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Abstract 

Nordström, Thomas (2018). Measures that matter: facilitating literacy through 
targeted instruction and assistive technology 

 
The acquisition of reading skills is one of the most important academic out-
comes, as reading enables the individual to acquire knowledge and to actively 
take part in society. Despite research and educational progress, not all students 
develop their reading skills to a level that meet academic or societal demands. 
Study I in the dissertation aimed to demonstrate the relative importance of stu-
dents developing adequate reading skills in order to succeed academically, and, 
thus to motivate interventions in order to counteract the negative impact of re-
duced reading performance. The overall aim of this dissertation was to explore 
two subsequent approaches for improving students’ possibilities to achieve a 
functioning literacy. The first approach focused on teachers’ use of reading as-
sessment data and teaching recommendations in order to target instruction in 
classroom education involving all students (study II). The second approach fo-
cused on the use of assistive reading and writing technology (primarily with 
text-to-speech, TTS, and speech-to-text, STT functions) for students with se-
vere difficulties with reading (study III and IV).  

Study I was conducted as a follow-up study of an earlier project, in which 
grade 2 screening data of word decoding (N=1784) were run through a series of 
multiple regression analyses, in order to predict grade 9 grade marks and subject 
choices. Study II was conducted as a teacher intervention project within a larger 
reading educational project, in which participating grade 1-3 teachers (N=8) 
used the program features to strengthen reading instruction in classroom teach-
ing. The teachers were interviewed in focus group meetings and their statements 
were analyzed using qualitative method. Study III and IV consisted of a six 
week assistive technology intervention (M=21 sessions) aimed to students with 
severe difficulties in reading from grade 4, grade 8 and from high school (N=146 
participants before pretests). The intervention had a randomized control trial 
design with additional experimental elements, including pretests, posttests and 
one year follow up measurements, in addition to students, parents and teachers 
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Sammanfattning 

Nordström, Thomas. (2018). Åtgärder som spelar roll: att underlätta läs- och 
skrivkunnighet genom riktad undervisning och assisterande teknik 

 
Att lära sig att läsa är ett av de viktigaste målen i utbildningssystemet eftersom 
läsning möjliggör förvärvandet av kunskaper hos individer och att aktivt delta i 
samhällslivet. Trots forskning och framsteg i utbildningssystemet utvecklar inte 
alla elever läsfärdigheter i nivå med utbildningsmässiga och samhälleliga krav. 
Studie I syftade till att visa på den relativa betydelsen av att elever utvecklar 
adekvat läsförmåga för att lyckas akademiskt och att därigenom motivera inter-
ventioner i syfte att motverka den negativa inverkan av en nedsatt läsförmåga. 
Det övergripande syftet med avhandlingen var att utforska två metoder för att 
förbättra elevers möjligheter att utveckla en funktionell läs- och skrivkunnighet. 
Den första metoden fokuserade på lärares användning av bedömningar av läs-
färdigheter och undervisningsrekommendationer för riktade undervisningsin-
satser omfattande alla elever i klassrumsundervisningen (studie II). Den andra 
metoden fokuserade på användandet av assisterande läs- och skrivteknik (pri-
märt med text-till-tal och tal-till-text funktioner) för elever i grava läs- och 
skrivsvårigheter (studie III och IV).  

Studie I genomfördes som en uppföljningsstudie av ett tidigare projekt, i vil-
ket screeningdata av ordavkodningsförmåga i andra klass (N=1784) analysera-
des i multipla regressionsanalyser för att predicera avgångsbetyg och ämnesval 
i årkurs 9. Studie II genomfördes som en lärarintervention inom ett större läsut-
bildningsprojekt, i vilket deltagande årskurs 1-3 lärare (N=8) använde program-
met i syfte att stärka den ordinarie läsundervisningen. Lärarna intervjuades i 
fokusgruppsträffar och deras utsagor analyserades med kvalitativ metod. Studie 
III och IV utgjordes av en sexveckors assisterande teknikintervention (M=21 
träningstillfällen) för elever med grava lässvårigheter i årskurs 4, 8 och i gym-
nasiet (N=146 deltagare före första mätningen). Interventionen hade en rando-
miserad kontrollgruppsdesign med ytterligare experimentella inslag, inklusive 
för-test, efter-test och ettårsuppföljning förutom datainsamling om elevers, för-
äldrars och lärares erfarenheter. Interventionen utvärderades både med kvanti-
tativa och kvalitativa metoder. 

Studie I visade att elevers tidiga läsfärdigheter predicerade senare skolresul-
tat, vilket innebar att elever med låga läsfärdigheter erhöll lägre betyg och ut-
bildningsmässiga möjligheter än elever med högre läsfärdigheter. Således, fyn-
det motiverade att undersöka interventioner i syfte att motverka de negativa 
konsekvenserna av nedsatt läsförmåga. Studie II visade att lärare kunde använda 
bedömningsdata och rekommendationer, vilket resulterade i ökad medvetenhet 

perceptions. The intervention was evaluated using both quantitative and quali-
tative methods. 

Study I demonstrated that students’ early reading skills predicted long-term 
academic performance, meaning that low reading performers received lower 
grades and academic opportunities than students with higher assessed reading 
levels. Study II showed that teachers could use assessment data and recommen-
dations in order for increasing their awareness of student learning, which influ-
enced how they organized teaching. The impact of using the program for tar-
geting needs in individual students, were, however, rather limited, and required 
further implementation of the program. 

Study III and IV showed that assistive technology can be used for assimilat-
ing (i.e., to read) and communicating (i.e., to write) text for students with severe 
difficulties in reading, which affected students’ motivation to engage with text, 
and their schoolwork in general. However, the extent students’ managed to use 
the technology varied and pointed to the need of teacher support to be able use 
the technology efficiently, as well as for further use in classroom education. 
Approximately 70 % of the students continued to use the technology after the 
intervention. Additional findings demonstrated the relative advantage of assis-
tive technology in terms of increased reading speed and that students who used 
assistive technology did not fall behind equally impaired control students on 
reading measures, as assessed immediately after the intervention and after one 
year.   

In summary, this dissertation demonstrated how adjusted teaching, based on 
assessment data and recommendations, can be used to target individual needs 
in students, and how the use of assistive technology can be beneficial for stu-
dents with severe difficulties in reading.  

 
Keywords: Targeted instruction, Intervention, Assistive technology, Reading 
difficulties 
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hos lärarna om elevernas lärande och hur undervisningen organiserades. Inver-
kan av programanvändningen gällande riktade undervisningsinsatser, var, emel-
lertid, ganska begränsat och krävde ytterligare implementering av programmet. 

    Studie III och IV visade att assisterande teknik kan användas för att ta till 
sig text (dvs., att läsa) och att kommunicera text (dvs., att skriva) för elever i 
grava lässvårigheter, vilket påverkade elevernas motivation att interagera med 
text och skolarbete generellt sett. Men, utsträckningen av elevernas användning 
av tekniken varierade och pekade mot betydelsen av lärarstöd för att använda 
tekniken effektivt, och för fortsatt användning i klassrumsundervisning. Upp-
skattningsvis fortsatte 70% av eleverna att använda tekniken efter intervent-
ionen. Ytterligare fynd påvisade den relativa fördelen av assisterande teknik 
gällande ökad läshastighet och att elever som använde tekniken inte verkade 
tappa läsfärdighetsnivåer i jämförelse med kontrolleleverna, undersökt omedel-
bart efter interventionen och efter ett år. 

Summerat, avhandlingen visade hur anpassad undervisning, baserat på be-
dömningsdata och rekommendationer, kan användas för riktade insatser gente-
mot elevers individuella behov och hur användandet av assisterande teknik kan 
vara välgörande för elever med grava lässvårigheter. 
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Chapter 1 

The structure and aim of the dissertation 
This dissertation is based on four studies originated from three independent pro-
jects. The overall aim of the dissertation project was to explore how the use of 
teaching adjustments, aimed to target individual needs, and assistive technology 
can bring every student closer to achieving literacy.  

As the studies in this dissertation covers different, but related topics regard-
ing measures for improving reading performance, including assisting students 
to be able to gain access to written text, an initial and short description of the 
studies is presented in the following. 

Previous research has focused on the importance of students’ word decoding 
development as a crucial component for the early acquisition of learning how 
to read (Bowey, 2011; Catts, Hogan, & Fey, 2003; Foorman, Francis, Fletcher, 
Schatschneider, & Mehta, 1998; Hoover & Gough, 1990). On the other hand, 
we do not know much about the wider consequences of students’ early reading 
skills, such as the impact on later performance in school. In an attempt to close 
this crucial knowledge gap in the literature, in study I screening data of word 
decoding ability of students in the second grade was used to predict their later 
academic performance (subject choices and leaving certificates in compulsory 
school). Study I thus provides an important foundation for the rest of this dis-
sertation project, in that it demonstrates the importance of early screening and 
the need for early interventions.  

In study II we examined teachers use of assessments of students’ reading 
ability in order to promote reading development for all students in a teacher’s 
class. A wealth of international reading research points to the impact of differ-
entiated teaching that match individual needs of students (Connor, Morrison, & 
Petrella, 2004; Förster & Souvignier, 2015; Stecker, Fuchs, & Fuchs, 2005). In 
order to learn about the processes of targeting instruction to individual needs in 
the general education, study II was conducted as a teacher intervention project. 
The teachers were supported to deliver differentiated instruction based on con-
tinuous and comprehensive assessments, compiled in reading profiles and 

2 

Assessment data made teachers more aware of student learning but its impact 
on targeted teaching was limited .................................................................. 54 
Reading and writing apps provided possibilities for students with reading 
difficulties to be able to assimilate and to communicate text ....................... 56 
Text-to-speech functions reduced reading speed for the younger students 
with reading difficulties, but did not outperform traditional reading 
comprehension ability ................................................................................... 59 
Students using AT were not negatively affected with regard to reading ability 
compared to student who continued with traditional special education 
support .......................................................................................................... 61 
Concluding remarks of the limitations of the two intervention projects ....... 62 

Conclusions about the findings in relation to the theoretical framework .... 63 
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Additional chapters contain a summary of the studies (Chapter 6), and a gen-
eral discussion (Chapter 7) with a proposed extension of the framework de-
scribed in chapter 2, including limitations, implications and conclusions. 

An important note regarding the scientific literature used in this dissertation 
is that much of the research comes from, especially, English-speaking countries. 
This may, if otherwise not stated, confuse a Swedish reader of research con-
ducted in Sweden. However, in cases where Swedish research is available, it 
will be highlighted in addition to international research. 

4 

teaching recommendations. The aim of the teacher intervention study was there-
fore to explore teachers’ work with assessments and teaching recommendations 
and how it affected the planning and execution of targeting individual needs. 

The third and fourth study focused on students with reading difficulties. This 
group typically includes, but is not limited to, students with dyslexic difficulties. 
Even though a wealth of international and national studies show that their read-
ing ability can improve with extensive special education remedies, such as pho-
nological awareness and letter-sound correspondence training (Torgesen et al., 
2001), many students with reading difficulties are still behind their peers and 
have difficulties to reach age-based benchmarks, such as learning criteria (Fran-
cis, Shaywitz, Stuebing, Shaywitz, & Fletcher, 1996; Jacobson & Lundberg, 
2000). For that reason, a growing research field in assistive technology (AT) 
propose that technological solutions, such as apps in smartphones and tablets, 
can be of great benefit for those who do not respond adequately to traditional 
remedies (Edyburn, 2015; Perelmutter, McGregor, & Gordon, 2017). This in-
cludes, among other things, text-to-speech (TTS) and speech-to-text (STT) 
functions, which can allow students with reading difficulties to bypass (to com-
pensate and to facilitate) difficulties with the reading and writing ability.  

Following an intervention with 24 planned sessions of AT-training, we in-
vestigated these functions in three age groups of students with reading difficul-
ties, mainly focusing on quantitative outcomes, in addition to students’ and their 
parents experiences of the intervention. While the main analyses in study III 
were evaluated by means of a randomized control trial, in study IV we sought 
to widen the understanding of student AT usage, by investigating the experi-
ences and the perceptions of the special education teachers responsible for the 
app-intervention. In study IV, the aim was to better understand how the inter-
vention affected the students, by focusing on the students’ possibilities to gain 
access to written text by using reading and writing apps. 

Overview of the dissertation  
Chapter 2 contains an introduction to the dissertation, as well as an overall 
framework so that the empirical findings can be understood in the context of 
theoretical aspects of both reading and teaching. This chapter also contains the 
aims and the research questions for each study. Chapter 3 is about reading dif-
ficulties and dyslexia, to give context and background to study III and IV. Chap-
ter 4 covers reading instruction with the use of assessment data and serve as an 
in-depth description to study II. The fifth chapter is devoted to assistive tech-
nology, more specifically, to technological solutions such as reading and writ-
ing apps, and to research of how to use assistive technology in education for 
students with reading difficulties. 
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in word reading (i.e., speed and accuracy), and ultimately to practice on various 
reading comprehension strategies. As such, this information of student progress 
is crucial for teachers if they are to be successful of targeting instruction to in-
dividual needs, regardless of whether the student is in the beginning phases of 
learning how to read or have advanced to higher order reading skills. 

However, some students who experience difficulties in learning how to read 
never become sufficiently good enough readers. These students typically be-
come subject to various special education efforts, and could later qualify for 
having specific learning problems with the written language. Most often, but 
not always, is this in the domain of phonological awareness, that is, the ability 
to transform written units into sound patterns; a process that drives the word 
reading ability (Tunmer & Greany, 2010). These students can be regarded as 
having reading difficulties, and sometimes qualify to what is noted as dyslexia. 
Through the last decades, students having these difficulties have been much 
helped with validated special education efforts, focusing on the training of im-
paired functions, often in the domain of phonology (Al Otaiba & Fuchs, 2002). 
Although, even if these efforts can help the student to overcome difficulties in 
learning how to read, the deficits often affects the students’ ability to become a 
proficient reader.  

At the same time, technology used as to assist reading and writing has grown 
rapidly the last decade, but has roots back to the 1980s and 1990s. Following 
stationary PCs and laptops, the market for portable tablets and smartphones, 
either with build-in functions or with applications with for example text-to-
speech (TTS) and speech-to-text (STT), enabled a new era of assistive technol-
ogy (AT). Today, speech synthesizers comes in a variety of voices and the tech-
nical solutions of transforming a user’s voice to text has become much im-
proved. Therefore, a much-promised, but under-researched area is to use read-
ing and writing technology to aid students who experience difficulties with 
reading and writing (Edyburn, 2015; 2007; Lindeblad, Nilsson, Gustafson, & 
Svensson, 2017). AT differs from other uses of technology, especially as how 
it is used in this dissertation, to assist the user and to offer alternative routes to 
gain access to written text, rather than to mediate the learning process in itself, 
such as to use technology for learning how to read. 

This dissertation is an attempt to increase the knowledge base of bringing 
every student closer to achieve a well-functioning literacy. The first part of the 
dissertation focus on students early reading skills, the importance of assess-
ments and to teacher’s work of targeting instruction to individual needs (Sw. 
Individanpassad undervisning). In the second part, the focus shifts to assistive 
technology solutions for students having persistent difficulties with the written 
language, despite being subject to various special education efforts.  

As these topics focus on the prevention of inadequate academic performance, 
a widely used model for this purpose, the response to intervention framework 
(RTI henceforward), was used to guide the overall dissertation project. As can 
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Chapter 2: Introduction 

To be able to read and to express yourself in writing is not only one of the most 
important academic outcomes in school; it is also skills that enables individuals 
to take part in society, to be functional in work life, and to enjoy a plethora of 
literature. Despite literate society’s efforts in schools, we know that not all stu-
dents achieve such skills in reading that is on level with academic demands, or 
with the wider demands in modern society. Reading is a specific activity, based 
on language, but in contrast to language development in general, needs to be 
explicitly taught and learned (Cunningham & O’Donnell, 2015; Høien, 
Lundberg, & Karlsson, 2013). In the beginning of learning how to read, this 
process can be conceptualized as being able to decode or recognize words 
through transforming graphic symbols, or letters, into sound patterns and mean-
ing. After some time, most students have automatized this process and can focus 
on to comprehend larger text passages and ultimately study books, novels, as 
well as to comprehend text in the so-called new literacies, that is, through digital 
reading and internet (Leu, O’byrne, Zawilinski, McVerry, & Everett-
Cacopardo, 2009). 

This process is relatively easy for most students, although it takes several 
years and many hours of reading exercises before a student become a proficient 
reader. For some, however, this process is more difficult, and these students 
could be in need for more explicit instruction that corresponds to individual 
needs, in order to overcome obstacles in the learning-how-to-read process. For 
others, targeted instruction could be beneficial in order to advance more quickly 
and to face challenges in higher order reading skills, which includes compre-
hension strategies, and to understand pragmatic facets of written language (Cun-
ningham & O’Donnell, 2015). 

For both such cases, it is important that the teacher is aware of on what skill 
level the student is, and to be aware of any difficulties students have in the 
learning-how-to-read process, as well as to provide measures to meet those 
needs. It may be, for example, that the student has not yet learned the alphabet 
properly and each letter's sound, in order to be able to decode words. For stu-
dents that has achieved this first process, they may need to increase their fluency 
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could be regarded as a successful inclusive practice or whether such an effort 
could be regarded as non-effectual, that is, with poor implementation or with 
weak scientific support (Pellicano, Bölte, & Stahmer, 2018). In the literature, 
students with disabilities that are subject to poor implementation of practices, 
or who are provided tools with limited effectual evidence, are described as best 
being just “integrated” in the classroom with poorer opportunities to take ad-
vantage of education (Hehir, et al., 2016). A recent document from the Conven-
tion on the rights of persons with disabilities (UN Committee on the Rights of 
Persons with Disabilities, 2016) also highlights the dangers of poor implemen-
tation of inclusive practices. If the implementation of learning tools and adjust-
ments is not cared for in detail (including a lack of evidence for what is pro-
vided) students may be hindered in their development.  

There are many educational features that can be said to fall under the concept 
of inclusive education if implemented properly. Assistive technology usage, 
sprung directly from the movements of the protection of people with disabilities 
(also outlined in chapter 5), closely follows the logic behind inclusive educa-
tion. A partly overlapping concept in the literature that needs to be mentioned 
is the Universal Design for Learning model, UDL (Reid, Strnadová, & Cum-
ming, 2013). This model can also be used to describe learning that has been 
made accessible for the student, for example by providing study material by 
multiple means of representations, in order to engage the learner (e.g., providing 
portable text-to-speech technologies with functions like highlighted words may 
qualify for such multiple representations, in contrast to reading texts tradition-
ally by means of vision).  

Providing other adjustments in teaching, such as adapted teaching based on 
student’s needs (as is the focus in study II) also translate to the concepts of in-
clusive education and UDL. This approach to teaching could be an example 
where the aim of inclusive education meets the ordinary classroom education 
smoothly, because with its emphasis on providing teaching that corresponds to 
every student’s individual needs, such practice does not necessarily differentiate 
students who need additional adjustments to those who develop normally.  

