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ABSTRACT

Xiaobin Wang, Ph. D., University of South Alabama, December 2023. Word Reading,
Reading Comprehension, and Eye Movements during Reading in Chinese Persons with
Aphasia. Chair of Committee: Kimberly G. Smith, Ph.D.

Individuals with aphasia (IWA) often exhibit challenges in single word reading as
well as in reading comprehension. Recently, eye-tracking technology has become
instrumental in delving deeper into reading behaviors. Specifically, it has illuminated the
differences in word reading and comprehension abilities among aphasic English speakers.

However, there is a noticeable scarcity of research focusing on these aspects among

Chinese IWA. The current study aimed to contrast the abilities of Chinese IWA and

neurotypical controls in reading single words, with an emphasis on types like regular,
irregular, and pseudowords, and reading comprehension abilities. Further, this study
investigated the patterns of eye movements during paragraph reading, paying special
attention to measures such as fixation durations and saccades. This study also examined
the association of these eye-tracking measures with reading comprehension across both
cohorts.
The results indicate that the control group read more accurately across all word

types compared to the IWA. The results also indicated that the IWA group exhibited
longer fixation durations, more frequent fixations, and shorter saccade amplitudes when

compared to the control group. Moreover, the control group consistently demonstrated

viii



superior reading comprehension accuracy across both language assessment and eye-
tracking tasks. Notably, among the IWA, there were significant correlations between
reading comprehension and both regular and irregular word reading. This association
persisted even after rigorous statistical corrections. However, such correlations were
absent in the control group. Further multiple regression analysis revealed that, even after
controlling for education level and months post-stroke, a composite of regular and
irregular word reading accounted for 60% and 58.5% of the variance in reading
comprehension for the IWA and controls, respectively. The pronounced influence of
regular and irregular word reading on comprehension in IWA suggests potential avenues
for targeted reading strategies or interventions. In conclusion, this research highlights the
complexity of reading comprehension, suggesting a need for a holistic approach in future
studies to explore various factors influencing reading in Chinese IWA and neurotypical

individuals.



CHAPTERI

INTRODUCTION

Humans use the complex ability of reading to obtain knowledge. Word
recognition and making form, sound, and meaning connections are the cornerstones of
reading instruction for new readers (Yang et al., 2011). As individuals move along their
stages of growth, their skill to precisely recognize words is enhanced. Reading instruction
goes from a focus on individual words and phrases to an emphasis on reading and
understanding complete sentences, paragraphs, and chapters (Guo et al., 2022).

Reading is a complicated task that necessitates letter-to-sound transfer, letter-to-
sound recognition, a connection to meaning, and nearly automatic visual processing of
letters. The Dual Route Cascaded (DRC) model, put forth by (Coltheart et al., 2001), is
currently one accepted theoretical framework of the reading process. Another one is a
connectionist model. The Dual Route Cascaded model (DRC) has two routes that, when
combined, explain how we are able to understand new words, non-words, words that
adhere to conventional spelling-to-sound norms, such as cave, time, and cat, as well as
irregular words (e.g., have). When it comes to non-lexical reading, the grapheme-
phoneme conversion method explains how humans are able to read new vocabulary, non-
words like bos, dar, and jow, and words that follow common pronunciation norms (e.g.,

cave, time, cat). The connectionist model (Patterson et al., 1996), also known as the



Parallel Distributed Processing model, is a neural network model that attempts to
simulate the way information is processed in the human brain. This model emphasizes the
connection between a substantial amount of elementary unit-of -processing and the
parallel computation between them. In reading, the connectionist model is particularly
concerned with how spelling-related, sound-related, and meaning-related information is
represented and processed by these connections. In particular, connectionist models have
attempted to explain surface dyslexia, a specific cognition and learning impairment
characterized by difficulties in accurately and fluently reading irregular words or unusual
words. Research suggests that surface dyslexia can occur when the connections in neural
networks that process the relationship between meaning and phonemes are damaged (Yin
& Butterworth, 1992). This impairment causes patients to have difficulty in trying to
translate the meaning of words into their corresponding sounds. Overall, the
connectionist model provides us with a framework to understand how the brain processes
and represents linguistic information through neural networks, and the dyslexia that can

arise when these networks are damaged.

