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Abstract

The paper presents the design of an assistive reading tool that integrates read-aloud
technology with eye-tracking to regulate the speed of reading and support struggling readers in
following the text while listening to it. The paper describes the design rationale of this approach,
following the theory of auditory-visual integration, in terms of an automatic self-adaptable
technique based on the reader's gaze that provides an individualized interaction experience.

This tool has been assessed in a controlled experiment with 20 children (aged 8-10 years)
with a diagnosis of dyslexia and a control group of 20 children with typical reading abilities. The
results show that children with reading difficulties improved their comprehension scores by 24%
measured on a standardized instrument for the assessment of reading comprehension, and that
children with more inaccurate reading (N=9) tended to benefit more.

The findings are discussed in terms of a better integration between audio and visual text
information, paving the way to improve standard read-aloud technology with gaze-contingency

and self-adaptable techniques to personalize the reading experience.

Keywords: human-computer interface, special needs education, reading difficulties, dyslexia, eye

tracking, assistive technology
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Introduction

The term developmental reading difficulties is used to describe a variety of obstacles that
affect the ability to read in children. These obstacles might include difficulties with accurate and
fluent word recognition, as well as poor spelling and decoding abilities or poor reading
comprehension. In this work, we focused on the specific learning disability called developmental
dyslexia, which is a learning difficulty that primarily affects the skills involved in accurate and
fluent word reading and spelling and it is characterized by difficulties in phonological awareness,
verbal memory and verbal processing speed (Rose, 2009).

Developmental dyslexia is a neurodevelopmental disorder with genetic, neurobiological,
and cognitive components (Hulme and Snowling, 2016) and with a prevalence of more than 10%
of the population (Gabrieli, 2013; Franceschini et al., 2015). Dyslexia is characterized by, but
not limited to, difficulties with decoding written input. Specifically, people with dyslexia present
problems in associating written letters (graphemes) with their specific sounds (phonemes) and in
relating the sounds of language to letters and words, a mapping that may be quite complex even
in shallow orthographies (Job, Peressotti, & Cusinato, 1998, Tilanus et al., 2016). These
difficulties lead to slow and error-prone reading, misspelled words and difficulties in identifying
and remembering complex, uncommon and new words as well as fatigue and stress after reading
for a short time which eventually have an impact on the reading performance and reading
comprehension (Kim, Linan-Thompson, & Misquitta, 2012; Snow, 2002). According to the
Simple View of Reading (Gough & Tunmer, 1986), reading comprehension skill is the product
of decoding and listening comprehension. Comprehension difficulties in dyslexia are indeed
consequential to the input decoding difficulties (Peterson & Pennington, 2012): some children

with dyslexia have problems with reading comprehension, which are attributable to slow and
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inaccurate word reading, leaving few attentional resources available for comprehension (Hulme
& Snowling, 2016, Snowling, 2013). Subtypes of dyslexia can be identified according to the
specific orthography-to-phonology mapping involved (Friedmann & Coltheart, 2016). If not
properly identified and addressed, reading difficulties continue to affect throughout adulthood
with impact in learning and workplace activities and resulting in a lack of self-confidence and
self-worth (Shaywitz, 2008).

Quite a lot of experimental and clinical work has been done in order to establish whether
the underlying causes of dyslexia are linguistic, e.g. a phonological deficit (Liberman &
Shankweiler, 1985; Ramus & Szenkovits, 2008; Vellutino et al., 2004; Ziegler & Goswami,
2005; Castles, Coltheart, Wilson, Valpied, & Wedgwood, 2009), or rather emerge from
dysfunctional cognitive processes, such as perceptual/attentional problems (Bosse, Tainturier, &
Valdois, 2007; Romani, Tsouknida, di Betta, & Olson, 2011; Ruffino, Gori, Boccardi, Molteni,
& Facoetti, 2014), working memory and executive impairments (Brosnan et al., 2002; Kibby,
Marks, Morgan, & Long, 2004; Smith-Spark & Fisk, 2007), implicit learning difficulties (Vicari
et al., 2005; Pavlidou, Kelly, & Williams, 2010), or serial order processing (Szmalec, Loncke,
Page, & Duyck, 2011; Hachmann et al., 2014).

Reading disabilities and attentional disorders often co-occur (Willcutt, 2018). Some
recent works suggest a link between reading difficulties and attention in terms of a multiple
deficit model of developmental disorders (Pennington, 2012; Willcutt, 2018; Langer et al. 2019)
that have strong implications on intervention approaches (Ring & Black, 2018). Along this line,
a recent review work by Vidyasagar (2019) identified in visual attention an important aspect for
developing effective remediation strategies for addressing developmental dyslexia, suggesting

that interventions training visuo-spatial attention and temporal sampling might be effective in
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improving reading performance. In parallel with this aspect, it is important to acknowledge that
readers with dyslexia present a generally good oral comprehension (Kida et al., 2016) that can be
exploited in intervention. Although there is still debate on the causes of dyslexia, practitioners
agree on considering interventions based on phonetics, reading fluency, and phonemic awareness
training as effective ways to lessen the reading difficulties (Magnan & Ecalle, 2006; Galuschka,
Ise, Krick, & Schulte-Kdrne, 2014; Hulme & Snowling, 2016), even considering technology-
based training intervention (see for example, Van de Ven et al., 2017; Hautala et al., 2020;
Ronimus et al., 2020). Yet, the difficulties met during reading often discourage children from
practising and led to consequent reluctance to read (Justice, 2006; Muter & Snowling, 2009).
Among the strategies that support readers with dyslexia, technology-based reading
interventions have been proven to be beneficial for struggling readers. Indeed, recent meta-
analyses suggest that students with reading difficulties benefit when their reading is supported by
reading-aloud tools (Buzick & Stone, 2014; Li, 2014; Wood, Moxley, Tighe, & Wagner, 2018).
The effect size for students with learning disabilities is larger than the effect size for students
without disabilities and it is even larger when the text is read by a human voice rather than by an
automatic voice based on speech synthesis - Human voice: estimated effect sizes .61 (with
learning disability) vs .48 (without learning disability); Speech synthesis: .39 (with learning
disability) vs .26 (without learning disability) (Li, 2014). Furthermore, a study by Grunér and
colleagues investigates the compensatory effect of TTS technology on reading comprehension in
children with reading disabilities, with or without co-occurring problems with inattention and
hyperactivity, showing that symptoms of inattention and hyperactivity can moderate the effect of
text-to-speech technology on reading comprehension. (Grunér, Ostberg, & Hedenius, 2018). In a

recent review by Jamshidifarsania and colleagues (2019), it has been argued that the potentiality
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of intelligent self-adaptable systems to assess the student's skills and provide individualized
interaction modalities has not yet been adequately explored.

One of the limits of existing tools is that they fail to keep track of the portion of text
visually processed by the reader such that there may be an incongruence between what the reader
reads and what he/she hears. Yet, recent works (see, for example, Valentini et al. 2018; Knoop-
van Campen Segers, & Verhoeven, 2020) suggest that simultaneously listening to and reading
stories leads to better comprehension than using a single modality. This might be beneficial also
for readers with dyslexia: presenting information in two modalities might benefit working
memory by providing a redundant but compatible input so that more attention can be paid to
comprehension and encoding of word meanings. This is also supported by the theory of
auditory—visual integration (Goswami, 2011; Schneps et al., 2019), suggesting that accurate and
rapid word decoding builds upon successful content and time integration between auditory and
visual information. In this respect, people with reading impairments can make effective use of
concurrent visual and auditory stimuli, especially when using assistive tools such as read-aloud
technology.

