by the productivity-dependent variable CWS,
presented in the bottom row of Table 6.10, has M =16.12, SD=38.42, and #(33) =2.45
and p=.020. The effect size is d=.42, which corresponds to a small effect.

Table 6.10: Descriptive statistics; M and SD for writing accuracy in dictated and handwritten texts

Modality Measurement time N M SD

%CWS handwritten Pre-test 32 4417 19.27
%CWS dictated Pre-test 32 82.73 14.71
%CWS handwritten Post-test 33 46.57 19.73
%CWS dictated Post-test 33 80.56 17.64
%CWS dictated Pre-test 34 82.72 14.67
%CWS dictated Post-test 34 79.67 18.14
CWS-dictated Pre-test 34 41.53 25.27
CWS-dictated Post-test 34 57.65 38.11

HI,,, hypothesises that the accuracy in dictated text is higher than in texts written by
hand. It is thus accepted, because the dictated texts from EG 1 contain significantly
more correct spelling than the texts written by hand.

The second hypothesis, HI,;,, assuming a statistically significant increase in writ-
ing accuracy from pre- to post-test, is rejected. The dictated texts do not contain
a higher percentage of %CWS at post-test than at pre-test. However, the %CWS
remains consistent despite the increase of TWD.

No hypothesis was formulated concerning CWS, because this measure primarily
serves the common understanding and contextualisation of the findings with re-
spect to the current state of research.

To summarise, four points concerning dictated texts are stated: 1) students with
dyslexia in Grade 5 produce significantly more text, measured in total words, when
they dictate than when they write by hand; 2) after the 18-week intervention period,
students dictate significantly more words than they do before the intervention, and
the application of STT over time results therefore in longer texts; 3) these students
produce a significantly higher %CWS in dictated texts than in handwritten texts,
thus the accuracy is better in dictated texts than in handwritten texts; and 4) while
the total number of CWS in dictated texts increases due to the increased TWD, the
percentage of CWS from TWD remains the same - in other words, the accuracy of
dictated texts remains the same, while the length of dictated texts increases.

6.1.4.3 Exploration of effects of participants’ characteristics on dictating
fluency

It is conceivable that certain characteristics of the students interact with the treat-
ment and result in different effects of the application of the tool. However, no charac-
teristics show significant interactions due to the treatment condition. Additionally,
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problems with normal distribution and homogeneity of variance in the subgroups of
the EG 1-sample contradicted further interferential statistical analyses among sub-
groups of students that dictated their texts. Characteristics explored for the devel-
opment of TWD and %CWS were the four most mentioned during the interviews,
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DLD, AD(H)D, school type, severity of dyslexia (moderate and severe).

Table 6.11 presents the development of TWD and %CWS between pre- and post-
tests among the subgroups. Arrows and bold font indicate strong increases and re-
ductions of the mean values within subgroups, discussed below.

Table 6.11:  Descriptive statistics, M and SD, of TWD and %CWS among subgroups
subgroups N Mean (M) Standard deviation (SD)
Pre-test (1) Post-test (2) Pre-test (1) Post-test (2)
TWD DLD no 20 55.15 89.75 1 25.83 57.93
DLD yes 13 43.23 48.46 25.76 23.45
TWD AD(H)D no 22 48.09 66.73 23.87 45.88
AD(H)D yes 1 55.18 87.00 1 30.70 60.48
TWD Regular school 21 70.05 89.10 57.47 54.00
Specialised school 15 46.93 74.67 4113 84.71
TWD Severe dyslexia 22 4541 77.14 23.20 58.88
Moderate dyslexia 8 50.25 71.38 24.39 27.09
%CWS  DLDno 22 84.38 85.43 15.26 15.66
DLD yes 13 75.17 69.61 | 19.37 19.15
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subgroups N Mean (M) Standard deviation (SD)
%CWS AD(H)D no 24 79.28 75.90 | 18.66 18.47
AD(H)D yes 1 84.60 87.511 13.67 16.53
%CWS Regular school 21 85.72 85.64 16.13 16.27
Specialised school 15 72.82 70.26 16.69 17.64
%CWS Severe dyslexia 22 82.01 77.48 15.42 18.27
Moderate dyslexia 10 72.53 78.57 18.21 18.09

The mean of the TWD increases in all subgroups form pre-test to post-test. Howev-
er, the difference between the subgroups of students with and without the diagnosis
of DLD appears to be important: while students without DLD increase their TWD
by almost 34.6 words dictated in 5 minutes, the students with DLD increase only
by 5.3 words. Regarding accuracy, the %CWS in students with DLD decrease from
pre- to post-test. These results might indicate that students with DLD benefit less
from the of STT-tool.

Somewhat surprising is the increase of the M value according to the subgroups of
students with and without AD(H)D. While the students without AD(H)D increase
the TWD by 18.6, those with AD(H)D increase by 31.8 dictated words in 5 minutes.
Regarding accuracy, those without AD(H)D decrease the percentage of correct word
sequences by 3.4, while those with AD(H)D increase by 2.9 %CWS. These findings
might indicate that AD(H)D does not affect the benefits of using STT.

6.1.4.4 Exploration of effects of participants’ device preference on dictating
fluency

A specific focus is directed at ‘device preference. The students’ statement about
which modality they preferred is used as a grouping variable. The data are analysed
to explore whether there is a difference in the dictated texts in relation to this prefer-
ence. The statistical analyses are underpowered due to the small subsample sizes; for
TWD 17 (handwriting preferred), 11 (no preference), and 6 (dictating preferred); for
%CWS 15 (handwriting preferred), 13 (no preference), and 6 (dictating preferred).

Table 6.12: Descriptive statistics, M and SD, of TWD and %CWS according to device preferences

Groups according to N Mean Standard
device preferences (M) deviation (SD)
Pre-test (1) Post-test (2) Pre-test (1) Post-test (2)

TWD Handwriting 17 46.12 63.47 26.13 45.15
No preference 11 5291 79.09 28.61 64.53
Dictating 6 55.50 87.17 21.82 37.56

%CWS Handwriting 15 89.79 83.25 24.35 18.29%ha
No preference 13 76.14 75.00 13.05 19.44

Dictating 6 79.29 81.07 12.59 15.60
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The results exploration is therefore only illustrated by the descriptive data in Table
6.12 and by graphs in Figures 6.8 and 6.9.

The graph in Figure 6.8 of the development of TWD shows an increase over
all groups. On a visual inspection and regarding the scores, the slopes might differ
slightly. However, a more important observation might be that the standard devia-
tion of TWD is bigger at post-test than at pre-test.

While the differences between the subgroups in %CWS are small at both mea-
surement times, and the standard deviations overlap strongly, the graphs in Figure
6.9 show slightly different trends. Only the participants that prefer dictating increase
in the %CWS. The two other subgroups decrease slightly in the share of %CWS.

6.1.5 Research Question 4 — Writing motivation

The development of writing motivation before and after the intervention is investi-
gated by the translated and adapted survey SWAS by Wright et al. (2019). RQ 4A asks
whether the STT intervention affects writing motivation, while RQ 4B asks whether
the writing instruction by videos have an influence on writing motivation.

The normal distribution is violated for the EG 2 according to the Shapiro-Wilk
test (p=.028), and the graphs show two outliers at pre-test and one outlier at post-
test. These are thus excluded from the data, which changes the Shapiro-Wilk result to
anormal distribution in all three groups p > .425 at pre-test and p > .251 at post-test.
Homogeneity of variances is also given. The three groups do not differ significantly
at pre-test measure of overall writing motivation, with F (2,101) =1.09, and p =.341.

Writing motivation is measured by a scale with four components, each ranging
from 0 to 3 points. Table 6.13 presents the M values of the four components added
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up, ranging from 0 to 12. Figure 6.10 illustrates the development. The results show
that the overall motivation decreases in CG and EG 1 while it increases in EG 2.

Table 6.13: Descriptive statistics; M and SD for overall writing motivation

Writing motivation Group N Mean (M) Standard deviation (SD)
Pre-test (1) Post-test (2) Pre-test (1) Post-test (2)
Sum of means over CcG 35 6.60 6.24 1.89 2.04
all components EG1 36 5.97 5.69 215 197
EG2 33 6.44 6.93 1.62 1.73

However, the above presented differences are not significant, as shown in Table 6.14
and illustrated by the overlapping error bars in Figure 6.10. There is no significant
effect over time or of the treatment condition, and there is no interaction between
the time and the treatment condition.

Table 6.14:  Main effects and interactions in overall writing motivation

Writing motivation Sum of squares Mean of squares F P n
(SS7) (M) (2,101)

Main effects within (time) AR 1 11 741 .001

Interaction (time*group) 4.87 243 242 .095 .046

Main effects between (group) 29.68 14.84 2.35 .100 .045

The hypothesis for RQ 4A assumes an increase in writing motivation in EG 1. HI,
is therefore rejected, as no differences between the groups emerge from the anal-
ysis. Meanwhile, RQ 4B asked about effects of writing motivation due the writing
instructions by videos. HI,; is therefore also rejected, since no differences between
the three groups are significant. However, regarding descriptive data and the slopes
of the three groups (Figure 6.10), the different trends are obvious: while the CG and
the EG 1 show a very similar negative gradient, the EG 2 slope points in a different
direction.

6.1.5.1 Exploration of effects of participants’ characteristics on overall writing
motivation

The same procedure as for RQs 1 and 2 is applied for the exploration of potential
effects of participants’ characteristics. Repeated measure ANOVAs are run. Again,
only significant results p <.005 are interpreted and further discussed, to avoid a-er-
ror accumulation.

No interactions between participants’ characteristics and the treatment condi-
tion are found, but two characteristics of students show a significant difference in
motivation. Firstly, students with AD(H)D report significantly lower writing moti-
vation scores than those without AD(H)D, with F (2,102) =9.20, p=.003. The differ-
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ence of sum of M on the scale and over all groups is M -1.22 points. This result has a
moderate effect size, 17 =.087. Secondly, the subgroups show a significant difference
according to gender, with F (2,102) =12.51, p <.001. Girls report higher writing mo-
tivation than boys. The mean difference between the scores is 1.31 points, which has
also a moderate effect size, 7}=.112. No interaction of subgroups and the treatment
condition over time is observed. This means that, although students with AD(H)D
and students differ according to their gender in their writing motivation, this differ-
ence has no effect on the treatment condition.

6.2 Results of qualitative research strand

Challenges of the implementation of STT in the classroom are explored at the end
of the intervention study: firstly, by interviews with teachers and specialists of the
students who used STT, i.e., EG 1; and, secondly, by three questions to the students
of this group. This section presents the results of this qualitative supplemental com-
ponent. Quantifications of the statements of the respondents provide an overview of
frequent and recurring topics. The most prevalent challenges are then summarised
and illustrated by examples.