Numerous cerebral regions facilitate the cognitive process of reading. Several

brain mapping studies on grown-up readers have demonstrated that the back region of the
superior temporal lobe and the VWFA are involved in supporting reading. (Baker et al.,
2007; Dehaene et al., 2015; Stevens et al., 2017). Other studies have shown that
activation pathways for reading across languages are similar. For example, Feng and
colleagues (Feng et al., 2020) found a reading circuit composed primarily of the cingulate
gyri of left hemisphere, superior area of the temporal gyri/sulci, precentral gyri, along

with intermediate area of the frontal gyri with striking similarities across languages.



The basic logic of reading in different language scripts, including Chinese and
English, is essentially similar in all writing systems, except for the superficial differences
in font. They are assembled of a small set of visual symbols, the combination of which
allows visual access to the spoken language network. All Chinese languages use scripts
that are not letters. Non-alphabetic scripts are less transparent than alphabetic in their
connection with spelling and pronunciation. All Chinese characters are made up of parts
that are constituted of strokes that are written in a square. To become literate, a modern
reader only needs to know the 3000 most common characters. In Chinese, each character
stands for a morpheme (Yin & Butterworth, 1992). This makes sense from a
morphological point of view because a single syllable is the smallest unit that can be read
in a character. This also indicates that there is a corresponding morpheme in the spoken
language for each written form. The letters of the alphabet, on the other hand, do not have
any meaning. In Chinese, oral reading can be conducted by a minimum of two distinct
pathways. The process of reading for semantics is facilitated by the lexical-semantic
pathway, which connects the meaning of words and their associated concepts. On the
other hand, the non-semantic pathway establishes connections between orthographic
representations, such as strokes, character root, and script symbols with phonological
representations like phonetic units, vowel-consonant combinations, and pitch levels (Yin
et al., 2005). These pathways parallel those proposed in the DRC model.

As described, the reading process is complex and relies on many neural regions.
Therefore, any disruption in neurological functioning in the visual or language processes
that support reading may lead to an acquired reading impairment commonly identified as

acquired dyslexia or adult-onset dyslexia. Aphasia is a multimodal language issue that



can interfere with any modality of language, understanding, expressing, writing, and
reading, and is usually caused by stroke. Aphasia often is associated with acquired
dyslexia (Darley et al., 1975). Aphasia and acquired dyslexia can significantly impact an
individual’s quality of life and safety. For instance, acquired dyslexia in those with
aphasia may prohibit them from going back to work, enjoying leisure reading, correctly
reading medication labels, or reading the instruction booklet for any piece of equipment
or home appliance.

Word reading and comprehension are essential components of linguistic
processing, which is frequently interrupted in aphasia and affects both understanding
texts and word recognition. Research into the oral reading abilities of IWA and the
effectiveness of therapies (Friedman, 1996; Fuchs et al., 2001; Webster et al., 2013) to
improve reading skills has been extensive, with a particular focus on single word reading
to discover distinct neuropsychological breakdown patterns. Notably, there has been a
strong focus on examining single word reading as a means of identifying distinct patterns
of neuropsychological impairment. Recent research (Smith & Ryan, 2020) has
investigated the intricacies of understanding written texts at many levels, including single
word, sentence, and text comprehension. These studies (Friedman, 1996; Fuchs et al.,
2001; Smith & Ryan, 2020; Webster et al., 2013) have uncovered a notable positive
association among these dimensions. However, it is worth noting that no meaningful
relationship was observed between the capacity to comprehend single words and the
comprehension of texts. The studies taken together highlight the intricate skill of
comprehending text in IWA, emphasizing the need for a comprehensive evaluation

strategy to effectively address the reading challenges experienced by this population.