While reading instruction focusing on both normally developing students and 
on students who struggle with learning how to read is quite well explored (Cun-
ningham & O’Donnell, 2015), research on assistive technology in the area of 
reading and writing, especially conducted with the same goal as with inclusive 
education, is much less explored. It seems that researchers and practitioners still 
have a lot of work ahead in order to accomplish the intentions behind the ratifi-
cation of inclusive education, which include providing better evidence of inclu-
sive-friendly learning and teaching activities. With regard to the many aspects 
of inclusive education (e.g., legislation, the organization of teaching, resources, 
teacher attitudes and the methods by themselves, to name a few), this disserta-
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be seen throughout the introduction, RTI is primarily an instructional model, in 
which assessments and increasingly more adjusted instruction are used, in order 
to prevent academic failure in the early school years. The RTI model will be 
used as an umbrella for connecting the projects. The model is not explicitly 
implemented nor investigated in any one of the studies, rather, the model acts 
as a coherent structure that helps us understand how these four studies fit to-
gether. Following this logic, study I, but especially study II, translate directly to 
the model, whereas study III and IV follows from the limitations of intense 
training (as is proposed by RTI advocates) for students who never develop suf-
ficient skills in reading. Before looking closer to the RTI model, and how the 
model fit the empirical studies, I provide a section below in which RTI, adjusted 
teaching and assistive technology can be understood in a broader context of ed-
ucation, namely, as means for developing an inclusive education.  

Towards an inclusive education 
In 2011, following for example the wake of the Salamanca declaration (United 
Nations Educational Scientific and Cultural Organization, 1994), the European 
Union ratified the United Nation’s Convention on the rights of people with dis-
abilities (European Union, 2011). The aim of the ratification was to ensure that 
people with disabilities would, at least as a minimum requirement, to be able to 
enjoy their rights as equal citizens. In terms of education, this meant that edu-
cational reforms ought to be conducted in order to allowing students with disa-
bilities participation and learning experiences within their classrooms and to-
gether with their peers. The concept used for this goal is inclusive education and 
it is characterized as of providing individualized and adapted teaching within 
mainstream education, which is also found in the Swedish school law (Educa-
tion act, 2010:800). Full inclusive education encompasses that the student can 
participate in every learning situation in their classes, which places demands on 
research and practitioners to develop teaching practices to meet this goal, in-
cluding the development of using other means of how students with disabilities 
can acquire knowledge on equal terms (Pellicano, Bölte, & Stahmer, 2018). In-
clusive education is therefore something more than just allowing students with 
disabilities to remain in their regular classrooms. Historically, students with dis-
abilities have often been subjected to different practices that clearly were exclu-
sionary in its form. Such excluding practices included the removal (physically 
as well as socially) of the student from their peers and can be exemplified as of 
centralized special schools (although, in a Swedish context, it was other popu-
lations than students with reading difficulties who became subject to special 
schools), but also, to some point, special education in general, where students 
with disabilities, in whole or in part, were and still are removed from classroom 
education (Glass, Cheng, Hanley-Maxwell, & Collet-Klingenberg, 2011). An-
other aspect to consider is the apparent ambiguity between whether something 
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The rationale and appropriateness of choosing RTI for this dissertation pro-
ject is that it has been labeled as a way to counteract a “wait-and-fail”-approach 
for dealing with students at-risk because schools can take action long before 
students are evaluated as eligible for special education (Gersten & Dimino, 
2006). For example, students usually do not undergo a diagnostic evaluation 
until after several years in school, and for some students this period can be crit-
ical whether the they will succeed in their academic endeavor or not. To remedy 
reading difficulties becomes much harder once students have left primary 
school (Al Otaiba, Wagner, & Miller, 2014; Fletcher & Foorman, 1994). 

In using RTI, schools can adapt teaching efforts and evaluate its effect with 
the use of assessments, with regard to how students respond to instruction, with-
out having to wait for a full evaluation of the students’ cognitive strengths and 
weaknesses. In addition, not all struggling readers will develop specific diffi-
culties with reading, but they might require some extra practice or adapted 
teaching in order to advance adequately and to prevent initial difficulties from 
worsening. Therefore, the systematics of the model can be used to reach stu-
dents who develop poorly but who never develop a disability (i.e., students in 
the “gray zone”). 

Regardless of whether students suffer from reading disability, are late bloom-
ers or having other difficulties, including disadvantage, that restrain their devel-
opment, it is considered beneficial that these students become subject to early 
targeted efforts in various degrees (Compton, Fuchs, Fuchs, Elleman, & Gilbert, 
2008). The systematic evaluation of instruction in RTI makes it useful for teach-
ers to focus on the quality of the general classroom education as well as to have 
the opportunity to evaluate different teaching efforts, and to be able to differen-
tiate teaching according to student’s needs.  

Furthermore, educational psychologists and special ed. teachers can have im-
portant functions in schools as to support class teachers regarding evidence-
based practices, and how to plan interventions. In fact, these professions can 
add knowledge to the decision-making procedure within RTI, in order to choose 
among interventions and in the evaluation if a specific intervention (including 
accommodations like AT) is beneficial for a student (Schmitt, Hale, McCallum, 
& Mauck, 2011). 

However, RTI does not contain elements of compensation or other means for 
closing the so-called achievement gap (i.e., between students with difficulties 
compared to those without) such as with using digital assistive technologies. 
Both these aspects of teaching adaptations towards students learning needs, that 
is, adjusted or differentiated instruction (Cunningham & O’Donnell, 2015; 
Tomlinson & Allan, 2000), which are synonymous concepts in this dissertation, 
and the use of assistive technology (Edyburn, 2015), are described to translate 
to the core principles found in the Universal Design for Learning model and 
inclusive education, mentioned earlier (Reid, Strnadová, & Cumming, 2008). 
In this respect, and especially if RTI can prove useful also for having solutions 

10 

tion mainly concerns the methods themselves, as well as users and teachers ap-
proaches to these methods, and how they seem to function in educational con-
texts.  

Response to intervention (RTI), a framework that 
guides the dissertation project 
Research and literature on reading instruction and methods for detecting and 
preventing reading difficulties is voluminous (Elliot & Grigorenko, 2014). 
There are also a number of different traditions in conflict with each other about 
which method or methods that should be dominant regarding progress in re-
search and education, in order to get as many students as possible to achieve a 
good reading ability.  

In this dissertation, the instructional framework RTI (Berkeley, Bender, 
Peaster, & Saunders, 2009; Fletcher & Vaughn, 2009; Fuchs & Fuchs, 2006) 
was chosen, which constitute the dissertation's positioning to other traditions 
and models. The RTI framework is also argued by its advocates to translate to 
the concept of inclusive education (Grosche & Volpe, 2013), although not un-
challenged. RTI might not correspond to what is noted as “full” inclusion, be-
cause of some of the features as to teach students individually or separated in 
small groups. However, the goal of RTI is not to let students remain in such 
constellations, but to provide extensive training in order to promote, for exam-
ple, the reading ability, and, in the long run, allowing students to be able to 
follow classroom education.  

RTI has mainly been employed in the USA, with an increasing rate of popu-
larity the last two decades (Berkeley, et al., 2009). However, its roots stem from 
1960s and forward. RTI gained increased focus in the USA and abroad as one 
of several approved methods for preventing reading difficulties as a result of 
changes in American legislation (Individuals with Disabilities Education Im-
provement Act and No Child Left Behind Act), and in the debate that followed 
after several large reviews of evidence based instruction of teaching children 
how to read (The National Reading Panel, NRP, 2000), where the latter are fur-
ther described in chapter 3. The most typical area where RTI is used is to prevent 
reading difficulties, but RTI is also used in research to prevent difficulties in 
mathematics and to prevent social, behavioral and emotional problems (Lewis, 
Jones, Horner, & Sugai, 2010).  

The concept of prevention in the model stands out, as the overarching and 
long-term purpose of working preventively in education is to reduce academic 
failure and the wider consequences of inadequate academic performance 
(Fuchs, Fuchs, & Compton, 2012). Prevention is operationalized as to apply 
effective intervention in the primary service delivery, which, in the case of pre-
venting reading difficulties, is delivered early and in the students’ regular edu-
cation. 
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out a streamlined version of the model which they named Smart RTI. As there 
is such diversity between existing models, regarding design characteristics and 
criteria, they proposed that RTI should consist of an overall multi-tiered pre-
vention and intervention model for academic achievement for students in the 
early school years. 

 

A three-tiered program for preventing reading difficulties 
Depending on the type of RTI referred to, tier 1 typically represents the general 
classroom education, the core program. A schematic outline of a typical three-
tiered RTI model can be seen in Figure 1. In the first wave of teaching, students 
are monitored, often by quite narrow but reliable screening measures (often 
code-related measures, such as decoding or word reading skills, in the beginning 
of primary school), which corresponds to the second item in Fuchs, et al., (2003) 
list. Screening are used to inform teachers of students that are at-risk, but do not 
provide much information either regarding the nature of the learning difficulty 
(if there is one) or how teaching should be planned. Therefore, students who 
score below a benchmark criteria (e.g., 25th percentile) or are identified by the 
teachers in the classroom as having difficulties with reading (Fuchs & Fuchs, 
2005) are often further evaluated with individual tests that have diagnostic use-
fulness. In line with the logic of RTI, the best practice in this phase is to provide 
evidence-based instruction that match the information provided by the assess-
ments, and student responses to instruction are used as information of student 
progress and learning needs (Fuchs et al., 2012).  

However, at least five different solutions regarding the evaluation of students 
being “non-responders” can be identified in the literature (Fuchs & Deshler, 
2007), but these can be divided into two groups, the Problem-solving approach 
(less standardized, but more time-consuming and dependent on resources and 
competence) and the Standard protocol (same benchmark standard for all, e.g. 
a 25th percentile threshold, and easy to administer).  

In terms of this dissertation, the Problem-solving approach is more appropri-
ate as a theoretical base, especially for study II, since that study includes the use 
of a comprehensive analysis of reading components used as a base for the plan-
ning of teaching, and not for screening only. In this model, student test scores 
are compared to what is expected in a certain academic year and are used to 
develop “differentiated instruction child-by-child” (Grosche & Volple, 2013, p. 
256) whereas the Standard protocol uses a scripted protocol, both concerning 
the assessments and the instructions, and can then be ill-suited for individual 
needs in students (Fuchs, Fuchs, & Stecker, 2010). 

According to Grosche and Volpe (2013), it is crucial that the learning criteria 
for the academic year also correspond to the assessment measures, or are taken 
into account, in an effort to move away from only using RTI for disability de-

12 

for students who never develop sufficient reading skills, the RTI-model in itself 
could benefit from incorporating assistive technology usage. 

There exist a number of different conceptualized RTI-models, however, 
some distinguished ideas are often shared by the many definitions of the model. 
These are, according to Fuchs, Mock, Morgan and Young (2003, p. 159): 
 

1. Students are provided with “generally effective” instruction by their 
classroom teacher; 

2. Their progress is monitored; 
3. Those who do not respond get something else, or something more, from 

their teacher or someone else; 
4. Again, their progress is monitored; and 
5. Those who still do not respond either qualify for special education or 

for special education evaluation. 
 

It is also common that RTI-models contain tiered instructions, usually three, but 
models containing 2 or 4, or even 6 or 7 also exists (Fuchs, et al., 2012). The 
main idea here is that the tiers represent different levels, or waves (as tiers some-
times are labelled in the UK), of increasingly more intensified and individual-
ized efforts of interventions, both concerning the amount, and type of interven-
tion.  

Furthermore, there is a divide between researchers whether RTI should be 
regarded as special education, as some proponents say take place in tier 3, or if 
RTI only consists of or should be made out of efforts that prevent the need for 
special education interventions (Fuchs & Deshler, 2007). This is related to if 
RTI is used only for identifying reading disability or if RTI is used only for 
gather evidence if students are eligible to special education. In this dissertation, 
the approach by, for example Fuchs, et al., (2012) is used, which puts it close to 
the latter approach, as this dissertation focus on the means for improving read-
ing performance, and not to disability detection. In that regard, Fuchs, et al., 
emphasize that special education expertise should be included in the model and 
therefore in practice, either as support for the students or for the teachers, of 
how to steer and guide interventions to students who do not respond to tier 1-3 
instructions.  

Explicitly, Fuchs and Fuchs (2005) argue to bridge general education with 
special education in tier 2 (which is explained below), with a shared responsi-
bility between the two practices. This view also translates to the British so called 
“Rose report” (Rose, 2009), in which Rose argues for regular teachers having 
enough skills in special education, for example, of how to teach phonics, in 
order to prevent students at-risk to fall behind in the early acquisition of learning 
how to read in the core program.  

Because of the many variants of RTI that exist in both research and practice, 
not to mention the many misconceptions of the model, Fuchs, et al., (2012) laid 
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Figure 1. A three-tiered RTI framework. Freely reproduced after Grosche and 
Volpe (2013). 

 

Critical evaluation of RTI  
Much of the criticism directed towards RTI can be understood in the light of 
competitive and developing models and approaches of how to best define, de-
tect, and how to remediate reading difficulties, evident from recent decade’s 
debates on these matters (Elliot & Grigorenko, 2014). It includes whether RTI 
outperform traditional approaches of how to correctly define and diagnose read-
ing difficulties and dyslexia, such as in comparison to the ability-achievement 
IQ discrepancy approach, or to other discrepancy and diagnostic procedures 
(Gustafson & Samuelsson, 1999; Kavale, Kauffman, Bachmeier, & Lefever, 
2008; Spencer et al., 2014). As RTI in this dissertation is used mostly as a co-
herent framework for how to conceptualize teaching and student learning, and 
not to disability conceptualization or detection, this criticism falls outside of this 
dissertation. Also outlined in chapter 3, there are some conclusive arguments 
between different traditions, in that students responses to validated and high-
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tection. This also makes RTI more relevant for teachers to use, since the frame-
work then corresponds directly to the learning goals, which also guided us when 
designing study II.  

Tier 2 and tier 3 are here described briefly to get a description of the models’ 
workings, as well as to provide a background for study III and IV. Tier 2 typi-
cally consists of small-group- and differentiated teaching and includes approx-
imately 15% of students in a cohort (Burns, Deno, & Jimerson, 2007). It is di-
rected to students, who despite differentiated teaching efforts in tier 1, do not 
show sufficient response to this instruction. A difference to tier 1 is that the 
monitoring of student progress in tier 2 is used more often and in conjunction 
with the teaching exercises (e.g. weekly or biweekly) and are used to provide 
teachers with data on how students respond to these more intense and differen-
tiated instructions. There are different opinions about how long students should 
be placed in tier 2, but according to Brown-Chidsey and Steege (2005), teaching 
here can be both adjusted and replaced as long as students do not respond to 
teaching adequately. As with tier 1, they also emphasize that the learning crite-
ria for each academic year should guide the decisions of when students have 
achieved enough or acceptable levels of progress in reading.  

Tier 3 is often described as even more individualized than tier 2, with smaller 
groups or individual teaching with increased time and increased number of ses-
sions. Approximately 5 % of students are believed to be subject to these in-
creased efforts. The interventions that usually take place here are directed to-
wards students with persistent difficulties with learning the building blocks of 
the reading ability. Most often is this phonological awareness. Al Otaiba and 
Fuchs (2002) found phonological awareness to characterize non-responders in 
21 out of 23 RTI studies investigated. 

Furthermore, Al Otaiba and Fuchs (2002) describe the teaching here to be 
“multileveled” which means that the instructions are more intense and should 
be carried out by instructional experts, contrary to what they say is possible to 
achieve in the general classroom education. The same procedure of decision-
making as in tier 2 is employed here, students that responds adequately, or at an 
acceptable level, are moved back to either tier 1 or tier 2, depending on student 
progress and assessed difficulties. Additional details regarding tier 3 efficiency 
are described in the theoretical buildup for study III and IV.  
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We do not yet know how the research of RTI, including systematic and struc-
tured use of assessment and increasingly more adjusted instruction in this co-
herent form, generalizes to Swedish contexts, but the procedures translate well 
to Swedish legislation. In Sweden, there exists far-reaching legislation aimed at 
schools to provide additional adjustments (Sw. “extra anpassningar”) and pro-
vide special support (Sw. “särskilt stöd”) for students who have difficulty reach-
ing the learning goals and who have difficulties with for example learning how 
to read (Swedish National Agency for Education, 2014). Additional adjustments 
are, however, not precisely defined by the agency for education, but can mean 
temporary explicit instructions, additional skill practice and occasional special 
education support. In addition, and in contrast to what is proposed as solutions 
in RTI, Swedish guidelines support the use of digital aids (i.e., assistive tech-
nology, but this concept is not widely used in Sweden), which fall under the 
legislations on additional adjustments and special support. This includes, but 
are not limited to, programs or applications that have speech synthesis, spelling 
support and programs that read aloud course literature and fiction, to name a 
few functions of the programs.  

In this regard, and even though the RTI-framework is far from providing all 
the solutions of preventing reading difficulties, including the use of digital aids, 
it can offer the Swedish school system systematic procedures with interven-
tions, potentially to meet the intentions of the Education Act. As such, RTI can 
be used to establish adjustments in classroom education, by providing teachers 
information of students’ progress and to encourage them to differentiate teach-
ing. The use of assistive technology can be one of many solutions of adjustments 
and special support, although, as presented later, research of assistive technol-
ogy usage in this area are yet in its infancy, but has begun to bear fruit.  

In the following, and in the context of RTI, I provide the rational of the stud-
ies in this dissertation. First, behind the use of early screening procedures. Sec-
ond, I motivate the use of using continuous assessments of reading ability and 
adjusted teaching in student’s regular education, in line with tier 1 in RTI. Third, 
starting with what we know about the effectiveness of tier 3 interventions, I 
provide rational for using assistive technologies for students who do not respond 
well enough to intensive special education efforts. As such, this dissertation 
aims to provide empirical findings of how to promote students to achieve a well-
functioning reading performance, and findings of how students are able to gain 
access to written text via technology, in circumstances when learning how to 
read have become a too high a threshold to overcome. 
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quality instruction delivery should be included in assessments of reading diffi-
culties and when persistent symptoms of dyslexia is present, in order to rule out 
poor schooling as causes of poor reading performance (Tunmer & Greany, 
2010). However, this discussion becomes relevant for study III and IV, and is 
provided in chapter 3. 

Of more interest is the development of tiered instruction, that is, the suppo-
sition that certain procedures with how to measure responses in relation to dif-
ferent remedial efforts can have an impact on students reading development. 
Regarding these, some of the critics have pointed out that there is very little 
distinct differences between tiers, other than “more of everything” (Gilbert, et 
al., 2013; Reynolds & Shaywitz, 2009; Wanzek & Vaughn, 2008) and that RTI 
uses training under the assumption that increasingly more intense training is the 
only way of remediation. However, RTI can be regarded as under development, 
as it has many different operationalizations (e.g., different US states have 
adopted their own versions) and as the empirical support is somewhat incon-
sistent across studies as a result of non-uniformity of RTI-components and de-
sign characteristics being investigated (Berkeley, et al., 2009; Tunmer & 
Greany, 2010). As RTI is still under development, is not yet clear how responses 
should be measured (Miliburn, Lonigan, & Phillips, 2017) and how to employ 
interventions with high precision that corresponds to individual needs (Al 
Otaiba, et al., 2014; Kavale, et al., 2008). 