6.2.1 Research Question 5 - Challenges of STT in school

The question about challenges of the implementation of STT in the writing class-
room is explored based on eleven interviews with class teachers and specialists. The
interview guide, presented in Chapter 5, Section 5.4.5.1, was developed on a theoret-
ical basis and revised according to feedback from professionals. The interview data
that had been collected and elaborated on was then analysed, according to Mayring
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(2022), by a qualitative content analysis conducted with the software MAXQDA and
coded by the code system presented in Chapter 5, Section 5.4.5.2.

The code system comprises six top-level codes, see Table 6.15. The first and the
third, and the fourth top-level codes, were originally estimated as the most pertinent
to answer RQ 5 about challenges and/or necessary adaptations for the implementa-
tion of STT in the classroom. However, the top-level Code 4 provides fewer insights
into the question than originally expected, as explained below in Section 6.2.1.3. The
top-level Code 2 does not focus on challenges but on benefits of STT, described by
the professionals. These coded segments are considered valuable to supplement the
above-presented results for RQs 1 to 4. The last two top-level codes, Codes 5 and 6,
provide some information about the suitability of the chosen method of instruction-
al videos to implement STT in the classroom. However, this is not the focus of RQ 5
and is therefore not further elaborated on here.

Table 6.15:  Top-level code statistics from eleven interviews

Top-level codes Coded Percentage
segments

1 Challenges: Reported difficulties of STT in school or SLT/SE 349 42.77

2 Benefits: Reported benefits of STT in school or SLT/SE 104 12.75

3 Raised orimplemented supportive adaptations, factors, resources 145 17.77

4 Motives and attitude of teachers/specialists 113 13.85

5 Experiences on STT-introduction in SLT/SE 49 6.00

6 Experiences on instructions by videos 56 6.86
TOTAL 816 100.00

During the qualitative content analysis, the researcher distributed a total of 816 codes
to the linguistic material. The resulting top-level code statistics, presented in Table
6.15, reveal which codes are assigned most frequently. The first top-level code (upper
grey frame), about challenges of STT in school, shows by far the highest prevalence,
with 349 coded segments. This result is not surprising: firstly, because the aim of the
interview was to explore challenges; secondly, because the interview guide evoked
such; and thirdly, because professionals of the dropouts were interviewed. Dropping
out is considered, to some extent, due to important challenges. However, the high
number of 349 coded segments, which corresponds to 43 % of the coding, confirms
the expected presence of challenges. The third top-level code (lower grey frame), on
the other hand, was not initially evident but generated by the inductive coding pro-
cess. This code summarises 145 segments about supportive factors and adaptations,
mentioned as necessary for success or applied during the study. The following sec-
tions present a discussion of these two topics, i. e., challenges and adaptations, in de-
tail: firstly, by mapping the code structure including the number of coded segments
on lower levels; and secondly, by presenting thematic summaries with examples.
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6.2.1.1 Reported challenges of STT for students with dyslexia in school

The code structure of the challenges, illustrated in Figure 6.11, includes two levels of
subcodes represented by the circles. The first level subcodes, reading clockwise, are:
1) Adverse factors in the student; 2) Reported problems of the output accuracy of
STT; 3) Technical issues with the STT-tool; 4) Difficulty with the dictation process;
5) Adverse factors in the school environment; 6) Negative emotions when dictating;
and 7) Adverse factors outside of school.

The most frequent statements by teachers and specialists concern adverse factors
in the students. By far, the two most frequently mentioned barriers are ‘difficulties in
oral language production’ and ‘behavioural and work process issues, mentioned, re-
spectively, 49 and 48 times. All codes that are coded 20 times or more are presented
and discussed in the paragraphs below Figure 6.11.

Limited language skills: Barriers in oral language production appear in nine in-
terviews and the statements concerning multiple language levels and abilities that
affect dictating: interviewees name distinct pronunciation, retrieval of vocabulary,
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sentence structure, influent or nasal speech, prosody, dialectal influences, metalin-
guistic knowledge, and language planning. The professionals commonly relate these
issues to problems in the accuracy of STT; for instance, non-fluent speaking or un-
clear pronunciation affect word recognition accuracy, while problems in planning
and structuring sentences and setting punctuation marks hamper the comprehen-
sibility of the text. One teacher, who accompanied several participants, described
different outcomes depending on the students’ pronunciation:

I have those students in the class who speak relatively clearly, and STT works better with
them. And then I have those students for whom the software probably has no chance of
really transcribing correctly. (Interview (Int.) 10, Position (Pos.) 44)

A speech pathologist described the problem of a language disorder at the morpho-
syntactic level:

She speaks with very peculiar sentence structures. Sentence structure is a big issue for
her. And then, of course, Dragon sometimes did something with it (meaning the spoken
input). (Int. 03, Pos. 119)

A special needs teacher expressed the challenge of the difference between informal
talking and oral text production, as necessary in the dictating modality:

He first had to learn how to produce a complete sentence and not just babble. (Int. 02,
Pos. 109)

Behaviour and work process issues: The coded segments of ‘behaviour and work
process issues’ are present in ten interviews. Similarly to the limited oral language
abilities, the segments involve various aspects of behaviour. Aspects captured by this
code describe features in students that affect dictating; for example, high awareness
of the disorder and subsequent reluctance toward dictating, or low tolerance of frus-
tration. Other aspects capture problems of attention, patience or distractibility that
affect a structured way of working. A speech pathologist expressed this as follows:

He just wanted to do everything quickly. Yes, I think the problem for him was that he
had to say a sentence and to do so, he would have had to think about it carefully and
then articulate that sentence. When he had to concentrate on what he wanted to say,
he couldn’t concentrate on articulating clearly and not speaking too quickly. It’s like an
adverse combination of everything ... (Int. 09, Pos. 20)

Reported problems of output accuracy: As already mentioned, low output accuracy
of STT is, according to the professionals, a major challenge. The code distributed to
42 segments originate from nine interviews. In contrast to the two already discussed
codes, the issues mentioned are less diverse. A majority described substantial dif-
ferences between the students’ input and the transcription. While some of these de-
viations are explained by indistinct pronunciation, other transcriptions are, for the
professional, unexpectedly divergent. The professionals expressed surprise because
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they either made some experiences themselves which were much more reliable than
the students” experiences, or they perceived the students’ input as clear and did not
expect a so-called hallucination error. One speech pathologist expressed astonish-
ment about the accuracy and quoted a student’s anger:

The student exclaimed, “Dragon always blocks and doesn’t write what I say” Although
the student is someone who actually has a very clear pronunciation (Int. 07, Pos. 25).

This statement illustrates that: firstly, the accuracy issues may be — but only to some
extent - related to indistinct pronunciation; and secondly, the problematic accuracy
may cause negative emotions when dictating, e. g. frustration.

Technical issues: “Technical issues’ appear in ten interviews. The 37 coded seg-
ments address problems with the software itself, the compatibility of the software
and the device, and the suitability of the software for primary students. A class teach-
er described this problem and addressed the difficulty of solving technical problems
during classroom management:

Problems with the device itself or with the software were a recurring issue. I think, we
need to work as a team. As a teacher, I would need more support for that. (Int. 01, Pos.
30)

Dictation process: The ‘dictation process’ manifests itself as a further challenge for
students with dyslexia. While the introduced procedure (thinking of a sentence, dic-
tating the sentence and setting punctuation marks, and revising the sentence) posed
a problem for some students (16 coded segments), the challenge to get used to the
oral text production is named by 34 coded segments in eight interviews. Although
this code is related to the limited oral language abilities of some, it appears also that
students without an oral language disorder must learn and get used to the dictating
process. A speech pathologist described such a challenge, where both the student
and the speech pathologist had to adapt their habits:

If I discussed something with the girl and we forgot to pause Dragon, then, of course,
Dragon continued transcribing. (Int. 06, Pos. 89)

Adverse factors in the school environment: In contrast to the factors within the stu-
dents (red frames in Figure 6.12), the blue frame around ‘adverse factors in the school
environment’ illustrates challenges outside of the students. The problem of limited
‘collaboration between teachers and specialists’ for the successful implementation of
STT in school is addressed in seven interviews (26 segments), but also ‘limited re-
sources’ (11 segments) and ‘organisational difficulties’ (14 segments) are mentioned,
respectively, in 7 and 6 interviews. On the one hand, teachers named the necessity of
support to the students to acquire the skills to use STT. But professionals also stated
that teachers need support to allow a smooth transfer of the software use from the
individual setting, e.g. SLT, to the classroom. On the other hand, speech patholo-
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gists perceived the need for more information from the teacher about the classroom
situation, to adapt their support to the students concerned. By contrast, the special
needs teacher that supported the students during the writing classes did not perceive
a lack of cooperation but described, instead, the constant support provided to the
students during the intervention.

Indicated and/or addressed negative feeling towards dictation: The review of the
current state of research in Chapter 4, Section 4.2.4 indicates potential negative
emotions such as feelings of shame due to perceived stigmatisation. However, the
predominant emotion named by the interviewees is frustration and anger when the
transcription was not accurate. Only one speech pathologist reported feelings of
shame being indicated by the student.

6.2.12 Supportive features for success of STT in school

The second top-level code, described in detail and illustrated in Figure 6.12, is ‘sup-
portive factors and adaptations’ for the successful use of STT in school. The blue
frames indicate frequently coded factors and adaptations in the environment. The
red frame summarises supportive factors within the student.

Organisational adaptations
(implemented or proposed) (37)

b Adaptations for dictation in the
classroom (implemented or

Adjustments of teacher's / proposed) (25)

specialist's expectations (4)

I Supportive factors and adaptations (0) I Supportive factors in the student
Supportive factors in the private 4 —>

context (5)

Requirements for cooperation
(implemented or proposed) (8) Requirement of more time and/or
personnel resources (22)

v

Supportive factors in the school/
classroom/teacher (21)

Figure 6.12: Code map of supportive features, number of codes ordered clockwise according to frequency

Organisational adaptations: Necessary adaptations regarding the organisation ap-
peared in nine interviews. Professionals named, by 37 coded segments, what adap-
tations they apply or consider necessary to facilitate dictation in school. Such adap-
tations predominantly concern the need of a quiet place for dictating. Due to noise
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in the classroom and/or the need of a private place to speak aloud, group rooms
or side rooms are easily assigned to the dictating student(s). Sufficient cooperation
between teachers and specialists was also mentioned as a condition for successful
implementation. As mentioned above, while a lack of effective collaboration impacts
the successful use of STT, interviewees observed the benefits of close collaboration.