Our research question focuses on the possibility of using gaze position as a proxy for
attention in a reading task to automatically synchronize the reading aloud of the text to the actual
reading of the text and to support the integration of visual and auditory information. We believe
that this adaptation enforces the bimodal experience of listening and reading and the integration
between auditory and visual information which is known to be beneficial (Valentini et al. 2018,
Schneps et al., 2019, Knoop-van Campen et al., 2020). In this paper, we present the rationale for
the design of an assistive reading tool which integrates an eye-tracker to a standard read-aloud

tool and its evaluation with a controlled study.
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In the next section, we briefly summarize the state of the art on assistive technology for
reading difficulties and present an assistive reading device named GARY (Gaze And Read it by
Yourself) that integrates an eye tracker with a read-aloud tool to implement a self-adaptable
system aimed at providing individualized interaction based on visual attention cues. Then, we
present a controlled study to assess the short-term benefit of our approach by comparing the
effects on text comprehension with respect to a standard read-aloud tool. Finally, we discuss the
results of the study and some implications for the design of remediation approaches exploiting

the role that attention plays in reading difficulties.

Related works

Most individuals with reading difficulties are encouraged to use additional support to deal
with their reading difficulties. Assistive technology, i.e. specific hardware and/or software tools
designed to support people with disabilities, might help readers with dyslexia to access content
and information in different ways, mitigating the challenges associated with reading, writing, and
spelling (Nordstrém, Nilsson, Gustafson & Svensson, 2019; Dawson, Antonenko, Lane, & Zhu,
2019; Reid, Strnadova, & Cumming, 2013; Hasselbring, T. S., & Bausch, M. E., 2005). Common
assistive technology for individuals with dyslexia, such as text-to-speech (TTS) and read-aloud
tools, are used for addressing the problems with rapid word recognition and poor spelling and
decoding abilities associated with dyslexia. These tools support people with reading difficulties
by offering a text presentation, where the to-be-read text is paired either with synthesized
computer voice (TTS tool) or audio recording of the same text read by humans (read-aloud tool).
Text-to-speech and read-aloud tools have spread since the 80s (Klatt, 1987; Crawford & Tindal,

2004; Biancarosa & Griffiths, 2012). However, as computer technology has significantly
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improved over the last twenty years, the number of tools of this type which are of good quality
and easily accessible is significantly increasing (e.g., Kurzweil 3000, MWSReader). These tools
commonly include features such as reading speed regulator, voice and pronunciation selector,
creation of synthetic audio files, and dynamic text highlighting (Biancarosa & Griffiths, 2012),
exploited by students with reading difficulties to support their reading experience. A recent meta-
review (Wood et al., 2018) has found that the use of TTS and related read-aloud tools improves
reading comprehension for students with reading disabilities, even though the underlying
cognitive mechanisms remain largely unknown. Schneps and colleagues (2019) propose that
theories of auditory-visual integration underlying dyslexia (Goswami, 2011) can explain the
advantage of read-aloud tools that combine concurrent visual and auditory stimuli. According to
this theory, accurate and rapid word decoding is achieved through successful content and time
integration between auditory, visual and motor control, and dyslexia might stem from a deficit in
such integration/synchronization process. TTS technology can contribute in supporting the
multimodal integration by providing access to alternative input streams (visual and auditory) for
language processing in instances where one input becomes weaker during the reading process
(Schneps et al., 2019). Moreover, the ability of TTS software to visually highlight words coupled
with the audio pronunciation might improve verbal and visual information processing in working
memory, increasing the mental resources that can be devoted to comprehension.

Nevertheless, TTS technology suffers from inherent limitations. For example, TTS are
driven to rates that are generally slower than the speed usually attained in typical mental reading.
Moreover, TTS speed rate is usually fixed to a constant value that can be adjusted only manually
by the users by interrupting the reading process. In this article, we investigate the effect of the

combination of an attention-driven read-aloud technology with eye tracking on reading
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comprehension for young children with reading difficulties in order to allow the possibility for
the reader to smoothly follow the text and to integrate both visual and auditory information
streams.

Using eye tracking to track the flow of reading in real time has been a topic of much
research. Eye tracking devices are used to localize the eyes position and to track their motion.
Information of the eye movements coupled with the estimation of the head position allows to
determine the gaze direction and to locate the point of the reader's gaze on a computer screen
(Morimoto & Mimica, 2005). In the last decade, many eye-tracker applications have been
developed for augmenting the reading experience (Biedert, Buscher, & Dengel, 2009), or for
assisting users with motor disabilities or visual impairments (Duchowski, 2002). Nevertheless,
the use of eye tracking for supporting struggling readers has not been extensively investigated
and only a few applications have been developed for gaze-contingent adaptation of the text-
presentation (Lunte, & Boll, 2020) and for screening and diagnostic purposes (Nilsson Benfatto
et al., 2016). With respect to this latter aspect, our approach is different since information from
the readers’ gaze is used not for diagnostic or clinical goals but for supporting the digitally
mediated reading process.

GARY:: Speech synthesis and eye tracking to support struggling readers

GARY is an assistive reading device that integrates a display for the written content, a
loudspeaker, and an eye-tracker. It works as a read-aloud accommodation tool with the textual
content displayed using proper fonts to facilitate reading. In particular, the text is displayed with
12-point Arial font with a line spacing of 1.5, following the indication of the Dyslexia Style
Guide (British Dyslexia Association, 2018). The system also allows the reading aloud of the

textual content and each phrase (from 1 to 5 words, depending on the prosodic patterns of the
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text) is highlighted on the display while it is read. While the content is read aloud, the eye-
tracker locates the user’s point of gaze, monitoring if the user is looking at words following the
highlighted phrase. If the reader gazes at the following portion of text, the reading continues to
the next phrase. Otherwise, the reading stops. In order to deal with inaccuracies of eye tracking
measurements, fixations are considered in an area that extends the underlying text size by a
factor that takes into account the tracking error.

The key aspect of GARY is that the audio speed is automatically adjusted to keep up with
the reading speed of the user, and therefore driven by the user’s attention to the text.

Three main design principles guided the development of GARY. The first one is the
interaction between the reading and listening processes. The assumption here is that if a
struggling reader is able to keep pace with the reading aloud track while silently reading herself,
she will (a) gain a better comprehension of the text than from a simpler audio content only and
(b) support and improve her reading abilities. Evidence for this assumption are based on the
auditory-visual integration theory and can be found in a recent meta-analysis suggesting than
text-to-speech and read-aloud presentation positively affects reading comprehension for
individuals with reading disabilities (Wood et al., 2018).

The second design principle refers to the control of attention. Differently from a
traditional read-aloud software, GARY uses information from the position of the reader’s gaze to
guide the reading pace. In this respect, the specific implementation of GARY aims at
maintaining the reader’s visual attention on the portion of text while it is read aloud by
interrupting the auditory reading aloud when the participant’s eyes fixate away from the text
actually read aloud by the speech-synthesis software. Of course, eye fixation might not fully

coincide with covert attention but in the reading process it may be a reasonable evidence for it
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(Rayner, 2009). This functionality might lead the reader to focus on the text read by the TTS,
promoting the concurrent integration between auditory and visual information, allowing to
resolve any mismatch of the two processes in favour of the read-aloud text.

Finally, the third design principle relates to the coupling of the child’s needs and the
support provided. As a scaffolding artefact (Sharma & Hannafin, 2007), GARY adapts to the
child’s needs based on an ongoing assessment of visual attention. This principle is implemented
through the gaze-regulated feature that dynamically adapts the reading aloud to the individual
pace instead of adopting a constant predefined speed, like in traditional reading aloud and text-
to-speech applications.