However, little research is available to suggest that acquired dyslexia in Chinese
individuals could stem from a disruption in linking orthographic, semantic, and
phonological processing, as discussed by Yin and Butterworth (1992) and Yin and
Weekes (2003), aligning Chinese reading models with the Dual Route Cascaded (DRC)
like in English. Contrarily, other studies (Han & Bi, 2009; Law et al., 2009) lean towards
a connectionist model for reading in Chinese, emphasizing semantic mediation in
transitioning from orthography to phonology, with clinical cases illustrating these
theories through patients with dementia or brain injury reading aloud (Han & Bi, 2009;
Law et al., 2005). Specifically, how accurately Chinese people read phonetic compound
characters was affected by how well they could guess the pronunciation and how familiar
they were with the character. This shows that both the lexical and 'non-lexical' systems
play a part in these reading patterns. Despite these findings, mostly from Cantonese-
speaking regions with traditional script, there is a research gap concerning acquired
dyslexia in mainland China using Mandarin, warranting further investigation for both
theoretical and clinical insights.

One tool used to examine reading in IWA and without aphasia and acquired
dyslexia, particularly in English speakers, is eye tracking (Akhavan et al., 2022; Bai et
al., 2008; Bonhage et al., 2015; Chen et al., 2017; DeDe & Kelleher, 2021; Li et al.,
2011; Li et al., 2009; Niehorster et al., 2020; Nilsson Benfatto et al., 2016; Oralova &
Kuperman, 2021; Rayner, 1998). It has shown to be a useful tool because it can record
cognitive and linguistic activities online (Bonhage et al., 2015; Chen et al., 2022; Eekhof
et al., 2021; Parola & Bosco, 2022; Wendt et al., 2014) and has informed our

understanding of reading and reading comprehension in both neurotypical and clinical



populations like IWA. Studies have even been conducted to examine differences in
reading English and Chinese texts in neurotypical adults (Rayner et al., 2007; Yan et al.,
20006) indicating the average fixation period and regression rate were equivalent;
however, significant differences were discovered in the average saccade length, which
was shorter for Chinese readers with fewer than two to three characters (Yan et al., 2006).

Numerous studies utilizing eye-tracking technology have been undertaken to
investigate the task of the reading process in English speakers with acquired dyslexia
(Ablinger et al., 2014; Akhavan et al., 2022; DeDe & Kelleher, 2021; Knilans & DeDe,
2015; Marshall & Newcombe, 1973; Smith et al., 2018; van Scherpenberg et al., 2021).
However, no studies were found examining eye movements during reading of Chinese
speakers with acquired dyslexia. This gap in the research is notable as it is unclear how
the eye movements of Chinese speakers with acquired dyslexia differ from individuals
without acquired dyslexia. Furthermore, it is unclear what implications can be drawn
from eye movements about reading and reading comprehension in Chinese speakers with
acquired dyslexia. Additionally, limited knowledge exists regarding word reading and
comprehending text abilities among IWA who are native speakers of Chinese, and how
their reading abilities compare to neurotypical readers.

In conclusion, eye-tracking serves as an important evaluation tool to reveal
language processing behaviors and to predict and observe eye-movement measures in
persons with acquired dyslexia. A growing body of research (Smith et al., 2018) has
demonstrated the sensitivity of eye-tracking measurements for the functional assessment
of dyslexia following aphasia. By observing eye tracking indicators, it is anticipated there

may be significant differences in eye tracking measures among Chinese IWA and a



neurotypical group. Furthermore, there is a significant gap in knowledge regarding word
reading and comprehension abilities of Chinese IWA which is critical to understanding
and managing acquired dyslexia.