Adaptations for dictation in the classroom: In contrast to the organisational ad-
aptations, the ‘adaptations for dictation in the classroom’ code covers measures that
directly support the dictation process. Both speech pathologists and special needs
teachers reported a close monitoring of the single steps before and during dictation,
such as providing reminders for sentence planning or clear pronunciation. In addi-
tion, the professionals largely agree on two facts: firstly, that the students need time
to acquire the dictating skills; and secondly, that regular training is necessary. Two
specialists reported the adaptation of the dictation process by the additional step of
oral rehearsal, i.e., the instruction of articulating a sentence before using ST'T. How-
ever, interviewees stated that the support needed varies according to the dictating
behaviour and the language skills of the students.

Some professionals spontaneously made trials with the dictating function in MS
Word and reported an equal or better accuracy for the students.

Supportive factors in the student: Teachers and specialist named factors on the
students’ side that facilitate the use of STT in school. Not surprisingly, aspects of oral
language skills were mentioned. While low oral language skills represent a challenge,
higher oral language skills are estimated to be advantageous. The same applies to
work behaviour, motivation, and cognition. For example, calm, concentrated and
persistent working behaviour were mentioned as being beneficial. In addition, also
mentioned, among supportive factors, were technological affinity and a relaxed
approach to tools. One teacher who accompanied three participants described the
most successful student as follows:

There is a child who is strong in German (language arts), who chatters like a book, who
has something to say. She also has imagination; she can make up a story. But she simply
can’t write it down, she just can’t get it on the paper. And STT helped her a lot. It really
helped her, she dictated things when she realised, yes, I can do it. The same applies for
reading. I can listen to it; I don’t have to read it. Because reading is just as difficult as
writing. (Int. 11, Pos. 9)

Requirement of more time and/or personnel resources: The topic of the significant
time and support needed appeared in interviews with both teachers and specialists.
Professionals from specialised schools stated that this new writing technology re-
quires much more time and should be implemented and applied across grade levels
to be successful. In addition, in the single setting, they stated that the question of
time matters. However, some statements indicated that dictation may be a means to
the end to foster further language skills such as oral language; or in other words, that
STT may function, to some extent, as a remedial tool.
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Supportive factors in the school/classroom/teacher: Two factors within the school
environment were repeatedly named, with one being the classroom atmosphere. The
interviewees described their respective schools as being ones that regard integration
as an established priority. The second supportive factor is the knowledge of tools and
ease with technology use among teachers and specialists.

6.2.1.3 Motives and attitudes of teachers/specialists

As mentioned above, the informative value in the present data of the evoked state-
ments about motives and attitudes among teachers and specialists, i.e., top-level
Code 4, is considered limited or questionable, although evoked by the interview
guide and although both motives and attitudes are considered essential for the suc-
cessful implementation of a tool in school. The reason for the questionable top-level
code is that the length and the degree of structure of these interviews did not allow
the study to delve into the professionals’ notions on digitalisation, as discussed in
Chapter 3, Section 3.3.3. Furthermore, participation in the study was on a voluntary
basis. Thus, the predominantly favourable statements, i.e., 59 of 84 coded segments
presented in Table 6.18, may only picture the likelihood of participating in such a
study in the first place, rather than providing insights into challenges of STT in the
classroom.

The ambivalent statements and attitudes of rejection in the present analysis con-
cern above-mentioned questions and frustration regarding the limited accuracy for
the present group of students, and the suitability for students with additional chal-
lenges such as limited oral language abilities and/or challenging working behaviour.

Table 6.16:  Subcodes of motives and attitudes towards STT among teachers and specialists

Subcodes Coded segments
Acceptance in general of tools and/or computers in schools 18
Favourable attitude towards STT 41
Ambivalent statements on the use of STT 19
Rejecting attitude/doubts towards STT 6

TOTAL 84

6.2.14 Benefits observed and reported by teachers and specialists

So far, the challenges and the requirements illustrate that multiple conditions must
be met for the successful implementation of STT in the classroom. However, teach-
ers and specialists observed not only challenges but also benefits. These observations
are subjective and might, to some extent, illustrate the positive attitude of the par-
ticipating professionals towards STT. However, the discussion below provides an
overview on the professionals’ perspectives on the benefits, to complete the picture
of the students’ experiences with STT.
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Figure 6.13: Code map of benefits of STT reported by professionals

The code map in Figure 6.13 illustrates the code structure and summarises the
benefits. The upper part represents the number of coded segments of subjectively
observed benefits for written and oral language and for behaviour, motivation and
well-being. The lower part depicts statements by the professionals about students’
emotions.

Benefits regarding written language: The professionals described, in the nine in-
terviews, various benefits of dictating for their students, e. g. more text produced and
more awareness for written language. Two interviewees stated that refusal to write
and writing blockages were no longer an issue.

Positive feelings towards dictation: In nine interviews, segments of positive feel-
ings towards dictation appeared. From the professionals’ perspective, the students
felt pleased with using the tool, motivated to do so, and enjoyed the writing tasks
more than by hand, and some students were described as being proud of using the
tool.

6.2.2 Survey of students’ device preferences

All 42 EG 1 participants, i.e. including the students who dropped out during the
intervention, answered the three additional questions about dictating, presented
in Chapter 5, Section 5.4.4.5. Furthermore, 26 students chose to leave a voluntary
additional message to the researcher. The following paragraphs show, firstly, the re-
sults of the two closed questions. Secondly, the exploration of the students’ answers

201
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about their feelings while dictating conclude this results chapter. The feedback on
the additional question primarily concerned the instructional videos, which is not
the focus here.

6.2.2.1 Students’tool predilection

The students answered the question about their preference of the tool by selecting
one of the following answers: I prefer to write texts by hand; I prefer to dictate texts;
or I like to dictate and write by hand about equally well. The answers in Table 6.17
show that, at the end of the intervention period, almost half of the group of students
with dyslexia preferred writing by hand. The other half of the group had either no
preference or preferred dictating.

Table 6.17: Predilection for tool

Statement number percentage
| prefer to write texts by hand 20 48%
I like to dictate and write by hand about equally well. 13 31%
| prefer to dictate texts 9 21%

6.2.2.2 Students’own expectations for dictation in the future

The second closed question asked how often the students expected to use STT in
the future. The options to select from were, “I think in my future I will dictate often;
sometimes; rarely; never”.

Table 6.18 indicates that close to half of the group at the end of the study expected
to dictate rather frequently, while the other half thought they would dictate rarely
or never.

Table 6.18: Students’ expectations for dictation in the future

Expectation n participants percentage
1 will often dictate. 2 5%

1 will dictate sometimes. 18 43%

I will rarely dictate. 13 31%

I will never dictate. 9 21%

6.2.2.3 Students’feelings while dictating

The final compulsory question to the students investigated their feelings during the
application of the STT. The students were asked, ‘How do you feel when you are
dictating?’ Their answers varied in length between one and 81 words. Each answer
was coded as an entire segment by one of the following codes in MAXQDA: positive
emotions; neutral emotions; ambivalent answer; or negative emotions. The distri-
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bution of the answers (see Table 6.21) indicates, with 24 answers coded as positive
emotions, that most students felt good or alright when dictating during the inter-
vention study. While half of the students gave only a short answer, some provided
more insight such as one student saying:

I find it easier for me. I need less time and can write more and then it turns out better.
(Answer 17)

However, almost 20 % did not feel good or comfortable when dictating, and another
20% had mixed feelings about it. One student expressed his/her own feelings as
follows:

I don’t feel so good. It is difficult. I feel insecure. (Answer 20)

A student providing a detailed answer about the perceived ambivalence of dictating
explained:

Sometimes I feel nervous and sometimes normal. When I'm in the classroom and its
really quiet, I get nervous. When I dictate, the other children sometimes look at me. That
makes me uncomfortable and then I think I've made a mistake or something. (Answer
21)

Table 6.19: Subcodes for students’emotions when dictating

Feeling while dictating n answer percentage
Positive emotions 24 57 %
Neutral emotions 2 5%
Ambivalent emotions 8 19%

Negative emotions 8 19%




7. Discussion and limitations

Chapter 7 comprises the discussion of each RQ, in Section 7.1. While specific lim-
itations regarding single RQs are discussed within each subsection in Section 7.1,
limitations regarding the whole study are presented in Section 7.2.

The impact of writing instruction by videos is controlled for by the additional
study group. However, this thesis research focuses on the STT intervention; thus,
results of the comparison between the EG 1 and EG 2 to the CG are only discussed
when they were meaningful and enlighten the main question, meaning only when
the writing instruction by videos are a cause of a study effect.

7.1 Discussion of research results

The results of the study are briefly summarised in the order of the RQs and discussed
in the context of theory and the current state of research.

Text production is challenging in general, but due to the symptoms of dyslexia,
text production is especially challenging for students with dyslexia, which represents
a barrier for their academic and professional career. The need for adapted interven-
tional or compensational measures leads to the question of whether a digital tool
could overcome the barrier of dyslexia. Today, numerous digital tools are available
to assist the writing process. In Chapter 3, Section 3.2, speech recognition has been
argued to be the most consequent manner of circumventing the challenges of low-
er-order writing processes for students with dyslexia. On the one hand, this thesis
study has investigated, by means of a quasi-experimental intervention study with a
mixed-methods design, the effectiveness of STT for Grade 5 students with dyslexia
regarding writing and writing related skills and writing motivation. On the other
hand, the study has aimed to reveal the challenges for the implementation of STT in
the classroom.

7.1.1 Research Question 1- Effect of STT on text quality and text length

RQ 1A asks whether the use of STT by Grade 5 students with dyslexia is an effective
method to improve the quality of their texts. The production of meaningful texts
was argued, in Chapter 2, to be the main goal of acquiring writing competence.
Text quality was assessed in this research using a translated and adapted version of
the Test of Written Language — 4™ Edition (TOWL-4) (Hammill & Larsen, 2009),
before and after the 18-week intervention period. Within this RQ, the length of texts
was also investigated, since text length, as part of writing fluency, is an important
predictor for text quality (Y.-S. G. Kim et al., 2018; Quinlan, 2004).

The research results show no statistically significant differences in the develop-
ment of text quality among the three study groups. Therefore, the hypotheses HI,,
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and HI,; were rejected. The graphic trend lines indicate slight improvement of text
quality over time. However, this trend is statistically not significant. Furthermore,
the exploration of second-order effects of participants’ characteristics on the devel-
opment of text quality resulted in no interaction with the treatment condition, i.e.
the use of STT does not result in a different development of text quality due to the
severity of dyslexia, comorbidities, gender, or the type of school in which partici-
pants were enrolled.