The current prototype (Figure 1) is realized with a tablet PC and an infrared eye-tracker
encased in a wooden frame. Because of the current limitation of the specific low-cost eye-tracker
used, the frame is positioned on a table rather than handheld. The tilting of the display and the
eye-tracker can be adjusted. Furthermore, as in most eye-tracking applications, the eye-tracker
needs to be individually calibrated before use in order to tune the system to the individual and
environmental conditions. The calibration phase takes a few minutes and requires completing a
task of looking at twelve dots as they appeared on the screen. Although these are undoubtedly
limitations for a normal usage, they might be considered acceptable for the sake of an
experimental condition such as the one presented in this study.

Following Li (2014), in order to improve the benefit of reading aloud, GARY does not
use an automatic speech synthesis but a read-aloud component based on audio pre-recorded by a
semi-professional voice artist and manually aligned with the text. As in common applications on

the market, GARY includes a highlighting functionality to point out the words while they are
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read (Figure 1). Word highlight and voice playback occur in parallel and proceed when the
participant’s eyes fixate the next groups of words.

Before the empirical study described in the following section, in order to assure proper
accuracy, reliability and robustness of the system, and to refine the study procedure, GARY was
preliminary tested in local Primary schools with 40 pupils, 20 with and 20 without reading

difficulties.

L’anello di re Salomone

Sta scritto che il re Salomone parlava

con i quadrupedi, con i pesci e con i vermi.
Anch'io parlo con gli animali, seppure

non con tutti, come sembra facesse il vecchio re,
ammetto la mia inferiorita su questo punto. Perd
parlo con alcune specie che conosco bene,

[Figure 1. GARY apparatus (left) and a detail of the display (right).]

The Study

An empirical study was conducted to investigate the effect of controlling the reading
aloud speed by monitoring the gaze of young children with dyslexia. The study tests the
hypothesis that readers with dyslexia would benefit from using this type of read-aloud
technology, in terms of reading comprehension, whereby no benefit is expected for typical
readers. According to the auditory—visual integration, pairing the reading and listening processes
should allow readers with dyslexia to keep track of the text, which, in turn, may avoid overtaxing
working memory in terms of processing time, and allow to resolve any mismatch of the two

processes in favour of the read-aloud text. This would, on the one hand, improve working
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memory efficiency and, on the other hand, prevent incorporating reading errors into the process,
thus favouring a better comprehension of the text.

For typical readers, though, as their reading pace and accuracy are already quite good, no
difference should be expected in terms of reading comprehension from the use of read-aloud
technology.

The following hypothesis is therefore being tested:

Hp: Readers with dyslexia have a better comprehension using GARY with respect to a
traditional read-aloud tool.

While typical readers are not expected to increase their comprehension using GARY with
respect to a traditional read-aloud tool, a sample of typical readers have been collected as a
baseline for assessing the expected improvement of dyslexic readers and to permit direct
assessment of the efficacy of this approach specifically for children with dyslexia.

The hypothesis was tested with a 2x2 factorial mixed model design including group as
between-subject variable (readers with dyslexia and typical readers) and type of technology as
within-subject variable (gaze-regulated read-aloud tool vs. traditional read-aloud tool). Reading
comprehension scores on a standardized test comprised the dependent variable. Reading speed
(measured as syllables per second) was measured to control for potential effect on reading
comprehension. A linear mixed model approach (Garson, 2013) was chosen to inspect the
hypothesized relationship in a more adequate manner.

Moreover, we expect that GARY might provide more benefits to readers with more
severe difficulties and less accurate reading performance. Readers with dyslexia with inaccurate
reading are characterized by a weak decoding ability, thus the use of a gaze-regulated read-aloud

tool might help to direct attention to the text and facilitate word recognition by, e.g., ruling out
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visually similar competitors, thus better supporting their reading comprehension compared to
readers with milder reading difficulties. To better understand such performance variations within
the experimental group, we subsequently analysed variations between the type of technology in
terms of gain scores of reading comprehension and performance on the standardized diagnostic
tests.

Technology and apparatus

Two different versions of the read-aloud tool were tested in the “type of technology”
condition (Traditional and GARY).

In the Traditional condition, the software simply highlighted the text while it was read
aloud by the system (without using the eye-tracking adaptation). Therefore, the tool worked as a
traditional read-aloud application and usual read-aloud controls were provided for manually
controlling the audio playback.

In the GARY condition, the read-aloud tool integrated the eye-tracking function and used
gaze information for guiding the reading pace as explained above. In this condition the text is
highlighted while it is read aloud by the recorded voice and the software paces through the text
following the reader’s gaze. The reading proceeds if the user looks at words following the
highlighted text, otherwise the reading is paused (see Figure 2).

The same apparatus (i.e. the prototype described in Section 3) was used in both
conditions: the only variation was that reading speed can be manually controlled with interface
commands in the Traditional condition, whereas it is automatically guided by data from the gaze
tracking in the GARY condition (as described above). In both conditions the words read by the

application (1-5 words, according to a manual pre-segmentation of the text based on the prosodic
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phrasing) were highlighted in yellow and the interface was kept as similar as possible: the text

was displayed in the same way in both conditions as explained above.

GARY condition Traditional condition

Il leone e la leonessa Il leone e la leonessa

Tutti sappiamo che il leone spesso ruggisce. Tutti sappiamo che il leone spesso ruggisce.

Questo grande carnivoro che abita nelle savane, Questo grande carnivoro che abita nelle savane,

le pianure erboseEed alberate | le pianure erbose ed alberate

dell'Africa Orientale, spesso riempie la notte dell'Africa Orientale, spesso riempie la notte

di tremendi ruggiti che si odono da lontano di tremendi ruggiti che si odono da lontano

e che riempiono di spavento chi le ascolta. Ma e che riempiono di spavento chi le ascolta. Ma
In the GARY condition, as the program moves through the text follow- In the Traditional condition, the text is highlighted while it is read-aloud by a
ing the gaze of the reader, the text is highlighted and it is read-aloud recorded voice. The software moves through the text at a predefined speed
by a recorded voice. The reading proceeds if the user looks at the and the read-aloud voice can be controlled using the command on the
words following the highlighted text (the area within the dashed bottom part of the interface (play / pause / skip forward / skip backward).

square, not visible in the interface), otherwise the reading is paused.

[Figure 2. An example of a story page in the GARY (left) and Traditional (right) condition. The main
difference in the interface are the on-screen commands included in the Traditional condition.]

Participants

The participants were 20 Italian children! (6 F/ 14 M) with a history of reading struggles
and a diagnosis of dyslexia (experimental group) and 20 Italian children (10 F/ 10 M) with
typical reading abilities (control group). All participants were primary school students from the
same urban area, with an average age of 9.3 years (SD= 0.7). The two groups did not differ with
respect to age (Mann-Whitney test: U=261, p >.05).

The participants in the experimental group were recruited in a clinical centre for students
with learning disabilities that they regularly attend; the sessions took place in the same centre.
The children in the control group were recruited through personal contact in local schools and in

after-school centers and the sessions took part in the same places. All participants provided

L A total of 22 children were initially recruited, but in two cases the calibration could not be properly

completed; the participants did the reading task, but these sessions were not included in the study.
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written informed consent delivered to their parents or guardians before the experimental session
and oral assent was collected from children. All of the participating children had normal, or
corrected to normal, vision, no history of neurological disorders, and, for the experimental group,
normal intellectual profile (as reported in their medical records). Participants in the control group
had no history of learning difficulties, dyslexia or attention deficit disorder (ADHD).
Demographic information is summarized in Table 1. The participants were not specifically

trained in the use of read-aloud technology and none of them reported to use it on a regular basis.

Gender Age Grade (Primary school)

Male Female Min Max M SD 3dgrade 4"grade 5"grade
Typical readers 10 10 8 11 925 0.85 4 9 7
Dyslexic readers 14 6 9 11 955 0.60 - 13 7

[Table 1. Demographic information.]