Therefore, the overall intention of the current investigation was to characterize
word reading and reading comprehension abilities, and to examine eye movements during
reading of Chinese IWA and acquired dyslexia. Specifically, the aim of the proposed
investigation was to determine if there are differences in word reading, reading
comprehension, and eye tracking patterns during reading between Chinese IWA and
control participants. An additional goal was to gain insight into the associations between
eye tracking measures including total fixation duration, average of fixation duration,
number of fixations, time to first fixations, first fixation duration, number saccades, mean
amplitude of saccades, total saccades amplitude, time to first saccades, amplitude of first
saccade of Chinese IWA and comprehension. Lastly, the association between single word
and reading comprehension abilities was also examined. Overall, this study provides
insight into the reading abilities and eye movement characteristics in IWA who are native
Chinese speakers; thus, providing insights into the potential predictors of reading

comprehension in this population when compared to neurotypical individuals.



CHAPTER 11

LITERATURE REVIEW

2.1 Reading, A Universal Process

Understanding how to read is crucial for many facets of daily life. A person's
daily life can be affected by their inability to read. The underlying logic of reading is the
same across all writing systems, despite the fact that different writing systems use
different languages. Each writing system uses a restricted collection of visual elements,
as well as the combinations of these symbols provide visual connection to the network
grammatical and lexical languages.

The Dual Route Cascaded (DRC) reading mode is currently the greatest amount
widely accepted theoretical framework of the reading process (Coltheart et al., 2001).
The DRC model proposes two routes that, when combined, explain how we are able to
understand new words, non-words, words that adhere to conventional spelling-to-sound
norms, such as cave, time, and cat, as well as irregular words (e.g., have). The grapheme-
phoneme conversion approach to non-lexical reading explains how we are able to read
aloud new vocabulary, unusual, arranged words (e.g., bos, dar, jow), and words that
adhere to standard written language to phonemic representation conventions (e.g., cave,
time, cat). Both regular words like “cave” and irregular words like “have” can have

pronunciations produced using the lexical reading approach.



The connectionist model (Seidenberg & McClelland, 1989) is a neural network
model mimicking human brain's information processing. The model delineates two
primary paths for word reading: the direct phonological channel, which involves the
transfer of information from orthography (spelling) to sound, and the semantic pathway,
which establishes connections across of orthography to pronunciation, as well as
meaning representations. The assumption is made that there exists a collaborative
distribution of labor among the orthographic components, semantic components, and
phonological components, thereby demonstrating the interconnectedness and
interdependence of these aspects in the process of reading. In research (Hutzler et al.,
2004) on the English language, various facets of reading such as the process of
adolescents acquiring reading capabilities, proficient reading, and dyslexia-related
reading impairments have been investigated using connectionist models. With its
adaptations for both English and German, the connectionist model has significantly
enriched the understanding of computational principles in quasi-regular domains
concerning word reading, thereby offering valuable insights into both typical and atypical
word reading scenarios. In Chinese language research, connectionist models have been
applied in various capacities to study the complex processing involved in reading and
understanding Chinese characters and structures. Wu (2022) introduced a connectionist
model aimed at the recognition and identifying of Chinese vocabulary, showcasing its
utility in deciphering the linguistic analysis and manipulation of the Chinese language. In
another study, a connectionist reading model was used to examine the system of Chinese
language learning such as characters or words reading (Dang et al., 2019). The model

aimed to simulate the impacts of uniformity and coherence, together with the relationship