7111 Text quality

Chapter 4, Section 4.2.1 has elaborated the mixed results of studies on STT and stu-
dents with dyslexia or LD. Due to the mixed results presented in the current state of
research, at first sight, the present research’s non-significant finding for text quality is
thus in line with some former findings but contradicts others. The finding is incon-
sistent with the increase in holistic text quality reported by MacArthur and Cavalier
(2004) and Arcon et al. (2017), but consistent with the non-significant difference in
the study by Quinlan (2004). However, on further consideration, the comparison of
these findings is not useful to answer RQ 1A, even considering the different groups
of participants. The reason for this is that the previous studies compared texts pro-
duced in two or three modalities*$, but not the effect of an STT-intervention on text
quality, in other words, the transfer of learning due to STT on writing with conven-
tional tools. This applies also to the multiple-baseline single-case study by Almgren
Bick et al. (2024), reporting an increase in variables of text complexity, which are
commonly assumed predictors for text quality in primary school students with dys-
lexia. The only intervention study available investigating, next to TTS, also the effect
of STT on conventional techniques is the study by Svensson et al. (2019). However,
these authors did not capture changes in writing achievement by objective variables.

Thus, the non-significant research results presented in this thesis on the devel-
opment of text quality can only be contextualised to a limited extent with respect to
the state of research. This complicates the interpretability of these results. From the
theoretical perspective of CLT and motivational theories, as presented in Chapter 3,
the present findings are unexpected. It was argued (e. g. by Quinlan, 2004) that STT
is a potential assistance to the lower-order writing processes due to the reduction
of the cognitive load. The freed working memory resources could then potentially
be used for higher-order writing processes and, thus, have a positive impact on text
quality (Kellogg et al., 2013). However, in both Chapters 2 and 3, numerous chal-
lenges for dictation were identified. On the one hand, challenges may be present in
the students with dyslexia due to comorbidities such as DLD (Cabbage et al., 2018)

48 Handwriting, dictation to a human scribe, and dictation with STT, in MacArthur and
Cavalier (2004) and Arcon et al. (2017); handwriting and dictation with STT in Quinlan

(2004).
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or ADHD (Schuchardt et al., 2015); but, on the other hand, challenges may also be
present in the environment, e. g. factors in the teacher or in the classroom, that im-
pact the implementation of a tool in the classroom (Kerres, 2018; Petko, 2012), or in
the technology itself which may, for example, be limited in the accurate recognition
of children’s voices (Feng et al., 2024) or in German (Silber-Varod et al., 2021). From
this perspective, the findings presented in Chapter 6, Section 6.1.2 are less surpris-
ing. Regarding these two perspectives, different explanations for the rejection of the
formulated hypotheses on text quality appear conceivable.

The first conceivable explanation is that the assumption about the reduction of
cognitive load and, therefore, the provision of assistance for lower-order writing
processes may not fit for students with dyslexia in Grade 5. Olive’s (2014) parallel and
cascading model illustrates the complexity of the coordination of conceptualisation,
formulation and execution of writing processes. Since both the size of bursts and
the pace are different in dictation than in handwriting, this could involve new and/
or partly unknown challenges which increase the cognitive load and, subsequently,
annihilate the assistance of the tool. Unlike a proficient writer, who is fluent in word
and vocabulary use and has working knowledge of syntax (McCollum et al., 2014),
a Grade 5 student with dyslexia might not be sufficiently fluent in oral language
production to switch easily from handwritten to oral text production.

This explanation is supported by the qualitative research results for RQ 5 (see
Chapter 6, Section 6.2.1.1). These illustrate the high demand on oral language skills,
addressed in numerous statements by teachers and specialists of the participants, in
the interview study in this thesis. In addition, writing with a new tool, such as typing
on a keyboard, requires training (A. Sturm, 2017). The same applies to the use of STT
(Bouck et al., 2011; Liu et al., 2019). As a result, the cognitive load in dictating might
not be decreased for Grade 5 students with dyslexia but be different due to other
processes that demand working memory resources. As elaborated in the qualitative
results, further factors such as working behaviour may also challenge the use of STT.

The second explanation is that the hypothesis HI,, may fit but the study proce-
dures, as well as the tool itself, may have limited the manifestation of the expected
effects. The qualitative research results express clearly that the implementation of the
tool for Grade 5 students with dyslexia in the classroom is challenging for several
reasons, as discussed in Chapter 6, Sections 6.2.1.1 and 6.2.1.2. Three non-exhaustive
reasons are presented here, as follows: the high need of training; the lack of accura-
cy; and the lack of individual adaptation of the AT:

o DPrevious research results and the findings for RQ 5 emphasise the great need
for training and time for acquisition of the dictating procedure. In the present
study, time limitations occurred at different stages. The limited time for the in-
troduction of the software in the single setting, during the first school term, was
possibly too short for the students. The same is possibly true for the interven-
tion period. Galuschka et al. (2014) state that interventions for students with RD
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lasting for more than 12 weeks have higher mean effect sizes than for shorter
interventions — although this difference does not reach statistical significance.
Referring to this, the present 18-week intervention is above the indicated 12
weeks; but the question is whether the Galuschka et al. statement applies to the
acquisition of the use of STT. Regarding the treatment intensity, higher amounts
of treatment, according to Galuschka et al. (2014), appear more effective. There-
fore, the intended one-hour per week of writing instruction with the use of STT
for EG 1 might not have been sufficient for participants to learn to use STT,
especially because the students were simultaneously confronted with the content
of writing instruction and the challenges in using STT.

o A further, repeatedly identified issue in the qualitative results in Chapter 6, and
in the literature (e. g. Almgren Back et al., 2024), is lack of accuracy which might
have strongly limited the effectiveness of the results. Mossige, Arendal, et al.
(2023) state that, until the STT* improves, challenges in relying on STT remain,
because of possible failed recognition of spoken words.

o The study procedure is considered to have a possible impact on the manifestation
of the treatment effect on text quality and text length; among other challenges, the
necessity of the individual adaptation of an AT, addressed in Chapter 4, Section
4.1, must be named. The present study might not have paid adequate attention to
this necessity because it followed, as much as possible, the recommendations for
an experimental study, for example by selecting a homogeneous group in terms
of age, as recommended for intervention studies by Galuschka et al. (2014), or
by providing a maximally comparable intervention for all participants. However,
this contradicts the nature of an AT which should be individually selected, adapt-
ed and instructed (Bausch et al., 2015).

A third explanation for the rejection of the hypothesis HI,, might be that the hy-
pothesis may only partially fit, meaning that STT could be an effective tool for some
students but not for all students. The frequently addressed challenge of limited oral
language skills, in the qualitative results, and the unsystematic picture of the indi-
vidual developments in the graph of Figure 6.1, point in the direction of differences
in the effectiveness of the tool depending on these skills. However, several subgroup
analyses were run and did not result in statistically significant results, see Chapter 6,
Section 6.1.2. This indicates that comorbidity-based subgroups on their own cannot
explain the likelihood of success of applying STT. The question of whether STT is
more likely to be effective for students with an exclusive diagnosis of dyslexia thus
cannot be answered by the present study because the number of participants with-
out comorbidity (n=23 over all three groups) is too low to run statistical analyses
with sufficient power.

49 Mossige, Arendal, et al. (2023) write about Nordic STT.
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In addition, considering only comorbidities would ignore the fact that inter-in-
dividual differences among students with dyslexia — having no additional diagno-
sis — can be important (Almgren Back et al., 2024). Further features in students with
dyslexia could be decisive for the successful use of STT. For example, Galuschka
et al. (2014) mention that severity of dyslexia could impact the effectiveness of an
intervention. Meanwhile, Cislaru et al. (2024) consider the connection between oral
and written language production from a different perspective. These authors address
the issue of a lack of knowledge regarding the underlying writing processes in stu-
dents with dyslexia. Their investigation on written language processing, firstly, chal-
lenges the view that sentences are the unit of language processing. Secondly, these
authors observe differences between children with and without dyslexia in terms
of the handling of infra-sentential sequences. Thus, it is considered that a writing
intervention building on oral language production should possibly focus more on
underlying language processing abilities than apparent language skills or diagnosis.
This could be decisive, on the one hand, to take informed decisions on whether STT
is an adapted tool for the student with dyslexia, and on the other hand, to support
the necessary functions to improve the oral language input and, subsequently, the
STT output.

For both these second and third explanations, the recommendation mentioned
in Chapter 4 for further research on effects on different subgroups applies to some
extent. However, at this point, it is emphasised that the question of subgroups goes
beyond subgroups according to comorbidities or severity but should also consider
underlying language processing. While this thesis research design, if undertaken
with a larger sample, might reveal answers to some of these open questions, a differ-
ent study design could also possibly answer questions not explorable by the present
design.

The question of whether its non-significant results might be a result of non-trans-
ferable, higher-order writing skills from the dictating modality to the handwriting
modality remains open from this thesis research.

In summary, the rejection of the text quality hypothesis is, to some extent, unex-
pected on a theoretical basis. However, on the basis of the current state of research
and the present qualitative results, this rejection is less surprising.

7112 Textlength

With the same rationale as for the thesis findings discussed above, the present study
also investigated text length as a predictor of text quality. In contrast to text quality,
the development over the intervention period results in a statistically significant in-
crease. However, this increase does not statistically differ significantly between the
three study groups. Therefore, HI, and HI,, were rejected. Since the CG increases in
a similar way, this statistically significant increase is interpreted as maturation and/
or the treatment effect of the individual support that the participants of all three
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groups received during the intervention period. Regarding the current state of re-
search on text length, the same issue for interpretation applies as for text quality
because the previous studies have compared text length under different conditions
of text production, which in the present study is done only for RQ 3 on EG 1, that
is, for the students who used STT (see Section 7.1.3). In contrast to the directed
hypothesis regarding text quality, the hypothesis on text length was formulated as
non-directional in this thesis, due to arguments for both an increase and a decrease
in text length. Thus, the non-significant result is less surprising.

A first explanation for this finding is that the non-significant difference in text
length could confirm that text length, or in other words, productivity — as one part
of writing fluency - is mode-specific. Therefore, even in the case of EG 1-students in-
creasing their dictating productivity due to the STT condition (see RQ 3), observed
by Schiiler (2021), Quinlan (2004), and Almgren Back et al. (2024), this would not
increase the productivity in the handwriting modality. However, the non-significant
difference between the three groups — with a significant main effect over time - in-
dicates that the students in EG 1 improved in the same way as the CG and EG 2,
despite less time on handwriting tasks. Assuming that the productivity aspect of
writing fluency is mode-specific, a decrease in the handwriting productivity in EG
1 would have been expected, which was not, however, the case in the findings of the
present study.

A second possible explanation is that the intensity of the intervention was too
low to decrease handwriting productivity in EG 1.

A third potential explanation is that the STT condition balanced a potential de-
crease in handwriting productivity, resulting in a non-significant result. However.
the available study data in this thesis research does not allow it to answer this ques-
tion.