In order to measure the representativeness of the dyslexic readers’ group, the current
reading profile of each participant in the experimental group was measured prior to the
experiment using a standardized list of 102 Italian words and 48 Italian pseudowords (DDE-2?;
Sartori et al., 2007). Average reading speed was 1.5 syll/sec (SD= 0.7) for words, and 1.1
syll/sec (SD= 0.3) for pseudowords; average errors were 13 (SD= 8) for words, and 12 (SD=7)

for pseudowords. Both performance scores were below the reference values for children of the

2DDE-2isa widely used diagnostic test in Italy for the evaluation of developmental dyslexia and
dysorthography. In the study, we used one subtest for the evaluation of oral reading (of both words and
pseudowords).
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same age for all the participants in the experimental group (z-scores ranged between -0.7 and -
3.2).
Material

Participants were tested using two forms of reading material from the MT Reading
Comprehension Test (Cornoldi & Colpo, 2011)3. This is a standardized instrument currently used
in Italy for the assessment of reading processes. Its validity and reliability have been well
established in the construction of the instrument and in several studies conducted by multiple
investigators (e.g., Bigozzi et al., 2017; Zoccolotti et al., 2014; De Beni & Palladino, 2000). This
instrument obtained good reliability (test-retest correlation above .85) and concurrent and
predictive validity scores (Scorza et al., 2019). The two texts were chosen because they are part
of the reference standardized test for assessing reading comprehension and performance in
Italian and are targeted for fourth and fifth grade students. The two forms used in the study were
similar for length (Form A: 222 words, Form B: 235 words) and complexity (Gulpease
readability index for Italian text (Lucisano & Piemontese, 1988), Form A: 52; Form B: 47).

The MT Reading Test requires students to silently read a passage and then to respond to
10 multiple-choice questions that assess their understanding of the text. The answers are binary
scored as correct or incorrect. Considering reference values, it is important to note that normative
data for the MT reading comprehension test is based on silent individual reading without the use
of a TTS tool - a different task from the one adopted in this study. For this reason,
comprehension scores were measured as the number of correct answers, with a maximum score

of 10.

3 The two texts from the MT Comprehension Test were: Form A “Il viaggio delle anguille” (“The eels
journey”, 10 questions, e.g., “Which ocean do eels cross?”” 222 words, GULPEASE index: 52); Form B “La croce
nel cuore” (“The heart cross”, 10 questions, e.g., “Where do ibex live?”, 235 words, GULPEASE index: 47).
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In preparing the reading material, texts from the two forms were manually segmented in
groups of 1-5 words according to their prosodic phrasing, meant as the means by which speakers
of any given language break up an utterance into meaningful chunks. Such phrasing, mainly
driven by sentence syntax and punctuation, allows making reading expressive and fostering
comprehension (Frazier et al., 2006). Following the same text prosodic phrasing, a semi-
professional voice artist recorded the audio version of the texts at a reading speed of 92.5 words
per minute (3.1 syl/sec) approximately.

Procedure

Before starting the session, the participant was welcomed by a research assistant and
received a detailed description of the task and the procedure, including the information about the
possibility of interrupting the experimental session at any time. After providing an oral assent to
proceed, participants were specifically instructed to read the text displayed on the screen and be
prepared to answer some comprehension questions. During the procedure, the child sat in a chair,
approximately 50-55 cm from the screen, in a quiet room. The first activity was a 12-point
calibration of the eye-tracker that took approximately 1-2 minutes. During the calibration,
participants were required to follow a circle target as it displayed in 12 different positions on the
screen. Before the experimental session, participants went through a practice session in which
they read a sample text with GARY and answered three sample comprehension questions. In
four cases (two from the experimental group and two from the control group) the calibration was
not optimal, and this was observed during the training sessions. In these cases, the calibration
process was repeated and then the session regularly started.

The order of the type of technology (GARY and Traditional) and the two written text

varied orthogonally within each participant: half of the participants started with GARY, and half
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started with Traditional; if they read text A with GARY, they read text B with Traditional and
vice versa.

In both conditions, seven lines of text were displayed on the screen at any given time and
the read aloud text was highlighted in yellow. Participants were asked to silently read the text,
and, at the end of each text, they were given the comprehension questions. Two measures were
collected: accuracy in the comprehension task and reading speed. For accuracy, the number of
correct responses with respect to the 10 comprehension questions was computed. For reading
speed, the total time taken to read the text divided by the number of syllables of the text (in order
to normalize for different text lengths) was computed.

Between the two sessions, the participants were given a break of five minutes during
which they played a non-digital memory game together with a research assistant. In order to
balance possible effects of the calibration task, the 12-point calibration was performed before
each reading session (for both GARY and Traditional technologies). The entire procedure took
approximately 60 minutes.

Results

The accuracy results are plotted in Figure 3: when using GARY, participants with
dyslexia showed higher comprehension scores than when they used the Traditional read-aloud
tool. Conversely, the comprehension scores for typical readers were not modulated by the
technology. The results of the linear mixed model analysis for the two dependent variables are
reported in Table 2. The analysis, conducted with the Ime4 package in R (Bates, Méachler,
Bolker, & Walker, 2014), showed a significant interaction between group and technology
(F(1,38) = 8.4, p < .01), with a significant simple main effect of the group factor (F(1,38) =

18.19, p < .001), with higher reading comprehension scores for typical readers (M=6.1,
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SD=1.7) compared to readers with dyslexia (M=8.4 , SD=1.7). No effect of technology was
observed (p = 0.29). Post-hoc analyses confirmed that for participants with dyslexia scores were
different depending on the type of technology used (t(38)= 2.8, p < .05 with Tukey adjustment):
comprehension scores were higher when using GARY (M= 6.8, SD= 2.3) compared to
Traditional (M= 5.5, SD= 2.6). No statistically significant differences emerged for typical
readers (M= 8.2, SD= 1.5 with GARY, M= 8.7, SD= 1.2 with Traditional, t(38)=-1.2, p=0.57).
As a measure of effect size, we calculated the marginal R? (the variance explained by
fixed factors), as well as the conditional R? (the variance explained by fixed and random factors
combined) as suggested in (Nakagawa & Schielzeth, 2017). The model explains 29% of the
variance in participants’ comprehension scores based on group and technology (marginal R? =

0.29, conditional R? = 0.62).

10
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Comprehension
score

[ |
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[Figure 3. Comprehension score. Error bars indicate standard errors.]
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F df p
Simple effect of Technology (GARY vs. Traditional)

114 (1,38) 292

Simple effect of Group (Typical readers vs Dyslexic readers)
18.19 (1,38) <.001
Interaction effect of Group x Technology

842  (1,38) .006

[Table 2. F values, degrees of freedom and significance levels of fixed effects
in linear mixed model analyses for comprehension scores.]

For reading speed, the analyses did not show any effect of the between-group factor
(F(1,38)=1.14, p = .29, R?= 0.03). Participants took an average of 2.3 syll/sec (SD = 0.75
syll/sec) for reading the passage with GARY . Specifically, readers with dyslexia took 2.2
syll/sec (SD=0.66 syll/sec) and typical readers 2.4 syll/sec (SD = 0.84 syll/sec). Considering
the Traditional condition, reading speed was steady at the TTS speed (i.e. 3.1 syll/sec), slightly
shorter than the average speed in the GARY condition. No correlation has been observed
between reading speed and comprehension scores in the GARY condition (rs = 0.12, p >.05),
neither within readers with dyslexia (rs = -0.02, p >.05) or within typical readers (rs = 0.35, p

>.05).

