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The purpose of this master’s thesis is to compare whether a text read in a virtual environment 

improves the reading of English students with dyslexia in terms of fluency compared with a 

text laid and read on a piece of paper. Furthermore, another interest of this study is to identify 

how the participants’ emotional valence was aroused while reading.  

This master’s thesis is done with the help of Lyfta Oy, an EdTech learning company focused 

on 360º photos and VR learning environment. Moreover, the thesis design is based on a Lyfta’s 

workshops, were one the participants read an entire passage in VR without difficulties being 

dyslexic. Two research questions are aimed to be answered during this research: (1) Is there a 

difference in fluency between reading in virtual reality (VR) and on a piece of paper? And (2) 

How positive and negative emotions were empathized while reading? 

The study was carried out in the UK, were 23 Year 7, 8 and 9 students took part of the data 

collection. During this face, the participants were asked to read two short passages, one in VR 

and the other on a piece of paper, being video recorded and, they were asked to fill in two 

questionnaires about their emotions while reading both texts. 

Afterwards, the number of errors, words read per minute and prosody were quantified based on 

the videos, to analyze the participants’ fluency (which comprises three elements: (1) accuracy, 

(2) rate and (3) prosody) and to answer the first research question. The results suggested that 

there is not enough data to draw statistical difference between VR and paper. 

To answer the second research question, the questionnaires’ answers were analyzed. The results 

suggested that there is a statistical difference in terms of prosody and emotional valence 

between VR and paper. 

This study could have some implications in school children having dyslexia, since it might 

boost positive emotional valence and hence boost their motivation to practice their reading 

skills. Moreover, educational companies might find a motivation to research more in depth in 

some aspects of this research and create educational products that can beneficiate dyslexic 

students’ academic achievement. Also, this research could not only have an impact in dyslexic 

students, but in general education and other students, since the current master’s thesis continues 

investigating and analyzing issues that are important in the school days and everyday life of 

students, such as the role of emotions in the classroom and how VR can affect their emotional 

valence.  
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1 Introduction 

The main aim of this master’s thesis is to analyze if a text laid out in a VR learning environment 

makes a difference in the participant’s reading, in terms of fluency compared to a text on a piece 

of paper for English students with dyslexia and moreover, to identify how positive and negative 

emotions were empathized and aroused while the participants were reading. The VR learning 

environment used is Awra Amba, created by the company Lyfta Oy (2016). 

Dyslexia is a learning difficulty that affects how children (and adults) process information and 

it involves their literacy and language related skills (Reid, 2011; BDA, n.d). Dyslexia affects 

around 1 out of 10 people in the UK (NHS, 2018) and it is a lifelong learning difficulty, 

however, that does not mean that its effects cannot be mitigated. Nowadays, we can access to 

new and fast-growing technologies, that can provide us with new angles which we can look 

through a problem. The goal of this research is to use one of this fast-developing technologies 

(VR) and find out if it is beneficial for students with dyslexia in terms of their reading fluency 

and emotional arousal.  

There can be found many researches about the uses of VR in intervention or assessment of 

different neurocognitive, neuropsychological or neurodevelopmental needs (such as dyslexia) 

(Attree, Turner and Cowell (2009), Kalyvioti and Mikropoulos (2014), Parsons et.al (2009), 

Rizzo et.al (2013) or Sigmundsson (2005), among others), but no research has been found about 

how specifically VR and dyslexia interrelate when it comes to the intervention of students’ 

reading fluency. Therefore, with this research, the aim is to close that one gap and start raising 

questions so other researchers can continue investigating through the same path to possibly find 

out significant results that can affect positively to the fluency of children with dyslexia. 

Furthermore, another important element of this master’s thesis is the emotional aspect of 

reading and how VR could have an influence in how students’ emotional valence changes. 

Emotional well-being is crucial, especially for dyslexic children (Reid, 2011). Emotions can 

facilitate and promote different learning strategies and self-regulative processes also; they are 

thought to have an influence on students’ intrinsic motivation.  Moreover, these processes and 

strategies can lead to an academic achievement improvement (Linnenbrink, 2007; Meyer and 

Turner, 2007; Pekrun, et.al., 2002). Because of that, this research also focuses on how emotions 

are perceived by the participants while reading, either in VR or on a piece of paper, and find 
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out if positive emotions are more aroused than negative, and if this fact can have a positive 

effect on students’ wellbeing and educational achievement.  
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2 Theoretical Framework 

The main theoretical concepts of this research are four: reading, dyslexia, VR, and emotional 

valence. The aim of this section is to facilitate the understanding of these main concepts and 

understand what has been already researched and where is the gap in the literature that needs 

to be filled and studied.  

First, the theory of reading will be exposed. In this section, fluency will be discussed in length 

and several frameworks, which will be used later in the analysis section, will be presented. 

Then, dyslexia as a main concept will be explained and presented, moreover dyslexia in reading 

will be emphasized, since this study is mainly focused on what happens in the reading ability 

of children with dyslexia. The third concept that will be introduced is VR in learning and then 

more specifically how this technology has been used in the field of dyslexia. In another section, 

the literature in emotions in education will also be discussed and more specifically, emotions 

in students with dyslexia. Last, a review of earlier related studies will be exposed. 

2.1 Theory of reading 

Learning how to read is one of the most important tasks that children must face during their 

first years at school. Reading is essential to live and participate in our society, and whereas 

speaking is innate to human beings, writing and reading are not. It needs to be taught. (Miller, 

2018).  

When learning how to read in an alphabet script like English, “children have to integrate the 

meanings of words within phrases and sentences using knowledge of syntax and semantics” 

(Snowling, Goulandris & Stackhouse, 1997 p.86). It is a process that has several well-structured 

phases, according to Das (2009). It starts by reading very short words as if they were pictures, 

without making a relationship between the grapheme and the sound (car, cat, bat, sun…), as 

they progress, they start recognizing some words by sight and dividing them into parts (a-ni-

mal, flo-wer…), but reading is not only decoding words, but also involves a certain level of 

comprehension of the context, because of that, these two entities are taught separately. 

In summary, students go through these 4 stages: 

- Symbolic stage, where lines are arbitrary for the children. 

- Pictorial stage, where words are recognized as if they were pictures. 
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- Alphabetic stage, where the children realize that the words have specific sounds. 

- Orthographic stage, where they start reading fluently. (Das, 2009) 

But not everyone succeeds in this task, many children fail to learn to read at the end of their 

first academic year in elementary school. Many reasons have been hypothesized to explain this 

issue. Two commonly beliefs are, as reported by Das, a) the lack of exposure to reading material 

and b) a delay in the child’s development and/or a specific deficit in intellectual skills that might 

affect their ability to read, write or talk, (Das, 2009). Also, it has been theorized, after the 

publication of the National Panel Reading report (2000), that the reason why some students 

don’t succeed in reading might be because of a lack of reading fluency and effective instruction 

(Chard, Vaughn & Tyler, 2002; Kuhn & Stahl, 2000; Rasinski & Hoffman, 2003 as cited in 

Rasinski, 2004).  

2.1.1 Fluency 

Fluency refers to a person’s language proficiency, as Housen and Kuiken (2009) point out, 

usually it is characterized by perceptions of ease, eloquence, and smoothness of the speech. 

Fluency reading comprises three important elements: accuracy, rate and prosody. (1) Accuracy 

refers to the ability to read a text recognizing and decoding words correctly, a good 

understanding of the alphabet, the ability to blend sounds together (Ehri & McCormick, 1998) 

and knowledge of many high-frequency words (Hudson, Lane & Pullen, 2005). All of these 

elements are required for a high accurate reading. (2) Reading rate encompasses, a good 

knowledge of high-frequency words that translates into a word-level automaticity (decoding 

words or recognizing them) and the speed in which the reader moves through a text (Hudson, 

Lane & Pullen, 2005).  It is frequently quantified in terms of reading speed, either the time that 

takes for the reader to read a piece of text or the number of correct words per minute. (3) 

Prosody is a term related to the musicality and rhythmic aspect of the text. Several authors 

(Allington, 1983; Dowhower, 1991; Schreiber, 1980, 1991) explain that prosodic features are 

variations of intonation (pitch), syllable prominence (stressed words) and duration that helps 

the reader make sense of the text and provide expression to it. Also, in second language (L2) 

acquisition, we can find fluency conceptualized, according to Lambert and Kormos (2014), as 

“(i) break-down fluency, which relates to pausing behavior, (ii) repair fluency, which relates to 

the frequency of repetitions and self-corrections, and (iii) speed fluency, which relates to rate 

of delivery” (p.4). 
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For the sake of analyzing the data of this research, the first framework will be utilized since the 

language that the participants use during the data collection is English, their mother tongue, not 

an L2. There have been different approaches to measure how fluent a student is, according to 

the first framework, we can measure accuracy, rate and prosody. 