In sum, RQ 1A and RQ 1C on the effectiveness of STT for text quality and text
length cannot, therefore, be answered exhaustively with the present results. Never-
theless, the results for these RQs are relevant. To date, most studies have compared
text production by means of different modalities, such as dictating and handwriting.
In contrast to those findings, the present results inform, to some extent, about the
impact of STT on text quality in handwritten texts. While this thesis cannot show
that Grade 5 students with dyslexia make greater progress in text quality and text
length due to the STT intervention, its findings do indicate that this specific group
of students does not stagnate in their development of text quality and text length
due to the STT condition. As the quantitative results for RQ 1 indicate, and argued
in Section 7.1.1.1, the time and intensity of the intervention might be a factor affect-
ing the manifestation of an effect. The same applies to text length. It thus cannot be
excluded, at this point, that a longer and/or more intense setting would not have
resulted in a different finding.

Meanwhile, the qualitative results about benefits of STT, and about the students’
answers to the question of how they felt about using STT, indicate that STT appears
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suitable for some students, not only for text production but also for oral language
skills or for overcoming writing blockages. Both components together, imply, firstly,
that Grade 5 students with dyslexia continue to develop their skills in text produc-
tion, and secondly, that testing STT for students in the individual and/or classroom
setting might reveal benefits to students and professionals.

At this stage, the contextualisation regarding the instructional videos and their
effects on higher-order writing skills, i. e. RQ 1B, seems appropriate. The aim of this
instruction was, firstly, to make the writing instruction for the participants in EG 1
and EG 2 comparable. Secondly, the videos allow to ensure evidence-based instruc-
tion, necessary for the effective use of STT according to MacArthur and Cavalier
(2004). The manual chosen as the basis for the videos was considered fitting this
requirement because of its effectiveness for higher-order writing skills (see Section
5.5.3). From this perspective, a greater improvement in text writing over time in the
EG 1 and EG 2 would have been expected. However, as elaborated in Section 5.5.3,
the revised version of the instructional videos did not contain the explicit instruction
of self-reflexion. This could be one reason, why no significant positive development
in writing skills was observed in groups EG 1 and EG 2 over the intervention period.

7.1.2 Research Question 2 - Effect of STT on writing and reading fluency

STT might affect both writing and reading fluency (see Chapter 5, Section 5.2).
Writing fluency was assessed by the number of correct word sequences (CWS) in a
five-minute writing sample (Chapter 5, Section 5.4.2). Reading fluency was assessed
by the SLS 2-9 (Chapter 5, Section 5.4.3).

7121  Writing fluency

The comparison of the writing fluency measure at pre- and post-test shows a statis-
tically significant main effect over time in all three groups, meaning that all groups
increased their writing fluency in the handwritten modality during the intervention
period. However, there is no statistically significant interaction between the three
groups over time, i.e. no difference between the three groups. The non-directional
hypothesis, HI,,, assuming a difference in the development of writing fluency, was
therefore rejected, since the STT condition had no significant effect on the devel-
opment of writing fluency. In other words, the use of STT, compared to writing by
hand, is not a statistically more or less effective method to improve writing fluency.

As for text quality and text length, the same problem of comparing the present
results with the current state of research applies to writing fluency. The only prior
study investigating the effect of the application of STT and TTS on reading and
writing, in the conventional modalities, among students with dyslexia is Svensson et
al’s (2019), which did not capture objective measures for writing. Regarding writing
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fluency, this subsection discusses the combined variable of writing fluency, compar-
ing both accuracy and productivity.

The non-directional hypothesis for writing fluency indicates that, on the basis of
theory and the current state of research, both a positive and a negative effect of STT
on writing fluency are conceivable. Due to this open-ended hypothesis, its rejection
in this thesis research is not surprising. However, conceivable explanations for the
present study findings are discussed here, in order to deduce implications for future
research and practice.

Theoretically, it was argued and hypothesised in Chapter 5, Section 5.2.2 that the
exposure to correct spelling on the screen might impact writing fluency in a positive
way. At least for the handwriting modality. However, this hypothesis does not fit the
analysis of data in this thesis.

A first potential explanation before this finding is that the already-mentioned
mode specificity, meaning that the students only improved in the trained modality,
i.e. handwriting for EG 2 and CG and dictating for EG 1. However, to determine
this, evidence about the dictation mode is necessary, which is aimed at by RQ 3
(see Section 7.1.3). In the sense of mode specificity, the STT condition could affect
writing fluency negatively; but the present results, with no significant difference, do
not speak clearly in favour of a negative impact of dictating. Nevertheless, trendlines
in the graphs presented in Chapter 6, Section 6.1.3 can be interpreted differently, and
the question arises of whether handwriting fluency stagnates when the time spent
writing by hand decreases, for example due to dictating. A difference in the slopes
of the M values of three groups in Figure 6.4 can be perceived, with a flatter slope
for EG 1 than for the two other groups. Thus, EG 1 improves less in writing fluency
than EG 2 and CG. Although not significant in this study setting, a different possible
result with, for example, a more intense and longer study setting cannot be excluded.
Thus, further research should pay attention to writing fluency and its development
over longer and/or more intense interventions, to allow more informed decisions for
practitioners and people with dyslexia (see Chapter 8).

A second explanation, this time supported by the qualitative analysis presented
in this thesis revealing many challenges such as accuracy during the intervention,
could be that EG 1 was, to some extent, distracted by the acquisition of STT. This
distraction could possibly have hampered the development of writing fluency. In
addition, writing instruction by video might have impacted the instructional focus
on higher-order processes. This explanation is supported by the slightly different
slopes between EG 2 and CG, with CG improving the strongest in writing fluency.
However, the present data analysis was not able to answer these questions, which
indicates the need for further research.

In sum, students that use STT might not increase their writing development in
the handwriting condition in precisely the same way as the students writing by hand.
It is considered important to monitor this in future research. At the same time, the
difference in writing fluency development is not significant. On the one hand, it
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is thus concluded that the use of STT does not harm students using STT, which is
relevant knowledge for practitioners. On the other hand, only considering writing
fluency in the handwriting modality does not, in this case, provide a complete pic-
ture, which is why RQ 3 must be further considered in relation to RQ 2A.

7122 Reading fluency

The results for reading fluency show a similar pattern as those for writing fluency.
In all three groups, reading fluency measures show a statistically significant increase
between pre- and post-test, but no difference between the three study groups. Re-
garding reading fluency, the trendlines point in a similar direction. Therefore, Hl,,
was also rejected. This result is unexpected, since, based on theory, a directional
hypothesis was formulated, arguing that the time spent reading is increased due to:
1) the revision with TTS, assuming more revision on the screen than on paper; and
2) potentially, simultaneous reading during dictation.

Regarding the current state of research, the rejection of the Hl,; is difficult to
contextualise, since no studies are found for an STT-intervention on reading flu-
ency. Although the use of the TTS function was evoked by the introduced revision
procedure, the intervention did not focus on TTS. Therefore, studies such as the
meta-analysis by Wood et al. (2018) on TTS and RD are not meaningful for discuss-
ing the present RQ 2B. Nevertheless, the research literature and qualitative results do
indicate a possible explanation for the unexpected result, as follows.

Firstly, the assumption of a stronger increase in reading fluency in the EG 1 is
based on the possibly supporting revision process in writing and increased time
spent reading (Taylor et al., 1990). However, revision is emphasised by Hayes and
Olinghouse (2015) as very challenging for developing writers and barely applied by
beginning writers. Almgren Béck et al. (2024) state, for example, that students’ ac-
curacy at a word level is, in fact, decreased by revision. The same finding is reported
by Quinlan (2004) who investigated text revision and observe that text quality de-
creases when students apply more revision. Quinlan (2004) suggests that revision is
a specific challenge in using STT. Therefore, this challenging process might not free
resources but, rather, increase extraneous load or distract attention.

Secondly, the accuracy issues emphasised in the qualitative data analysis (see
Chapter 6, Section 6.2) and the current state of research (see Chapter 4, Section
4.2.5) could explain, to some extent, why H1,; does not fit the present sample. If the
students were occupied and distracted by accuracy issues, this could have impacted
the theoretically conceivable positive impact of STT on reading fluency.

7.1.3 Research Question 3 - Handwriting vs. dictating

Several authors investigating STT in the educational setting have found differenc-
es between modalities (e.g. MacArthur & Cavalier, 2004; Quinlan, 2004; Schiiler,
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2021). RQ 3 investigates such differences between the modalities of handwriting and
dictating, i. e., productivity and accuracy differences, and regarding the development
of productivity and accuracy between pre- and post-test, as investigated before by
Almgren Bick et al. (2024). The findings are discussed in the following subsection
regarding the differences between modalities and in Section 7.1.3.2 regarding the de-
velopment of text production in the dictation modality. Productivity was measured
by the number of words written by hand (TWW) or dictated (TWD). The accuracy
was measured by %CWS and CWS.

7.13.1 Comparison of modalities

The comparison of the fluency of text production shows, firstly, that the dictated
texts outperform handwritten texts in terms of productivity, i.e. the EG 1 students
(n=36) dictated statistically significantly longer texts than they wrote by hand. This
difference in favour of dictated texts has, at pre-test, a moderate effect, and at post-
test a moderate but almost strong effect. Secondly, the dictated texts are more accu-
rate, with statistical significance, than the handwritten texts. This difference in fact
shows a very strong effect. Therefore, both hypotheses, HI;,, and Hl,g, are accepted.
Unlike the previous results, these results can be contextualised more clearly in rela-
tion to the current state of research as they also compare two modalities.

The acceptance of these hypotheses is in line with the results from the one avail-
able German study, by Schiiler (2021), which finds longer and more correct texts
with the assistance of STT. However, the participants in the Schiiler (2021) study
were typically developing Grade 8 students, which limits the comparison with Grade
5 students with dyslexia to some extent. The present research findings are consistent
also with Quinlan (2004), showing that the less fluent middle school participants
dictated both longer texts and more accurate texts than they wrote by hand. Mean-
while, findings by MacArthur and Cavalier (2004) are in line with those in this thesis
regarding accuracy. Those authors found students with LD committing significantly
fewer errors in the STT-condition, but in contrast, both MacArthur and Cavalier
(2004) and Kraft et al. (2019) found no increase in text length. These inconsistent
findings are especially surprising, as the sample of the study by Kraft et al. (2019)
comes closest to the sample of the present study. The latter authors investigated texts
dictated by 10-12-year-old students with spelling difficulties.

In summary, the present findings are in line with those in previous studies re-
garding accuracy and, thus, confirm that students dictate more correct texts with
STT than they write by hand. This is relevant, since text length is important for text
quality (Y.-S.G. Kim et al.,, 2018; Troia, 2006). Regarding text length, the present
study is in line with some but not all prior studies. However, the present research
findings are relevant since more accurate texts are easier to understand, which there-
fore supports the communicative aspect of writing. Especially for students with dys-
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lexia, this aspect can be an important advantage in terms of participation and social
inclusion.