In order to better understand performance variations within the experimental group,
analyses were conducted taking into account different reading profiles obtained through the
performance on the standardized reading tests. Readers with dyslexia were divided into two
categories based on their reading speed: High speed (N=12) vs Low speed (N= 8), using a cut-
off of fifth percentile (1.7 syll/sec); and their accuracy: High Accuracy (N=11) vs Low

Accuracy (N=9), using a cut-off at fifth percentile (10 errors). As a dependent measure, we
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calculated gain scores, i.e. difference between the comprehension scores in the GARY
condition minus the scores in the Traditional condition. On average, inaccurate readers showed
an increase in comprehension with GARY versus Traditional (M= 1.9, SD= 2.6) compared to
more accurate readers with dyslexia (M= 0.8, SD= 2.2). However, the difference is not
statistically significant (F(1,18)=1.1, p >.05). Considering the entire sample including the
control group (all typical readers are considered with high accuracy and high speed), a linear
mixed model analysis showed a significant difference in the gain scores between High (N=31)
and Low (N=9) Accuracy groups (F(1,38)= 6.1, p< .05, R?= 0.14 - Figure 4A) but no
difference between High (N=32) and Low (N= 8) Speed (F(1,38)= 1.6, p= 0.2, R?>=0.04 -
Figure 4B). These results suggest that readers with inaccurate reading tended to benefit more by

using the GARY technology compared to the Traditional condition.
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[Figure 4. Delta (change in score) between comprehension scores in GARY and Traditional.
Higher positive scores indicate better comprehension with GARY. Panel A shows High and Low
accuracy groups, panel B shows High and Low speed groups.]
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During the experimental sessions, the researchers collected informal field notes during
each experimental session to document how participants responded to and perceived the use of
the read-aloud tools. Typical-developing readers reported a sense of unfamiliarity associated
with the use of the read-aloud tools, both for the traditional TTS and GARY. This was indeed the
first time they used a read-aloud accommodation tool, and its use was mostly perceived as
superfluous. They also perceived GARY as slower compared to the traditional version and more
difficult to use. Participants with dyslexia considered the use of read-aloud tools as not familiar
either. However, they also considered reading with GARY as more adapted to their pace and
“calmer” with respect to the traditional version.

Discussion

As hypothesized, the use of GARY seems to improve reading comprehension in children
with dyslexia compared to a traditional text-to-speech tool, showing an improvement of their
comprehension by 24% measured on a standardized instrument for the assessment of reading
comprehension.

Our main design assumption was based on the role that auditory and visual integration
seems to have on reading difficulties. The fact that our approach appears to markedly benefit
children with reading difficulties may suggest that this type of manipulation might be an
effective intervention that is not only related to the speed of the read-aloud technology. Our
approach follows the suggestion proposed by Vidyasagar (2019) of developing new remediation
strategies for supporting visual attention, that is in line with recent studies on using computer
games to manipulate attention and improve reading skills (Franceschini et al., 2015), and to

support auditory-visual integration (Schneps et al., 2019).
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Concerning dyslexic readers, we believe that our study provides initial evidence that the
benefits of a read-aloud accommodation enhanced with eye-tracking are based on two main
features. Firstly, by allowing readers to control the pace of the read-aloud voice by using their
gaze, an attention-driven read-aloud tool might offer a more calm and effortless reading
experience for struggling readers. The reading speed in the GARY condition was indeed
constrained by the position of the reader’s gaze and driven by his/her reading peace. This process
helped the readers with dyslexia in focusing their attention on appropriate places during reading,
supporting the processing of concurrent visual and auditory information, and eventually
improving the reading comprehension. It should be noted that considering reading speed, the
resulting reading pattern with GARY is characterized by a generally slower speed (M= 2.2
syl/sec for readers with dyslexia, M= 2.4 syl/sec for typical readers) compared to the one with
the traditional text-to-speech tool (3.1 syl/sec for both groups). Struggling readers might have
generally benefited from this slow and controlled modality of scanning the lines of text, while
typical readers might have felt slightly distracted or annoyed by the constraints imposed by this
reading modality, that did not, however, lower their performance.

Secondly, the findings seem to suggest that the use of an attention-driven read-aloud tool
effectively supports the strategy of listening-while-reading, that is combining listening while
reading (Hawkins, Marsicano, Schmitt, McCallum, & Musti-Rao, 2015; Schmitt, McCallum,
Hawkins, Stephenson, & Vicencio, 2018) which is supported by recent findings that both
listening to and reading a story at the same time will be maximally beneficial for word learning
(\Valentini et al. 2018). In using traditional read-aloud and text-to-speech applications, the reader
can focus solely on the audio feedback, without the need of linking it to the visual text, helped by

the dynamic highlights. In such situations, the use of the read-aloud functionality might only
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support comprehension from listening and not from reading. As many traditional TTS
applications, GARY couples the audio feedback with the written text but it also requires the
reader to explicitly gaze at the text while listening to the auditory feedback, otherwise the audio
feedback and the visual highlighting will not proceed. GARY might thus support the struggling
readers in visually analysing the words as they are read by the text-to-speech, helping them to
decode and make the necessary connection between the sounds heard (phonemes) and the letters
read (graphemes). The findings of our study show that readers with dyslexia characterized by a
profile of inaccurate reading have greater grain scores in using GARY versus a traditional read-
aloud tool compared to readers with dyslexia with a profile characterized by higher accuracy.
This is consistent with the simple view model of reading that indicates that comprehension
requires an efficient word recognition/decoding together with adequate language skills (Gough &
Tunmer, 1986). Readers with dyslexia show considerable difficulties in the decoding process: the
slow and inaccurate word reading can, in turn, be a bottleneck that impedes adequate reading
comprehension (Snowling, 2013). The use of read-aloud tools can support the decoding process
by promoting the audio-visual integration and the use of attention-driven read-aloud tools might
facilitate this process by allowing readers with word decoding difficulties in combining listening
and reading in an efficient and time-optimal way. Furthermore, the audio-visual integration
might improve verbal and visual information processing on working memory, increasing the
mental resources that can be devoted to comprehension. This might help readers to construct and
maintain a situational model of the text information, connecting incoming information with the
representation of the previous information in the text with the reader’s own prior knowledge.

Of course, longitudinal studies are needed to evaluate and quantify the benefits of the

system for a more prolonged usage. Variables such as expertise in using read-aloud tools or
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digital competences in general might have an effect on the efficacy of gaze-based reading
support interventions, especially considering acceptance and motivation to use such tools. Other
moderator factors, such as measures related to visual attention and cognitive load, should be
taken into account. Moreover, we acknowledge that the system should be further assessed with
respect to different measures related to reading performance, controlling for listening and
complex comprehension skills.
Conclusion

In this paper, we reported a novel approach to support children with reading difficulties
by using GARY, a read-aloud technology automatically controlling the reading aloud speed
coupled with the monitoring of the gaze on the text. A controlled study suggests that this
attention-driven read-aloud tool improves the reading experience, in terms of performance on a
standardized reading comprehension test, compared to traditional read-aloud technology, in
young struggling readers. However, longitudinal studies are still needed to evaluate and quantify
the benefits of the system for a more prolonged usage, controlling for the novelty effect.
Moreover, the system should be further assessed with respect to different measures related to
reading performance, controlling for listening and complex comprehension skills. Future studies
should also take into consideration additional factors such as reading material difficulty, type of
oral modality (i.e., the use of synthesized text-to-speech instead of human recorded audio), effect
of reading fatigue and finally, potential moderator effect of varying levels of expertise in using
text aloud tools.

Future research should further investigate the effect of using different text layouts in
gaze-regulated read-aloud tools: research has shown the potential benefits of alternative modes

of text presentation in digital devices, such as the Rapid Serial Visual Presentation (RSVP)
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approach (Koornneef et al., 2018) or the Span-Limiting Tactile Reinforcement (SLTR)
intervention (Schneps, et al., 2010). In RSVP, words or full sentences of a text are displayed
sequentially on a screen, often for a predetermined, limited amount of time. In SLTR the digital
text is reformatted into a single column with only a few words per line, while readers are
encouraged to keep their gaze at the top of the page, reading the uppermost line and then
advancing the column of text using a physical button or wheel (the tactile reinforcement). RSVP
approaches have been proven to benefit beginner readers (Koornneef et al., 2018), while other
studies show that SLTR-based techniques improve the reading of people with dyslexia (Schenps
et al., 2013). In this scenario, eye-tracking technology might be applied in synergy with RSVP
and SLTR approaches to provide information on the overt attention of the reader, informing the
advancement and adaptation of the serial presentation of text.