A meta-analysis of 13 RTI-studies by Tran, Sanchez, Arellano and Swanson 
(2011) confirms this, and that typical moderating components (i.e., number of 
intervention weeks, length of sessions, number of sessions, type of intervention 
and one-to-one or small group instruction, as well as criteria for defining re-
sponders) poorly predicted outcomes in reading growth. However, there was an 
overall positive effect of being subject to these interventions. While students 
identified as “low-responders” in pre-tests increased their reading growth across 
three typical reading factors (measured as real word identification, word attack 
and passage comprehension with a mean gain ES of d=0.72 across studies) the 
achievement gap to “responders” was consistent, as the “responders” also in-
creased their reading growth when being subject to the interventions. Hence, 
there is poor support for the purpose of using RTI to close the achievement gap 
between “responders” and “non-responders” but can counteract the gap to in-
crease over time and thus to work against the so called Matthew effect in reading 
(Stanovich, 2009).  

Notwithstanding and regarding the support of RTI as a coherent prevention 
system in primary school, Grosche and Volpe (2013) reported a number of RTI 
studies that showed decreases of special education referrals, reduced time in 
special education and reduced prevalence of diagnosed reading disability over 
time. As can be seen in the buildup for study III and IV, even if these efforts are 
considered effectual, there are still students who never develop sufficient skills 
in reading.  
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Study II: the use of assessments in order to target 
individual needs in students 
Study II connects directly to tier 1 in the RTI-framework. In order for the po-
tentials of RTI to be fulfilled, reading instruction in tier 1 need to follow theo-
retical assumptions of the model, specifically that teacher’s use and act upon 
assessment data and that they provide opportunities for instructional differenti-
ation (Fuchs, et al., 2012). If students are given opportunities to practice on the 
things they need the most, it is considered beneficial for their reading develop-
ment. It is generally agreed (Grosche & Volpe, 2013; Rose, 2009; Wolff, 2016), 
that if classroom instruction does not contain enough of the elements needed for 
acquiring an automatized decoding ability (whose base is phonological aware-
ness and letter-sound correspondence ability), then students who struggle with 
learning how to read tend to be delayed in their development.  

Studies also show that students’ reading skills develop differently, regarding 
of how fast they develop these skills, and regarding the shape of the learning 
curve (Bast & Reitsma, 1997). Sometimes, students’ reading skills regress dur-
ing the course of a school year (Parrila, Aunola, Leskinen, Nurmi, & Kirby, 
2005), and for these reasons, all students could benefit from differentiated 
teaching in accordance to their needs and reading progression. 

However, in the RTI-literature, not much attention is devoted to clarify tier 1 
instruction, other than that it should be generally effective. What is described as 
evidence-based instruction are often advocated only to students who are identi-
fied in screening (Fuchs & Fuchs, 2005), if mentioned at all.  

Furthermore, in order for RTI to be used in education, the baseline from 
which every decision is compared against needs to have a good standard. Ac-
cording to Lam and McMaster (2014), tier 1 procedures are seldom evaluated 
in RTI research, despite the fact that the model requires a high-quality base in 
order for the full model to work adequately.  

To demonstrate this logic hypothetically, the effects of the tier 2 interventions 
in the before mentioned meta-analysis by Tran, et al. (2011) are somewhat con-
nected to the quality of what the students already have received in terms of tier 
1 instructions. If students respond poorly to instruction in tier 1, we are left in 
uncertainty whether the students responded poorly due to an “innate” lower 
ability to learn how to read in the first place, or if the quality of instruction is 
the cause of “low”- or “non-responding” behaviors. According to Gersten and 
Dimino (2006): […] “a child could be a non-responder due to the teacher’s lack 
of skill or training or failure to implement the RTI system regularly and with 
fidelity” (p. 103). If this is the cause, then it would certainly lead to an increase 
of false positive identifications of students in need for being transferred to tier 
2 or tier 3 interventions. Such a scenario would lead to an overuse of teaching- 
and special education resources, even if the goal of students learning how to 
read is fulfilled. But, as RTI advocate to prevent difficulties from even occurring 
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Prelude to study I: Early screening and later aca-
demic performance  
As in the RTI-movement, the report of the Swedish Consensus project (Myrberg 
& Lange, 2006), states that systematic screening and assessments (Sw. 
“kartläggning”) of reading and writing skills should form the basis of “best prac-
tice” for preventing reading difficulties. However, Myrberg and Lange say that 
there has been a historical resistance to testing, and a “wait-and-see” mentality. 
Similar historical trends have also been found in USA (Francis, et al., 1996). It 
was considered that children with a delayed reading ability needed more time 
to mature before schools should interfere in student’s development, coined as 
“reading readiness”.  

Since then, screening and testing in Swedish schools are used at a much 
greater extent and the evidence of reading development tend to support a “def-
icit”-model rather than a “lag”-model (i.e., that delayed reading skills emerge 
over time), evident both in Sweden (Jacobson, 1999), as well as internationally 
(Francis, et al., 1996).   

From research, we know with certainty that student’s early decoding ability 
play a major role in student’s continued reading development (Bast & Reitsma, 
1997; Juel, 1988; Singleton 2009). If this measure also can predict later aca-
demic performance, it could motivate early reading interventions in some form, 
in order to counteract these wider consequences of delayed reading perfor-
mance. 

Therefore, to motivate the use of assessing reading skills and early interven-
tions, and thus the RTI-approach to education as a whole, it is vital to provide 
empirical evidence that student’s early reading skills have consequences for stu-
dent’s possibilities to succeed in school. Much learning in school is based on 
that children can acquire knowledge of teaching materials by means of reading, 
and that they can express themselves in writing. For instance, a Canadian study 
(Duncan, et. al., 2007) showed that student’s reading level at school entry pre-
dicted, not only on succeeding reading tests, but also on performance in Math-
ematics. Swedish studies in this field are scarce, but the PISA 2000 study (Swe-
dish National Agency for Education, 2001) showed that 15-year-olds’ levels of 
word decoding ability accounted for 15% of variance explained in assessments 
of problem-solving tasks in mathematics and science. However, this report says 
nothing about the impact of early levels of word decoding ability.  

Study I, thus, investigates the extent to which children's early reading skills 
is associated with academic performance measured at the end of compulsory 
school.  
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Heimann, 2011). However, it is also clear that not all students will improve their 
reading sufficiently enough (Fuchs, et al., 2012), or that they keep lagging be-
hind their peers despite these efforts (Bast & Reitsma, 1997; Francis, et al., 
1996; Juel, 1988; Singleton, 2009), which  affects these students overall chances 
of being able to take advantage of education (Wagner, et al., 2003). A review 
of inadequate response to intervention studies provided to students with severe 
difficulties showed that often effects were restricted to the word reading ability, 
with limited impact on fluency and comprehension (Al Otaiba, et al., 2014). 
Torgesen (2004) estimated a failure-to-remedy population rate to somewhere 
between 1.6% to 6%, with the caveat that this estimate was based on high-qual-
ity research programs, which few schools would be able to mimic. Therefore, 
while the training of impaired functions has shown to be beneficial for students, 
it is also crucial to acknowledge that some students responds poorly to intense 
remedies and need something else than training only (Marino & Beecher, 2010). 
Based on this knowledge, in study III and IV, we explored how students with 
severe difficulties in reading could be compensated using assistive digital tech-
nologies, instead of continuing with traditional special education remedies. 

However, although, the consideration between training and compensation 
has drawn attention for quite a long time, few studies have actually studied 
means of compensation following persistent reading failure. According to a re-
port of the Swedish Council on Health Technology Assessment (2014), there is 
a lack of high quality studies of assistive technologies focusing on students with 
reading difficulties.  

A recent meta-analysis review by Perelmutter, et al. (2017) evaluated the ef-
fects of a broad range of assistive technology studies, and, although, there was 
high heterogeneity across the included studies, in addition that several studies 
were old and based on inferior equipment, there seem to be a small positive 
effect of TTS on comprehension, whereas STT were beneficial in several other 
ways. The study has major limitations, as this field is new and the included 
studies differed in ways of design and outcome measures, making it difficult to 
reach reliable conclusions. In addition, other outcomes than reading, such as 
effects on the mere compensatory aspect, including motivation, independence 
and life experiences is even more difficult to assess, as many studies were con-
ducted using their own instruments of addressing these outcomes. However, 
although several studies in the review pointed towards positive effects, there are 
still some contradicting results, such as how students value and find AT to be 
beneficial.  

Specific aspects of assistive technology usage, like the effectiveness of TTS 
and read-aloud tools on comprehension, have also been evaluated in other Meta-
studies, for example, by Wood, Moxley, Tighe and Wagner (2017). In this 
study, students using different accommodations (including having teachers 
reading material aloud) were estimated to outperform traditional reading for 
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in the first place, this means that tier 1 instruction need to be sufficiently effec-
tive, in order to prevent the need of additional tiered instructions for those who 
have the potential to respond adequately well to teaching, and to better identify 
those who need additional instruction.  

Another reason to strengthen classroom education, which guided us in the 
design of study II, was to implement already known research based reading in-
struction to counteract the negative trend of student reading development among 
Swedish youth, evident from several PISA-reports (2006, 2009 and 2012). In 
particular, one focus was on students who develop their reading skills less than 
expected, but who, presumably, only are in need of minor practice for shorter 
periods of time, in order to advance adequately. These students could benefit 
from a system where teachers have knowledge of their reading development, 
specifically that teachers are aware of what reading abilities the student needs 
to be practicing on.  

As RTI uses student learning as a base for evaluating and to inform increas-
ingly more adjusted instructions, study II aimed to support teachers to deliver 
differentiated instructions to target individual needs, conducted in the general 
classroom education, in an attempt to achieve the purpose of “generally effec-
tive” tier 1 instruction.  

In this study, the student population contains the whole range of readers, and 
is not directed only toward students at risk. As such, study II investigated dif-
ferentiated teaching “child-by-child”, containing all types of readers, in line 
with the Problem-solving approach described earlier. Put more generally, study 
II explored if teachers manage to deliver differentiated reading instruction in 
order to target individual needs, conducted in Grade 1-3, by providing reading 
profiles and teaching recommendations. Thus, in contrast to how tier 1 screen-
ing procedures usually are conducted, but in line with the intentions behind RTI, 
we provided teachers with this information starting in the beginning of the 
school year.  

Additional descriptions of teachers’ use of assessment data, evidence based 
and differentiated reading instruction are found in chapter 4. 

Study III and IV: Assistive reading and writing 
technology usage following non-responding behav-
iors in tier 3 
With the onset of validated special education remedies focusing on severe read-
ing difficulties, students who experience these difficulties has been much helped 
(Fuchs, et al., 2012; National Reading Panel, 2000). It is now clear that many 
students can improve their reading despite severe difficulties in reading, typi-
cally by providing intense training of the phonological awareness ability 
(Torgesen, 2009; Torgesen, et al., 2001; Gustafson, Fälth, Svensson, Tjus, & 
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students can improve their reading despite severe difficulties in reading, typi-
cally by providing intense training of the phonological awareness ability 
(Torgesen, 2009; Torgesen, et al., 2001; Gustafson, Fälth, Svensson, Tjus, & 
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their parents’ experiences, directly after the intervention and after one year, in 
an attempt to capture the experience of being provided AT, in a longitudinal 
perspective. 

 Therefore, following planned procedures of 24 semi-protocol based training 
sessions (approximately 30-40 minutes each) with additional practice at home, 
dependent measures were collected from mainly three areas;  

 
1) Traditional reading measures (e.g., word- and non-word reading, as well as 
reading- and listening comprehension).  

 
2) Measures of how proficient students read with or without the aid of AT, used 
as a demonstration of the compensatory aspect of AT.  

 
3) Student and parent self-reports about the perceived benefit of AT-usage  

 
Additional analyses were included in order to investigate predictors to the self-
report ratings of the perceived usefulness of AT. 

The call for additional research methods beyond RCT to broaden the under-
standing of special education research are advocated by the National Research 
Council (2002). It is argued that while RCTs typically is used for answer ques-
tions about the effect of the intervention, that is, “what works”, other designs 
can be used to understand “what” or “how” something is happening in interven-
tions. In addition, although, RCTs is regarded as the superior method for having 
control of cause-and-effect scenarios (Shadish, Cook, & Campbell, 2002), both 
Perelmutter et al. (2017) and Odom, et al. (2005) state that strict quantitative 
outcomes often fails to capture the wider impact of interventions like the present 
one. 

Therefore, while study III included student and parent data, and that the out-
come of AT is difficult to measure by means of quantitative tests only, study IV 
used teachers perceptions from a survey after intervention, in order to better 
understand how the intervention affected the students. In this study, we focused 
on teachers perceptions of the extent AT enabled the student to be able to reach 
the goal of reading and writing, that is, the equal counterpart of reading and 
writing coined as to assimilate text (Sw. ta till sig texters innehåll) and to com-
municate text (Sw. förmedla sig i text/textproduktion) with the aid of apps, con-
sistent with earlier AT-studies (Lindeblad, et al., 2017). We also included ques-
tions of perceived student motivation following AT-usage, as motivation is of 
prime concern when students are in the phase of learning new tools used for 
compensating their difficulties with reading, which is further outlined in Chap-
ter 5. Finally, we also collected details of how many students who continued to 
use the technology after the intervention, as well as to the extent the teachers 
assessed AT to be part of the special education methods repertoire.  

Further details of AT and the student population under investigation are 
found in Chapter 3 and in Chapter 5. 
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students with poor reading skills. However, given the diversity of the study de-
signs, populations (in this case, any group with poor reading skills) and outcome 
measures in included articles, the conclusion of the meta-study is by no means 
unquestionable, but demonstrate TTS and other similar accommodations to be 
of benefit for students with poor reading skills.  

More accessible tools than computers with speech-synthesizers (not to men-
tion having a teacher reading material aloud) are tablets and smartphones with 
associated reading and writing apps. Studies on portable tablets and 
smartphones are even scarcer due to them being employed in the market much 
later, but the use of smartphones with reading and writing apps has for example 
being studied by Lindeblad and colleagues (2017), which constitutes the pilot 
study of the current project. In their study of 10-12 year-old students with read-
ing difficulties, using a pre-posttest design with norm data as comparison stand-
ard, gains in reading ability were found, as well as gains in motivation and in-
dependence following the AT intervention. The authors concluded that not only 
did the use of AT enabled greater exposure to texts (which could have impacted 
comprehension and vocabulary) for this group, it also seemed to transfer to their 
reading skills measured after the intervention (i.e., change scores for individual 
students), and as such, together with positive experiences of AT, made a signif-
icant clinical impact to the students. 

In order to add knowledge in this field, and in an attempt to provide a more 
solid design than many previous studies, we conducted a pre-posttest RCT-
based AT-intervention study, with a 1-year follow-up (study III). Several tablet-
based reading and writing apps was used as AT. 

To meet the need of exploring AT-usage after primary school, student popu-
lations with documented and assessed difficulties from Grade 4, Grade 8 and 
from high school were included in the study. Based on previous studies 
(Lindeblad, et al., 2017; Perelmutter, et al., 2017), we tested both possible trans-
fer effects of AT on reading measures and the compensatory aspect of using 
AT. Although, the purpose of AT is not necessarily to enhance the reading abil-
ity but rather to offer alternative routes to gain access to or produce written text, 
we aimed to investigate if the reading ability developed at the same rate com-
pared to students who continued with traditional remedies (i.e. TaU). If so, it 
would mean that students after being subject to reading training and then being 
provided AT are not falling behind their peers who continues with training, a 
valuable knowledge for AT-considerations. It could seem irrelevant to measure 
growth in reading when AT is not used for that purpose, but, as AT for reading 
is a new approach for dealing with reading difficulties, and since several earlier 
studies have included such measurements (e.g., regarding that AT enables 
greater access to text for this population), it seemed reasonable to provide read-
ing measures in this explorative effort.  

In addition, and in line with the conclusions of Perelmutter et al., (2017), we 
also evaluated the effect of the intervention by investigating the students’ and 
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ical, cognitive and linguistic components behind reading difficulties and dys-
lexia. The challenges also contains the role of environment, the conceptualiza-
tion of a disability in terms of category or on a continuum, including unresolved 
questions of the magnitude of severity needed and measurement problems. Fi-
nally, the role of distal and related comorbidities like ADHD and issues on 
which symptoms that should be regarded as belonging to the disability, are also 
not fully solved.  

With the abandonment of invalid traditional procedures (e.g., the IQ discrep-
ancy approach that, according to many researchers, incorrectly defined dyslexia 
with a discrepancy between mental age and reading age), Tunmer and Greany 
(2010), disentangled four factors driven by the most consistent evidence from 
research of how to define dyslexia, also consistent with the simple view of read-
ing model, SVR (which is further described in chapter 4) and the RTI-frame-
work. Even if these components taken together cannot fully cope with the de-
mands of a definition, at the very least, they do provide a theoretical foundation 
of dyslexia so far. Although, the detailed arguments deriving from this research 
is not within the scope of this dissertation, I do provide some synthesis of how 
to view dyslexia in the light of this dissertation, and to the preparations of the 
inclusion criteria of students in study III and IV. 

According to Tunmer and Greany (2010), the first component is persistent 
literacy learning difficulties, most often observed in word recognition, spelling 
and phonological recoding. Regarding persistency, the authors do not claim that 
students with dyslexia cannot make progress in reading, but evidence of delayed 
or long termed reduced performance for this population are found in almost 
every study in the field. There are both neurological/cognitive (see fourth com-
ponent) and behavioral explanations behind why so many students with dys-
lexia do not catch up. Among the behavioral components lies that beginning 
readers with dyslexia avoid reading after initial reading failure and that texts 
provided in school soon become too complex for them to apprehend, which, in 
the long run affects the overall print exposure leading to the so called Mathew 
effect in reading (Stanovich, 2009).  

However, this first component cannot in itself account for dyslexia, which 
calls for the second, which is to exclude other causes of reading difficulties, that 
is, that the observed problems is appearing in otherwise typically developing 
students. As this component entails specificity, learning problems need to be 
identified in the core areas, and should not be found in others, or as a general 
learning disorder. For instance, a person with inattention disorder often have 
difficulties with reading, but not necessarily and exclusively, for instance, to 
word recognition, as this disorder affects the overall learning performance. Ac-
cording to the authors, in such cases, it should not qualify for dyslexia, but could 
be a comorbidity. Other causes that should be excluded are according to the 
review (p. 232): “mental retardation, oral language impairment, emotional dis-
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Chapter 3: Reading difficulties and 
dyslexia 

The population in which study III and IV focused on is students with the most 
severe reading difficulties, and who, despite being subject to special education, 
still have difficulties, especially with word reading skills. In other words, the 
population in focus much corresponds to what could be noted as dyslexia. In 
recent decades, however, and paired with the development of reading research 
in general, much academic debate has been devoted to clarify the exact nature 
of reading difficulties, and most notable regarding the concept dyslexia (Elliot 
& Grigorenko, 2014; Ramus & Ahissar, 2012; Saksida, et al., 2016). Dyslexia 
is often described as a specific form of reading difficulty, often with a hereditary 
origin (Mascheretti et al., 2017), which primarily and profoundly affect the ap-
prehension of word recognition skills, phonological recoding and fluency (Tun-
mer & Greany, 2010; Snowling, 2001), which consequently affects overall read-
ing comprehension, illustrated with the “decoding bottle-neck theory of autom-
atization” (Perfetti, 1985).  