7132 Development of dictating fluency

The results for RQ 3B are mixed. Texts dictated by EG 1 at post-test are significantly
longer than texts dictated at pre-test, showing a small but almost moderate effect
size. Thus, this first alternative hypothesis, Hl;z), is accepted. By contrast, the alter-
native hypothesis, Hl,p,, is rejected, because the %CWS in dictated texts at post-test
remain stable at approximately 80 % of correct %CWS. However, it is important to
interpret this latter with caution (Winkes & Schaller, 2022) because, as elaborated in
Chapter 5, Section 5.4.2, the measure of %CWS is not an absolute value but a value
relative to the amount of text. It is therefore summarised that, over time, accuracy
develops along with the increase of text length. This is illustrated by an example:
a participant produces at pre-test 100 words containing 80 CWS; at post-test, the
same participant produces a text with 150 words containing 120 CWS; thus, while
the %CWS has remained stable, the absolute number has increased at the same rate
as the TWD.

The multiple-baseline single-case study by Almgren Back et al. (2024) allows
this thesis to contextualise the results in relation to the development within the re-
search literature — despite different study designs — because Almgren Béck et al.
investigated dictating productivity over time in students with dyslexia. The results
in this thesis are consistent with Almgren Béck et al’s (2024) results on dictating
productivity. Regarding the accuracy in dictated texts, Almgren Back et al. (2024)
found a tendency of an overall increase in accuracy on a productivity dependent
level, as measured by CWS. The findings in this thesis confirm this increase in the
productivity-dependent score of CWS but also add the result of the maintenance of
the accuracy in a productivity-independent measure, as %CWS. These additional
results about the stability of %CWS indicate that the students affected by dyslexia
might benefit from further support to develop higher dictating accuracy, e.g. from
an instruction in the effective use of a spell checker.

Descriptive results presented in Chapter 6, Section 6.1.3, illustrate differences in
the development of dictating in connection with participants’ characteristics. While
AD(H)D appears, against expectations, to not hamper the development of dictating
fluency, DLD appears more critical to the success of STT as an assistance for these
students.

In sum, the present research findings are considered relevant for further research
and practice. As elaborated in RQs 1 and 2, EG 1 develops in a comparable way to
the CG and EG 2. Although text quality in dictated texts was not investigated in
the present study, these thesis results show that the students with dyslexia make
significant progress in the dictating modality. While the STT-intervention was in-
terpreted as equal to conventional writing in terms of the development of written
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language skills in the handwriting condition, the results indicate that students with
dyslexia can progress in their dictating fluency with the use of STT. While these
results cannot confirm that STT is a suitably adapted tool for learning for students
with dyslexia, they do show that STT does assist students in their text production.
Therefore, the available data inform the discussion on compensation for disadvan-
tages, as outlined in Section 2.2.4.4, since STT enables students to produce longer
and more accurate texts, and the data on text length indicate continuous progress
rather than stagnation.

7.1.4 Research Question 4 - Writing motivation

Theory and research literature largely agree on writing motivation affecting and pre-
dicting writing performance (see Chapter 3, Section 3.3.2). This appears especially
important for students with disabilities (S. Graham et al., 2018). RQ 4 asks whether
the STT intervention has an impact on writing motivation according to the writ-
ing motivation model by Wright et al. (2019). Therefore, the translated and adapted
‘Self-Beliefs, Writing-Beliefs, and Attitude Survey’ (SWAS) was applied.

None of the findings for the two RQs about writing motivation, i.e., 4A and 4B,
fit the hypotheses, since there are no interactions over time; and between one of the
two interventions, i. e. use of STT or writing instruction, neither shows a statistically
significant result. In other words, neither the treatment condition nor the writing
instruction by videos have an effect on writing motivation. The hypotheses, HI,,
to HI,g, are thus rejected. However, the descriptive data and graphs show different
trendlines for EG 2 than for EG 1 and CG. This difference in the trend, which is
considered to be related to the writing instruction, is discussed after the question on
the effect of the STT condition at the end of this subsection.

These results are unexpected, regarding the theory and state of research, because
personal empowerment affects motivation (Bandura, 1997) and a positive emotion-
al environment enhances writing motivation. However, the interview data and the
questions to the students may provide an alternative explanation for these unex-
pected results. These qualitative data indicate that the STT intervention did not, or
doesn’t yet, provide sufficient support to the students with dyslexia to reduce the
cognitive burdens placed on them, as expected by J. M. Sturm and Rankin-Erickson
(2002) for an intervention with a digital technology. Therefore, students most likely
felt not empowered by the tool, and thus, motivational components such as self-ef-
ficacy did not increase. The reason for this lack of positive feelings or experiences
might be explained by the qualitative results, presented in Chapter 6, Section 6.2,
which emphasise various user experiments and numerous challenges experienced
by the students in dictating. For example, the dictating procedure and the output
accuracy of the software most likely caused frustration related to STT. At this point,
both the lack of empowerment, and negative user experiences due to challenges re-
lated to the tool, are considered decisive for writing motivation, which may explain
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why no effect of the intervention on writing motivation is manifest. To summarise,
the formulated hypothesis, HI,,, might, on the one hand, theoretically fit RQ 4 once
the STT-intervention is less affected by numerous challenges.

However, on the other hand, the formulated hypothesis simply might not fit
the RQ 4 because the STT intervention generally might have no impact on writ-
ing motivation. This would contradict the findings of increased writing motivation
and general school motivation by Svensson et al. (2019), but confirm, to some ex-
tent, the unidirectional impact of writing motivation described by S. Graham et al.
(2007) and Yeung (2022). It can be concluded, therefore, that writing motivation,
i.e., writing attitude, affects writing achievement but writing achievement does not
affect writing motivation. Furthermore, the limitations of the translated and adapt-
ed SWAS to assess writing motivation, discussed in Chapter 5, Section 5.4.4.4, is
recalled. This scale, with a low consistency of self-efficacy and a purposefully limited
task specificity, possibly does not fully account for eftects on writing motivation due
to the intervention in this thesis study.

In sum, the present results on STT and writing motivation raise new questions
and are considered as not satisfactorily answering RQ 4. More research is thus con-
sidered necessary, on the one hand, on writing motivation and, on the other hand,
on STT and writing motivation with a less challenging context, due to low accuracy.

Regarding the RQ 4B, the Hl,; is rejected, as stated above. However, the results
in Chapter 6, Section 6.1.5 show that EG 2 differs in the direction of the slopes (see
Figure 6.10). As the interpretation of trends harbours the risk of overestimating the
effects (Schroder et al., 2022), the trends are only pointed out here but without a
detailed elaboration of an interpretation: In contrast to the other two groups, mo-
tivation increases slightly in EG 2. Therefore, the question is whether this different
trend is related to the writing instruction by video. It is conceivable that this writing
instruction type only had an effect in EG 2 over the 18-week intervention because
EG 1 was too occupied by the STT intervention. The decrease in writing motivation
in the CG, visible in the graph, points in the direction of decreasing writing moti-
vation, as described in the literature Chapter 3, Section 3.3.2 and by Pajares (2003)
regarding self-efficacy and by Ekholm et al. (2018) regarding writing attitudes. How-
ever, as stated in Chapter 5, Section 5.4.4, single components are not considered in
this thesis research. More research on both the overall writing motivation and on
single components of writing motivation is needed to provide a starting point on
writing motivation of students with dyslexia.

7.1.5 Research Question 5 - Challenges of implementation

This thesis research emphasises that the intention of investigating the effectiveness
of STT for students with dyslexia in the classroom setting harbours challenges be-
cause the success of the implementation of a tool in the classroom, especially an
audible tool such as STT, depends on numerous factors. RQ 5, therefore, addresses
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the challenges accompanying the implementation of STT in the classroom via an ex-
ploratory approach of semi-structured interviews with professionals from EG 1 and
questions to participants in EG 1. The data of this qualitative supplemental compo-
nent reveal challenges and benefits, and confirm some of the expected issues, when
students with dyslexia are using STT in the classroom. The following discussion
contextualises these results in relation to earlier research findings and the results of
RQs1to 4.

The qualitative analysis of the interviews emphasises three major topics to an-
swer RQ 5. The first and the third top-level codes reveal, firstly, difficulties met with
STT in school or SLT/SE, and secondly, adaptations, factors and resources needed
or applied to successfully implement STT in the classroom. The third topic results of
this analysis are reported benefits of STT by professionals. The answers from partic-
ipants in EG 1, firstly, confirm, the difficulties described by professionals such as low
output accuracy, and secondly, illustrate the mixed user experiences in statements
about the students’ emotions.

These topics and reported mixed experiences are, to some extent, in line with
the findings by Almgren Back et al. (2023). Their five-year, follow-up interviews
with students with dyslexia also emphasise mixed user experiences, and describe
enabling and hindering factors, many of which are the same as revealed in the pres-
ent thesis findings. Although the interviewees and the focuses of the interviews in
these studies are not identical, both reveal the importance of support. However, in
contrast to the interviews in the present thesis with the professionals, the interviews
with the adolescents by Almgren Béck et al. reveal more issues interpreted as per-
ceived stigmatisation, summarised by the authors as emotional responses to the
learning environment, such as non-acceptance of the disorder or a lack of accep-
tance of the assistive tool employed. The challenges revealed by professionals in this
thesis research focus more strongly on students’ characteristics that influence the
success of STT.

In general, the topics revealed by the present research interviews are consistent
with possible challenges that were, to a certain extent, expected based on the ear-
lier theoretical discussion and literature review in Chapters 2 to 4. Both working
behaviour and oral language abilities were highlighted, as well as numerous issues
with the accuracy of the STT output. On the one hand, the oral language abilities of
the students with dyslexia and accuracy issues of STT might be related. On the other
hand, alternative explanations for low accuracy, such as being due the speaking style
(Feng et al., 2024; Silber-Varod et al., 2021) or higher pitch of children (Higgins &
Raskind, 1995), lower-performance due to the language, i.e. German, or due to the
ASR system (Feng et al., 2024; Silber-Varod et al., 2021) used in the present study, are
conceivable, but these can neither be confirmed nor rejected by the present qualita-
tive results.

In sum, the topics revealed and highlighted in this thesis are considered relevant
for three reasons. Firstly, they inform on implications for the successful implementa-
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tion of STT in the educational environment (see Chapter 8). Secondly, they support
understanding of the above-presented research findings, as discussed in Sections
7.1.1to 7.1.4. Thirdly, the findings of the qualitative and the quantitative approaches,
together, indicate limitations of this thesis study (see Section 7.2). At the same time,
these findings may also point in the direction of further research. For example, the
descriptions of benefits in this thesis might be of interest for future research to inves-
tigate the remedial effect of STT on oral language production.