Accuracy can be determined, according to Lambert and Kormos (2014) and Critchley (2005), 

by two similar approaches, (1) calculating the ratio of errors in a text by a unit, such as words, 

or (2), calculating the proportion of non-errors in a text, where the codes for the errors are 

substitutions (when a student changes a world for another), insertion (when the student adds a 

new word to the text) and omission (when a student omits a word in the text), told (when the 

teacher tells the word to the student) and appeals (when the student asks for help and the teacher 

tells the word). At the same time, a repetition of a word or an appeal that is not answered because 

the student can read the word independently are not coded as errors. Gickling and Thompson 

(1985), defined an instructional level of reading accuracy if the percentage of accurate reading 

words was between 93% and 97%. Other authors agree that if the percentage falls below 93% 

the reading accuracy level needs to be reinforced (Beck, Burns & Lau, 2009; Burns, 2007; 

Burns, Hodgson, Parker, & Fremont, 2011).  

Rate is most of the time quantified as the reading speed. As it was already exposed, according 

to Hudson, Lane and Pullen (2015), it can be done calculating the amount of correct words read 

per minute or the time it takes to the reader to complete the full passage. Finally, prosody cannot 

be measured objectively since it cannot be quantified (Hudson, Lane & Pullen, 2005). It needs 

to be measured through an observation of an oral practice. To measure students’ prosody, we 

can follow the following rubric created by Zutell & Rasinski (1991) and adapted by Rasinski 

(2004, p.3,4). 

A. Expression and Volume 

1. Reads words as if simply to get them out. Little sense of trying to make text sound like 

natural language. Tends to read in a quiet voice. 

2. Begins to use voice to make text sound like natural language in some in areas of the text 

but not in others. Focus remains largely on pronouncing the words. Still reads in a quiet 

voice.  

3. Makes text sound like natural language throughout the better part of the passage. 

Occasionally slips to expressionless reading. Voice volume is generally appropriate 

throughout the text.  



 

9 

 

4. Reads with good expression and enthusiasm throughout the text. Varies expression of 

volume to match his or her interpretation of the passage. 

B. Phrasing 

1. Read in monotone with little sense of phrase boundaries; frequently reads word-by-

word. 

2. Frequently reads in two- and three-word phrases, giving the impression of choppy 

reading; improper stress and intonation fail to mark ends of sentences and clauses. 

3. Reads with a mixture of run-ons, mid-sentence pauses for breath, and some choppiness; 

reasonable stress and intonation. 

4. Generally, reads with good phrasing, mostly in clause and sentence units, with adequate 

attention to expression. 

C. Smoothness 

1. Makes frequent extended pauses, hesitations, false starts, sound-outs repetition, and/or 

multiple attempts. 

2. Experiences several "rough spots" in text where extended pauses or hesitations are 

more frequent and disruptive. 

3. Occasionally breaks smooth rhythm because of difficulties with specific words and/or 

structures. 

4. Generally, reads smoothly with some breaks, but resolves word and stricture difficulties 

quickly, usually through self-correction. 

D. Pace 

1. Reads slowly and laboriously. 

2. Reads moderately slowly. 

3. Reads with an uneven mixture of fast and slow pace. 

4. Consistently reads at conversational pace; appropriate rate throughout reading. 

The authors define an instructional level of prosody if the scores were higher than 8. If it is 

lower, it indicates a need for further reading reinforcement. 
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2.2 Dyslexia 

Dyslexia is perhaps the most common learning difficulty affecting children and it occurs in all 

languages (Shaywitz, Morris and Shaywitz, 2008). It is estimated that around 15 to 20 percent 

of the population show some symptoms of dyslexia, which includes slow and inaccurate reading 

or poor spelling (International Dyslexia Association, 2017).  

The first description of reading alterations was made my J. Kerr in 1896 and it wasn’t until 

1917 that the term dyslexia was proposed by Hinshel Wodd. The word dyslexia come from the 

Greek prefix dys, which means “poor” or “inadequate” and lexis, which means “words” or 

“language”. Literally it means “inadequate language” or “problem with words” (Cox, 1985). It 

has been difficult to agree on a definition for this learning difficulty, since it was complex to 

determine how and why it happened, but two definitions are highlighted.  

According to The International Dyslexia Association (2017), “Dyslexia is a language-based 

learning disability. Dyslexia refers to a cluster of symptoms, which result in people having 

difficulties with specific language skills, particularly reading. Students with dyslexia usually 

experience difficulties with other language skills such as spelling, writing, and pronouncing 

words. Dyslexia affects individuals throughout their lives; however, its impact can change at 

different stages in a person’s life. (…)” 

The British Dyslexia Association (2007) defines it as: “Dyslexia is a specific learning difficulty 

that mainly affects the development of literacy and language related skills.  It is likely to be 

present at birth and to be life-long in its effects.  It is characterized by difficulties with 

phonological processing, rapid naming, working memory, processing speed, and the automatic 

development of skills that may not match up to an individual's other cognitive abilities.  

It tends to be resistant to conventional teaching methods, but its effect can be mitigated by 

appropriately specific intervention, including the application of information technology and 

supportive counseling.” 

Diagnosing dyslexia is a difficult task due to the nonexistence of a clear cut-off between a 

dyslexic and a non-dyslexic reader (Snowlig & Hulme, 2012). There are many hypotheses that 

try to explain the causes of dyslexia, such as, the rapid auditory processing theory (Tallal, 1980, 

2000; Tallal, et al, 1993); the visual theory  (Livingstone et al, 1991; Lovegrove et al, 1980); 

the cerebellar theory  (Nicolson and Fawcett 1990; Nicolson et al, 2001); and the  magnocellular 

theory (Galaburda et al, 1994; Livingstone et al,  1991; Stein 2003; Stein and Walsh, 1997). 
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But the predominant cause hypothesis of dyslexia is thought to be the deficit of phonological 

skills that affect the acquisition of literacy skills, such as reading, spelling or writing (eg. 

Vellutino, Fletcher, Snowling & Scanlon, 2004). Some of the predictors of dyslexia within 

alphabetic orthographies are phoneme awareness, together with letter knowledge and rapid 

automatized naming (RAN), sometimes referred to as “code related skills” (Caravolas et al., 

2012; Moll et al., 2014; Ziegler et al., 2010). However, according to Snowling and Melby-

Lervag (2016), those predictors are not enough to explain dyslexia. There are other factors to 

take into account when diagnosing it, such as family risk (FR); indeed, FR is an strong factor, 

since about 65 percent of children who suffered from dyslexia reported having a parent with 

the same disorder (Scarborough, 1990). Several studies carried out with a 4-fold comparison to 

a control group reported differences in speech and tone of 6 months old babies (Leppänen et 

al., 1999; 2002; Guttorm et al., 2001), differences in phoneme categorization also in 6 year 

old’s brains (Richardson et al., 2003) and poor cognitive skills that are known to predict their 

future ability to process letters, rapid automatized naming or phonological processing 

(Lyytinen, P. & Lyytinen, H., 2004, Lyytinen, P. et al., 2005). Hence, the inter-relationships 

between a phonological aspect and other possible factors needs further investigation. 

There are different kinds of symptoms and manifestations of dyslexia in children, such as 

manifestations in their reading or writing, but there’s no relevant empirical data that agrees in 

behaviorism symptoms. However, “empirical literature suggests that children, adolescents and 

adults with dyslexia are at risk of low self-esteem” (Burden, 2008 in Nalavany, Carawan & 

Brown, 2011, p.1), but it is thought to happen not because of the reading difficulty itself, but 

because of the context that surrounds the child, since evidence show that dyslexic children 

receive less help than non-dyslexic students in mainstream schools, making it more difficult for 

them to keep up and consequently creating extra stress (Riddick, 2006). That is why, in this 

research we will focus not only in the reading quality but also in the emotions that reading aloud 

brings to the students. 

There are three classifications of children with developmental dyslexia (disorder of congenital 

or hereditary origin, different from acquired dyslexia, which is a disorder caused by a brain 

injury (Sprenger-Charolles, Colé & Serniclaes, 2006).), based on diagnostic reading-spelling 

patterns, according to Border (2008), which are: dysphonetic dyslexia, dyseidetic dyslexia and, 

mixed dysphonetic-dyseidetic dyslexia.  
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The first one refers to children whose reading-spelling pattern shows a deficit in the integration 

of grapheme-phoneme (symbol-sound). Children within this classification have a limited sight 

vocabulary, when they see a word that is not in their vocabulary, they are unable to decipher it 

because of the lack of word-analysis skills. Regarding a spelling pattern, they try to spell a word 

by sight and not “by ear”. The second one refers to children whose reading-spelling pattern 

shows deficit “in the ability to perceive letters and whole words as configurations” (Border, 

2008, p. 667). The last one refers to children whose reading-spelling pattern shows a deficit in 

the two already explained classifications. 