Finally, an open question remains whether the approach of gaze-regulated read-aloud
could be used in intervention or in compensation setting. As observed by Wood et al. (2018), the
use of text-to-speech technology can be divided into intervention and compensation studies.
Intervention-oriented studies use text aloud tools to improve unassisted reading skills, whereas
compensation-oriented studies address the use of text-to-speech tools to compensate for word-
level skills and to help readers in accessing texts. Considering the application of attention-driven
read-aloud tools, the findings from this work suggest that a gaze-regulated read-aloud technology
can be used as an intervention tool for supporting students’ skills in reading through text-to-
speech technology. Gaze-regulated reading can be used for training readers in coupling audio
and visual information and such skill could be generalized when using traditional read-aloud
tools. In this respect, future studies could investigate how to use information from eye-tracking

to support not only linear reading (as investigated in this study) but also strategic reading
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practices (e.g., move through text, use of contextual and graphical clues, use of reference
materials, etc.).

In conclusion, these findings present a promising starting point to develop adaptive
applications based on eye-tracking technology for augmenting the comprehension abilities of
children with reading difficulties and to improve standard read-aloud technology personalizing

the reading experience.

Published article: https://onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530



Published%20article:%20https:/onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530

Pre-print version
Attention-driven Read-aloud Technology

References

Bates, D., Méchler, M., Bolker, B., & Walker, S. (2014). Fitting Linear Mixed-Effects Models using Ime4.
ArXiv:1406.5823 [Stat]. Retrieved from http://arxiv.org/abs/1406.5823

Biancarosa, G., & Griffiths, G. G. (2012). Technology Tools to Support Reading in the Digital Age. Future of
Children, 22(2), 139-160.

Biedert, R., Buscher, G., & Dengel, A. (2009). The eyeBook — Using Eye Tracking to Enhance the Reading

Experience. Informatik-Spektrum, 33(3), 272-281. https://doi.org/10.1007/s00287-009-0381-2

Bigozzi, L., Tarchi, C., Vagnoli, L., Valente, E., & Pinto, G. (2017). Reading fluency as a predictor of school
outcomes across grades 4-9. Frontiers in psychology, 8, 200.

Bosse, M.-L., Tainturier, M. J., & Valdois, S. (2007). Developmental dyslexia: The visual attention span deficit
hypothesis. Cognition, 104(2), 198-230. https://doi.org/10.1016/j.cognition.2006.05.009

British Dyslexia Association. (2018). Dyslexia style guide. Retrieved from
https://www.bdadyslexia.org.uk/advice/employers/creating-a-dyslexia-friendly-workplace/dyslexia-
friendly-style-guide

Brosnan, M., Demetre, J., Hamill, S., Robson, K., Shepherd, H., & Cody, G. (2002). Executive functioning in adults
and children with developmental dyslexia. Neuropsychologia, 40(12), 2144-2155.
https://doi.org/10.1016/S0028-3932(02)00046-5

Buzick, H., & Stone, E. (2014). A Meta-Analysis of Research on the Read Aloud Accommodation. Educational
Measurement: Issues and Practice, 33(3), 17-30. https://doi.org/10.1111/emip.12040

Castles, A., Coltheart, M., Wilson, K., Valpied, J., & Wedgwood, J. (2009). The genesis of reading ability: What
helps children learn letter—sound correspondences? Journal of Experimental Child Psychology, 104(1), 68—
88. https://doi.org/10.1016/j.jecp.2008.12.003

Cinquin, P.-A., Guitton, P., & Sauzéon, H. (2019). Online e-learning and cognitive disabilities: A systematic review.
Computers & Education, 130, 152-167. https://doi.org/10.1016/j.compedu.2018.12.004

Cornoldi, C., & Colpo, G. (2011). Prove di lettura MT-2 per la scuola primaria [Test for reading assessment in the
primary school]. Giunti OS.

Crawford, L., & Tindal, G. (2004). Effects of a Read-Aloud Modification on a Standardized Reading Test.

Exceptionality, 12(2), 89-106. https://doi.org/10.1207/s15327035ex1202_3

Published article: https://onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530



Published%20article:%20https:/onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530
https://doi.org/10.1007/s00287-009-0381-2
https://doi.org/10.1016/j.compedu.2018.12.004

Pre-print version
Attention-driven Read-aloud Technology

Dawson, K., Antonenko, P., Lane, H., & Zhu, J. (2019). Assistive Technologies to Support Students With Dyslexia.

TEACHING Exceptional Children, 51(3), 226-239. https://doi.org/10.1177/0040059918794027

De Beni, R., & Palladino, P. (2000). Intrusion errors in working memory tasks: Are they related to reading
comprehension ability?. Learning and individual differences, 12(2), 131-143.

Duchowski, A. T. (2002). A breadth-first survey of eye-tracking applications. Behavior Research Methods,
Instruments, & Computers, 34(4), 455-470. https://doi.org/10.3758/BF03195475

Franceschini, S., Bertoni, S., Ronconi, L., Molteni, M., Gori, S., & Facoetti, A. (2015). “Shall We Play a Game?””:
Improving Reading Through Action Video Games in Developmental Dyslexia. Current Developmental

Disorders Reports, 2(4), 318-329. https://doi.org/10.1007/s40474-015-0064-4

Frazier, L., Carlson, K., & Clifton Jr, C. (2006). Prosodic phrasing is central to language comprehension. Trends in
cognitive sciences, 10(6), 244-249.

Friedmann, N., & Coltheart, M. (2016). Types of developmental dyslexia. In A. Bar-On & D. Ravid (Eds.),
Handbook of communication disorders: Theoretical, empirical, and applied linguistics perspectives.
Berlin/Boston: De Gruyter Mouton.

Gabrieli, J. D. (2009). Dyslexia: a new synergy between education and cognitive neuroscience. Science, 325(5938),
280-283.

Galuschka, K., Ise, E., Krick, K., & Schulte-Kérne, G. (2014). Effectiveness of Treatment Approaches for Children
and Adolescents with Reading Disabilities: A Meta-Analysis of Randomized Controlled Trials. PLoS ONE,
9(2), €89900. https://doi.org/10.1371/journal.pone.0089900

Garson, G. D. (2013). Fundamentals of hierarchical linear and multilevel modeling. In G. D. Garson (Ed.),
Hierarchical linear modeling: Guide and applications. Thousand Oaks, CA, USA: SAGE Publications.

Goswami, U. (2011). A temporal sampling framework for developmental dyslexia. Trends in Cognitive Sciences,
15(1), 3-10. https://doi.org/10.1016/j.tics.2010.10.001

Gough, P. B., & Tunmer, W. E. (1986). Decoding, Reading, and Reading Disability. Remedial and Special
Education, 7(1), 6-10. https://doi.org/10.1177/074193258600700104

Grunér, S., Ostberg, P., & Hedenius, M. (2018). The Compensatory Effect of Text-to-Speech Technology on

Reading Comprehension and Reading Rate in Swedish Schoolchildren With Reading Disability: The

Published article: https://onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530



Published%20article:%20https:/onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530
https://doi.org/10.1177/0040059918794027
https://doi.org/10.1007/s40474-015-0064-4

Pre-print version
Attention-driven Read-aloud Technology

Moderating Effect of Inattention and Hyperactivity Symptoms Differs by Grade Groups. Journal of Special
Education Technology, 33(2), 98-110. https://doi.org/10.1177/0162643417742898

Hachmann, W. M., Bogaerts, L., Szmalec, A., Woumans, E., Duyck, W., & Job, R. (2014). Short-term memory for
order but not for item information is impaired in developmental dyslexia. Annals of Dyslexia, 64(2), 121—

136. https://doi.org/10.1007/s11881-013-0089-5

Hasselbring, T. S., & Bausch, M. E. (2005). Assistive technologies for reading. Educational Leadership, 63(4), 72.