To date, there exists no generally agreed upon comprehensive model or def-
inition that both manage to be consistent with inclusion and with exclusion cri-
teria (i.e., what dyslexia is, and is not), and as a result of these inconsistences, 
nor a complete general agreed upon, or evidenced approach to remedy these 
difficulties, demonstrated from before mentioned paragraphs in this disserta-
tion. Due to the variations in definitions and measurements used to define dys-
lexia, the population prevalence tend to vary between studies but typical devel-
opmental dyslexia (i.e., difficulties not caused by e.g., trauma) can be regarded 
as to affect about 5-8 % of the population (SBU, 2014), whereas reading diffi-
culties more generally, are even more prevalent.  

A widely cited paper describing the research of reading difficulties in general 
and dyslexia in particular is Defining dyslexia by Tunmer and Greany (2010). 
According to this review, the challenges in this field consists of, among other 
things, partly solved or unresolved theoretical and causal links between biolog-
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turbance and/or behavioral difficulties, deficits in hearing or visual acuity, neu-
rological disorders such as autism or childhood schizophrenia, or chronically 
poor health”.  

The theoretical base for how the deficits affect overall reading comprehen-
sion is through the simple view of reading model, SVR (Gough & Tunmer, 
1986; Kirby & Savage, 2008). From this model we can identify dyslexia via a 
four-cell matrix, and that dyslexia is only evident if there is an unexpected lower 
performance in decoding, while language comprehension remains intact. This 
procedure also make it possible to discriminate dyslexia from poor comprehen-
sion (where decoding is intact, but is lower for comprehension), and from a 
double deficit state, that is, mixed disability or “garden variety reader” (Catts & 
Kamhi, 2005; Nation, 2005). 

Building upon persistency in word recognition, etc., the third component in 
the review is how well a person respond to evidence-based instruction, in order 
to clarify the exact nature of the difficulty (i.e., which area that is most affected), 
how persistent these deficits are, and to rule out poor instruction or poor school-
ing as causes of the difficulties. As such, RTI in itself constitutes the third com-
ponent in the review, and need no further explanation. However, it is with the 
additional contribution of RTI that we know a great deal about persistency as 
well as which type of deficit that are the most difficult to remedy, as the most 
common characteristic of non-responding students in tier 3 is those having se-
vere difficulties in the domain of phonological awareness (Al Otaiba & Fuchs, 
2002).  

That said, the fourth component, and widely accepted, is a deficit in phono-
logical processing. Although, this cognitive ability includes a number of de-
tailed sub-processes out of scope for this dissertation, it serves as a last inclusion 
criterion of dyslexia, and as such, guided us of how to measure reading skills, 
including inclusion measures, in study III and IV, which focuses on students 
with the most severe difficulties in reading.   

However, the limitations in this review are evident as soon as operational 
measurements, including severity, are taken into account. We therefore used a 
conservative cutoff (regarding severity), with scores on or below the 10th per-
centile (Saksida, et al., 2016; SBU, 2014) with regard to each groups’ age norm, 
on measures of word- and non-word reading tests, as these tests combined con-
stitute operational measures of phonological processing and in terms of decod-
ing automaticity. Still, and in the light of the before mentioned research; there 
is no exact way of identifying reading difficulties, and to separate reading diffi-
culties from dyslexia. However, we drew upon the proposed definition to also 
exclude other disorders known for having a reduced reading performance, such 
as language impairment and Autism-spectrum disorders, to rule out inadequate 
schooling (as one criteria was having participated in Swedish school since grade 
1), as well as to determine persistency, that is, documented and severe difficul-
ties despite special education efforts.  
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of word reading skills, accompanied by explicit instruction of teaching students 
how to manipulate sounds and letters used to decode words, should form the 
bases of teaching activities. Of increasingly more importance are also studies 
that show the role of language comprehension for reading comprehension (An-
toniou & Souvignier, 2007; Elwér, Gustafson, Byrne, Olson, Keenan, & Samu-
elsson, 2015; de Jong & van der Leij, 2002).  

Although, the activity which we call reading builds on many components 
which has complex interrelationships in different reading developmental stages, 
a common, less complex but coherent model is the simple view of reading, SVR 
(Gough & Tunmer, 1986; Hoover & Gough, 1990). Reading (i.e., reading com-
prehension) is the product expressed as the equation Reading=Decoding X 
Comprehension. From this model we can learn that in order for reading to be 
performed, both these aspects underlying the activity are of equal importance. 
Simply put, word recognition and fluency belong more to the code-specific as-
pects called decoding in the model, whereas vocabulary and language compre-
hension belong to the second component.  

Although, the SVR model was not developed as to guide teaching, studies of 
using the model as a base to reading instruction, as well as with its original 
intention of defining different subtypes of readers (i.e., poor decoders, poor 
comprehenders and mixed disability), has become widespread and show posi-
tive results, in line with the NRP guidelines (Kirby & Savage, 2008; Tunmer & 
Greany, 2010). The SVR-model was used as an overarching framework for the 
assessments and the teaching recommendations in study II and are further de-
scribed in the test manual of the project (Fälth, Gustafson, Kugelberg, & 
Nordström, 2017). 

However, as briefly mentioned in the buildup for study II, a challenge for 
educators, both internationally (Cunningham & O’Donnell, 2015) and in Swe-
den is to implement these evidence-based approaches for teaching students how 
to read. Cunningham and O’Donnell (2015) writes that what distinguishes high-
quality instruction is that teachers need to have knowledge of reading develop-
ment and how to teach it (named pedagogical content knowledge) and to be able 
to target individual needs, (p. 450): “That is, if teachers are to be effective, they 
must be equipped to evaluate, understand, and respond to each student’s instruc-
tional needs.”  

Therefore, in order for target instruction, teachers need to know about student 
development, which calls for assessing student’s skills. However, although, 
studies show that teachers that have access to reading progression data can be 
beneficial for student reading growth (Förster & Souvignier, 2015; Stecker, 
Fuchs, & Fuchs, 2005), several studies are consistent about the challenges 
teachers face in interpreting test results for the purpose of instructional decisions 
(Hoogland, et al, 2016; Means, Chen, DeBarger, & Padilla, 2011; Schildkamp 
& Kuiper, 2010). This seems to be demanding for teachers as it requires a cer-
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Chapter 4: Teachers use of assessments 
and recommendations to be able to 
target individual needs in students 

The teachers in study II was part of an educational program aimed to support 
them to increase their students reading progression, by the use of teaching rec-
ommendations originated from a comprehensive set of reading assessment data. 
The theoretical underpinnings of these procedures were based on recent dec-
ade’s advances in reading research and reading instruction, which need to be 
adequately described.  

With the start of two large American reviews, the National Research Council, 
NRC (1998) and the National Reading Panel, NRP (2000), theories and prac-
tices of teaching students how to read, including struggling readers, took off 
towards a more research-based agenda, evident also in international contexts, 
including Sweden (Frost, Madsbjerg, Niedersøe, Olofsson, & Sørensen, 2005; 
Høien, Lundberg, & Karlsson, 2013; Myrberg & Lange, 2006; SBU, 2014; 
Wolff, 2016; 2011). There is now massive evidence supporting a skill-based 
approach to learning how to read and can be conceptualized as teaching accord-
ing to the alphabetic principle, in contrast to other teaching models, such as the 
whole language approach (Cunningham & O’Donnell, 2015). The NRC (1998) 
and the NRP (2000) reports, following extensive reviews of research (and 
widely replicated thereafter), pointed to the following components necessary for 
developing reading skills; word recognition (based on phonological awareness 
and knowledge of the alphabetic principle, such as building links between let-
ters and sounds), vocabulary (which accounts for a considerable amount of var-
iation in comprehension), fluency (the ability to quickly and efficiently process 
text, also named automatized decoding) and comprehension (ultimately, to draw 
meaning and inferences out of text).  

The NRP also stated that in the early stages of learning how to read, including 
the impact on associated skills such as spelling and writing, extensive practice 
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of word reading skills, accompanied by explicit instruction of teaching students 
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ing comprehension measures for students involved in the program, which sup-
ported the claim that teachers having access to recommendations positively in-
fluences students reading development. What was not demonstrated, however, 
were how the teachers utilized the recommendations, which leads us to study II 
in this dissertation. In this study, the focus is instead on teacher’s use of the 
program guidelines, and was expanded to include teachers from all three grades 
in primary school. 

Little is known about Swedish teachers’ use of the support provided by the 
program; in study II we analyzed teacher’s narratives retrieved from focus 
groups meetings, of how the support affected the pedagogical practice of teach-
ing reading, and to what extend they managed to target individual needs. In 
contrast to, for example, the research program by Connor et al., (2009), the pro-
ject in which study II is conducted is an educational program driven by evi-
dence-based efforts. This means that the extent teachers were willing to follow 
the program guidelines and regarding their ability and their use of the profiles 
and the recommendations to target individual needs, were up to the teachers to 
decide. The knowledge of this explorative study can be used to better under-
stand how teachers manage to provide targeted instructions to each student, 
when having access to recommendations and support in an applied school set-
ting. 
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tain competency in interpreting test results (in addition to having access to suit-
able tests with educational relevance, and not only to screening tests), for them 
to be able to establish decisions about what students should focus on, and to 
provide a variety of teaching methods to meet these individual needs. For in-
stance, Lai and McNaughton (2016) argue that teacher’s lack of skills in this 
area can result in that teachers not fully utilizing all available data originated 
from assessments, or that reading data are used only at classroom level, that is, 
that teachers only manage to target the medium performer, noted by Schildkamp 
and Kuiper (2010).  

Other studies show that the processes of efficient data use take considerable 
time for a teacher to master (Van de Grift, 2007), and that teachers need to col-
laborate with adequate support, for example with colleagues and with experts 
in the field, in order for developing an efficient assessment-use-for-instruction 
practice, also called data literacy (Gersten, et al., 2008; Mandinach & Gummer, 
2016; Schildkamp, Karbautzki, & Vanhoof, 2013; Wayman, Wallace, Wiley, 
Ticha, & Espin, 2007). 

One path around these resource-demanding processes is to provide teachers 
with reading profiles including teaching recommendations. A reading profile 
can take many forms, but often contains compilations of test results from dif-
ferent reading abilities, and, most importantly, an interpretation of how it trans-
late to instructional needs.  

Drawing upon research with roots from Cronbach’s aptitude-by-treatment-
interactions studies (1975) and later research, Connor and colleagues (2009) 
provided teachers with their students skill level and matched type and amount 
(regarding time-on-task) of reading instruction in grade 1. They found that the 
group of students receiving these matched differentiated instructions, which 
also changed depending on student progress during the semester, showed higher 
improvements on measures of word reading and comprehension, compared to 
teachers without the instructional guidance. Connor and colleagues also found 
a similar effect in an earlier study of third graders reading development (Con-
nor, Morrison, & Petrella, 2004). Therefore, this guided approach of providing 
recommendations above reading test results only, seem to have potential in how 
to support teachers to deliver high-quality reading instruction in classroom ed-
ucation.  

Although, in study II in this dissertation, we did not investigate the validity 
of the match between student’s needs and the recommended instructions, we 
drew upon the before mentioned research in providing the teachers with profiles 
and recommendations, as well as supporting the teachers with a course and ma-
terial of reading development and instruction. The impact of this program on 
student reading skills is not covered in this dissertation, but in another un-
published paper (Gustafson, Nordström, Andersson, Fälth, & Ingvar, submit-
ted). Preliminary findings indicated positive effects on word reading and read-
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”An assistive product is any product (including devices, equipment, instru-

ments and software), especially produced or generally available, used by or for 
persons with disability, for participation, to protect, support, train, measure or 
substitute for both functions / structures and activities, or to prevent impair-
ments, activity limitations or participation restrictions.”   

 
As assistive technology, given this broad definition, can include all kinds of 
technology, we need to properly understand the technology used in this disser-
tation.  

In study III and IV, we used reading and writing apps in tablets, primarily 
with text-to-speech and speech-to-text functions, with additional features such 
as to be able to follow along in highlighted text while listening and with possi-
bilities to edit and to transfer documents digitally. Therefore, this use of AT can 
be used to bypass the problems associated with decoding text, as well as to by-
pass problems with for example spelling and text production; well-known mark-
ers for students with severe difficulties in reading.  

As these functions relate to the human aspect of executing a number of com-
plex tasks, these technologies can be characterized as tools, consistent with the 
somewhat old but influential work of Vanderheiden (1987). Tools are described 
by Vanderheiden to be dependent on the users’ skills in order for the functions 
to be optimal given its purposes, and therefore requires training. This aspect of 
AT usage, that AT is dependent to the extent the individual manages to optimize 
its use, is related to the personal factor described in the ICF-system, mentioned 
above. Although tablets are, unlike older equipment, explicitly designed to re-
quire less effort of the user in order to master the product (i.e., Universal De-
sign), it probably still requires a great deal to be put into optimal use. As the 
functions that enables the user to assimilate and to communicate text are com-
plex, the user probably needs time to practice, not only on the technical execu-
tion, which Vanderheiden emphasized, but also, how to efficiently learn how to 
comprehend text-to-speech, and to produce text by using speech-to-text func-
tions, instead of relying on traditional reading and writing skills.  

Therefore, some reflections of using TTS and STT functions are provided. 
Listening to a text is for example different compared to listening to oral speech, 
as a text follows the grammatical features of written text, regardless of being 
processed by means of vision or hearing. One can therefore assume that the 
understanding of written language is equally important to develop for students 
that use AT, in order for spoken text to be understood across different text dis-
positions, types of texts and genres. Likewise, in order to produce text via voice, 
the students need to have adequate skills and knowledge of the writing language 
structure. 

In addition, listening to text can be challenging for the user as the control of 
the text input decreases when using a digital reader. This is especially important 
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Chapter 5: Assistive reading and writing 
technology 

Assistive technology derive from a distinctively different knowledge field than 
the before mentioned special education tradition which focus on the training of 
delayed or impaired cognitive functions underlying reading performance. How-
ever, technology have long been used as an additional mediator for the training 
of reduced functions, such as with phonological abilities (Blok, Oostdam, Otter, 
& Overmaat, 2002; Gustafson, et al., 2011). In this dissertation, technology is 
primarily used as an aid to students with reading difficulties, for them to be able 
to interact and to assimilate the content of texts, and as such is different from 
technology used only for training.  

Assistive technology is described and located in the documents created by 
the International Classification of Functioning, Disability and Health (ICF) de-
veloped by the World Health Organization (WHO, 2001). In contrast to older 
classification systems (WHO, 1980), Cook and Polgar (2008) describe the ICF-
system to include environmental factors and the use of the construct “function” 
instead of “disability”, which means that we need to focus on how to ameliorate 
the consequences of having a disability. How people succeed in for example the 
execution of tasks (which can be a reading activity) depends heavily on personal 
as well as environmental factors. Cook and Polgar writes that the latter are ad-
vocated in the system to make us understand how a broad range of factors, such 
as AT, drive performance in everyday life. In this context, ICF uses two con-
structs of particular interest for the purpose of study III and IV, activity and 
participation (which directly translate to the concept inclusive education de-
scribed earlier), to describe how people with a reduced reading function manage 
to execute tasks and how they are able to be involved in educational situations, 
together with their peers. As such, both these constructs relate to students with 
reading difficulties use of assistive technology to compensate for the difficulties 
in everyday education.  

In study III and IV, we use the following definition of assistive technology 
(ISO, 2011):  
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(i.e., training efforts, willingness to proceed and the role of support). In addition, 
students’ further use of the technology can also be regarded as to reach clinical 
significance. As such, these goals loosely guided us when analyzing teacher 
perception of student AT usage.  

Finally, the role of the special education teachers and ultimately classroom 
teachers, in how they support, design and further develop applications regarding 
AT for students with reading difficulties need to be emphasized. According to 
research of Technological Pedagogical Content Knowledge (TPACK), devel-
opment of vast pedagogical applications for using technology is still in its in-
fancy (Anderson, Griffith, & Crawford, 2017; Rodríguez, Strnadová, & Cum-
ming, 2014), and when we design interventions, like the present one, we need 
to make sure intervention teachers have sufficient skills of using AT. Although 
the presence of technology in Swedish school is widespread, this is not a guar-
antee that technology (which has a very wide range of uses based on many dig-
ital features) has become integrated in teachers’ planning of lessons, either in 
general or in special education. Therefore, the training of teacher’s skills in tech-
nology-based interventions (Floyd, Canter, & Judge, 2008) and the transfer of 
these skills to already existing special education support (Hong, Lawrence, 
Mongillo, & Donnantuono, 2014) needs to be reached, which guided us in the 
preparations of this project.   
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to recognize as many textbooks or study material are not designed for being 
read aloud with voice (e.g., when photocopying paragraphs for the purpose of 
TTS). Studies also show that listening to text strains the working memory sys-
tem more than reading the same material by means of vision (Singh, Marcus, & 
Ayres 2012), which could affect comprehension. However, this is at least true 
for normal readers. The relative advantage of using technology over poor read-
ing skills has been demonstrated by Perlemutter et al., (2017 and Wood, et al., 
(2017), but it is difficult to conclude whether TTS-functions always outperform 
traditional reading for students with deficits in reading, since most studies in the 
reviews were restricted, and did not cover a range of applied situations, nor did 
the included studies cover complexities of texts. 

As such, the field of AT is starting to make its way into reading research, 
however, the review by Perelmutter, et al., (2017), clearly showed that most 
studies in the field of assistive reading and writing technology were using dif-
ferent outcome measurements, and that many details in the processes of com-
prehension and text production are yet to be researched, which is not unique to 
just this AT area (see Lenker & Paquet, 2003, for a review of AT-models). Other 
researchers, like Edyburn (2015; 2007), calls for developing means of how to 
better measure this diverse range of outcomes, such as to what extent AT ena-
bles improvements in comprehension and text production. This is especially im-
portant since the literature typically highlights the potential of AT (e.g., in Reid, 
et al., 2013), but often do not sufficiently describe possible difficulties and ob-
stacles of AT usage and implementation (which were not demonstrated in either 
review mentioned above). 

Furthermore, and beyond the requested quantitative measures of AT out-
comes, it is of equal importance that the user perceives benefits of using an 
assistive technology tool, over and above what the person is already able to 
perform. Cook and Polgar (2008) argue that if AT fails to be perceived as opti-
mal, it can lead to that the user becomes a reluctant user of the technology or 
that the person abandons the technology. Extensive training and support pro-
vided by classroom- and special education teachers is probably of great im-
portance concerning student motivation, in line with the recommendation by 
Reid, et al., (2013), since AT need to be perceived to make activities easier.  