to frequency, on the reading abilities of normal adult individuals. The researchers
discovered noteworthy and statistically significant results in relation to the
aforementioned factors within the given context of reading Chinese characters. Research
indicates that by integrating the connectionist model and functional magnetic resonance
technology, two neural pathways are identified in the brain during Chinese character
recognition (Wang et al., 2016). One pathway, managed by the angular gyrus and the left
middle temporal gyri, is in charge of the orthographic to semantic processing. The other,
overseen by the inferior frontal gyri and insula, is accountable for orthographic-
phonological workflow. Together, these pathways construct a system of neural networks
to process genuine and pseudo-word, elucidating the underlying brain mechanisms
participating in the handling and deciphering of diverse character kinds. The outcomes
are in accordance with the research on English script languages, in step with the reading
model's predictions, this model suggests that Chinese and English share the same
universal architecture. These studies and applications highlight the potential and
effectiveness of connectionist models in investigating the intricate mechanisms involved
in Chinese language processing and reading. This model and its variants have been
instrumental in the ongoing exploration and discussion concerning the cognitive and
neurological underpinnings of reading, and their implications in both educational and

clinical settings.
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2.2 Neural Correlates of Reading

Acquired knowledge by reading is a natural process that relies on multiple neural
structures for successful completion such as back region of the superior temporal lobe
and the visual word form area, as supported by multiple neuroimaging research on
readers of adulthood (Baker et al., 2007; Dehaene et al., 2015; Stevens et al., 2017).
Other research indicates that the activation pathways involved in reading across
languages are analogous. For example, Feng and colleagues (2020) discovered a reading
circuit composed of the superior temporal sulci/gyri, the left fusiform gyri, precentral and
middle frontal gyrus that was similar across languages. Reading challenges influenced
activity in multiple regions previously associated with developmental dyslexia, including
the middle frontal gyrus, in readers of both Chinese and French.

According to Feng and colleagues (2020), the neural underpinnings of reading
development and reading difficulties exhibit a significant certain level of linguistic
consistency. To investigate brain activity of syntactic processing in reading logographic
Chinese, Wang and colleagues (Wang et al., 2008) conducted event-related functional
magnetic resonance imaging to look at grammatical processing mechanisms in the brain.
In conjunction with the findings from alphabetic scripts (Bulut et al., 2017), these
findings show that common brain foundations underpin syntactic processing in writing
systems as diverse as logographic Chinese and alphabetic English. Converging data
(Bulut et al., 2017; Guo et al., 2022; Zou et al., 2022) reveals that the left middle frontal
gyrus serves as a particular hub location that connects the ventral with the dorsal

pathways for Chinese reading. According to a study conducted on Chinese reading (Siok

11



et al., 2020), the network responsible for processing Chinese reading consists of the
fusiform gyri, the left middle area of frontal gyri, and the premotor area.

In short, the visual word form area, the left frontal gyri, the superior temporal
brain region, and the fusiform gyri are essential components of reading. Reading
problems affected activity in more than one area that was previously linked to
developmental reading impairment. This was true for both Chinese and French readers.
Syntactic processing in writing systems as different as logographic Chinese and
alphabetic English is based on the same parts of the brain. The left temporo-occipital-
ventral junction, specifically the middle and posterior left fusiform gyrus, is crucial for
word shape processing, whereas the left temporo-parietal area, left superior temporal
gyri, left hemisphere of anterior temporal gyri, and left side of brain’s inferior frontal gyri
may be held accountable for allowing access to word shape information to speech and
semantic representation, thereby achieving correct reading and comprehension (Bulut et
al., 2017). This is important to note, as acquired injuries to the brain such as stroke, that
impact reading abilities may result in similar deficits among readers of different

languages.

2.3 Reading Chinese

The mechanism of Chinese reading has been well studied. Chinese, unlike other
languages, employs a logographic writing system that uses strokes and radicals to
represent characters and words. At its most basic level, orthographic processing serves as
a prelude to word recognition by extracting from words' surface structure that can then be

used in later processing steps such as phonological processing and semantic

12



comprehension. The surface structures of Chinese characters and alphabetic characters
are distinct. Chinese characters have their own graphics, single character structure like

‘FX’ (means ‘D), left and right compound structures ‘H’ (means ‘eye’), up and down
compound structures ‘75’ (means ‘no’), and so forth. However, alphabetic language like