Hautala, J., Heikkil4, R., Nieminen, L., Rantanen, V., Latvala, J.-M., & Richardson, U. (2020). Identification of
Reading Difficulties by a Digital Game-Based Assessment Technology. Journal of Educational Computing
Research. https://doi.org/10.1177/0735633120905309

Hawkins, R. O., Marsicano, R., Schmitt, A. J., McCallum, E., & Musti-Rao, S. (2015). Comparing the Efficiency of
Repeated Reading and Listening-While-Reading to Improve Fluency and Comprehension. Education and
Treatment of Children, 38(1), 49—70. https://doi.org/10.1353/etc.2015.0005

Hulme, C., & Snowling, M. J. (2016). Reading disorders and dyslexia. Current Opinion in Pediatrics, 28(6), 731—
735. https://doi.org/10.1097/MOP.0000000000000411

Jamshidifarsani, H., Garbaya, S., Lim, T., Blazevic, P., & Ritchie, J. M. (2019). Technology-based reading
intervention programs for elementary grades: An analytical review. Computers & Education, 128, 427—
451. https://doi.org/10.1016/j.compedu.2018.10.003

Job, R., Peressotti, F., & Cusinato, A. (1998). Lexical effects in naming pseudowords in shallow orthographies:
Further empirical data. Journal of Experimental Psychology: Human Perception and Performance, 24(2),
622-630. https://doi.org/10.1037//0096-1523.24.2.622

Justice, L. M. (2006). Evidence-based practice, response to intervention, and the prevention of reading difficulties.
Language, Speech, and Hearing Services in Schools, 37, 284-297.

Kibby, M. Y., Marks, W., Morgan, S., & Long, C. J. (2004). Specific Impairment in Developmental Reading
Disabilities: A Working Memory Approach. Journal of Learning Disabilities, 37(4), 349-363.

https://doi.org/10.1177/00222194040370040601

Kida, A. D. S., De Avila, C. R., & Capellini, S. A. (2016). Reading Comprehension Assessment through Retelling:
Performance Profiles of Children with Dyslexia and Language-Based Learning Disability. Frontiers in

psychology, 7, 787.

Published article: https://onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530



Published%20article:%20https:/onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530
https://doi.org/10.1007/s11881-013-0089-5
https://doi.org/10.1016/j.compedu.2018.10.003
https://doi.org/10.1177/00222194040370040601

Pre-print version
Attention-driven Read-aloud Technology

Kim, W., Linan-Thompson, S., & Misquitta, R. (2012). Critical Factors in Reading Comprehension Instruction for
Students with Learning Disabilities: A Research Synthesis. Learning Disabilities Research & Practice,
27(2), 66-78. https://doi.org/10.1111/j.1540-5826.2012.00352.x

Klatt, D. H. (1987). Review of text-to-speech conversion for English. The Journal of the Acoustical Society of

America, 82(3), 737-793. https://doi.org/10.1121/1.395275

Knoop-van Campen, C. A,, Segers, E., & Verhoeven, L. (2020). Effects of audio support on multimedia learning
processes and outcomes in students with dyslexia. Computers & Education, 150, 103858.

Koornneef, A., Kraal, A., & Danel, M. (2019). Beginning readers might benefit from digital texts presented in a
sentence-by-sentence fashion. But why?. Computers in Human Behavior, 92, 328-343.

Langer, N., Benjamin, C., Becker, B. L. C., & Gaab, N. (2019). Comorbidity of reading disabilities and ADHD:
Structural and functional brain characteristics. Human Brain Mapping, 40(9), 2677—-2698.
https://doi.org/10.1002/hbm.24552

Li, H. (2014). The Effects of Read-Aloud Accommodations for Students With and Without Disabilities: A Meta-
Analysis. Educational Measurement: Issues and Practice, 33(3), 3-16. https://doi.org/10.1111/emip.12027

Liberman, I. Y., & Shankweiler, D. (1985). Phonology and the Problems of Learning to Read and Write. Remedial
and Special Education, 6(6), 8—17. https://doi.org/10.1177/074193258500600604

Lucisano, P., & Piemontese, M. E. (1988). GULPEASE: una formula per la predizione della difficolta dei testi in
lingua italiana. Scuola e Citta, 3(31), 110-124.

Lunte, T., & Boll, S. (2020). Towards a gaze-contingent reading assistance for children with difficulties in reading.
22nd International ACM SIGACCESS Conference on Computers and Accessibility, 1-4.

https://doi.org/10.1145/3373625.3418014

Magnan, A., & Ecalle, J. (2006). Audio-visual training in children with reading disabilities. Computers &

Education, 46(4), 407-425. https://doi.org/10.1016/j.compedu.2004.08.008

Morimoto, C. H., & Mimica, M. R. (2005). Eye gaze tracking techniques for interactive applications. Computer
vision and image understanding, 98(1), 4-24.
Muter, V., & Snowling, M. J. (2009). Children at familial risk of dyslexia: Practical implications from an at-risk

study. Child and Adolescent Mental Health, 14(1), 37-41.

Published article: https://onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530



Published%20article:%20https:/onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530
https://doi.org/10.1121/1.395275
https://doi.org/10.1145/3373625.3418014
https://doi.org/10.1145/3373625.3418014
https://doi.org/10.1145/3373625.3418014
https://doi.org/10.1016/j.compedu.2004.08.008

Pre-print version
Attention-driven Read-aloud Technology

Nakagawa, S., & Schielzeth, H. (2017). A general and simple method for obtaining R2 from generalized linear
mixed-effects models. Methods in Ecology and Evolution, 133-142. https://doi.org/10.1111/j.2041-
210x.2012.00261.x@10.1111/(ISSN)2041-210X.STATSTOO

Nilsson Benfatto, M., Oqvist Seimyr, G., Ygge, J., Pansell, T., Rydberg, A., & Jacobson, C. (2016). Screening for
Dyslexia Using Eye Tracking during Reading. PLoS ONE, 11(12).

https://doi.org/10.1371/journal.pone.0165508

Nordstrom, T., Nilsson, S., Gustafson, S., & Svensson, I. (2019). Assistive technology applications for students with
reading difficulties: special education teachers’ experiences and perceptions. Disability and Rehabilitation:
Assistive Technology, 14(8), 798-808.

Pennington, B. (2006). From single to multiple deficit models of developmental disorders. Cognition, 101(2), 385-
413. https://doi.org/10.1016/j.cognition.2006.04.008

Pavlidou, E. V., Kelly, M. L., & Williams, J. M. (2010). Do children with developmental dyslexia have impairments
in implicit learning? Dyslexia, 16(2), 143-161. https://doi.org/10.1002/dys.400

Peterson, R. L., & Pennington, B. F. (2012). Developmental dyslexia. The Lancet, 379(9830), 1997-2007.
https://doi.org/10.1016/S0140-6736(12)60198-6

Ramus, F., & Szenkovits, G. (2008). What phonological deficit? The Quarterly Journal of Experimental
Psychology, 61(1), 129-141. https://doi.org/10.1080/17470210701508822

Rayner, K. (2009). The 35th Sir Frederick Bartlett Lecture: Eye movements and attention in reading, scene
perception, and visual search. Quarterly Journal of Experimental Psychology, 62(8), 1457-1506.
https://doi.org/10.1080/17470210902816461

Reid, G., Strnadova, 1., & Cumming, T. (2013). Expanding horizons for students with dyslexia in the 21st century:
universal design and mobile technology. Journal of Research in Special Educational Needs, 13(3), 175—
181. https://doi.org/10.1111/1471-3802.12013

Ring, J., & Black, J. L. (2018). The multiple deficit model of dyslexia: what does it mean for identification and
intervention?. Annals of dyslexia, 68(2), 104-125.