In study III and IV, inquiries were made in an effort to investigate the extent 
to which students were perceived to be positively affected by using the technol-
ogy, including motivation. This inquiry was built on the supposition that AT 
made reading and writing performable, and, hence, can be conceptualized as to 
reach “clinical significance” or having “educational relevance” as discussed by 
Foster and Mash (1999). The exact estimate of what counts as clinical signifi-
cance varies between studies of behavior change, but the efforts are often di-
rected to outcomes concerning if the goals are meaningful and important (i.e., 
in this dissertation, to be able to assimilate and to communicate text, as well as 
to improve overall school work), and the acceptability of reaching these goals 
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cance varies between studies of behavior change, but the efforts are often di-
rected to outcomes concerning if the goals are meaningful and important (i.e., 
in this dissertation, to be able to assimilate and to communicate text, as well as 
to improve overall school work), and the acceptability of reaching these goals 
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Chapter 6: Summary of the studies 

In this dissertation, four studies were conducted and each of the studies had a 
different methodological approach, as well as originating from three different 
settings. Study I had a non-experimental correlational design, while all the other 
studies were connected to two different intervention projects. Details of each 
study, regarding aim, design, instruments, and analytic procedures are provided 
in the forthcoming summaries and in Table 2.  

 

Ethical approval 
For each of the three projects, ethical approval was requested at the Ethical Re-
view Board in Linköping (EPN) and all of the studies were granted permission 
(study I, Ref: 2012/183-31, study II, 2015/208-31, and study III and IV, 
2014/253-32). Of practical reasons in study I, informed consent could not be 
employed since this study was based on an older register and school-leaving 
certificates; however, informed consent was administered in study II (grade 1-
3 teachers) and III (the students and their parents/guardians). In study IV, it was 
expected that the teachers, as being part of, and conductors of the interventions, 
provided their assessments of student progress, but were informed that their re-
sponses were to be used in the evaluation of the project.  

Additional ethical considerations mainly concerns study III and IV, as these 
studies were part of an intervention project aimed to schoolchildren and adoles-
cents with reading difficulties. The students and their parents/guardians were 
contacted (e.g., by their special ed. teacher) for participation. After having in-
formed themselves about the project, the students and their parents/guardians 
signed an agreement of participation in the project, knowing that participation 
was voluntary and that they could leave the project any time they wanted. Stu-
dents who were randomized to the control condition were informed that they 
would receive access to the intervention tools after one year. The teachers who 
conducted the interventions and the assessments were informed about, and fol-
lowed a procedure to maintain confidentially of student details and test results. 
All test material was evaluated by the research group.  
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Final remarks and summary of the 
general aims of the dissertation 

In the title of this dissertation, I use the term literacy (Sw. Läs- och skrivkun-
nighet). The reason for this choice of a generic concept was that it can represent 
a general meaning of how students are able to interact, draw meaning, and to 
produce text. In addition, when combining traditional reading instruction, as 
was the focus in study II, to alternative means to be able to gain access to text, 
as was the focus in study III and IV, there is good reason to provide, at least as 
an ambition, new concepts to meet these ends, in order to separate traditional 
reading and writing concepts from the processes of using technology to be able 
to gain access to, and to produce text. The concepts assimilate and communicate 
text used as counterparts to traditional reading and writing processes, coined in 
an earlier study (Lindeblad, et al., 2017), most particular demonstrates this need. 
Not only to ease the understanding of the processes of using technology to be 
able to “read” and to “write”, but also as a signal to a wider audience, be it other 
researchers and practitioners, that literacy can be achieved irrespective of any 
one particular mean to achieve this. In this dissertation, my ambition was to 
demonstrate that a combination of adapted teaching efforts aimed to target in-
dividual needs and to make good use of new technologies can be two such 
measures that matter for the individual student.  

With these reflections in mind, the general aim of this dissertation is to pro-
vide empirical and theoretical contributions of using targeted instruction and 
assistive technology, in order to improve students’ possibilities to achieve a 
functioning literacy. This aim translates to the concept of inclusive education, 
as the dissertation focus on two different ways for students to improve their 
learning, with a clear focus on students’ learning needs as a base for these deci-
sions, as well as these approaches have the potential to be applied within main-
stream classroom education.  

An additional aim, as a foundation for the intervention studies, was to provide 
empirical contributions of how important it is to intervene early, especially di-
rected to those with a delayed reading performance, by investigating if early 
reading skills predict later academic performance.  
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The three factors were analyzed in several hierarchical OLS regression and 
logistic analyses, in order to predict academic performance. Hierarchical ap-
proaches were conducted to be able to estimate the relative effect of the decod-
ing ability, over and above the impact of the two covariates, as these were en-
tered first in the analyses.  

In the main analyses, grade marks (ranging from 1-5) in the subjects Swedish, 
Science and Social science were used as criterion variables of academic perfor-
mance, while subject choices in advanced English, advanced Mathematics and 
language classes were the corresponding dichotomous criterion variables in the 
logistic analyses. 

 
Results 
Word decoding ability measured at the end of second grade successfully pre-
dicted levels of grade marks at the end of compulsory school, as well as subject 
choices during the last three years in school. The analyses revealed that approx-
imately 10-14% of variation in grade marks were accounted for, when measures 
of non-verbal ability and participants’ sex were held constant, which provided 
support for the hypothesis. In addition, the analyses revealed a clear logic, as 
the effect sizes (i.e., R2 change for model evaluation and the standardized beta, 
β, for single predictors) connected to the word decoding ability were largest for 
the subject Swedish, and lower for Social science and Science, and ultimately, 
the lowest for non-academic subjects.  

Likewise, unique odd ratios from logistic analyses in the range of 1.08-1.14 
were obtained between the variation of decoding ability and the academic 
choices. The results indicated that students’ early levels of decoding, when the 
measures of cognitive ability and sex differences were held constant, had a pre-
dictive validity of later academic performance. This means that the level of stu-
dents reading skills measured early, but after formal reading instruction, reveal 
later performance, which demonstrates the importance of providing measures 
to counteract a delayed reading performance.  
 

The intervention studies 
Study II was conducted as part of an educational program, developed in coop-
eration between a group of researchers, including undersigned, and a foundation 
named LegiLexi (www.LegiLexi.org). The purpose of this intervention was not 
mere scientific, but an effort to support teachers in their work of bringing every 
student closer to achieving literacy, and as such, study II is an applied study 
with real-world goals. In this intervention, following the construction and pilot-
ing of the assessment tool, including the development of course material, se-
lected teachers used the program from the start of the school year, in order to 
improve reading proficiency for all students in their classes.  
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Study I 
Nordström, T., Jacobson, C., & Söderberg, P. (2015). Early word decoding abil-
ity as a longitudinal predictor of academic performance. European Journal of 
Psychology of Education, 31(2), 175-191. 
 
Aim 
The aim of this first study was to investigate the association between grade 2 
word decoding measurements with later academic performance (grade 9). If 
such screening measures can predict later academic performance, it provides 
support for considering early reading interventions, in order to counteract the 
long-term negative consequences of delayed reading performance.  

 
Method 
Screening data from an earlier project, together with matched follow-up data, 
which was collected as part of this dissertation, were analyzed in regression 
analyses. The screening data was originally intended to be used to identify 
struggling readers, assessed on a cohort (N=2165) of second graders from the 
county of Kronoberg, during the spring of the school year 1988-1989. 1784 
(82%) participants of the original sample were identified in the re-visiting pro-
cedure, which were based on leaving certificates from compulsory school, dated 
to the year 1996.  

The instruments were the word chains test and a non-colored version of Ra-
ven’s matrices. The word chains test is a widely used test in Sweden, in order 
to assess word decoding or word recognition ability, and has been shown to be 
a reliable test for that purpose (test-retest reliability between r=0.80 and 0.90, 
Jacobson & Lundberg, 2000). The instrument has also acceptable levels of va-
lidity, as scores on this test strongly correlates with silent word reading (r=0.72), 
oral word reading (r=0.78) and reading comprehension in grade 2-6 (r=0.56–
0.67).  

Scores on correctly marked items operationalized reading proficiency of how 
skilled these second graders were at the time of the testing. The reading strategy 
used by each student was not investigated per se, but scores reflected whether 
the student read the words using the alphabetic principle (i.e., decoding), on a 
continuum, to fast an accurate word recognition reading, or, put with another 
concept, with so called sight word reading.  

It was hypothesized that a positive and an approximately linear relationship 
should exist between scores on the word decoding test and grade marks. 

Regarding the instrument Raven’s matrices, scores on this test were used as 
a measure of an overall cognitive ability, and were, together with details of par-
ticipants’ sex, used as covariates in the analyses. 
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Study II 
Nordström, T., Andersson, U., Fälth, L., & Gustafson, S. Teacher inquiry of 
using assessments and recommendations in teaching early reading. Under revi-
sion. 

 
Aim 
In this study, the aim was to explore how primary teachers managed to use read-
ing profiles and teaching recommendation, in order to target individual needs in 
the general classroom education. 

 
Method 
Eight primary school teachers in Grade 1-3, who participated in the educational 
reading program, named LegiLexi, carried out two of the program’s assessment 
rounds, in addition to also have taken part in the programs’ course and material. 
The purpose of the program was to enhance each students reading development 
by informing teachers of their students reading proficiency (compiled reading 
profiles) and by providing them with individual teaching recommendations. The 
teachers belonged to schools that had been selected to try out the program fea-
tures during the pilot year of implementing the program. 

Following cooperation between the groups of researchers, staff from the 
foundation LegiLexi, and selected schools, teachers were contacted to take part 
in one out of two focus group interviews. The focus group interviews were con-
ducted using Krueger’s (2000) focus group guidelines, meaning that the inter-
views started with general discussions, followed by more specific topics under 
investigation. The interviews were guided by using a semi-structured protocol 
with broad questions, such as how the teachers perceived forward-looking uses 
of assessments (i.e., how the use of assessments can promote students reading 
development), how they perceived to use reading profiles in order to adjust 
teaching and to target individual needs (retrieved retrospectively and from on-
going activities), and their perceptions of limitations of using these approaches 
to improve classroom instruction.  

Following the recording of the two interviews, the material was transcribed 
into written form and was sentence coded by the first author, in line with the 
procedures of an inductive analysis (Creswell & Poth, 2017). Codes were trans-
formed to themes, while a procedure related to peer debriefing (Creswell & Mil-
ler, 2000) was used, which means that the resulting themes were created using 
comparisons between all authors’ readings of the material, in order to counteract 
any bias from the first author. 

 
Results 
The analysis resulted in three main themes of teacher narratives. The first theme, 
Awareness of student learning, showed that the teachers had discovered their 
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 The overall aim of study II was to explore how the teachers in their everyday 
teaching used the program. This was conducted by the use of focus group meet-
ings, a procedure that was considered beneficial, although with some limita-
tions, with regard to the purpose of the study. The study sought to uncover some 
of the complexities teachers face when being supported by research-based read-
ing instruction and reading assessment data into their own practice of teaching 
reading. The ambition was to provide knowledge (being descriptive in its na-
ture) of how teachers perceived and used the program procedures. In addition, 
while it is custom in most intervention studies to have a strict protocol of inter-
vention features, this project instead focused on the extent teachers managed to 
follow the guidelines, in order to be able to target individual needs, and to in-
vestigate teacher’s experiences of using such a program in their teaching.  

Study III and IV connects to a different type of intervention than study II, 
and for good reasons. As outlined in the earlier chapters, the use of assistive 
technology for students with reading difficulties is an emerging research field, 
lined with hopes and expectations of being a breakthrough for this population. 
Therefore, scientific rigor is especially important to undertake, in order to sub-
ject these hopes under scientific standards.  

The purpose of this kind of intervention is to, as far as possible, provide over-
all evidence that the intervention is beneficial compared to a population of stu-
dents with reading difficulties without access to the intervention tools. In addi-
tion, the purpose is also to identify individual factors that correlates with the 
desired effects. In order to accomplishing these goals, design characteristics 
preferable include randomly assigned participants to control and intervention 
groups (to exclude the influence of individual confounding variables, and to be 
able to compare the intervention with TaU), close monitoring of student pro-
gress (i.e., pre- and post-testing), long-term effects (i.e., follow-up data), details 
of intervention fidelity, and carefully chosen participants in line with the popu-
lation in focus. These details are provided in the paper of study III. 

Furthermore, the goals of this kind of special education intervention need to 
be carefully determined, as there are many applications of AT usage, and to 
provide valid means to measure these outcomes. However, especially measure-
ments have proven to be the most difficult aspect to develop in this field so far, 
evident also in our project. Therefore, this intervention study had an explorative 
approach, with using many outcome variables and intervention evaluation de-
tails. Given these challenges, the ambition here were that the combined details 
provided by study III and IV would prove sufficient, in order to determine if AT 
is beneficial enough for students with reading difficulties, across a variety of 
outcome goals.  
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was to explore the compensatory aspect of AT, that is, to explore students ability 
to assimilate (i.e., to read) and to communicate text (i.e., to write) with apps. 
The third aim was to explore how the students and their parent experienced the 
tablet with apps, such as how the use affected students’ motivation for literacy 
and overall schoolwork. In addition, efforts were made to estimate how the level 
of severity in reading difficulty were associated with student self-report ratings 
in order to explore individual student characteristics predicting how positive the 
students were of using AT.  

 
Method 
Participants were recruited through teachers and special education teachers and 
the students were eligible to enter the study if initial scores on sight-word, and 
non-word reading tests were on or below the 10th percentile, in addition to hav-
ing documented reading difficulties. In order to better isolate the population in 
focus (i.e., only students having persistent and severe reading difficulties), only 
students that have attended the Swedish school from grade 1, as well as not 
having, for example, language- or autism-spectrum disorders were eligible to 
enter the study. A total of 149 participants from 68 schools divided between 
three age groups constituted the sample prior to T1. However, during the entire 
project (from T1-T3), there were dropouts, which resulted in n=142 students at 
T1. Fifteen students dropped out after the intervention, and additionally 24 stu-
dents dropped out before T3 (after one year). Consequently, a total of n=104 
students could be re-visited at T3 (intervention n=55, and control n=49). Stu-
dents’ were randomly assigned to the intervention group or to the control group 
(i.e., TaU, where control students had access to the technology after the study).  

The design of the intervention were similar to other special education inter-
ventions as it contained structured teacher-led training sessions and support, in 
addition to extensive practice of AT-applications. The intervention contained 
24 planned sessions of app-training (although, not all students received this ex-
act amount), primarily focusing on teaching the student how to assimilate text 
(TTS) and to communicate text (STT) via technology. The apps used in the 
intervention are described in Table 1. 
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students reading development with more detail, and that they expressed that 
they now realized the link between students’ reading development and their own 
teaching. The teacher had become aware of individual needs, including aware-
ness of how differently students develop their reading skills.  

The second theme, named Changes in the organization of teaching, but not 
regarding individualized content, showed that the teachers were conscious 
about how to employ differentiated teaching, based on the reading profiles and 
the recommendations. This also included that teaching adjustments changed in 
accordance with student progression (i.e., dynamic) and were used on various 
temporary assembled groups of students. The teachers put forth that they took 
these considerations seriously, as they emphasized that no student should be left 
behind. However, these efforts, which, for example, included shared oral book 
reading with students having different levels of reading proficiency, were 
mostly carried out on group level. Teaching that corresponded to individual 
needs for single reading components (e.g., word recognition exercises) was not 
sufficiently employed.  

The last theme, named Strengthened teacher role, but modest professional 
growth showed that the teachers expressed that they had become strengthened 
in their role as a teacher, affecting for example the communication with parents 
and with other teachers at school. Furthermore, results showed that they had 
started and perceived the potential of assessment use, for example, involving 
collaboration with colleagues about how to improve teaching and how to allo-
cate resources. However, these efforts, along with only limited use of the as-
sessments (i.e., affecting mostly how they organized teaching for groups of stu-
dents), can be considered as belonging to the initial phases of effective student 
data usage. As such, the study revealed and confirmed earlier findings (Lai & 
McNaughton, 2016) of the challenges of changing teaching practices of assess-
ment use for instruction. In order to fully use all available student information 
regarding teachers’ possibilities and abilities to target individual needs, required 
further implementation of the teacher support program.  
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students reading development with more detail, and that they expressed that 
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Furthermore, correlations between students self-reports and their composite 
reading scores were calculated using Pearson’s r, in order to explore the asso-
ciation between the level of severity of their reading difficulty (i.e., all students 
were on or below the 10th percentile, but we used the reading score variance 
below this boundary) and how these levels were associated with self-reports 
about the perceived usefulness of AT. Agreements between students’ and their 
parents’ self-reports were calculated with using the kappa-statistic. 

Finally, students’ and parents’ self-reports of how the support affected them 
served as additional details of how beneficial the technology were perceived to 
be.  

 
Results 
One of the aims in this study was to study growth in reading skills between 
students who used AT and control students who continued with ordinary special 
education efforts. A plausible outcome was that the control group would out-
perform the intervention students as these continued with special education rem-
edies (however, the three age groups had different support).  

We found that both groups increased their reading approximately at the same 
magnitude across a variety of reading test results, that is, significant increases 
in both groups, but not between them, in all tests except for listening compre-
hension in grade 4 (where control students developed more).  

However, as the older groups of students were few, we are more uncertain 
about the statistical estimation of their reading development and with the com-
parisons.  

The group comparisons (i.e., intervention and control) were further evaluated 
in grade 4 in terms of comparing reading growth to test norms. Results from 
this procedure confirmed the first findings; in that both intervention and control 
students increased their ability during one year, but, were obviously behind age 
norms before, as well as after the intervention.  

The compensatory aspect of AT were mainly demonstrated with the Reading 
and listening comprehension test. As this test only includes reading and TTS, 
we therefore only managed to demonstrate the aspect of assimilating text. There 
were no statistical differences between comprehension scores on texts read tra-
ditionally compared to TTS, either in Grade 4 or in the older, pooled, group. 
However, assimilating text by means of TTS in grade 4 halved the time com-
pared to traditional reading (74 seconds compared to 156 seconds, p=<0.001), 
while the difference in time were not as large in the older group (63 seconds 
compared to 73 seconds, p=0.15). 

Student self-reports revealed that approximately 55-65% of students partici-
pating in the follow-up (T3) still used the equipment in everyday school work, 
or at home, and that they, according to the self-reports had become better at 
assimilating and communicating text via technology. Additional self-reports in 
the range of 40-60% reported positive outcomes regarding that the amount of 
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Table 1. A description of the applications used in the intervention 
Application Main function 
Prizmo Photo-based scanner with TTS-function. 
Legimus Spoken text of written material, books and 

newspapers (mostly used in the students’ 
home environment). 

Pages Word processor in iPads, used for TTS and 
STT. 