2.3 Virtual Reality in Learning 

Virtual Reality “refers to a whole stimulated reality, which is built with computer systems by 

using digital formats. Building and visualizing this alternative reality requires hardware and 

software powerful enough to create a realistic immersive experience (e.g. VR helmets or 

dedicated glasses and 3D software)” (M. Gutiérrez, et.al., p.473). Rosenblum and Cross (1997) 

defined already three aspects that make part of any VR environment and that is still current 

nowadays. Those aspects are immersion, interaction and visual realism; therefore, virtual 

glasses, surround sound, etc. is essential to simulate a realistic environment (Wu, et al., 2015). 

This technology was first used in the mid-80s (Franklin Institute, 2018) and since then has 

evolved in a very fast pace, been used in many different areas thanks to its adaptability and 

flexibility (LaValle, 2017). VR has the affordance to induce a specific behavior in an organism 

by utilizing artificial sensory stimulation, according to LaValle (2017), allowing users a very 

similar behavior and reaction from reality (Sherman & Craig, 2003), which can help researchers 

recreate some situations that might be difficult to do in reality. 

This technology has been proven effective in different domains, for example, in museums 

communicating cultural content to users with different cultural backgrounds (Carrozzino & 

Bergamasco, 2010), or in classrooms, improving a learning environment (LE) by allowing 

social interaction (Bailenson, Yee, et al., 2008) or allowing users to focus better on some tasks 

and providing better memory recall ability (Krokos et al. 2018). Moreover, teachers with the 

help of VR, have the ability of travelling with their students to other historical eras, exploring 

the space or even the interior of a human-being, also another affordance of VR is the increase 

of the engagement of  even increase the educator’s engagement as well (Peachey, et al., 2010). 
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However, there are some limitations and need for more research, since “it still remains unclear 

to some extent where the real benefits and limitations of using virtual worlds as knowledge 

transfer and learning environments are compared to more traditional methods” (ViWo 2008, 

n.p). 

As Fowler, (2014) states, the use of VR holds great promise when creating LE, but also holds 

many challenges, such as understanding the pedagogic behind this LE that should give 

information about the design and the use of these VR environments. Mikropoulos and Natsis 

(2011) reviewed over 50 papers in a span of 10 years. One of their observations was that very 

few of the reviewed studies about VR in education contained clear information about the 

pedagogical model used in their LE and VR environments, as they stated, “all the other 

reviewed articles do not refer explicitly to a learning theory” (Mikropoulos and Natsis, 2011, 

p.775).  

Other limitations not related specifically to education are the feeling of motion sickness, 

dizziness, nausea or headache while in an immersive environment using a VR headset (which 

is currently needed to enjoy VR) (Feng, 2018). Head-mounted displays, such as VR, differ from 

other vehicles in terms of inertia displacement, since VR does not move relative to the Earth 

(Kennedy, et.al, 2010). Hence, as stated by Feng, “a thoughtful design of IVR (Immersive 

Virtual Reality) (...) is necessary to minimize these side effects.” 

The relationship between dyslexia and virtual environments, such as VR, is still not well 

defined, but few attempts have been made in some studies, such as the one from Kalyvioti and 

Mikropoulos (2014), presenting benefits and orientations for families and learning 

professionals (Cidrim & Madeiro, 2017). 

2.4 Emotions in Learning 

Emotions are a crucial part of learning, affecting everyone in the schooling process. 

Understanding the nature of them in the school context is vital for a healthy development of the 

students’ emotional wellbeing. (Schutz, Quijada, de Vrie & Lynde, 2010). Since there is no 

consensual conceptualization and operationalization of what to be studied (Scherer, 2005) they 

are a term complex to define. A possible definition could be a multifaceted phenomena that 

involves some sets of coordinated psychological processes, such as affective, cognitive, 

physiological, motivational and expressive components (Shuman & Scherer, 2014). According 
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to Schnall, “an emotion typically follows a specific eliciting stimulus or event and is intense 

but limited in duration” (2010, p.59).  

Emotions and moods are often compared since they share similar characteristics and 

components, but moods are not as intense as emotion and they lack a specific stimulus or 

referent. They can be regarded as low intensity emotions (Prekrun, 2006). In this master’s 

thesis, it is referred as emotions since the participants will be given a specific stimulus (the 

reading task) during the data collection. 

Schnall (2010), also affirm that emotions can be classified in two dimensions: valence and 

arousal. Valence can be positive (pleasant) states, such as happiness or enjoyment and negative 

(unpleasant) states, for example anger or boredom. Arousal entails activation and deactivation 

states. Therefore, by classifying these emotional states as positive/negative, and 

activating/deactivating, a 2x2 taxonomy can be created: (a) Positive activating: e.g. enjoyment, 

pride, excitement, etc. (b) Positive deactivating: e.g. relief, relaxation, etc. (c) Negative 

activating: e.g. anger, anxiety or frustration, etc. (d) Negative deactivating: e.g. sadness, 

exhaustion, etc. Moreover, in addition to valence and arousal, emotions can be classified as 

approach (when an emotion makes a person more likely to confront the source of such emotion, 

like anger) and avoidance (when a person is more likely to withdraw from other people, such 

as sadness). They can also be grouped depending on their object focus (Pekrum, 2006), and it 

determines if the emotion that the student/teacher is having is happening because of an 

academic task or not or in other words, if the specific emotion is dependent of an academic task 

or not. 

There is a consensus that dyslexia has a deep effect on how the students’ educational experience 

is and their ability to master literacy skills, but it is still little what we know about the emotional 

effects of dyslexia in children and how they affect their day to day life and academic life (Palti, 

2002). However, we know that emotional well-being is crucial to effective learning and 

especially for children with dyslexia (Reid, 2011). Research (Hales, 2009; Miles, 2004), suggest 

that due to a failure to acquire the necessary literacy skills to succeed at school, children with 

dyslexia can show attention and behavioral problems and this could lead to greater emotional 

problems if not acknowledge in time. Moreover, stress is a common symptom of this learning 

difficulty if, as it has been mentioned before, school failure prolonged in time and is not dealt 

with it in time. Studies (Riddick, Farmer, Serling,1997) comparing dyslexic and non-dyslexic 

children show that dyslexic ones are more likely to suffer anxiety than their peers. This stress 
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and anxiety levels (Mueller, 1976), can affect the student’s ability to study, resulting in poor 

memory and problem-solving skills. 

Another problem found in children with dyslexia is that most of them have difficulties 

recognizing their own success and appraising their own abilities. Studies suggest that the role 

of self-esteem and perception of one’s abilities is crucial for dyslexic children and adults (Reid, 

2011) as well as self-awareness, that is considered a factor in successful for an individual with 

a learning difficulty (Goldberg, Higgins, Raskind & Herman, 2003). Motivation is another key 

word when it comes to the emotional development of children with dyslexia and also many 

other students with learning needs. As Reid mentions, “many children with dyslexia find it 

difficult to become and stay motivated with some tasks (2011, p.141). 

2.5 Review of related studies 

There are few studies relating dyslexia, VR and specifically about how VR would influence 

students’ fluency and emotional valence. But there is plenty relevant literature for this thesis, 

that motivates research in the use of VR in children with specific learning difficulties, such as 

dyslexia. The following paragraphs will be divided into overarching themes that relate to this 

master thesis. These themes are VR and learning, VR and learning needs, where dyslexia is part 

of, reading and dyslexia and experienced emotions in reading among people with dyslexia. 

Research suggest that the use of VR in education results in a fomenting and improvment of 

motivation, engagement and some other skills. Cidrim and Madeiro (2017), researched the use 

of information and communication technologies (ICT), which includes VR, in education and 

their findings suggest that “the use of ICT in education seems to provide more interactive 

experiences, which can motivate children, attenuating the impacts of their own difficulties in 

the daily practice of reading and writing” (p.105). Also, following the same line, Schneider 

(2019) studied if there were any difference in students’ engagement levels after using 

immersive VR and the results supported her hypothesis with a statistically significant 

correlation. Moreover, Mikropoulos and Natsis (2008) also posited in their study similar results. 

They found out that teachers and students show positive emotions and attitude towards VR, 

however they also mention that technological affordances like immersion and individual factors 

needed to be further studied in relation to learning outcomes. But research does not only suggest 

improvement in students’ engagement or motivation, in a study conducted by Pellas, et al. 

(2017), it was found that virtual worlds (VR) had a potential for collaborative problem solving 
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and for the use of high order skills, which are often used also to keep learners’ engagement. 

Nevertheless, as Mikropoulos and Natsis mentioned, there is a need for more research in the 

uses of VR in terms of its outcomes in education. Fact that is shared also by Freina and Ott 

(2015), who agree on the limited research on the effects of VR on children and its application 

to the classroom. 