7.2 Limitations

Limitations of the assessment tools and the study materials in this study were dis-
cussed in the respective sections in Chapter 5, Sections 5.4 and 5.5 The discussion
in Section 7.1 also mentions some limitations in speciﬁc contexts. However, there
are also limitations that affect the study as a whole, which are addressed as follows.
It was argued in both the Chapters 2 and 3, that the production of texts is the
goal of writing. Text production, i.e, text quality, was assessed in this thesis study by
narrative texts written by hand. However, this research was unable to investigate the
impact of STT on text quality in dictated texts. This is considered a major limitation
in trying to answer the question of whether STT is a suitable tool to compensate for
barriers of dyslexia. The findings show that the produced texts are longer and more
accurate than texts written by hand. However, these findings give no indication of
whether the dictated texts outperform handwritten texts in terms of text quality,
such as in number of ideas or structure. This study investigated the application of a
tool in the educational field with a limited number of students with dyslexia in each
class. Therefore, numerous teachers and specialists were involved, which increases
the possible amount of variation, for example, in instruction and amount of support
time. The study could not control for certain factors, which might limit the reliability
of the study. Not documented, and thus not controlled for, were the writing lessons
in the classes, i.e., the content and amount of writing instruction in the CG and
the exact execution of writing instruction based on the videos in the experimental
groups. Regarding the individual setting, for example, the therapy time was record-
ed, but the exact content and focus of the TAU were not included in the analysis.
The qualitative results illustrate the complexity of investigating the effects of a
tool which is burdened with challenges. In addition, the present sample of students
with dyslexia, by definition, entails difficulties that can have a negative impact on
speech recognition. The observations of these challenges in the educational setting
are, on the one hand, an important contribution of the study. On the other hand,
these challenges, first and foremost the accuracy of the STT output, have an influ-
ence on the effects, and are thus difficult to interpret. This difficulty in interpretation
is considered as lying in lacking a distinction between cause and effect. In other
words, the accuracy issues may, to some extent, be the reason why no effects were
detected and why some students struggled with the dictating procedure. Therefore,
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the validity of the study could be decreased because these nil results might reflect, to
some extent, accuracy issues rather than the effect of dictating for the present sam-
ple. However, the recognition difficulties may also be the result of the oral language
difficulties of this specific group.

Therefore, further research is needed to investigate the potential of STT for stu-
dents with dyslexia, ideally with a tool that bears fewer challenges on the technolog-
ical side. Regarding the accuracy issues, retrospectively, an accuracy measurement at
pre-test is considered appropriate. Firstly, participants with too low accuracy could
have been excluded from the sample. Secondly, the pre-test measure could possibly
have informed about a minimum accuracy level necessary for the successful appli-
cation of STT. Arcon et al. (2017) did assess in their study the accuracy of speech
recognition for each participant and subsequently excluded those with low accuracy,
defined as between 50 to 59 %. However, the literature provides no recommended
cut-off value.

As stated in Chapter 5, Section 5.4, no norm values were available for the vari-
ables investigated. The only standardised test used, i.e. the SLS 2-9, did not allow
this thesis research to compare the results to a norm sample, due to a considerable
part of the outcome values being below the norm values. Therefore, this study relied
only on non-standardised assessment tools, which could, in the case of significant
results, lead to an overestimation of the effect sizes.

There may be further limitations due to the study setting. The effects of the STT
intervention in the classroom, and for the specific group of students with dyslexia,
imposed some requirements on the study setting. Some of the necessary adapta-
tions are considered as limiting the effectiveness of the study, others as enhancing it;
namely, recruiting participants meeting the inclusion criteria and with professionals
committed to participating in the study - teachers of EG 1 and EG 2 had to partici-
pate with their class - required a setting that did not exceed the workload of teachers
and the frame of the curriculum. Therefore, the intensity of the intervention was set
to one hour per week for 18 weeks, and instructional videos were developed to in-
struct the students requiring a minimum preparation time for professionals. While
the instruction of the students by videos was considered suitable, the intensity of
the intervention might have been too low to be effective. Furthermore, the question
is raised whether the professionals were sufficiently knowledgeable to instruct and
support the students adequately with the tool.



8. Conclusion and implications for future research and
practice

The following sections provide, firstly, a general conclusion of the findings with a
critical reflection on the study, focusing in particular on the relevance and general-
isability of the findings. Section 8.2.2 outlines implications for future research; fol-
lowed by implications for the educational and therapeutic practice in Section 8.2.3.

8.1 General conclusion

This thesis research has aimed at identifying the effectiveness of the use of STT for
Grade 5 students with dyslexia and has explored challenges in the implementation
of STT as an AT in the educational environment. The summarised answer to these
two overall research questions, based on quantitative and qualitative analyses and in
line with the definition of AT by D. Edyburn (2015), (see Chapter 3, Section 3.2.3),
is as follows:

STT can be applied by students with dyslexia as an assistance in the digital text pro-
duction to produce longer and more accurate texts. As a learning tool to acquire writ-
ing skills and increase writing motivation, however, STT is, to date, not a more effec-
tive approach for students with dyslexia than conventional methods.

Furthermore, the results indicate that STT can be an effective tool for the develop-
ment of oral language and literacy skills for some students with dyslexia, but they
also reveal numerous challenges to reach this stage. Certain challenges can be over-
come with the necessary knowledge and resources. However, other challenges may
indicate that STT in the individual setting of a student with dyslexia is not the right
support, or not at specific stages, for example in earlier school grades.

Before discussing the impact of the findings, however, it is important to empha-
sise that, for three reasons, these results can only be generalised to a limited extent.
Firstly, due to further expected technological advances of the ASR systems, this study
gives only a picture on the current state of their development. Secondly, the results
apply to the complex classroom setting of this study, as was described earlier in this
thesis. An individual study setting is considered less challenging than the classroom
setting and might, thus, generate different and potentially better results. Thirdly, in
terms of age, the present, intervention study was conducted with a homogeneous
group of students. The age group was primarily chosen for practical reasons, relating
to the feasibility of the recruitment of the study sample, and with sufficient statistical
power. The present findings provide, therefore, information about the effect on this
group. Factors such as the amount of text that must be produced in higher classes
or the generally increased use of digital devices from secondary school onwards
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(Schréder et al., 2022) might impact the perceived need for an assistive tool or the
ease to use it.

However, the strength of the quantitative findings of this study is considered in
presenting a current state of the impact of STT for the investigated group of students
up to the present time. A further strength of these thesis findings is the provision of
a considerable amount of information about the challenges in implementing STT in
the classroom, due to the complex study setting. Knowledge about these challenges
can, on the one hand, be applied for future guidelines and more efficient support
in the field. On the other hand, this knowledge can also be used for improving fu-
ture research settings in this field. The following discussion reflects on the extent to
which the present results extend, confirm or question the current state of research.

Two relevant differences of the present study, compared to previous studies, lead
to an extension of previous knowledge in the field. The first difference to most cited
studies concerns the aim of the study and its outcome. To date, studies on STT most-
ly compared the effect of the tool in different modalities, i.e. handwriting, typing,
and dictating. Although the present study also investigated, in RQ 3, the modali-
ty-specific effect of STT, the main study focus has lain on the modality-independent
impact on writing performance and writing motivation. This modality-independent
impact on writing is interpreted as the impact of STT as a learning tool on conven-
tional writing skills. The second relevant difference concerns the setting and the
focus on writing. While Scandinavian studies are, to some extent, comparable be-
cause they also investigated the specific group of students with dyslexia and also less
resourced languages than English, i.e. Swedish and Norwegian, these studies either
did not investigate STT in the classroom, i.e. Almgren Back et al. (2024), or did not
capture objective writing skills, i. e. Svensson et al. (2019).

The present findings can extend previous research by the finding that STT, at its
present stage and applied in writing classes, is not, or not yet, a tool to generally im-
prove writing development with conventional tools because statistically, the method
applied in the setting of this study is currently neither better nor worse than con-
ventional support. Therefore, at present, STT cannot remove the barrier of dyslexia
for learning to write. However, regarding the sample of students with dyslexia, this
thesis research shows that, despite comorbidities, these students develop similarly to
the others. Therefore, the STT condition does not negatively affect the development
of writing due to comorbidities.

A further extension of the current state of research is that Grade 5 students with
dyslexia can use STT in a mid-resourced language such as German and, despite a
diglossic environment, without stagnating in their development of literacy skills,
since statistically no differences are found compared to the development of students’
literacy skills in conventional writing modalities such as handwriting and typing.

So far, these conclusions to the thesis findings are presented from a perspective
that is generally orientated towards the values, processes and products of a ‘book
culture] as Steinhoft (2023) calls this perception of writing. The setting of the present
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research, with the question of improving conventional writing skills through dicta-
tion with STT, can however, from this perspective, be fundamentally questioned be-
cause this reinforces the view that the computer or STT is used as a learning medium
in which the hardware or software only play a secondary role. Steinhoft (2023) ques-
tions the persistence of this view of writing because it limits the acknowledgement
of the computer and the environment as artefacts that are part of the writing process,
which he calls ‘co-active. Considering that the present study’s RQs 1, 2 and 4 inves-
tigate STT as a learning medium, RQ 3 thus has aimed at investigating digital text
production, as possibly more appropriate for the digital writing environment. How-
ever, while the ‘co-active’ approach between the human and the computer (Steinhoff,
2023) is considered of great interest for research and practice, the importance of
understanding a digital writing tool with a broad perspective appears important as
a starting point and in order to be able to take informed decisions. Therefore, after
these conclusions on the impact of STT on writing in the ‘book culture’ perspective,
the following discussion addresses writing with the focus on digital text production.

Regarding the finding of significantly longer and more accurate texts in the dic-
tating modality, this confirms previous findings, for example by MacArthur and
Cavalier (2004) in English and with students with LD. Thus, STT can assist students
with dyslexia in German in their digital text production. This confirmation is rele-
vant for two reasons. Firstly, since writing fluency is important for text quality (Y.-
S.G. Kim et al., 2018), STT can be a support for students with dyslexia. In addition,
this can be important for the development of writing because longer texts allow
teachers to provide more feedback on the writing product (S. Graham & Harris,
2019b). Secondly, more accurate text is easier to understand for the reader. This im-
proves the communicative aim of writing and might, in the end, have an impact on
participation (Shanahan, 2019).

The present findings, investigated through a larger sample, also confirm those
in the multiple baseline single-case study by Almgren Back et al. (2024) suggesting
that students improve text length over time when they dictate. Although this effect
is not transferable to other conditions, this finding suggests that students who train
on dictating improve in their text production in terms of text length. However, as
discussed in the limitations (see Chapter 7, Section 7.2), this thesis cannot contrib-
ute to the state of research on text quality in dictated texts.