Voice Dream Reader Spoken text of internet material. 
SayHi/TableTop STT, voice feedback, spoken translation 

between, e.g., English and Swedish. 
Skolstil 2 TTS, spoken keyboard, word processor. 
Ruzzle Word recognition training (used as moti-

vation, and for training interspersed in the 
sessions). 

 
 

Details of intervention fidelity and self-report questionnaires to both students 
and parents (concerning how the intervention affected a variety of outcomes and 
benefits, including motivation and evaluations of apps), were collected through-
out the project.  

T1 (pretest), T2 (post-test) and T3 (follow-up after one year) measurements 
included tests of reading comprehension, listening comprehension, vocabulary, 
fluency (including rapid naming), word decoding, short-term memory (i.e., non-
word repetition), and arithmetic ability (as a control variable). 

An additional test at T2, directed to the intervention students after they have 
learned how to operate the apps, was a newly constructed test, named Reading 
and listening comprehension test. This test was used to investigate and to 
demonstrate the difference between the student’s traditional reading perfor-
mance and TTS-reading, in which reading rate and comprehension scores were 
registered on linguistically equated texts.  

Statistical analyses included paired sample t-tests, conducted for within 
group changes, which were applied to both changes between T1 and T2, and 
between T1 and T3, and were used for the comparison between the groups (re-
garding which group that changed the most on the reading measurements). 
Grade 4 norm data was also used to evaluate the changes in reading compared 
to expected growth, in cases where we had access to such information from the 
tests. 

For the Reading and listening comprehension test, a linear mixed effects 
model used for estimating the differences between traditional reading and TTS-
reading regarding reading speed and comprehension scores.  
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samples of older students. 86% of grade 4 students and 88% of the older stu-
dents were re-visited using this procedure.  

A survey was constructed that comprised the three constructs, student moti-
vation, student learning (including how many students who continued to use the 
technology after the intervention), and the perceived usefulness of assistive 
technology in special education. The concepts, assimilating and communicating 
text were defined in the survey, in order to avoid misunderstandings to tradi-
tional concepts like reading and writing the traditional way.  

For each of the sixteen statements, a five-point scale was attached, in addition 
to open response alternatives.  

When analyzing teachers’ responses to the statements, we choose to concep-
tualize scale number 4 and 5 as expressing clinical significance, that is, that 
response alternatives in the upper part of the scale was sought to represent real 
impact to the student, in order to avoid the risk of inflating mediocre impact. 
Analyzes was carried out as reporting descriptive statistics of the extent teachers 
perceived the impact and usefulness assistive technology. 

In order to better learn about the processes of students’ use of the technology, 
the open response material were analyzed using an inductive qualitative content 
analysis approach (Elo & Kyngäs, 2008). The analyzes was guided by evalua-
tion purposes of how the technology usage seem to work for the student. Fol-
lowing the procedures, including means to counteract researcher bias, five cat-
egories were extracted from teachers’ written material.  

 
Results 
Following the intervention, 82% of grade 4, and 47% of the older students (70% 
total) were assessed to continue to use the technology after the intervention, but 
in various degrees.  

Based on the frequencies of positive responses (i.e., scale number 4 and 5 
combined), the main finding in the quantitative part of the analyses was that 
there were perceived differences of the extent the students managed to use the 
technology for its different purposes. However, a majority of students in grade 
4 were perceived to be able to assimilate text adequately, that the apps could 
compensate for the impairment in reading and that they assimilated more text 
because of participating in the intervention and by having access to assistive 
technology tools. Some of the findings confirm the results in study III, for ex-
ample that traditional reading skills were positively affected for about half of 
the students in grade 4, and that teachers perceived their students to be more 
autonomous and motivated to engage with text, although a proportion of the 
students were perceived to be modestly affected, and a few not at all. 

Similar results were obtained for teachers assessing the older students, but 
fewer teachers perceived that the apps could compensate adequately for the stu-
dents difficulties in reading, including perceptions of the extent reading and 
writing apps affected traditional reading skills. However, more than half of the 
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assimilated text had increased, that the apps were functional for assimilating 
text, that they could more easily follow the teaching in their classes, and that 
they were more motivated and independent regarding text interaction and school 
work in general. These findings were confirmed by their parents self-reports, 
where approximately 60% reported positive outcomes (however, the level of 
agreements between students and parents reports ranged from 0.15 to 0.63 
across the eleven self-reported questions, calculated with the kappa-statistic).  

Finally, correlations between students’ self-reports and composite reading 
scores revealed that the low performers in reading were more disposed to an-
swer positive to the self-report questions. This could mean that the greater the 
reading difficulties, the more students perceived the benefits of using assistive 
reading and writing technology.  

 

Study IV 
Nordström, T., Svensson, I., Nilsson, S., Gustafson, S. (2018). Assistive tech-
nology applications for students with reading difficulties: Special education 
teachers’ experiences and perceptions. Rehabilitation and disability: Assistive 
technology (in press) 

 
Aim 
Study IV is connected to the same project as study III. The aim of this study 
was to deepen the understanding of how an assistive technology intervention 
affects students with reading difficulties. Particularly, three areas were in focus; 
How assistive technology affects student motivation, and student learning (i.e., 
aspects of assimilating and communicating text via technology, and in addition, 
assessments of student continued use of the technology after the intervention) 
and the perceived usefulness of assistive technology in special education. 

 
Method 
Fifty-four special education teachers participated in the study. The teachers be-
longed to two groups working with special education, special education teachers 
and special pedagogues, in addition to a few resource teachers, but were com-
piled to one group in the analyzes. Teachers were contacted by paper mail (due 
to the large number of schools and teachers involved in the project) to fill out a 
survey two to three months upon completion of the intervention. This passage 
of time after the intervention was deemed necessary in order for enabling teach-
ers to observe the intervention students in their ordinary classroom education. 
Because of this passage of time, some teachers were no longer available (e.g., 
sick leave, had changed workplace etc.), which resulted in that 59 out of a total 
of 68 students could be assessed by the teachers after the intervention. As in 
study III, the two older age groups were combined due to the relative smaller 
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Table 2. Summary of the studies in the dissertation 
 Study I Study II Study III Study IV 

Aim The aim of this 
study was to in-
vestigate the as-
sociation be-
tween grade 2 
word decoding 
ability with re-
gard to later ac-
ademic perfor-
mance (grade 9) 

The aim was to 
explore how pri-
mary teachers 
were able to ad-
just reading in-
struction and to 
target individual 
needs when be-
ing supported by 
reading profiles 
and teaching rec-
ommendations 
 

The overall aim 
of this study was 
to investigate ef-
fects of system-
atic use of read-
ing and writing 
apps (used as as-
sistive technol-
ogy) for student 
with reading dif-
ficulties  
 
 

The aim of this 
study was to ex-
plore special ed. 
teachers percep-
tions of  reading 
and writing apps 
(used as assistive 
technology for 
students with 
reading difficul-
ties) following an 
AT-intervention 
 

Design Correlational, 
longitudinal 
prediction 

Focus groups in-
terviews. Explora-
tive approach 
 

RCT (T1,T2) 
with longitudi-
nal follow up 
(T3) 
 

Inquiry. Explora-
tive approach 

Partici-
pants 

1784 partici-
pants, originated 
from the “Read-
ing develop-
ment Krono-
berg”-project 

Eight teachers 
from eight differ-
ent schools (in 
grade 1-3) partici-
pating in the Le-
gilexi-program 

Prior to T1, 149 
students with 
reading difficul-
ties (from grade 
4, 8 and high 
school), were 
randomly as-
signed to the in-
tervention and 
the control 
group. 
At T2, 128 stu-
dents remained. 
At T3 (follow-
up), 104 stu-
dents remained 
 

54 special educa-
tion teachers that 
served as inter-
vention teachers 
in the AT-project 
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older students were perceived to have become more motivated toward school-
work, schoolwork autonomy, and that apps improved the students’ ability to 
assimilate and communicate text. Almost all teachers perceived that reading and 
writing apps could be part of special education methods.  

The second part of the analyses included the analyses of teachers written ma-
terial, which resulted in five categories 1) Variations in the ability to assimilate 
and to communicate text, 2) Written language development, 3)Variations in mo-
tivation and autonomy, 4) Need of support and practice and 5) Teacher compe-
tence.  

Based on these findings, teachers’ written material showed that there were 
individual differences of the extent students managed to use the AT-functions, 
but most students seemed to be able to utilize at least some basic functions, 
whereas some students developed the use further. In addition, while the stu-
dents’ no longer had to struggle decoding text, they could instead focus on the 
written language structure, as well as to focus on comprehension. 

Motivation to use apps for text interaction purposes also seem to depend on 
the extent students were able to use the technology adequately. Findings also 
showed that adequate teacher support (regarding both technical support as well 
as supporting the student to be able to assimilate and communicate text) were 
crucial in order for enabling the students’ use of the technology adequately.   
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Data 
analysis 

Grade 2 word de-
coding ability, 
cognitive ability 
and sex (the latter 
two were used as 
covariates) were 
used in regres-
sion models 
(OLS and logistic 
regression) for 
predicting levels 
of Grade 9 end 
marks and sub-
ject choices 

Content analysis 
with peer debrief-
ing was used to 
create themes. 
The literature of 
using assessment 
data to inform 
adapted teaching 
was used to guide 
the analyzes. 

Change scores 
for within and 
between group 
estimations (re-
garding growth 
in reading 
skills), were an-
alyzed with t-
tests. A linear 
mixed model 
was used for es-
timating differ-
ences between 
reading and 
TTS-reading. 
Descriptive sta-
tistics, correla-
tions, and cita-
tions were used 
for evaluating 
the clinical im-
pact of AT 
  

Descriptive re-
sults concerning 
the quantitative 
measures. Induc-
tive content anal-
ysis was used to 
create categories 
of teachers’ writ-
ten material, 
which was guided 
by evaluation 
purposes of how 
AT-functions 
seem to work for 
the student.  

Main 
results 

Early word de-
coding ability ac-
counted for ap-
proximately 10-
14% of variance 
explained in 
marks, over and 
above the covari-
ates. A similar ef-
fect was obtained 
for subject 
choices 
(OR=1.08-1.14)  

By using continu-
ous assessments, 
teachers had be-
come more aware 
of students learn-
ing needs and pro-
gress, as well as 
that they had be-
come strength-
ened in their role 
as a teacher. They 
reported using as-
sessment data for 
the planning of 
teaching, but 
adapted teaching 
that corresponded 
to each student’s 
individual needs 
were not suffi-
ciently used 

Growth in read-
ing skills were 
salient in both 
groups, but not 
between them.  
TTS reading 
rate were about 
half compared 
to traditional 
reading in grade 
4, but TTS com-
prehension were 
approximately 
the same for 
both groups. 
40-60% of the 
students at T3 
reported posi-
tive outcomes of 
AT-usage. Stu-
dents with the 
lowest compo-
site reading 
scores were 
more disposed 
to respond posi-
tively to AT-us-
age 

Approximately 
70% of students 
continued using 
the technology af-
ter the interven-
tion. 
Results showed 
perceived differ-
ences between 
students in both 
age groups re-
garding students’ 
ability to assimi-
late and to com-
municate text, in-
cluding perceived 
differences in 
motivation and 
autonomy that 
follows from AT-
usage. A need for 
supporting the 
student was also 
prominent in 
teachers written 
material 
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Instru-
ments 

The Word chains 
test and Raven’s 
matrices 

Focus group inter-
views with a  
semi-structured 
interview guide 

Reading 
measures (e.g., 
word- and non-
word reading 
tests, and read-
ing- and listen-
ing comprehen-
sion tests) and a 
test of the dif-
ferences be-
tween tradi-
tional reading 
and reading by 
means of TTS, 
was used for the 
first two aims of 
the study (ef-
fects on reading, 
and the compen-
satory aspect of 
AT).  
Student and par-
ent self-report 
details con-
cerned the third 
aim (how AT-
usage affected 
the student) 
 

Questionnaire 
with closed and 
open response al-
ternatives cover-
ing a range of 
questions regard-
ing the impact of 
assistive reading 
and writing apps 

Proce-
dure 

School certifi-
cates at Grade 9 
were matched 
with personal in-
formation from 
the original study 
 

The teachers car-
ried out the Le-
gilexi assessments 
on two occasions, 
took part in the 
literacy program 
and were inter-
viewed in focus 
groups 
 

Following T1, 
student carried 
out a systematic 
AT-intervention 
(24 sessions) us-
ing e.g., TTS 
and STT func-
tions. T2 was 
effected after 
the intervention, 
and T3 after one 
year 
 

Upon completion 
of the AT-inter-
vention, the 
teachers were 
contacted to fill 
out the question-
naire 
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that was supported by the statistical estimations. Under this study’s properties 
and scoring procedures, approximately 10-14 % of the variance in grade marks, 
and an increased chance in the magnitude of OR=1.08-1.14 (which corresponds 
to an effect size of 8-14%) to participate in advanced academic courses, were 
associated with students early levels of decoding ability, when non-verbal cog-
nitive ability and details of sex were held constant. The highest bivariate corre-
lation between decoding and grade marks were found in the subject Swedish, 
r=0.5, which equals 25% of variance explained.  

Students were screened at the end of second grade, which reflects that stu-
dents have had two years of formal reading instruction, before being assessed. 
This time point might be crucial as most students at the end of second grade 
should have learned the basics in learning how to read, which includes the abil-
ity to read words (i.e., to decode). However, the decoding ability can be de-
scribed as on a continuum or as a trajectory (ranging from slow to fast decoding, 
or recognition of either familiar or unfamiliar words), and the variance on this 
continuum, thus, partially reveal students’ future chances of being able to suc-
ceed in school. The association between early levels in reading and later perfor-
mance could possibly be explained through the continued reading development 
(although not in itself investigated), and if this development is delayed, then it 
seem to affect students’ ongoing chances throughout schooling, in order to take 
advantage of education. However, this study does not investigate the causality 
of such an assumption, but rests on the assumption that students reading devel-
opment tend to support a deficit-model instead of a lag model (Francis, et al., 
1996; Jacobson, 1999). This means that students who are behind in their reading 
development early, tend to remain behind normally developing students. 

The exact levels of decoding with regard to specific grade marks (i.e., critical 
threshold levels in decoding needed, for example to reach the medium grade) 
was, however, not calculated in this study. The rationale for not calculating such 
levels were that the screening data originated from an older educational system, 
and the rating grade system is no longer in use, which make such exact estimates 
redundant, and, is therefore an obvious study limitation. In addition, as the find-
ings as presented here reflects an older educational system, including students 
overall reading ability, there is a possibility that the findings do not match the 
contemporary context. However, as reading is a basic skill, including how it is 
learned, and that students uses reading as a central learning modality in school, 
there are strong theoretical reasons to expect that the associations found in this 
study matches the contemporary context. 

What the study also did not show was to what extent students received sup-
port throughout schooling, and how such potential support reduced the impact 
of delayed or reduced reading skills regarding the students’ possibilities to take 
advantage of education. Therefore, we do not exactly know the extent the ap-
parent inequality between early reading skills and later performance can be re-
mediated, but indicate that we probably should try to support student to develop 
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Chapter 7: General discussion 

This dissertation project aimed to explore how students can be supported to 
achieve well-functioning literacy, focusing on adapted teaching that targets in-
dividual needs in students, and how the use of assistive reading and writing 
technology can aid students with reading difficulties. In addition, the first study 
in the dissertation aimed to demonstrate the relative importance of students de-
veloping adequate reading skills early in school. The findings of this study are 
used in the dissertation as a foundation for highlighting the need for interven-
tions, and are discussed first, followed by the main findings for each study, alt-
hough study III and IV are discussed as combined. The included studies there-
fore follows a clear order. While study I explored the long-termed consequences 
of students reading ability, and thus, served as to demonstrate the urgent prob-
lem, the intervention studies expanded on this finding and served as to account 
for two subsequent methods of how to meet the challenges associated with 
teaching students how to read and students who never develop a sufficiently 
proficient reading ability.  

In addition, a critical method discussion, including study limitations are pre-
sented in conjunction with each finding, mainly because each study had a de-
limited design in relation to the other studies. An adapted RTI-model, based on 
the findings of included studies, and a section of implications and conclusions 
are located last in this chapter. 

 

Summary of principle findings 
The level of students’ early decoding skills predicted later aca-
demic performance 
In study I, it was demonstrated, and in the line with the hypotheses of the article, 
that students early reading skills, measured as scores on the Word chains test 
from a large sample of young readers, predicted academic performance at the 
end of compulsory school (grade marks and subject choices). It was hypothe-
sized that the predictor variables had a relative linear relationships with the cri-
terion variables (i.e., Low-Low and High-High relationships), an assumption 



53 

that was supported by the statistical estimations. Under this study’s properties 
and scoring procedures, approximately 10-14 % of the variance in grade marks, 
and an increased chance in the magnitude of OR=1.08-1.14 (which corresponds 
to an effect size of 8-14%) to participate in advanced academic courses, were 
associated with students early levels of decoding ability, when non-verbal cog-
nitive ability and details of sex were held constant. The highest bivariate corre-
lation between decoding and grade marks were found in the subject Swedish, 
r=0.5, which equals 25% of variance explained.  

Students were screened at the end of second grade, which reflects that stu-
dents have had two years of formal reading instruction, before being assessed. 
This time point might be crucial as most students at the end of second grade 
should have learned the basics in learning how to read, which includes the abil-
ity to read words (i.e., to decode). However, the decoding ability can be de-
scribed as on a continuum or as a trajectory (ranging from slow to fast decoding, 
or recognition of either familiar or unfamiliar words), and the variance on this 
continuum, thus, partially reveal students’ future chances of being able to suc-
ceed in school. The association between early levels in reading and later perfor-
mance could possibly be explained through the continued reading development 
(although not in itself investigated), and if this development is delayed, then it 
seem to affect students’ ongoing chances throughout schooling, in order to take 
advantage of education. However, this study does not investigate the causality 
of such an assumption, but rests on the assumption that students reading devel-
opment tend to support a deficit-model instead of a lag model (Francis, et al., 
1996; Jacobson, 1999). This means that students who are behind in their reading 
development early, tend to remain behind normally developing students. 

The exact levels of decoding with regard to specific grade marks (i.e., critical 
threshold levels in decoding needed, for example to reach the medium grade) 
was, however, not calculated in this study. The rationale for not calculating such 
levels were that the screening data originated from an older educational system, 
and the rating grade system is no longer in use, which make such exact estimates 
redundant, and, is therefore an obvious study limitation. In addition, as the find-
ings as presented here reflects an older educational system, including students 
overall reading ability, there is a possibility that the findings do not match the 
contemporary context. However, as reading is a basic skill, including how it is 
learned, and that students uses reading as a central learning modality in school, 
there are strong theoretical reasons to expect that the associations found in this 
study matches the contemporary context. 