The use of VR on students with different learning needs have been divided mostly in 

assessment, intervention or training (Kalyvioti & Mikropoulos (2014). In a literature review 

carried out by the same authors, the effectiveness of VR as a clinical tool for increasing and 

improving awareness of dyslexia was studied. Their study focused on four domains of study: 

assessment, intervention, training and informative/awareness and their results showed that 

“almost all studies showed positive results (…) virtual environments have been useful applied 

for clinical assessment purposes, cognitive neurorehabilitation and in clinical psychology 

domains” (p. 142). Moreover, their findings and other studies, such as Rizzo et.al (2013) and 

Parsons et.al (2009) agree that VR applications can be used as a clinical tool for neurocognitive, 

neuropsychological or neurodevelopmental (such as dyslexia) impairments.  

Different types of studies have been carried out about VR and dyslexia. The following are some 

of those. Sigmundsson (2005), assessed and compared dyslexic drivers to non-dyslexic driver’s 

response time when driving a car, showing with his results that dyslexic drivers performed 

poorer than non-dyslexic drivers and arguing that this results support the hypothesis previously 

proposed by (Stein & Walsh, 1997) that many of the problems of dyslexic students originate 

from the difficulty of processing information at a fast pace. Another example of the use of VR 

on dyslexic students can be seen in the study of Attree, Turner and Cowell (2009), who 

constructed a virtual bungalow to identify visuospatial skills in dyslexic students. Their results 

showed that dyslexic students performed less well than children without dyslexia, however 

dyslexic children performed better on a real-spatial test than non-dyslexic students. This fact 

leads to the proposal that “dyslexia could possibly be associated with superior performance on 

assessments that reflect real-world tasks”. Kalyvioti and Mikropoulos (2012), obtained good 

results in the creation of six virtual environments to study undergraduate student’s memory 

skills, that had been diagnosed with dyslexia.  

Another study regarding VR as a tool, in this case for attention training in dyslexic students 

(Pedroli, et al., 2017), found positive results in their participants’ attention, and while their study 

results did not elicit an immediate effect on dyslexic students’ reading performance, it suggested 
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that with more time there might be a significant improvement, since their results showed a 

significant decrease in the reading time of low frequency words. Lastly, should also be 

mentioned the study conducted by Passing (2011), to raise dyslexia awareness. The author used 

ten immersive virtual environments to help parents understand their dyslexic children and 

therefore, increase their awareness. 

Moreover, other researches about dyslexic learners’ reading using different ICT supports, were 

found relevant for this thesis. For example, in a study carried out by Schneps, et al. (2013) about 

the use of e-readers with children with dyslexia showed positive results in the participants’ 

reading ability because of the e-reader affordances, such as font size and type, which is the 

same as can be done using a virtual reality environment, such as the one that will be used for 

this thesis. Another study (Sakamat, et.al, 2017) suggests that multimedia and digital 

storytelling support dyslexic learners which are found to be more motivated using multimedia 

programs. Also, Sakamat and colleagues agree that this method helps reducing the difficulties 

dyslexic students encounter when having to recognize familiar words. This last study is quite 

interesting for the current thesis, since the environment, Awra Amba, used from the host 

company Lyfta is a multimedia (containing VR, 360 images and video) storytelling platform 

and maybe its affordances are similar to the ones mentioned before for dyslexic students. 

Continuing with the articles using different technology supports, other than VR, for the study 

of dyslexic learners’ reading, eye tracking has started to be used as a screening method for 

reading; Benfatto and others (2016), used this technology to assess and demonstrate that “it can 

produce individual-level predictions with high sensitivity and specificity in less than one minute 

of tracking time” (p. 13), with positive results that ascertain their hypothesis.  

Last, it is important to review studies regarding emotions and motivation. Positive emotions 

and their influence in students’s academic achievement is an important part of this research, 

since the second research question focuses mainly on them. Positive emotions play an important 

part in individuals with a learning need, especially on dyslexic individuals, since study shows 

how depression and anxiety are often reported in them (Nalavani, et al., 2017). Moreover, 

findings (Kalka & Lockiewicz, 2017) present that students with dyslexia felt less happy than 

non-dyslexic learners and showed a lower level of positive emotions. Therefore, the importance 

of a positive emotional valence. It has been reported (Abedi, et al., 2019) that they help 

improving the image that an individual has on oneself and some of them, such as happiness, 

improves well-being and “plays a greater role in improving this construct”, (p. 11).   
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Motivation is also an important part of this study as well as how the emotional valence of the 

participants is highlighted when reading, either in VR or on a piece of paper. In a study from 

Huang and Liaw (2011), findings suggested that VR contributed to enhance students’ 

motivation an 18% and the authors concluded, supporting the idea that VR can be an antecedent 

to motivation (Lee, et. al., 2010), that “VR technology can increase interactivity and immersion 

of course contents, thus providing and immersive, engaging environments which can stimulate 

learners’ motivation and curiosity” (p.302).  
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3 Aim and Research Questions 

This master’s thesis project came into existence thanks to an EdTech company named Lyfta Oy 

(https://www.lyfta.com/).  

Last year, Lyfta visited a school in North West London, while running a VR based workshop 

with a group of year 8 children. There were 6 children in the group, using one VR headset 

among them. The workshop conductor asked the children to describe what they could see and 

hear while wearing a headset to keep the whole group engaged throughout the session. The 

second child to read, we will call him Charles due to privacy arrangements, explored the 

weaving factory in a small Ethiopian village called Awra Amba, using Lyfta’s VR environment. 

The conductor asked Charles to open some of the available multimedia content and read out the 

text for everyone to hear. What the conductor didn’t know, was that Charles had dyslexia. 

Charles hesitated for a moment, but then went on to read the short passage in front of his peers, 

which he delivered correctly. When he took the headset off, he told the conductor that it had 

been the first time he had read aloud without making a mistake. 

After hearing this story, I decided to delve more into the issue by conducting a formal study 

about the effects of VR learning environments on reading for children with dyslexia. The aim 

of this master’s thesis is to find out if reading using a VR environment and with all its 

affordances, such immersiveness, will improve how English dyslexic students read in terms of 

fluency and also to see how emotions play a part in the students’ reading. 

 In order to ascertain our hypothesis, two research questions will be answered, which are as 

follows: 

RQ1 Is there a difference in fluency between reading in VR and on a piece of paper? 

RQ2 How positive and negative emotions were empathized during reading? 

To be able to collect the data, Lyfta and I visited the UK in two occasions. The first one was to 

attend a Special Education Needs conference (NAHT, 2018), where we expected to meet school 

principals who might be interested in our study. After the conference we sent emails to all these 

school principals and tried to recruit other schools and teachers to help us with our study. 

Furthermore, a website was created (https://www.lyfta.com/dyslexiastudy) (see appendix 1), 

where the interested schools could check the details of the study and reach us. Our goal was to 

https://www.lyfta.com/
https://www.lyfta.com/dyslexiastudy
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have around 50 participants. The second occasion we travelled to the UK was to collect the 

data. 
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4 Methodology 

The present study is a quantitative research based on a series of video recordings and 

questionnaires. In this chapter, the data collection design will be explained, as well as the 

instruments used in the study.  Continuing the discussion, the participant pool, consisting of 

year 6, 7 and 8 children, will be described and finally, the data collection procedure will be 

presented. 

4.1 Participants and Context 

The sample used for this study consisted of 23 year 7, 8 and 9 students, from which 2 of them 

were excluded due to anomalies while carrying out the data collection. The gender of the 

students was equally distributed: Male, N=11 (52%) Female, N=10 (48%). 

The students’ ages ranged from year 7 (6th grade), age between 11 to 12 (N=13), year 8 (7th 

grade), age between 12 to 13 (N=6) and year 9 (8th grade), age between 13 to 14 (N=4), and 

11 out of the 21 valid participants had used VR before. 

The data was collected from two different schools within the UK; Ysgol Abersychan School in 

Pontypool, Wales and Rossendale School in Ramsbottom, England. The data collection took a 

week and each student session lasted between 30 to 60 minutes. 

4.2 Data Collection Design 

To carry out the data collection it was decided to use a video-based observation method to 

measure children’s fluency, as well as questionnaires to analyze their emotional arousal. With 

the idea of replicating the previously explained workshop, two texts from Lyfta’s Awra Amba 

storyworld were selected. Both with similar difficulty levels, in terms of the vocabulary used. 

We prepared the same text content in both, printed media and VR, using slightly different 

approaches:  

(1) The paper versions had one image at the top or bottom of the page, a layout very similar to 

standard textbooks used in schools and contained 5 chapters of 1 paragraph per chapter. The 

font used was Univers Lt Std, roman for body and bold for titles (body: size 10, leading 12 and 

title: size 14, leading 16). An example can be seen in appendix 2. 
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(2) The VR version was slightly more complex in terms of design. The font used was Univers 

Lt Std, roman for body and bold for titles. We planned for the participants to enter a VR 

environment visually themed for the topic, and for them to enter the correct space inside (there 

were two texts versions). In there, slides could be seen and read – each consisting of one chapter 

(one paragraph just like in the printed version). An example can be seen in appendix 3. 