The present intervention study did not focus on writing fluency or on the ques-
tion of transferability of writing fluency. However, these findings do not challenge
the statement by Hayes (2012) that writing fluency is mode-specific.

8.2 Implications for future research

The already named lack of information about the development of the text quality
in the dictating condition in this thesis research is considered one of the main the-
sis implications for future research. However, numerous further implications result
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from the present research analyses of both the qualitative and the quantitative data.
This subsection outlines some of these.

The qualitative results have emphasised characteristics in the oral language of
the students as one major challenge in the application of STT. Although the present
study controlled for several factors, i.e. comorbidities, severity of dyslexia, bi- or
multilingualism, gender, and LD, the findings do not allow a distinct determination
of a cause by one of these factors. Nevertheless, in the sample of EG 1 to answer RQ 3,
compared to students without DLD, students with DLD showed a weaker increase in
the development of dictating, as to what could be assumed as a risk factor. However,
factors influencing the success of dictation need further consideration. The call by
Schiiler (2020) and Quinlan (2004) for more research regarding effects on different
subgroups of students is supported by these thesis results. However, perhaps sub-
groups by diagnostic criteria are less meaningful than differences in language pro-
cessing. For example, the coordination of written language processes as described by
Olive (2014), put in relation with oral language processing, might be a starting point
for future research on the application of STT by students.

Working behaviour is also frequently identified in this thesis as a critical point,
not only in the dictation process but also in the oral language planning and the
revision process. Further knowledge about essentials of dictating behaviour might
therefore be useful in decisions taken on for whom STT is promising and to inform
practitioners to support students in their dictating behaviour.

As mentioned above, this thesis didn't sufficiently capture teachers’ notions
about digitalisation or their motives and attitudes toward digitalisation or put these
in relation to the effect of the tool. This could be an interesting point to investigate,
being at the frontier of media education and research in special needs education on
the effects of an AT as STT.

Questions also remain unanswered regarding writing motivation. As discussed
above, the present findings contribute less than expected in relation to the current
state of research and key issues in this field. However, writing motivation as an im-
portant predictor for writing achievement is considered to be under-researched for
the group of students of dyslexia but also in relation to STT.

The quantitative findings suggest that STT is no more effective than conventional
methods in the acquisition of written language. However, on the one hand, frequent
accuracy issues in the present study might have impacted the results. On the oth-
er hand, further technological advancements in terms of accuracy for various user
groups can be expected. Therefore, a later study replication, but also the investiga-
tion of a different user group in terms of age, might show different results. In the
context of technological advances, the question arises as to how Al-based writing
tools employing LLMs, such as ChatGPT, affect the text production of students with
dyslexia. The potential benefits and challenges of these tools for written language
acquisition and for supporting various writing processes also require comprehensive
research to fully understand their impact and to guide their effective implementa-
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tion. The quantitative findings in this thesis also raised the question of the specificity
of writing fluency. Future research in the field of STT might inform about handwrit-
ing, and vice versa.

The evaluation of minimum accuracy, discussed in Chapter 7, Section 7.2 as a
limitation of this study, is considered as an implication for future research to enhance
practice. This thesis research did not set an initial minimum accuracy level. How-
ever, regarding the question of evaluating for whom STT is promising, the accuracy
rate might be an important variable to investigate in terms of research and practice.
The provision of indications such as a necessary accuracy rate to start working with
STT, or the accuracy level adapted for implementing the tool in school, would be
considered helpful for practitioners.

8.3 Implications for practice

The present research findings are mixed in terms of effectiveness of STT as a learn-
ing tool or as an assistive tool. In addition, the user experiences are mixed. There
are reasons in favour, and against, the application of STT for students with dyslexia,
and an individual evaluation of this question is needed. The findings presented in
this thesis can generally justify the application of STT as an assisting tool to produce
more text and more accurate text. In addition, STT can be the method of predilec-
tion for certain students in individual cases, for example motivated by a specific ca-
reer aspiration or the desire for more independence, although STT does not outper-
form conventional writing techniques in terms of writing acquisition. As presented
in Chapter 6, Section 6.2, different types of challenges must be considered. Some
challenges are within the students, especially the working behaviour and the oral
language skills. Regarding challenges of the school setting, the necessary resources
and willingness to support a student in the application of the tool are necessary.
According to Almgren Back et al. (2023), acceptance of a tool, and of the difficulty
due to dyslexia, must exist for both the individual and the school, to successfully use
a tool in the school setting.

If a decision is taken to use, or assess the use, of STT, specialists and teachers
need to know the challenges involved and to adapt to those. A speech pathologist,
for example, might introduce the software as adapted to the student’s oral language
skills in order to simultaneously foster language awareness and accurate text pro-
duction by dictation. Meanwhile, a teacher might have to plan their lessons in a way
that allows a dictating student to receive the content instruction and to dictate in a
separate space with a sufficient amount of time.

However, to date, no guidelines such as those described by Bausch et al. (2015)
in the USA are known for school teams in Switzerland, to carefully evaluate and
implement STT in school and to define responsibilities. The development of such
guidelines might be a necessary step at a stakeholder level to improve the use of
individually suited writing tools for all students, and in preparing students with dys-
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lexia for their future academic, professional and everyday life, where writing plays
an increasingly important role.



9. Summary

Writing is a key competence for academic and professional career as well as for ev-
eryday life. However, writing competence is challenging to acquire. Based on three
models of writing, the complexity of writing processes, their coordination, and the
numerous factors within the writer and in the writing context that play a role, have
been illustrated. However, the acquisition of writing is challenging, especially for
people affected by dyslexia (Schulte-Kérne & Galuschka, 2019). Therefore, writing
represents a barrier for those affected. Dyslexia manifests as primary, and often with
additional secondary, symptoms. These symptoms can be intensified or persistent
due to comorbidities which are frequently present in people with dyslexia. There-
fore, solutions to support writing and learning to write, or to compensate for the
inadequate competence, are much needed. Meanwhile, digital writing tools are in-
creasingly applied for writing (Schréder et al., 2022). This thesis research thus argues
that speech-to-text technology (STT), as one such digital tool, is a potential tool to
provide support and/or assistance for students with dyslexia in their acquisition of
writing skills and in their writing.

STT is based on automatic speech recognition technology which has, recent-
ly, been greatly improved. The application of STT that assists lower-order writing
processes has been argued in this thesis, on the theoretical basis of Cognitive Load
Theory (Sweller, 1994), to potentially free up cognitive resources for higher-order
writing processes, and on the basis of motivational theories to increase writing moti-
vation, for example due to empowerment (Bandura, 1997). However, the implemen-
tation of a tool such as STT in the educational setting is challenging (Kerres, 2018),
although digital tools have become, in the digital age, part of the so-called ‘New
Literacies’ (Leu et al., 2013).

This thesis study has aimed at filling existing research gaps about the effectiveness
of STT for students with dyslexia and about challenges in its implementation. Some,
mostly English studies exist on the use of STT for defined groups such as students
with learning disability or foreign language learners; and a few Scandinavian studies
have examined STT specifically for students with dyslexia. However, since many
studies investigate STT in the dictating modality, the present study has attempted
to investigate the effect of STT on text production both by hand and by dictation.
While one German study has investigated STT for secondary school students, there
is no evidence in German about its use for primary school students with dyslexia.

An intervention study, with a mixed-methods design, was thus considered ap-
propriate for this thesis research to investigate whether (STT) can be beneficially
applied to reduce barriers for students affected by dyslexia. To meet the conditions
for the successful use of STT as emphasised in the research literature, the present
study provided specific and evidence-based writing instruction by means of video to
one experimental group (EG 1) which used STT. To control for both the use of STT
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and the provided writing instruction, two groups were installed to control for these
effects, namely a control group (CG) and a second experimental group (EG 2). N
107 Grade 5 students with dyslexia, equally distributed into the three study groups,
completed the 18-week intervention study, conducted in the writing classroom.

However, the application of STT in school is considered challenging in the litera-
ture. Therefore, the intervention study, representing the quantitative core component
of this thesis research, was supplemented by a qualitative component. To investigate
the effect of STT, the variables, i.e. text quality, text length, writing fluency, reading
fluency and writing motivation, were selected. To assess these, assessment tools were
either selected or translated and adapted. To explore challenges in the implementa-
tion, 11 interviews with an interview guide were conducted with professionals of the
EG 1, and the students of EG 1 answered three questions about their perceptions on
the use of STT in school.

The main models, run in SPSS, were repeated measure ANOVAs, calculating
main effects and their interactions. In addition, several characteristics of students
such as comorbidities or severity were analysed by second-order interaction, to eval-
uate whether such characteristics reinforced or suppressed an effect. Interview data
and answers from the students were analysed in MAXQDA by qualitative content
analysis based on Mayring (2022).

All results analysing the effect of STT on conventional writing and writing-re-
lated skills show no statistically significant interaction between the treatment con-
dition and over time. This means that, to date, STT is not a more effective method
to acquire writing skills than conventional methods. However, students using STT
do not stagnate in their development either. The same applies to writing motivation,
which results in no significant interaction. Regarding the dictation modality, only
analysed in the subsample n=36 of EG 1, the students produced significantly lon-
ger texts and more accurate text in the dictating modality than by handwriting. In
addition, these students dictated significantly longer texts at post-test than they did
at pre-test. Therefore, there is a significant effect, close to moderate, of STT in the
mode-specific dictation task, in contrast to the non-significant results for writing
fluency in the handwriting task. To summarise, it can be stated that STT is, to date,
not effective as a learning tool; however, STT does assist Grade 5 students in writing
by allowing the production of longer and more accurate texts. Therefore, it does
show eligibility as an assistive tool for these students.

The qualitative data support understanding of the challenges of the implementa-
tion but may also cast light, to some extent, on the quantitative results. The most fre-
quent statements by teachers concerned oral language skills among the students and
their working behaviour and working processes. Also mentioned by all interviewees
was the low accuracy of the STT output, which was emphasised as a major problem
in terms of the successful use of the tool. The responses from the students show a
similar pattern: although many students reported a somewhat positive or a positive
attitude towards the tool, frustration due to low accuracy was one reported issue.
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The triangulation of the quantitative and qualitative results within the discussion
has explained, to some extent, the non-significant results from the group compari-
son, and reveal limitations of the study. The reported issues are assumed to be partly
in the students with oral language problems and partly in the accuracy of the soft-
ware. The technology is, however, expected to further improve in its performance.
Therefore, STT still has the potential to be an effective learning medium for writing
in addition to already being an effective tool for text production in the dictation
modality.
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