What the study also did not show was to what extent students received sup-
port throughout schooling, and how such potential support reduced the impact 
of delayed or reduced reading skills regarding the students’ possibilities to take 
advantage of education. Therefore, we do not exactly know the extent the ap-
parent inequality between early reading skills and later performance can be re-
mediated, but indicate that we probably should try to support student to develop 

52 

Chapter 7: General discussion 

This dissertation project aimed to explore how students can be supported to 
achieve well-functioning literacy, focusing on adapted teaching that targets in-
dividual needs in students, and how the use of assistive reading and writing 
technology can aid students with reading difficulties. In addition, the first study 
in the dissertation aimed to demonstrate the relative importance of students de-
veloping adequate reading skills early in school. The findings of this study are 
used in the dissertation as a foundation for highlighting the need for interven-
tions, and are discussed first, followed by the main findings for each study, alt-
hough study III and IV are discussed as combined. The included studies there-
fore follows a clear order. While study I explored the long-termed consequences 
of students reading ability, and thus, served as to demonstrate the urgent prob-
lem, the intervention studies expanded on this finding and served as to account 
for two subsequent methods of how to meet the challenges associated with 
teaching students how to read and students who never develop a sufficiently 
proficient reading ability.  

In addition, a critical method discussion, including study limitations are pre-
sented in conjunction with each finding, mainly because each study had a de-
limited design in relation to the other studies. An adapted RTI-model, based on 
the findings of included studies, and a section of implications and conclusions 
are located last in this chapter. 

 

Summary of principle findings 
The level of students’ early decoding skills predicted later aca-
demic performance 
In study I, it was demonstrated, and in the line with the hypotheses of the article, 
that students early reading skills, measured as scores on the Word chains test 
from a large sample of young readers, predicted academic performance at the 
end of compulsory school (grade marks and subject choices). It was hypothe-
sized that the predictor variables had a relative linear relationships with the cri-
terion variables (i.e., Low-Low and High-High relationships), an assumption 



55 

the teachers made use of the assessment data and recommendations, as students 
whose teachers belonged to the educational reading project improved their 
scores on word decoding and reading comprehension measures. The findings in 
this study showed that the support provided by the project was perceived as 
overall positive and supportive, which was expected because the teachers as-
signed willingly to the project. Data about the extent teachers used, and changed 
their teaching were evaluated in two focus group meetings, and teachers talk 
and responses to topics regarding assessment use were analyzed through quali-
tative content analysis.  

The first finding generated from teachers’ participation in the focus groups 
revealed that they had become much more aware of their students learning, 
which is described as a condition for successful data usage (Förster & Sou-
vignier, 2015; Stecker, Fuchs, & Fuchs, 2005), as long as assessment data are 
used for forward-looking purposes with regard to students development and 
learning criteria. It seems that the awareness of how different student develop 
informed the teachers that instruction, therefore, should be carried out with re-
gard to differences among students, hence, it needed to be differentiated. In par-
ticular, they realized that they could impact student reading development 
through their own efforts and teaching, according to teacher narratives. In gen-
eral, having access to student reading data in this coherent form, strengthened 
their role as a teacher in relation to other professions and parents. 

However, and possibly with regard to the relative short time frame between 
when teachers joined the project and the data collection (approximately 6-9 
month, including two assessment periods), the were little evidence of teachers 
managed to target individual needs, but they talked about its potential. Alt-
hough, the teachers stated and recollected events when student data and recom-
mendations were used for the planning of teaching, this was rather limited with 
regard to individual needs, and were mostly about organizing learning activities 
for groups of students (although, these activities were based on the assess-
ments). As this end related to the high expectations in the project, and to guard 
against not having saturated the data collection enough, the moderator explicitly 
and continuously asked about the extent they used individual student data and 
recommendations for the planning of teaching.  

Research in the field of assessment use and data literacy are consistent about 
the challenges about changing teachers practice in this direction (Hoogland, et 
al, 2016; Means, Chen, DeBarger, & Padilla, 2011; Schildkamp & Kuiper, 
2010), and point to that it takes a considerably large amount of time for teachers 
to be able to utilize data (Van de Grift, 2017), in addition to knowing how to 
adapt teaching. The project, therefore, tried to circumvent such difficulties by 
providing recommendations (meaning that teachers did not have to transform 
assessment data into instructional decisions) and material, but even with this 
support, there were apparently a too short period for this project to be fully im-
plemented. This statement is further supported by that the teachers expressed 
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their reading skills as far as possible, and as early as possible. More research are 
needed in order to update the predictions with regard to the current educational 
system, and possibly, to identify what level of decoding that is associated with 
an increased risk of not being able to take advantage of education.  

Besides providing adequate reading instruction that matches individual 
needs, as was the foci in study II, one can also think about the challenges stu-
dents with a reduced reading performance face in terms of the well-established 
Matthew effect (Stanovich, 2009). According to Stanovich, students with a re-
duced reading performance tend to not being able to read the same amount of 
text as normally developing students, and as texts become increasingly more 
difficult (e.g., typical in the onset of grade 4 and forward) this contributes to 
that these students fall behind their peers. This assumption, that reading perfor-
mance is mediated through reading activities, has, for example, been demon-
strated in a longitudinal study by Cunningham and Stanovich (1997). Therefore, 
there are two aspects of a reduced performance that need to be considered. Not 
only do students with a reduced performance need high quality reading instruc-
tion (Cunningham & O’Donnell, 2015; Wolf, 2016; 2011), either provided in 
the classroom (as was the ambition in study II), or in special education, they 
also need reading experiences. With regard to the forthcoming account of assis-
tive technology, this approach to reading can contribute with providing reading 
experiences and text assimilation, as assistive technology has the potential to 
circumvent the negative aspects of a reduced reading performance. In addition, 
using assistive technology as a replacement of or in addition to reading after the 
student have learned the basics of reading skills might contribute more than to 
just offer an alternative route to gain access to text. Extensive use of assistive 
reading and writing technology might also in itself remediate reading skills 
through student interacting with text, for example by listening to the relation 
between letters and sounds. In relation to the Simple view of reading model, 
SVR (Gough & Tunmer, 1986; Kirby & Savage, 2008), paying attention to the 
letter-sound correspondence, but also to phonemes and written language struc-
tures, including the spelling of words, connects to the decoding component in 
the model. Therefore, if assistive technology usage contributes to promote the 
ability to decode words, then, assistive technology usage have the potential to 
also affect students overall reading ability. 

 

Assessment data made teachers more aware of student learning 
but its impact on targeted teaching was limited 
In an attempt to achieve the purpose of “generally effective” tier 1 reading in-
struction, in order to promote the reading ability for all readers, the teachers in 
study II were supported with student assessment data, recommendations, and 
material of reading development and teaching. Based on the earlier effect study 
in this project (Gustafson, et al., submitted), there were reasons to expect that 
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teachers’ self-perceptions and assessments from study III and IV, used as a basis 
for evaluating the AT-usage, it seems that students were able to use reading and 
writing apps as intended in order to gain access to text and to produce text, and 
that the apps could compensate for difficulties in reading.  

Although a lower percentage for compensation was estimated for the older 
students, as well as fewer older students continued to use the technology after 
the intervention. However, one can speculate that older students were more dif-
ficult to impact, as the assistive technology tools became available very late in 
their education, but also that older students, apparently, are more independent 
to begin with, in contrast to the younger students, who seemed to comply well 
to the intervention design. Nevertheless, some of the older students found 
the intervention beneficial, and the technology became integrated in their 
everyday schoolwork. 

Importantly, when students were able to utilize the functions, the students 
seemed to become motivated to use the technology for text-interaction pur-
poses, which also affected motivation and autonomy for schoolwork, and, thus, 
the assistive technology usage in this study showed it can compensate for writ-
ten language difficulties, but, in various degrees. For example, some results 
showed that when the students no longer had to struggle decoding words, they 
could instead focus on comprehension and the written language structure, while 
some students had difficulties utilizing the technology adequately. 

Moreover, the students seem to have perceived the intervention as relevant 
for them (e.g., using students own school material in the intervention might have 
added to the perception of relevance, and that they experienced having access 
to tools that aided them in their schoolwork), not at least as shown by their will-
ingness to participate in quite many training sessions (M=21), and that a major-
ity of the students reported positive effects of the intervention and when they 
used the tools in their education. One student illustrated what was best using 
AT; “All. It has given a lot to life. It can always help me”. Additional analyses 
also indicated an expected effect, that students with the lowest reading ability 
reported being more beneficial of the technology, affecting their motivation to 
use the technology, although these albeit weak associations (r=.32-.42) could 
only be found in part of the questions.   

Furthermore, guided by the paper of clinical significance by Foster and Mash 
(1999), approximately 70%  of all students (82% of grade 4, and 47% of the 
older students) continued to use the technology after the intervention, which can 
be denoted, together with the reported details above, as to reach clinical signif-
icance for a majority of students, as they, although in various degrees, found the 
technology beneficial in classroom education.  

This further means that the experienced clinical significance for this popula-
tion perhaps signaled something more important than what was provided by the 
reading and the TTS-measures, by showing that the intervention made a real 
impact to the student and to the perception of his or hers academic opportunities. 
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the potential of data usage, and that they realized that in order for such a project 
to reach its potential, they needed to collaborate with their colleagues, which is 
another condition regarding efficient data usage (Gersten, et al., 2008; Man-
dinach & Gummer, 2016; Schildkamp, Karbautzki, & Vanhoof, 2013; Way-
man, Wallace, Wiley, Ticha, & Espin, 2007). However, it was obvious that the 
teachers only were in the starting phases of such collaborations. On the other 
hand, the findings could also be interpreted as relatively successful given the 
short time frame, since most teachers in the groups had become more aware of 
their students reading development, including efforts to adapt their teaching. It 
is probably to be expected that the teachers needed time to evaluate this ap-
proach to teaching, and to gradually develop their abilities and their compe-
tences to use assessments and recommendations in their practice.  

Therefore, although a bit disturbingly for this dissertation project with regard 
to the somewhat limited results, but certainly beneficial for teachers and stu-
dents, the project has continued after the study, and has attracted a lot more 
schools than during the implementation year. Obviously, there is a need to fur-
ther investigate how this project develops and to better understand how teaching 
recommendations can be integrated in teachers’ everyday practice, in order to 
target individual needs. 

 Additional limitations concern the data collecting process. While responses 
of how teachers perceived to be impacted is well suited to be collected through 
verbal protocol, details of what teachers actually did can be more difficult to 
collect using this approach. However, to guard against social desirability of re-
sponses, the moderator encouraged teachers to give concrete examples of how 
teaching was carried out as well as to ask follow-up questions about possible 
limitations or purely negative aspects of data usage. Balancing this, having sev-
eral participants with a shared experience of the program, which enabled the 
teachers to compare their experiences in the interviews, could also have aided 
participants to recollect what they had been doing during the year. Nevertheless, 
as it became apparent that teachers gradually develop their abilities to integrate 
assessments use in their teaching, future research would benefit of studying this 
process longitudinally. Finally, no data were collected through classroom ob-
servations (which could have added details or validated teacher self-reports), 
but as the program features were not used every day, classroom observations 
would indeed be a non-resourceful approach, with evidently small chances of 
adding valuable details. 

 

Reading and writing apps provided possibilities for students 
with reading difficulties to be able to assimilate and to communi-
cate text 
The three subsequent findings emerged from the assistive reading and writing 
technology intervention. When combining students’, parents’ and intervention 
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able to disentangle all functions, teachers, students and their parents provided 
valuable assessments of the extent these functions were manageable for the stu-
dent. However, the level of agreement between for example students and par-
ents on the self-report assessments were not all satisfactory as correlations 
ranged between Kappa=0.15-0.63. For example, parents assessed greater use of 
the technology than their children reported, and the students were more opti-
mistic about being able to assimilate text as others than their parents perceived. 
It is possible that it is difficult to achieve a high level of agreement between 
parents and children on these questions, but points to the need to further evalu-
ating the self-reports assessments.  

With regard to investigate how assistive technology can be used to 
assimilate and to communicate text, study limitations therefore concerned how 
to measure these outcomes. While assimilating text, at least, had one test for 
that purpose (see TTS-reading below), there were especially challenging to 
evaluate the communicating text functions, as we, on this construct solely 
relied on the sub-jective reports and assessments.  

Consequently, there is a possible tradeoff between evaluating the technology 
across a variety of text-based situations in education, with potentially weaker 
evidence as reported above, but with better ecological validity, compared to 
evaluating specific and limited outcomes of assistive technology, as this may 
narrow the understanding of the broader use, but with potentially more reliable 
evidence. Arguable, more research are needed regarding the applied usage of 
the technology, but as discussed by Odom et al. (2005), special education and 
disability research faces challenges beyond ordinary education research, in par-
ticular because of high individual differences among students with learning dis-
abilities, which often requires other assessments, such as subjective self-reports, 
than strict quantitative measures. Moreover, it is precisely the “lived experi-
ence” of the user of having access to assistive technology that has been re-
quested in the literature (Edyburn, 2015; Perelmutter et. al., 2017), which this 
study provides. However, in our study, two specific outcomes, traditional read-
ing compared to TTS-reading, and the transfer effects of AT on reading skills 
were evaluated using more robust designs, which are discussed in the following 
sections.  

Text-to-speech functions increased reading speed for the younger 
students with reading difficulties, but did not outperform tradi-
tional reading comprehension ability 
The comparison between students’ traditional reading ability and reading 
by means of TTS (i.e., speed and comprehension scores from the reading and 
listening comprehension test) showed some unexpected results. Only in 
grade 4 it was demonstrated that TTS-reading substantially increased 
reading speed compared to traditional reading (which approximately halved 
the total reading 
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However, a portion of the students did not apprehend the technology 
properly, despite being trained and supported by the intervention teachers. Es-
pecially this group need to be further examined, for example, to tailor additional 
usage and support beyond what was done in the interventions. It seems that 
using reading and writing apps were lined with both technical and learning chal-
lenges, and that some students were not able to overcome these challenges with 
regard to as how to compensate for their difficulties in reading and writing.  

Approximately 30% of students did not continue using the technology after 
the intervention. There are some challenges comparing the estimation 2-3 
month after the intervention with the one-year follow up, as fewer students re-
mained at the last assessment (55-65% of remaining students reported continued 
use). Nevertheless, the available details of not continuing at the follow-up often 
contained explanations of poor support from the school or reported technical 
shortcomings, that is, the reasons were often external, rather than an expression 
of the individual student, with a few exceptions (a few students did not enjoy 
working with the technology further). This result also connects to the theoretical 
outline of clinical significance (Foster & Mash, 1999), by pointing to the expe-
rienced imbalance between acceptable levels of invested effort from the student, 
in relation to the outcome of using AT. This means that these students would 
have benefitted of additional support in order to find AT-usage useful despite 
the struggles learning how to use it.  

Moreover, especially teacher support emerged as a condition as how to teach 
and support the student to use the apps with regard to its purposes. In fact, a 
challenge, which we learned a great deal about during the entirety of the project, 
was how the continued use of the technology after the intervention, more or 
less, tended to be conditioned by the schools and the students additional and 
ordinary classroom teachers. Some of these teachers might not have found stu-
dents technology usage as important or easy to integrate in their classrooms, and 
therefore did not sufficiently enough support the student after the intervention. 
Not much research have been devoted to investigate the integration of portable 
tablets in schools, which point to the need for further implementation and re-
search of such accommodations in schools, beyond implementing the technol-
ogy among study intervention personnel. 

In contrast to several studies of the effects of AT (experimental studies often 
without a connection to the students’ education, either with no or with small 
amount of training, common in Perelmutter, et al., 2017 and Wood, et al., 2017), 
the intervention included students own texts and study material from their ordi-
nary education, which means that we were able to evaluate the technology usage 
in applied, and in partially applied, educational situations. For this reason, we 
used broad definitions of the functions, that is, to assimilate and to communicate 
text. Thus, these concepts included many sub-processes and applications (i.e., 
aspects of how to “read”, including the amount of text assimilated, and to 
“write” with the technology), and as this were challenging in the sense of being 
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make this kind of assistive technology friendly for every user, including assess-
ment procedures. 

In conclusion, even if TTS-reading did not conclusively outperformed tradi-
tional reading (mostly affecting reading speed), the findings still indicate that 
text can be assimilated by means of TTS, and that this demonstrated the practi-
cal utility of the technology, but the finding here showed limited effects on com-
prehension over students traditional reading ability. 

 

Students using AT were not negatively affected with regard to 
reading ability compared to student who continued with tradi-
tional special education support 
One concern that could be raised is if unilateral use of assistive reading technol-
ogy over traditionally used reading remedies could have a negative impact on 
students reading ability. Findings as presented in this study reflects students’ 
reading ability after primary school, and it is, and in line with the logic of RTI, 
crucial that assistive technology considerations derives after formal teaching 
and additional remedies during primary school, in order to reach as high a level 
of reading as possible for the student, under reasonable time and effort condi-
tions. 

The findings in this study confirmed the results in the pilot study (Lindeblad, 
et al., 2017) that students who only used AT during the intervention, assessed 
immediately after the intervention and after one year, showed gains in almost 
every reading measure, at least in grade 4, but also on a majority of the measures 
in the older group (it is, of course expected that the younger students showed 
larger gains than older students). However, in contrast to the earlier study, we 
were able to compare the intervention groups’ gains to control students, which 
showed that none of the groups outperformed the other, as we found no signif-
icant change score differences between the groups (both regarding T1 vs T2 and 
T1 vs T3), except for an unexpected change score difference in listening com-
prehension in grade 4, where control students developed more. It is unexpected 
in the sense that it would be more plausible that intervention students, who used 
the TTS-function during the intervention, and many of them after the interven-
tion, would have improved their listening comprehension ability more. In addi-
tion, in grade 4, norm group comparisons showed that both groups made en-
hancements in reading ability, which further supported the claim that AT-usage 
can promote the reading ability at approximately the same rate as those who 
receives traditional support. A plausible explanation to this is the potentially 
higher exposure to text provided by the technology, and that this impacted their 
reading measures, as pointed out previously. 

The findings mean that students with reading difficulties, after systematic 
AT-training, does not fall behind students who are supported with traditional 
remedies. This further means that students can choose to assimilate text with 
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time on the test), while the older group was not impacted as much (an effect of 
a ~10 second difference per text in favor of TTS was found). There was also no 
apparent difference between the two learning modalities regarding comprehen-
sion scores, meaning that only grade 4 students greatly benefitted from using 
TTS in terms of reading speed, while the older students probably were suffi-
ciently good enough at traditional reading that delimited the relative advantage 
of using assistive technology (although their decoding ability was on or below 
the tenth percentile in relation to the norms). Therefore, the relative advantage 
of TTS seemed to depend on the level of severity it is intended to accommodate, 
in line with the intentions behind AT-usage and previous research (Lenker & 
Paquet, 2003; Perelmutter et al., 2017; Wood et al., 2017). 

These findings, however, are dependent on how the test was constructed. 
Each text was quite short, and might also not be regarded as sufficiently com-
plex or challenging, in order to expose the advantages of TTS-reading clear 
enough, especially for the older students. It is therefore possible that this test 
need to be further evaluated, and also to ensure that the texts, although equated 
on many linguistic parameters (see Trauzettel-Klosinski & Dietz, 2012, for de-
tails of the texts), also are perceived as equally challenging and interesting, as 
this also can affect how participants perceive and recall a narrative. 