To ensure the reliability and validity of the research, Univers Lt Std font was chosen, with the 

above specifications, because it was desired that both texts, despite being laid out in different 

environments, were as similar as possible to textbooks that our participants could find at their 

schools, since it was intended to compare a text in VR against the texts children have to read at 

schools. To be able to replicate them, we referenced and inspired our texts styles and similarities 

on the Geography book Horizons 1: Student Book, a book that is used in schools within the 

UK. 

Two different texts were selected, which will be referred to as A and B and both texts had their 

equivalent versions printed and in VR. Considering that the participants were going to be 

recorded and they had to read both texts, one after the other, meaning that they were going to 

be reading for a while, it was possible that a learning curve happened since they could get used 

to the camera and to reading as time passed and so, improve their reading skills which would 

skew the data. Because of that and with the intention to avoid this learning curve, four different 

reading approaches were established regarding the reading order of the texts (A or B) and how 

and when the participants would read (VR or Paper). 

Some participants would start reading one text (A or B) aloud (since the idea is to test their 

reading accuracy aloud), on paper, and then proceed to read the remaining text in VR, and for 

the other participants it would be the other way around, first text A or B in VR and then the 

remaining text on paper. Thus, there are 4 different approaches: 

• Paper, text A then VR, text B 

• Paper, text B then VR, text A 

• VR, text A then Paper, text B 

• VR, text B then Paper, text A 

 

As mentioned, fluency consists of accuracy, rate and prosody. In order to collect data of all the 

categories without disrupting or interfering with the experiment nor the participants and 
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because “video data might improve ecological validity, since the video data gives more 

complete (and visual) information about the real environment rather than traditional observers’ 

observation notes”  (Asan & Montague, 2015, p.nf) it was decided to proceed with a video-

based observation method. 

The experiment setup was as follows: there was a table and a chair in a classroom where each 

participant sat down to read the texts. In front of every child there was a camera recording their 

reading. In order to prevent possible stress caused by the participants being recorded, the camera 

was set up and turned on before every participant arrived. Only after the participant left was the 

camera turned off. 

The video recordings were edited in smaller chunks for a better analysis. After that, they were 

seen, and the aforementioned categories quantified to later on be analyzed with a quantitative 

method using different statistical test. 

As for the second research question, two questionnaires were prepared to assess participants’ 

emotions after they read on paper and in VR. They were designed combining an image-based 

Likert questionnaire and a Likert mood scale (Lyanne, et al. 2016 and Reynolds-Keefer, 2011). 

Since the data would be collected working with dyslexic children, it was desired that they could 

answer the questionnaires without the bias of having to read different options to answer. There 

is evidence that the use of emojis or emoticons as a method in questionnaires for research 

disambiguate the communicative intention behind the message (Kaye, 2016) and also, serve 

important verbal and nonverbal functions in communication (Yuasa, 2011).  

Moreover, according to Pink (2003) in Fane (2016), “emerging technologies have the potential 

to produce “new, innovative, reflexive, and theoretically informed research” (p.191), through 

their ability to accommodate different audiences and purposes” (p.3, 4). Also, in a research 

carried out by Marsh (2005), it is discussed that the increased focus on multimedia and 

technology supports the use of emoji as a research method to engage students and help them 

understand better. 

Because of the above reasons, it was agreed that the use of emoji/emoticons would in this case 

help with the understanding of the questionnaires, hence it was decided to use an image-based 

Likert questionnaire and Likert mood scale. 
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Table 1: Summary of data collection design 

 Data collection Analysis 

RQ1 - Video recordings (reading 

on paper and in VR) 

- Categorization and 

quantification 

(types/number of errors, 

time per words read, 

prosody.) 

- Paired-Sample  

T-test 

- Wilcoxon  

Signed-Rank test 

RQ2 - Image-based-Likert 

questionnaire  

- Likert mood scale 

- Wilcoxon Signed-Rank test 

 

The questionnaires used are presented below in figure 1 and figure 2. 

 

 

 

 

 

 

 

Figure 1: Questionnaire after reading on paper 
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Figure 2: Questionnaire after reading in VR 

4.3 Data Collection Procedure 

The participants were asked to read a total of two passages and fill in a questionnaire after 

reading each passage (a total of two questionnaires per student). They read one of the texts in a 

piece of paper, simulating a textbook and the other piece of text in a VR environment, with 

some of its affordances, such as sound and immersiveness. Table 2 shows how the reading order 

was decided and varied, as well as the amount students who read in that specific order and the 

students’ gender. 

Table 2: Reading order during the data collection with number of participants and their gender 

VR – text A 

Paper – text B 

3 females 

2 males 

1 male outlier 

VR – text B 

Paper – text A 

3 females 

2 males 
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Paper – text A 

VR – text B 

2 females 

3 males 

1 female outlier 

Paper – text B 

VR – text A 

2 females 

3 males  

 

4.4 Data Analysis 

The research method used in this study is a quantitative method. “Quantitative research involves 

the collection of data so that information can be quantified and subjected to statistical treatment 

in order to support or refute alternate knowledge claims” (Creswell, 2003, p. 153). The reason 

a quantitative method was chosen is because fluency is mostly measured quantitatively and the 

frameworks and methods found to measure it and its subcategories (accuracy, rate and prosody) 

were quantitative. Moreover, there was a time constraint when collecting the data collection, 

and if a qualitative research had been chosen, a longer time would have been needed to carry 

out a longitudinal study (Thomson & McLeod, 2015) for robust results. Therefore, since a 

quantitative method was used, the measured variables fell into different quantitative data types, 

which can be seen in figure 3. 

 

Figure 3: Classification of Data Types (Singh, 2007, p. 123) 

 

Part of the data was collected using a video recording method, which was coded using the 

software NVivo 11 and once the data was divided into categories, a quantitative method was 

implemented using the software IBM SPSS Statistics 25 (SPSS) in order to answer the first 
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research question, which was: is there a difference in fluency between reading in VR and on a 

piece of paper? The resto of the data and to be able to answer the second research question (how 

positive and negative emotions were empathized while reading?), the same software to analyze 

quantitative data was used (SPSS). 

4.4.1 Coding the videos for RQ1 

Fluency is a category umbrella that encompasses three subcategories: Accuracy, Rate and 

Prosody. For accuracy, errors were quantified. Using NVIVO, the videos were watched and 

whenever an error was made, it was divided into three different codes which were substitutions, 

insertions and omissions. Examples of those coding schemes can be seen in table 3, where the 

error committed by the participant is bolded for a better understanding of the type of error. 

Table 3: Example of accuracy data coding 

Original text Read text by participant Code 

“(…), there was a need to 

open a supermarket” 

“(…), where was a need to 

open a supermarket” 

Substitution 

“(…) to other farmers by the 

Government during a land 

reform” 

“(…) to other farmers by 

the other Government 

during a land reform” 

Insertion 

“Our mill attracts thousands 

of costumers” 

“Our mill thousands of 

costumers” 

Omission 

 

Rate was quantified by calculating how many words the participants read per minute. It was 

done by dividing the total amount of words per text between the number of minutes read. An 

example of how rate was quantified in participants 1 and 2 can be seen in table 4. 

Table 4: Example of rate data quantification 

Participant  Text Reading environment Words per minute 

1 A VR 42.60869565 

1 B Paper 54.52471483 

2 B VR 68.28571429 

2 A Paper 67.35483871 
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Prosody was coded following a framework created by Rasinski (2004, p.3,4) and shown in the 

literature review section of this thesis. Since the reading ability of the participants was based 

on a rubric and therefore is subjective, an inter-rater reliability test, specifically a Cohen’s 

Kappa test, was done to ensure the reliability of the results, where an external rater coded 100% 

of the prosody data. According to Fleiss agreement guidelines (1981), the test results show that 

there was an excellent agreement (the mean of the tests was k=.81) between the two raters in 

each of the categories both in paper and VR. An example of how prosody was coded can be 

seen in table 5. 

Table 5: Example of prosody data coding 

Participant  Text Reading en-

vironment 

Expression and 

Volume 

Phrasing Smoothness Pace 

1 A VR 3* 2 3 3 

1 B Paper 3 2 2 3 

2 B VR 3 2 3 3 

2 A Paper 3 4 4 3 

 

*The correspondence of the numbers can be seen in the literature review section (prosody), in 

the rubric created by Rasinski (2004, p.3,4).  

4.4.2 Quantitative analysis for the RQ1 

Accuracy is analyzed using the software SPSS. For the first analysis all the errors made by the 

participants were considered, ignoring the categorization of them, and were compared between 

paper and VR. Since the lengths of the texts varied, the variable to analyze was error rate (𝑒𝑟) 

(instead of number of errors), calculated in equation 1, where 𝑒𝑟 is error rate, 𝑒𝑡 is total errors 

and 𝑤 means words. 