Romani, C., Tsouknida, E., di Betta, A. M., & Olson, A. (2011). Reduced attentional capacity, but normal
processing speed and shifting of attention in developmental dyslexia: Evidence from a serial task. Cortex,

47(6), 715-733. https://doi.org/10.1016/j.cortex.2010.05.008

Published article: https://onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530



Published%20article:%20https:/onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530
https://doi.org/10.1371/journal.pone.0165508
https://doi.org/10.1016/j.cognition.2006.04.008
https://doi.org/10.1016/j.cortex.2010.05.008

Pre-print version
Attention-driven Read-aloud Technology

Ronimus, M., Eklund, K., Westerholm, J., Ketonen, R., & Lyytinen, H. (2020). A mobile game as a support tool for
children with severe difficulties in reading and spelling. Journal of Computer Assisted Learning, 1-15.
https://doi.org/10.1111/jcal.12456

Rose, J. (2009). Identifying and Teaching Children and Young People with Dyslexia and Literacy Difficulties.
London: Department of Children, Schools and Families. Available online at: http://www.thedyslexia-
spldtrust.org.uk/media/downloads/inline/the-rose-report.1294933674.pdf. Accessed November 11, 2020.

Ruffino, M., Gori, S., Boccardi, D., Molteni, M., & Facoetti, A. (2014). Spatial and temporal attention in
developmental dyslexia. Frontiers in Human Neuroscience, 8. https://doi.org/10.3389/fnhum.2014.00331

Schmitt, A. J., McCallum, E., Hawkins, R. O., Stephenson, E., & Vicencio, K. (2018). The effects of two assistive
technologies on reading comprehension accuracy and rate. Assistive Technology: The Official Journal of
RESNA, 1-11. https://doi.org/10.1080/10400435.2018.1431974

Schneps, M. H., O'Keeffe, J. K., Heffner-Wong, A., & Sonnert, G. (2010). Using technology to support STEM
reading. Journal of Special Education Technology, 25(3), 21-33.

Schneps, M. H., Thomson, J. M., Sonnert, G., Pomplun, M., Chen, C., & Heffner-Wong, A. (2013). Shorter lines
facilitate reading in those who struggle. PloS one, 8(8), e71161.

Schneps, M. H., Chen, C., Pomplun, M., Wang, J., Crosby, A. D., & Kent, K. (2019). Pushing the Speed of
Assistive Technologies for Reading. Mind, Brain, and Education, 13(1), 14-29.

https://doi.org/10.1111/mbe.12180

Scorza, M., Benassi, E., Boni, C. D., & Stella, G. (2019). The Word Chain Test: a Short Collective Screening for
Identification of Children at Risk for Reading Disabilities. TPM: Testing, Psychometrics, Methodology in
Applied Psychology, 26(1).

Sharma, P., & Hannafin, M. J. (2007). Scaffolding in technology-enhanced learning environments. Interactive
Learning Environments, 15(1), 27-46. https://doi.org/10.1080/10494820600996972

Shaywitz, S. E. (2008). Overcoming Dyslexia: A New and Complete Science-Based Program for Reading Problems
at Any Level. Knopf Doubleday Publishing Group.

Smith-Spark, J. H., & Fisk, J. E. (2007). Working memory functioning in developmental dyslexia. Memory, 15(1),

34-56. https://doi.org/10.1080/09658210601043384

Published article: https://onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530



Published%20article:%20https:/onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530
https://doi.org/10.1111/mbe.12180
https://doi.org/10.1080/09658210601043384

Pre-print version
Attention-driven Read-aloud Technology

Snowling, M. J. (2013). Early identification and interventions for dyslexia: a contemporary view. Journal of
Research in Special Educational Needs, 13(1), 7-14.

Snow, C. (2002). Reading for Understanding: Toward an R&D Program in Reading Comprehension. Rand
Corporation.

Szmalec, A., Loncke, M., Page, M. P. A., & Duyck, W. (2011). Order or disorder? Impaired Hebb learning in
dyslexia. Journal of Experimental Psychology: Learning, Memory, and Cognition, 37(5), 1270-1279.

https://doi.org/10.1037/a0023820

Tilanus, E. A., Segers, E., & Verhoeven, L. (2016). Responsiveness to intervention in children with dyslexia.
Dyslexia, 22(3), 214-232.)

Valentini, A., Ricketts, J., Pye, R. E., & Houston-Price, C. (2018). Listening while reading promotes word learning
from stories. Journal of Experimental Child Psychology, 167, 10-31.
https://doi.org/10.1016/j.jecp.2017.09.022

Van de Ven, M., de Leeuw, L., van Weerdenburg, M., & Steenbeek-Planting, E. G. (2017). Early reading
intervention by means of a multicomponent reading game. Journal of Computer Assisted Learning, 33,
320-333. https://doi.org/10.1111/jcal.12181

Vellutino, F. R., Fletcher, J. M., Snowling, M. J., & Scanlon, D. M. (2004). Specific reading disability (dyslexia):
what have we learned in the past four decades? Journal of Child Psychology and Psychiatry, 45(1), 2—-40.
https://doi.org/10.1046/j.0021-9630.2003.00305.x

Vicari, S., Finzi, A., Menghini, D., Marotta, L., Baldi, S., & Petrosini, L. (2005). Do children with developmental
dyslexia have an implicit learning deficit? Journal of Neurology, Neurosurgery, and Psychiatry, 76(10),
1392-1397. https://doi.org/10.1136/jnnp.2004.061093

Vidyasagar, T. R. (2019). Visual attention and neural oscillations in reading and dyslexia: Are they possible targets
for remediation? Neuropsychologia, 130, 59-65. https://doi.org/10.1016/j.neuropsychologia.2019.02.009

Wood, S. G., Moxley, J. H., Tighe, E. L., & Wagner, R. K. (2018). Does Use of Text-to-Speech and Related Read-
Aloud Tools Improve Reading Comprehension for Students With Reading Disabilities? A Meta-Analysis.

Journal of Learning Disabilities, 51(1), 73-84. https://doi.org/10.1177/0022219416688170

Published article: https://onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530



Published%20article:%20https:/onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530
https://doi.org/10.1037/a0023820
https://doi.org/10.1016/j.jecp.2017.09.022

Pre-print version
Attention-driven Read-aloud Technology

Ziegler, J. C., & Goswami, U. (2005). Reading acquisition, developmental dyslexia, and skilled reading across
languages: a psycholinguistic grain size theory. Psychological Bulletin, 131(1), 3-29.

https://doi.org/10.1037/0033-2909.131.1.3

Zoccolotti, P., De Luca, M., Marinelli, C. V., & Spinelli, D. (2014). Modeling individual differences in text reading
fluency: a different pattern of predictors for typically developing and dyslexic readers. Frontiers in

psychology, 5, 1374.

Published article: https://onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530



Published%20article:%20https:/onlinelibrary.wiley.com/doi/abs/10.1111/jcal.12530
https://doi.org/10.1037/0033-2909.131.1.3

	Abstract
	Introduction
	Related works
	GARY: Speech synthesis and eye tracking to support struggling readers
	The Study
	Technology and apparatus
	Participants
	Material
	Procedure

	Results
	Discussion
	Conclusion