Furthermore, and in addition to the psychometric test properties, the findings 
can be interpreted in relation to the review by Wood, et al. (2017), in which only 
one significant moderator emerged regarding TTS and comprehension, namely 
study design. While studies with between-subjects designs revealed an esti-
mated weighted effect size of 𝑑𝑑𝑑𝑑 =.61, 95% CI (.39; .83), p <.001 in favor of TTS 
accommodations, the estimated effect for within-subjects studies was non-sig-
nificant, 𝑑𝑑𝑑𝑑 =.15, 95% CI (-.13; .43), p >.05. Our test procedure had a within-
subject design, with randomized text-allocation to guard against order effects, 
and it seems that, even when students had participated in an extensive interven-
tion (unlike several studies in the reviews), the relative advantage of TTS over 
reading could only be demonstrated regarding reading speed in the younger 
sample. More research is needed since both the review (Wood, et al., 2017) and 
our study reveal some unexpected results, because it is not established why 
within-subjects studies of TTS have produced small or no effects on compre-
hension, which, in this study probably could be attributed to testing procedures. 
Especially the long-term usage of using TTS functions, and potential modera-
tors (e.g., student characteristics) in this small sample could not be investigated 
under this condition. 

Unfortunately, not all students at T2 conducted the reading and listening 
comprehension test. The reported reason from the assessors was technical short-
comings in the process of photocopying the texts, which implies that this kind 
of operations is dependent on both technical and user conditions, which further 
indicates that there is still some progress that ought to be conducted, in order to 
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63 

the users’ possibilities for using AT effectively, it is recommended that forth-
coming similar studies have implementation as an equally important outcome 
beside the typical experimental outcome measures (e.g., reading performance 
outcomes).  

Furthermore, the teacher intervention project would also have benefitted 
from having a clearer aim on implementation, and to better follow the guidelines 
and checklists of implementation research (Ogden & Fixsen, 2015), especially 
to ensure and to reinforce implementation using a systematic approach of the 
determinates of change. Although, implementation research is a quite young 
discipline, it have contributed with an increased knowledge of how research, 
often theoretical by nature, can make changes for those individuals who needs 
it the most.  

Conclusions about the findings in relation to the 
theoretical framework 
The introduction in this dissertation contains the RTI-framework, used a lens, 
as well as an instructional model for how to understand how literacy can be 
promoted across both ordinary reading instruction (denoted as “tier 1”) and how 
to motivate using assistive technology for students who struggle with reading 
despite special education remedies. In this section, I demonstrate how the find-
ings fit the model, but importantly, how the model can be expanded, in order to 
better meet the learning needs of students, and to offer solutions to those stu-
dents who never become sufficiently good-enough readers.  

Few attempts have been made to clarify the content of tier 1 in RTI (Lam & 
McMaster, 2014). There is also not much research devoted to improve instruc-
tion as early as in tier 1 in relation to the workings of the model (i.e., providing 
targeted high-quality instruction in classroom education in order to identify and 
to promote struggling readers). Typically, students struggling with reading are 
identified in screening and transferred to tier 2 or tier 3.  

Study II demonstrated that there is potential for using comprehensive assess-
ments (in line with the more individualized Problem-solving approach), trans-
formed to profiles and teaching recommendations, for targeting instruction. 
Moreover, the study encompassed every student in class, which goes beyond 
traditional RTI-approaches (Fuchs, et al., 2012). In this regard, we were able to 
provide an approach to teaching that normally is directed only to students at 
risk. In terms of the critique against RTI regarding being potentially non-inclu-
sive (i.e., the removal of the student to small groups or individualized teaching, 
Grosche & Volpe, 2012), the study showed that there is potential of providing 
individualized teaching within classroom education, in line with the intentions 
of inclusive education (Hehir, et al., 2012). Students having minor difficulties 
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AT without facing any negative long-term effects on their reading ability, not 
at least in comparison to with what was offered as traditional reading remedies 
in the selected schools, and including the time limit (i.e., the one-year re-
striction). 

However, to be able to generalize this finding that AT-usage is as remedial 
as traditional support for students who already have received traditional reme-
dies, it is important that the control students received evidence-based and effec-
tive reading remedies. However, given the diversity of how this support was 
reported, a limitation regarding the comparison could be that the remedies were 
not as efficient as was desirable. For example, some control students received 
intense phonological training whereas other received more modest support. In 
addition, a few control students already used some assistive technology support 
before entering the study, which we of course could not remove. This usage 
was, however, neither systematic nor comprehensive, but complicated the com-
parisons between the groups, and might therefore limit the generalized conclu-
sion between AT and traditional support.  

Attrition rates between T1 (pre-intervention), T2 (post-intervention) and T3 
(follow-up), and missing data on some of the tests further complicated the reli-
ability of the estimates of the reading measures. Although attrition always com-
promises study conclusions, we could not, at least, identify any differences be-
tween the dropouts and the remaining students, as there were no significant dif-
ferences on the reading scores between students at T1 and the remaining stu-
dents at T3. Attrition was probably due to external conditions, such as the 
schools ability to comply with the study design, and, therefore, did not seem to 
be systematic on the student level. 

 

Concluding remarks of the limitations of the two intervention 
projects 
The findings from the two intervention projects relates to the research of imple-
mentation of research-based practices (Ogden & Fixsen, 2015). Studies focus-
ing on the effectiveness of, for example, an intervention or a clinical trial con-
ducted with an RCT-design often do not have implementation in itself as the 
main aim. According to Jonsson, Olsson, and Bölte (2015), the generalizability 
of such studies “is often unclear and that the determinants of external validity 
are often inadequately reported” (p. 295), meaning that implementation is often 
not sufficiently looked at or that there are challenges of how experimental find-
ings relate to real world contexts. We too discovered the challenges of conduct-
ing research in applied contexts, where the question of implementation became 
increasingly more apparent (and like many others, we discovered this a bit late 
in the process). However, in the AT-intervention project, attempts were made 
to control and to uncover some of the determinants of what seem to condition 
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receive targeted instruction accordingly, then it might improve the basis of 
providing interventions in a timely manner.  

However, these ambitious goals are resource demanding, as research on RTI-
implementation and data-usage requires extensive professional competence 
among school personnel, which we must bear in mind when considering chang-
ing teaching practices (Berkely, et al., 2009; Gersten et al., 2008; Kratochwill, 
Volpiansky, Clements, & Ball, 2007; Van de Grift, 2007). Study II showed that 
such change is doable, but even in this ambitious project, resources like time, 
teacher support and teacher collaboration need to be freed if the potentials are 
to be realized. However, in the light of recent year’s extensive focus on declin-
ing reading performance in Swedish youth, it is high time to meet teachers' 
needs to access educational programs that aim to enhance reading instruction in 
Swedish schools. 

 
 

Figure 2. A four-tier RTI-framework. Italics represents the suggested expan-
sions of the framework. Originally developed from Grosche and Volpe (2014). 

 
Study III and IV provided the second contribution to the RTI-framework. Spe-
cifically, this project aimed to find support for using assistive reading and writ-
ing technology following insufficient student responses to intense reading in-
terventions, usually provided in tier 3. Therefore, the next step after tier 3 con-
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with reading could possibly be able to overcome these obstacles within class-
room education, also without having to be singled out or labelled, as all students 
in this project are to receive individualized instruction.  

Although, due to the relative short time frame implementing the program, we 
were not able to reach the full potential, but the study demonstrated some of the 
strength of this approach, namely teachers being more aware of student learn-
ing, and an ambition to provide targeted instruction based on assessment data. 
Importantly, the recommended instructions in this program were also con-
structed in conjunction with advances in reading research (NRP, 2000) specifi-
cally to ensure that students knew the basics of reading, for example, that teach-
ers paid attention to that all students knew the alphabet and having enough 
knowledge of phonological awareness (i.e., sound-letter correspondences) be-
fore facing more advanced exercises. Based on these findings, and in terms of 
improving the base of RTI, I suggest that RTI could move in the direction of 
providing individualized instruction as early as in tier 1. Figure 2 contains the 
suggested modifications of the content in tier 1 (shown in italic). Adding indi-
vidualized instruction based on comprehensive assessment data in tier 1 might 
improve the following:  

 
1) All students, including students who struggle with reading and normally or 
rapidly advancing students, have the opportunity to develop their reading ability 
based on their learning situation in classroom education. 

 
2) More teaching takes place in the classroom, which is seen as a prerequisite 
for an inclusive approach to education, as well as this approach can strengthen 
classroom teachers to be able to teach students who develops less than expected. 
This may also reduce the need for special education resources (i.e., that special 
ed. is used only for the students who require it).  

 
3) The risk of incorrectly identifying students in need of more comprehensive 
efforts will probably be reduced (although not investigated), as having high-
quality classroom instruction can improve the processes of correctly singling 
out students struggling with reading that is not due to poor instruction (i.e., real 
difficulties with reading).  

 
If implemented, especially the third argument might also improve the decision-
making procedures of tiered interventions, because it is not clear whether stu-
dents always benefit of going through all the pre-determined tiers in RTI. For 
example, Al Otaiba, Connor et al. (2014) found that students having severe dif-
ficulties, identified early in school, benefitted of being subject to more intense 
interventions directly, compared to students that went through a typical tier 1-3 
RTI-procedure. If students continuously and comprehensively are assessed, and 
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and conversely, how relatively demotivating further technology usage became 
when a match was not met. As pointed out by Siegel (2013), students struggling 
with reading face challenges beyond their deficits, not at least with regard to the 
amount of assessments and training they need to undertake. This dissertation 
showed that using assistive technology may ease that burden, but also requires 
a lot of training, which some students found difficult to cope with. Again, the 
students experience of using this approach to learning need to be taken into ac-
count when designing assistive technology interventions. Importantly, the level 
of success, or the experience of clinical significance, seemed to be conditioned 
by the support provided by their intervention teacher.  

Therefore, not only do we need to construe measures for monitoring assistive 
technology evaluations (in which teacher expertise could be included) for ena-
bling a valid decision-making procedure in RTI (Edyburn, 2009), I suggest (e.g. 
based on the many valuable insight provided by the students but also from par-
ents and teachers) that the designs and adjustments take into account the stake-
holders experiences in the design and monitoring of using assistive technology. 
Such a comprehensive RTI-system, which also could include how to evaluate 
reading performance with and without assistive reading technology assistance, 
and the decision-making procedures that follows from such an expansion, are 
topics that are suitable for later research.  

Finally, although implementing an RTI-system in Swedish schools, and al-
lowing students access to digital assistive technology for those who require it is 
well within Swedish legislation, it would still benefit from becoming a bit 
clearer regarding technology usage. As for now, it is not entirely clear if stu-
dents who need assistive technology in order to be able to read adequately can 
use this aid beyond learning situations only, for example when undertaking dif-
ferent exams, including high-stake exams. Such clarification would also help to 
improve the decision-making procedures when implementing assistive technol-
ogy in Swedish schools, in addition to clarify the usage in relation to the general 
guidelines and visions of inclusive education and the rights of persons with dis-
abilities (UN Committee on the Rights of Persons with Disabilities, 2016).   

Implications and conclusions 
The findings in this dissertation has clear implications for practice. In study I, it 
was demonstrated that the level of students’ early reading skills partly condi-
tioned long-term academic success, meaning that students with lower levels of 
assessed reading received lower grades and academic opportunities than stu-
dents with higher reading levels. All things equal, it pointed to the need of 
providing adjustments to students, especially to those who needed individual-
ized reading instruction, and to those who, despite the remedies provided in 
school so far, still struggles with reading, in order to promote literacy and equal-
ity in education.  
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tains an additional feature of assistive reading and writing technology as re-
quested by Edyburn (2009). Figure 2 therefore contains a suggested forth tier. 
Based on the findings in study IV regarding differences about how effective the 
technology were perceived to be for the individual student, frequent monitoring 
and adjustments of how to implement the technology to the student is added in 
the model. As pointed out by Cook and Polgar (2008) and Vanderheiden (1987), 
the extent to which a student can benefit from assistive technology in order to, 
for example, being able to read, is driven by personal and environmental factors. 
Both these components, that is, the students’ capacity to utilize the technology, 
as well as the surrounding environmental support, including the technology ef-
ficiency itself, have to be part of such an adjustment. Thus, in line with the goal 
of RTI, as soon as the student can operate the technology, and being able to 
assimilate and to communicate text via technology, the student may follow the 
classroom teaching like other students. Importantly, this forth tier does not rule 
out continued reading training, but it seems paramount that non-responding stu-
dents (i.e., students who do not reach desirable benchmarks in reading) are re-
ferred to assistive technology usage. In addition, assistive technology consider-
ations should be based on specific needs of the student. Some students might 
benefit from TTS-support while reading, others might benefit from removing 
traditional reading entirely, at least in some reading situations where the amount 
of and the complexity of texts overburden the student. These considerations and 
designs were, however, not investigated in this dissertation and need to be fur-
ther researched, not at least regarding the long-term decisions about when to 
add or to remove AT depending on the student’s reading progression.   

On a theoretical level, it would seem easy to suggest assistive technology as 
soon as there is evidence of profound reading difficulties (which, despite reme-
dies, seem to be hard to remedy), but as assistive technology are quite challeng-
ing to learn how to use, it is recommended based on the findings in study IV, 
that students become introduced to the technology before they face large 
amount of text. As traditional RTI often spans over grade 1-3, it is suggested 
that students who keep lagging behind their peers have access to such technol-
ogy close to end-of-term in grade 3, in order to be able how to learn how to use 
the technology before school activities take the shape of “reading to learn”, ra-
ther than the other way around, and after evaluating the students chances of 
reaching liable benchmarks in reading.   

An apparent limitation of RTI is the unilateral use of quantitative response-
measures, without taking into account the users experiences of being provided 
an intervention. While this approach may be valid for traditional reading inter-
vention evaluations (e.g., that this approach ensures that all students receive 
remedies based on assessments of reading), it is evident from this dissertation 
that the students’ experience of the technology are taken into account when ad-
justing its uses. Not at least was this demonstrated by how motivated the stu-
dents became when a match between the student and the technology was met, 
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reading ability approximately at the same rate as limited users with reading dif-
ficulties. Consequently, this enables the AT-user to choose between modalities 
(reading or assimilating text via technology, or using both approaches) depend-
ing on the reading situation and context. This also translates to the concept 
“function”, as pointed out in the ICF-documents (WHO, 2001), meaning that 
AT should be regarded as a mean in relation to what the student aims to achieve. 
The same conclusion applied to communicate text via technology (i.e., to write), 
although the evidence regarding communicating text was solely based on sub-
jective assessments and need to be better confirmed.  

As pointed out in the introduction, the concepts activity and participation 
(Cook & Polgar, 2008) most particularly capture this longed-for goal of using 
AT, as the most responsive students were able to continue to use the technology 
in their everyday education without any observed limitations connected to their 
learning situation. However, major findings were that the technology-usage 
seemed to depend on the learning process of the technology and teacher support, 
including technical support, which means that in order to promote assistive tech-
nology for the purpose of inclusive education, schools need to ensure to provide 
adequate training and support (Reid, et al., 2013). Finally, the further integration 
of technology in classrooms for this population, along with the development of 
the before-mentioned decision-making procedures (including valid assess-
ments) of when and how assistive technology could be provided, are evidently 
the next steps in research.  

 
The following bullet points summarizes the empirical contributions of this dis-
sertation project. 

 
• Early reading skills predicted later academic performance, which mo-

tivated providing measures that counteracts the long-term negative 
consequences of a reduced or delayed reading performance. 

• Teaching recommendations, based on assessment data, impacted 
teacher awareness of students reading development and learning needs, 
and impacted how teaching were planned but with somewhat limited 
impact regarding targeting individual needs in students. 

• Assistive reading and writing technology for students with reading dif-
ficulties can be used for assimilating (Sw. tillgodogöra sig text) and 
communicating (Sw. textproduktion) text, and affected students’ moti-
vation for interacting with text as well as school motivation, but the 
ability to apprehend the technology varied among students, and pointed 
to the importance of teacher support and training, sometimes even be-
yond an extensive intervention. 

• To read with text-to-speech substantially increased reading speed for 
young students with reading difficulties, but not for older students, in 
comparison to reading by means of vision. Text-to-speech reading, 
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Study II, being part of a larger project (Gustafson, et al., submitted; www.Le-
giLexi.org) demonstrated some of the strengths of providing teachers with stu-
dent reading assessment data and teaching recommendations, in order to target 
reading instruction. Beside teachers being much more aware of student learning 
needs, teachers’ stated that they were in the starting phases of providing instruc-
tion that matched student’s needs, which we learned would take a lot more time, 
and conditioned by organizational factors, than was provided in the study. With 
the contribution of providing teachers with the program features, it has the po-
tential to change reading instruction in the direction towards high-quality read-
ing instruction, in which continuous assessments for the purpose of targeting 
instruction are included, in order to promote reading development for most stu-
dents. In phase with recent decades advances in reading instruction (Connor, et 
al., 2009; Cunningham & O’Donnell, 2015; NRP, 2000) and of how the reading 
ability develops in students, the contribution of this study showed the potential 
and implementation of established facts about instruction and reading develop-
ment in an applied educational context.  

This dissertation also showed the need of having an over-arching instruc-
tional framework, RTI, for establishing standards of how to think about provid-
ing instruction and adjustments in a tiered account, as this may ease the under-
standing of how to provide remedies and adjustments to students who find it 
challenging to learn how to read. Together with the account of a timely assistive 
technology implementation, using targeted instruction right from the school 
start might, in the long run, contribute to changing recent years’ gloomy records 
of Swedish students’ reading development, and allowing more students to ex-
perience the pleasures of reading, as well as to be better prepared for the de-
mands in the education system.  

The assistive technology studies further demonstrated the need of providing 
adjustments over and above reading training only for students who keep lagging 
behind their peers. In phase with the development of for example TTS and STT-
accommodations, and with new studies that utilizes this development, the con-
tribution of this project showed that assistive reading and writing technology 
were beneficial for most students who experienced severe difficulties in read-
ing.  

 Among several findings, using assistive technology enabled the students to 
gain access to text while avoiding the struggles of reading texts traditionally, 
and this achievement also seemed to affect their motivation positively for text-
interaction and schoolwork in general. The evidence provided in study III and 
IV has therefore direct implications regarding the pursuit for establishing an 
inclusive education, by allowing students access to tools within classroom edu-
cation. Furthermore, although the relative advantage of TTS over reading was 
rather limited under a newly constructed test, other results pointed to that stu-
dents’ who used AT did not seem to fall behind their equally impaired peers on 
reading measures, which means that AT-users seem to continue to develop their 
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however, did not outperform reading by means of vision regarding text 
comprehension in either group. The findings point to that AT is most 
beneficial for those with the most severe difficulty.   

• There are no tests that satisfactorily measure the impact of using AT 
with regard to the ability to assimilate and communicate text. However, 
pre-post and follow-up (1 year) measures showed that AT can be as 
remedial for traditional reading skills as traditional special education 
remedies, at least in comparison to what was offered at participating 
schools. 
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