 

𝑒𝑟 = 𝑒𝑡/𝑤 

(1) 
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Since it is desired to know if the difference between paper and VR and the variable is 

continuous, there was an inclination to use a T-Test and since the variables were measured 

twice for the same participant and the datasets (Paper, VR) are not independent, a Paired-

Sample T-Test was the chosen test. 

A Paired-Sample T-Test is used to analyze if the means of each dataset are significantly 

different and it should be used if our data fits the test’s assumptions, which were as follows:   

- Independent observations or, more precisely, independent and identically distributed 

variables. 

- The difference scores between the two variables must be normally distributed in our 

population. 

The first assumption was met since we had different participants. As for the second assumption, 

to check if our data is normally distributed, a Shapiro-Wilk Test of Normality was used, because 

the sample size is small (< 50 samples). After doing the test, it can assure that the data fits a 

normal distribution, since the p-value of the test was greater than 0.05 (Sig.=.560) (see appendix 

4). 

Afterwards, a more thorough analysis was carried out now focusing on each of the categories. 

Again, we wanted to know the difference between paper and VR and now more specifically 

between insertions in paper and insertions in VR, substitutions in paper versus substitutions in 

VR and the differences between omissions in paper and omissions in VR. Following the same 

process as 𝑒𝑟 , equation 1 was used on the errors of each type, resulting in  𝑒𝑟
𝑖  = error rate for 

insertions, 𝑒𝑟
𝑠 = error rate for substitutions and, 𝑒𝑟

𝑜 = error rate for omissions. Since the dataset 

has the same characteristics (the variables are continuous, and the data is paired) it was decided 

to use a Paired-Sample T-Test. 

The variables fit the assumptions, which means that they are independent and identically 

distributed and also, according to the Shapiro-Wilk Test of Normality, they meet the normality 

requirements (insertions Sig.=.072;  substitutions Sig.=.118 and omissions Sig.=.177) (see 

appendix 5). 

Regarding rate it was analyzed using the software SPSS. Again, since the texts have different 

lengths, words per minute (𝑊𝑚) were calculated in equation 2 (where 𝑊𝑚 means words per 

minute, 𝑤 is number of words and 𝑡𝑚 means time in minutes. 
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𝑊𝑚 = 𝑤/𝑡𝑚 

(2) 

A Paired-Sample T-test was used to analyze rate since it is desired to know if the difference 

between paper and VR the variables are measured twice (same as with accuracy) and most 

importantly because it follows the assumptions of the test. The variable is continuous and its 

values fit a normal distribution (Sig=.437) (see appendix 6).  

Prosody was divided in four different categories when coded: a) Expression and Volume, b) 

Phrasing, c) Smoothness and d) Pace. Once agreed on the reliability of the data, a test was 

chosen to analyze prosody. In this case since the dataset is ordinal and the sample is not 

independent it was decided to use the Wilcoxon Signed-Rank test.  

The assumptions for this test are: (1) The data is paired and come from the same population. 

(2) Each pair was randomly chosen. (3) The data is measured on an interval scale though it 

suffices that it is on an ordinal scale. All the assumptions are met by our data. 

4.4.3 Quantitative analysis for the RQ2 

The aim of the second research question is to answer whether the participants’ emotional 

valence was positive (happiness, interest, excitement, etc.) or negative (sadness, anger, fear, 

etc.) during reading. To be able to do so, the Likert-scale questionnaires that were given to the 

students after reading each text were used.  Using SPSS, the answers to the three questions that 

conformed the questionnaires were analyzed and compared. Since the dataset is ordinal and the 

sample is dependent, it was decided to use the Wilcoxon Signed-Rank test. 

The questions are thought to give information about how the emotional valence was highlighted 

in the participants. The first question asks about the difficulty of the texts in a subjective way. 

The second question asks about their emotional valence (positive or negative) during the 

reading exercise and last, the third question asks about how their reading ability was perceived.  
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5 Results 

5.1 RQ1: Is there a difference in fluency between reading in VR and on a piece of pa-

per? 

The results for this research question will be subdivided in the categories of fluency: accuracy, 

rate and prosody. 

5.1.1 Accuracy 

The scatter plot graph, in figure 3, shows the errors that the participants made while reading, 

without considering the categorization of the errors previously made. Based on the graph, the 

variables have a positive correlation, which means that the participants who performed well on 

paper also seem to perform well on VR. Besides, no outliers appear to be present in the dataset. 

 

Figure 4: Scatter plot for Accuracy 

As the data fits the assumptions for the test, a Paired-Sample T-Test was performed (see 

appendix 7), the p-value of the test is .446, which means there is not enough evidence to say 

there is a difference in the total errors between paper and VR. Because of that the errors were 
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looked in more detailed by analyzing each subcategory (substitution, insertion and omission) 

and running the tests independently. 

Since the dataset has the same characteristics, it was decided to use a Paired-Sample T-Test, as 

long as our data keeps fitting the test’s assumptions. 

The Paired-Sample T-Test results, suggest that there is no statistically significant difference in 

the means of error rate for insertion, since the p-value is greater than 0.05. The same can be 

said for the results for the other error types, substitution and omission, which don’t show 

statistical evidence that the means are different since the p-values are greater than 0.05, (see 

appendix 8). 

5.1.2 Rate 

Based on the Scatter Plot in figure 4, we can observe a positive correlation between the rate in 

paper and the rate in VR, which means the participants that performed well in paper also tend 

to perform well in VR. Besides, it can be observed that there are no outliers in the dataset. 

 

 

Figure 5: Scatter plot for Rate 
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The results of the Paired T-test (see appendix 9), suggest that there is not a statistically 

significant difference in the means of rate, since the p-value is greater than 0.05.  

5.1.3 Prosody 

According to the prosody stacked bar graphs in figures 6, 7, 8 and 9, the dataset seems to fit a 

normal distributioon. In the Expression and Volume, Smoothness and Pace graphs there can be 

observed that most of the participants performed well in both, VR and paper but with a slightly 

higher performance in VR, while in Phrasing it was evenly distributed. 

 

Figure 6: Expression and Volume Stacked bar 
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Figure 7: Phrasing Stacked bar 

 

Figure 8: Smoothness Stacked bar 
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Figure 9: Pace Stacked bar 

Even though it looked like the participants showed a slight improvement in VR in the graphs 

of Expression and Volume, Smoothness and Pace, the results from the Wilcoxon Signed-Rank 

test (see appendix 10) show that reading in VR instead of on paper did not elicit a statistically 

significant change in the students’ performance in terms of prosody, (expression and volume: 

Z = -1.732, p = .083; phrasing: Z= -.378, p = .705; smoothness: Z = -1.000, p = .317; pace: Z 

=  -1.414, p = .157). 

5.2 RQ2: How positive and negative emotions were emphasized while reading? 

As it can be observed in figure 10, it seems that the participants felt that VR was easier than 

paper, also in figures 11 and 12, it can be discerned that participants felt more positive emotions 

towards VR. 
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Figure 10: First question. Stacked bar graph 

 

 

Figure 11: Second question. Stacked bar graph 
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Figure 12: Third question. Stacked bar graph 

According to the Wilcoxon Signed-Rank test results in table 3, there is a statistically significant 

difference between the students’ emotions reading on paper and in the VR environment, since 

for the first, second and third question,  Z=-4.119, p<.001; Z=-3.000, p=.003 and Z=-2.449, 

p=.014, respectively. 

Table 6: Wilcoxon signed-rank test of Emotions 
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5.3 Summary of the results 

Summarizing the results, the first research question (is there a difference in fluency between 

reading in VR and on a piece of paper?), the results of accuracy, rate and prosody did not 

elicit a statistically significant change in the students’ performance. 

As for the second research question (How positive and negative emotions were empathized 

while reading?) the results suggested that there is a statistically significant difference between 

students’ emotions reading on paper and in VR. 
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6 Discussion 

The general aim of this study is to research whether VR affects dyslexic students’ fluency 

reading and also how it affects their emotions in terms of its valence. In this section, the results 

will be discussed. 

Previous studies have researched the use of VR (Kalyvioti & Mikropoulos, 2014; Habib, et.al., 

2012; Kalyvioti & Mikropoulos, 2012; etc.) and other technological affordances and ICT 

(Information and Communication Technologies) such as, digital pen technology (Chen, Tan & 

Lo, 2016), E-readers (Schneps, et.al., 2013) or mobile applications (Skiada, et.al., 2014) and its 

possible benefits for dyslexic students. But no research has been found that connects Virtual 

Reality, fluency and dyslexia. This might seem discouraging, but it is also an opportunity to 

find out if virtual environments ease up the reading challenge for dyslexic students and help 

them enjoy and read more fluently. 

Something to point out, is that this research is a case study from an EdTech company, and since 

the sample is limited (N=23), more research will be necessary to delve into the topic and come 

up with some thorough results and conclusions. Moreover, this research is not trying to find a 

cure for dyslexia, especially where there is so much disagreement about the causes of dyslexia, 

its development and intervention. The aim, as explained, is to find out the preliminary results 

of the effects of VR in dyslexic students’ fluency reading and also how it affects their emotional 

valence. 

To answer the first research question (is there a difference in fluency between reading in VR 

and on a piece of paper?), each element was analyzed individually. Accuracy, which also is 

comprised of three elements (insertion, substitution and omission), was analyzed as a whole 

and also individually and the results showed that there was no statistical evidence. Rate and 

prosody were also analyzed, and the results did not elicit a statistical difference between its 

means. Despite the lack of statistically significant results, theory suggests that VR has a positive 

effect on dyslexic children, for instance, in a research about visuospatial strengths of children 

with dyslexia using virtual reality and carried out by Attree, et.al. (2009), the results suggested 

that teenagers with dyslexia exhibit superior visuospatial strengths. These results could be very 

useful, because VR could be used then as an intervention method. 
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Moreover, other studies such as the one from Kalyvioti and Mikropoulos (2014) about virtual 

realities and dyslexia, affirmed that the relationship between virtual environments and dyslexia 

has been described several times in literature reviews and it can help not only dyslexic children 

per se but also it can serve as an orientation for family members, teachers and other 

professionals. It was also highlighted, in a paper from Leij (2013) about dyslexia and early 

intervention, that the use of information and new technologies, such as VR, can be useful in 

early intervention of students with dyslexia. Therefore, it could be agreed that further study 

with a wider data sample needs to be carried out for a future re-assessment of if and how VR 

as an impact on the fluency of students with dyslexia.  

In addition, it is worth mentioning a study carried out by Schneps, et.al. (2013), that affirms 

that e-readers is a technological tool that facilitates reading and comprehension for students 

with dyslexia when compared to paper. This study is very interesting since the aim of this 

master’s thesis is to compare another technological solution, such as VR, with paper, and 

although the study is not the same nor the technological solution, there are some similarities 

between them. For example, in the discussion of Schneps’ study, it was mentioned that they 

believe the reason why e-readers facilitate better reading to dyslexic children is because of the 

possibility of enlarging or changing the font, as well as having fewer words per line than 

compared to a standard textbook, which is exactly the same as it can be done with VR, with the 

difference that VR has even more affordances that might have a positive effect on children’s 

reading, such as immersiveness or sound. 

More studies regarding the use of ICTs applied to dyslexia have mentioned and suggested the 

variation of the font type and size, colors on the screen, interactive multimedia instruments, etc. 

It should be emphasized the studied done by Zikl, et.al. (2015), which described the influence 

of fonts choice for reading difficulties. Their results revealed that using proper fonts show 

benefits in terms of accuracy and rate, two characteristics of fluency used also as measurement 

in this research, when it comes to students with dyslexia. Hence, a font adequate and specific 

for dyslexia was created. Therefore, even though for the sake of replicating what happened 

during Lyfta’s workshop, special fonts were not used, this information and researchers are very 

important if we are to replicate either this master’s thesis or one of the aforementioned studies. 

However, not all the results are positive as not every person is the same, we cannot assume that 

the findings from the previous studies would affect everyone in the same way. A study done in 
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2012 by Habib, et.al., shows that some students with dyslexia preferred to read on paper rather 

than in VR. In the interviews the researchers carried out, the students pointed out that on paper 

it is easier to highlight or mark some explanations, and such. This is also quite interesting since 

brings a valuable point to take into account when it comes to the viability of introducing VR 

into classrooms and teaching. As it was mentioned, not every person is the same and not every 

student learns the same way. Moreover, in my opinion, the use of technology in teaching should 

always come with a purpose, should be tied to a curriculum with its learning objectives and 

should always bring some value to the learning. 

The results from the second research question (How positive and negative emotions were 

empathized while reading?) suggested that there is a statistically significant difference 

between students’ emotions reading on paper and in VR. 

This master’s thesis hypothesis was that VR would make a positive difference in terms of 

fluency on dyslexic children’s reading, but after analyzing all the data and having studied the 

results, my hypothesis changed since there were no statistical difference on the results of the 

participants reading in VR compared to paper. Therefore, it is hypothesized, based on the 

results, that having positive emotions is enough to help students suffering from dyslexia boost 

their motivation and by doing so, increase their reading time and practice and love for reading, 

possibly helping to improve their reading skills and academic achievement. 

Research has shown that students’ emotions and academic achievement are connected (Goetz 

& Hall, 2013; Pekrun & Linnenbrink-García, 2014; Zeidner, 1998). Citing Pekrun (2002, 

p.149), “Positive emotions are essential for human behavior and adaptation. They help envision 

goals and challenges, open the mind to thoughts and problem-solving, protect health by 

fostering resiliency (...)”. However, most educational psychology and educational research in 

general about emotions’ effects on learning, students and teachers have been focused primarily 

on specific negative emotions, neglecting somehow positive emotions (Pekrun, et al., 2002).  

Nonetheless, in the last decades, more and more studies have started focusing on positive 

emotions and their impact on academic achievement, self-regulation or motivation (Glaser-

Zikuda, et al., 2005; Goetz, et.al., 2006; Pekrun, et al., 2009; Pekrun et al., 2010).  They are 

thought to “preserve cognitive resources and focus attention on the learning task, support 

interest and intrinsic motivation, and facilitate deep learning (Pekrun, 2017, p.7)”. The same 
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researcher discusses about the effect of opposite emotions (negative), such as boredom or 

sadness. He argues that they “reduce cognitive resources and task-related attention, to 

undermine both intrinsic and extrinsic motivation, and to promote shallow information 

processing (Pekrun, 2017, p.7). 

Studies carried out to study students’ emotional experiences result into two areas, students’ self-

regulation and motivation and students’ learning and achievement (Schutz, et. al, 2010). It has 

been observed that a student with anxiety and fear about an activity may look for a teacher’s 

help, looking for external regulation. (Linnenbrink, 2007; Pekrun, et.al., 2004). Studies 

(Linnenbrink, 2007; Meyer and Turner, 2007; Pekrun, et.al., 2002) also show that pleasant 

emotional experiences are usually associated with self-regulation, intrinsic motivation, and a 

tendency to engage meta-cognitive and/or self-regulatory learning strategies.  

The above-mentioned author, Pekrun, has been one of the researchers that have focused on 

positive emotions the most, specifically on emotions and academic achievement. He proposes 

in his Control Value Theory that achievement emotions (“emotions related to achievement 

activities and their success and failure outcomes” (Pekrun, et al., 2017, p.6)), have an impact 

on students’ cognitive resources and motivation, which at the same time are impacting their 

academic achievement. (Pekrun, & Linnenbrik-García, 2012). Particularly, positive activating 

emotions such as enjoyment or happiness, are thought to support interest, trigger their intrinsic 

and extrinsic motivation and facilitate deep learning. 

Positive emotions, no matter their activation dimension status, besides facilitating academic 

achievement, are related to a series of motivational related variables, being competency beliefs, 

task and achievement value (Frenzel et al., 2007), intrinsic motivation (Ouano, 2011), self-

regulated learning (Titz, 2001, cited in Pekrun, et al., 2002; Järvelä, 2011) or self-efficacy 

(Bandura, 1997; Schunk, 1991). In addition, whereas positive emotions have a great impact on 

academic achievement, they are also relevant on health, subjective well-being and lifelong 

learning (Pekrun, 2006). 

Therefore, no matter the results for the first research question, it is clear that having a positive 

emotional valence is essential and has a profound impact on students’ self-regulation and 

motivation and academic achievement. And this is important for every student, but it is 

especially meaningful for students with dyslexia, since as it was discussed in the literature 
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review, emotional well-being is essential for dyslexic students (Reid, 2011). Moreover, the 

same author points out the difficulty to recognize their own academic and non-academic success 

(Reid, 2011), which is related to self-efficacy, discussed previously. Furthermore, motivation 

is a keyword, when it comes to the well-being and academic achievement of students with 

dyslexia, since it decreases diminishing their emotional development and increasing their stress 

levels and anxiety (Mueller, 1976). Hence, the importance of keep digging in and finding more 

results that support this theories and lead to a better knowledge of how positive emotions affect 

academic achievement and how it can be beneficial for students with dyslexia. 
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7 Evaluation 

Validity, reliability and the ethicality of a research have always been major concerns for 

researchers in both, quantitative and qualitative studies (Golafshani, 2003). Following 

Golafshani’s line, Yin (2009) affirms that “the quality of a research study is judged in terms of 

its validity and reliability” (Yin, 2009, p. 32-33).  

In this section the ethical issues, reliability and validity of the thesis will be assessed and 

critically analyzed. 

7.1 Ethical issues 

The University of Oulu’s guidelines were consulted (RCR guidelines), as well as the ones from 

the Finnish Advisory Board on Research Integrity (TENK) to ensure that the research followed 

proper ethical directions. 

Before conducting the data collection, a written consent was sent to the minors participating so 

it could be signed and agreed by their guardians, with explanatory text of how the data 

collection would work, in “common” language. Moreover, it was explained to them how the 

data collection would be used. The participation was completely voluntary, and they could 

regret at any moment if they didn’t feel comfortable with the study. Moreover, the participants 

were not alone with the researchers during the data collection, one of their teachers were with 

them at all times. The minors were not exposed to any harm and were treated with respect and 

care.  

All the information was inserted into Google Sheets and NVivo software, which are only for 

the researcher’s use and for the present study. The data has been anonymized and it is available 

and enough for a future replication of the study. Since the video recordings cannot be 

anonymized and the data in those videos has already been quantified, will be deleted for the 

protection of the participants. No names were disclosed in this research. 

7.2 Validity and Reliability 

Transparency is a main priority in this study and has been achieved through a detailed and clear 

description of the research process. During the data collection, a strict script was followed in 

order to explain the task to all the participants in the same way and avoiding then possible bias. 
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Moreover, the questionnaires were read at loud for an easier understanding, considering that all 

the participants had a certain level of dyslexia. 

Furthermore, it is worth mentioning researchers have an influence in the sample and population 

studied (Yow, 2006), this could be translated in the way the information is read and explained 

to the participants for example.  

There are three main types of validity, according to Heale and Twycross (2015), which are 

content validity, construct validity and criterion validity, as shown in table 5 (Healy & 

Twycross, 2015, p.66). 

Table 7: Types of validity 

Type of validity Description 

Content validity The extent to which a research instrument accurately 

measures all aspects of a construct 

Construct validity The extent to which a research instrument (or tool) measures 

the intended construct 

Criterion validity The extent to which a research instrument is related to other 

instruments that measure the same variables 

 

All three types of validity have been taken into consideration when collecting and analyzing 

the data. Regarding the two first types of validity, content and construct validity, both, fluency 

and emotional valence were measured using video recording and questionnaires. These 

instruments were appropriate and accurate since they have been validated by conceptual 

frameworks and other professionals. Moreover, the instruments were able to measure in detail 

the constructs, in this case the participants emotional valence and participants fluency, which 

later were quantified and coded following proper methods and rubrics. 

Addressing criterion validity, it is necessary to evaluate the types of instruments used and why 

they were chosen among others. To quantify accuracy, rate and evaluate prosody, a video 

recording method was chosen instead of quantifying the errors in situ, which would have 

decreased the stress produced by the camera in the participants, however it would have 

decreased extensively the accuracy of the error quantification and furthermore, it wouldn’t have 

been possible to carry out a interrater reliability test, which would have made this study less 

reliable and trustworthy.  For the second research question, to quantify emotions, a 
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questionnaire method was chosen instead of an interview of the participants to reduce their 

anxiety and keep it simple for the participants.  

For the sake of this research, as it was mentioned in the data analysis section, and to ensure the 

reliability of the tests, an interrater test was done. The reason for the interrater test was the 

subjectivity of one of the analysis. The test carried out was a Cohens-Kappa, which gave a 

result of k=.81, that according to Fleiss guidelines (1981), shows an excellent agreement. 

7.3 Limitations 

Overall, there are certain limitations that should be acknowledged and considered for future 

research. Starting with the limited number of participants. As stated before, the lack of data 

sample might be the reason why there is not enough statistical difference to answer the first 

research question (is there a difference in fluency between reading in VR and on a piece of 

paper?).  

Another limitation is the use of Likert-Scales for assessing students’ academic emotions, since 

scales might not be the most trustworthy way of measuring emotions. There have also been 

some concerns about what the concept of academic emotions means across cultures (Bernando, 

Ouano & Salanga, 2009). Despite the concerns, the use of Likert-Scales as a measure of 

emotions in this master’s thesis is a premeditated decision that has been reliable for this small-

scale study. However, if a larger version of this study occurs, it is recommended a re-assessment 

of all the data collection and analysis methods for a better suit for a larger-scale research. 

Last limitation could be the awareness of the learners while participating in the data collection. 

During the workshop Lyfta carried out, the intention was not to measure how the subject read 

and collect data, although there was a camera recording, the subject wasn’t aware that his 

reading ability was being tested Therefore, during the data collection procedure for this master’s 

thesis, the participants were well aware that the activity had to do with their reading ability and 

although they were told the reading activity was not an exam or was not going to make an effect 

of their school process, they fact that it was related to their reading ability had an effect of them 

and is a limitation of this study. 
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8 Conclusion 

New technologies offer us new opportunities and different lenses which we can look through 

to a problem. It has been many years that researchers have been studying the whats, whys and 

hows of dyslexia. However, the new and fast-developing technology can help us attenuate the 

effects of dyslexia and give school children the same opportunities as their peers to grow and 

thrive in life. 

With the present study, new technologies, such as VR, have been analyzed to study how the 

fluency of dyslexic students would be affected if they read in an virtual environment compared 

to a piece of paper, similar to the textbooks they usually have at school. This study has tried to 

simulate a case with specific characteristics (font or font size), but as Schneps, Thomson, 

Sonnert and Pomplun (2013) suggest in their study about the affordances of e-readers for 

dyslexic students, VR has many more affordances (fewer words per line, dynamic fonts, bigger 

font size, etc.) that could help students with dyslexia or other kinds of learning difficulties or 

disabilities, such as visual limitations.   

Moreover, emotions have also played an important role in this study, as they play an essential 

role in students’ everyday life. As Pekrun and Linnenbrink-García observe, “The classroom is 

an emotional place (…) Emotions are both experienced in the educational setting as well as 

instrumental for academic and personal growth” (2014, p.1). With this study, the aim has been 

to understand how the emotional valence was aroused on the participants while reading in the 

VR environment as well as on the piece of paper. Interestingly, there were positive significant 

results towards reading in the virtual environment since most of the students had more positive 

emotions while reading in VR.   

These results have beneficial implications, especially for students with dyslexia, considering 

that positive emotions can facilitate the use of different learning strategies as well as promote 

self-regulation skills. Furthermore, they are thought to have an effect on students’ intrinsic 

motivation (Mega, Ronconi & De Beni, 2013) and therefore, increase their learning 

achievement. 
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8.1 Future research 

There are some recommended directions for future research based on this master’s thesis, 

starting with a wider and more diverse sample size. As mentioned throughout this research, the 

sample size has not been large enough. This is important to take into consideration when 

designing a future research, not only to assure a fair representation of the population but also to 

limit the influence of outliers and assuring a significant difference (Patel, et.al., 2011). 

Moreover, it could be worth testing the same research with students whose mother tongue is 

not English, since English is a language with a deep and asymmetrical orthography (Sprenger-

Charolles, et.al., 2013). Languages such as Spanish or Italian, are more transparent, with a more 

phoneme-grapheme correspondence than English (Pérez, 2005) and might be worth taking the 

study to this kind of languages. Therefore, a hypothesis is that, with a larger sample pool and a 

transparent language, there is a positive statistical difference towards the use of VR as a way to 

help dyslexic students improve their reading fluency. Also, the font used on the texts (both in 

VR and on paper) that the participants had to read during the data analysis, was a common font 

widely used in textbooks around the UK. It would be very interesting, as a future research, to 

use a font created specifically for dyslexic readers and use more VR feature, not only slides. 

Lastly, regarding the second research question (how positive and negative emotions were 

empathized while reading?), an idea as a future research is to test specific emotions and other 

emotional dimensions such as approach and avoidance emotions, instead of just the emotional 

valence. This could give more knowledge about how specific emotions affect academic 

achievement, motivation and self-regulation on students with dyslexia. An example of specific 

emotional dimensions could be the ones that propose Pekrun and Linnenbrink-García (2012) 

on their Control Value Theory: positive activating (e.g., enjoyment, hope, pride), positive 

deactivating (e.g., relaxation, relief), negative activating (e.g., anger, anxiety, shame) 

and/or  negative deactivating (e.g., boredom, hopelessness). 

8.2 Practical implications 

Continuing with this kind of research could make a huge impact in the lives of students with 

dyslexia. Even if no new intervention method is created, their motivation would still increase 

and their wellbeing improved since as it was described in the literature review section, dyslexic 

students often suffer from anxiety (Reid, 2011), and a positive emotional valence plays an 
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important role in students with dyslexia, since it is proven how they reduce depression and 

anxiety often reported in dyslexic individuals (Nalavani, et al., 2017). 

Other applications of this kind of research might be in the world of education technology 

(EdTech) companies, since as companies as dyslexiefont.com have done, it would provide more 

information to those companies which are interested in creating a product for this kind of 

learning difficulty. Not to mention parents and teachers of dyslexic students. Research focused 

on dyslexia (or other learning difficulties) interventions, gives information, resources, hope and 

new methods to help their children and students improve their learning achievement. 
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