English is made up of letters as a single word configuration (e.g., E-n-g-l-i-s-h).
Additionally, Chinese characters are a type of morpheme character, whose fundamental
unit is the union of shape, sound, and meaning, whereas alphabet characters record
phonemes and the separated letters themselves have no meaning. The analysis of the
general characteristics of Chinese written characters (Yin et al., 2005) reveals that the
ratio of effective pronunciation of phonetic cues is approximately 77%, and the ratio of
effective representation of semantics is up to 83%. This demonstrates both the ability of
pronouncing Chinese vocabular to represent phonology combined with that contemporary
Chinese letters are able to express meaning.

Additionally, there are phonological rules for the alphabet and characters, and
proficient adult readers can directly access the semantic and phonetic elements. The same
character can have different shapes without affecting its meaning, for example, the first
letter of the Latin alphabet can be written as /a/ or /a/, and the Chinese characters

“0fi/3”  (e.g., means strong)and “F' / '/ F” (e.g., means family). Chinese

children can gradually master the orthography and employ phonetic and morphological
information, but both children and adults learn each word, one sound, and one meaning

one at a time. Based on these traits, it might be surmised that reading Chinese characters

13



may include a particular cerebral process for converting form, sound, and meaning

(Fiorina, 2017).

2.4 Acquired Dyslexia and Chinese Individuals with Aphasia

Reading and Reading Comprehension

Aphasia is a multifaceted language disorder that may impact any and/or all modes
of communication, including comprehending, expressing, writing, as well as reading.
Aphasia also 1s distinguished by a lack of function in the capacity to comprehend spoken
communication and interact to the others. It is typically brought on by stroke (Darley et
al., 1975). Aphasia frequently co-occurs with alexia (also referred to as acquired
dyslexia), an acquired reading impairment. Of the 99 participants in a study by
Brookshire and colleagues, 68% who had aphasia satisfied the study’s criteria for
acquired dyslexia (Brookshire et al., 2014). Aphasia and acquired dyslexia can
significantly impact a sufferers' quality of life and safety. For instance, acquired dyslexia
in those with aphasia may prohibit them from going back to work, enjoying leisure
reading, or correctly reading medication labels.

The capacity for reading aloud single words and understanding the meaning of
text can be significantly impaired, leading to challenges in both reading comprehension
and single word reading. A considerable body of research (e.g., Friedman, 1996; Fuchs et
al., 2001) has been dedicated to examining the oral reading proficiency of IWA and
evaluating the effectiveness of therapies (Webster et al., 2013) aimed at improving
reading skills, particularly in English speaking IWA. The investigation of one-word

reading served a vital role in evaluating distinct patterns of impairment linked to

14



neuropsychological frameworks of reading, such as the DRC model (Coltheart et al.,
2001) and connectionist model (Patterson et al., 1996). It has established connections
between certain characteristics of words (e.g., age of acquisition, frequency) together
with the rate of reading (Webster et al., 2018), effectiveness, and various classifications
of errors (e.g., semantic, phonetic errors, and visual errors) displayed by IWA while on
oral reading of single words. A recent study by Webster and colleagues explored the
relationship about how the typical evaluations understanding of reading difficulties at
only one word, sentences, and text levels in IWA (Webster et al., 2023). The findings
indicated a statistically significant positive association among the variables. Smith and
Ryan’s findings (Smith & Ryan, 2020) revealed a substantial correlation between single
word reading and textual accuracy. However, there was no discernible correlation found
between an individual's word reading capacity and their reading comprehension abilities.
These studies collectively hint at the complex nature of text comprehension in IWA and
suggest a multilevel approach to better understand and address the reading challenges
faced by this population.

Based on the linguistic attributes of Chinese written script and the modern
cognitive neuropsychological approach, researchers (Yin & Butterworth, 1992; Yin &
Weekes, 2003) believe that acquired dyslexia in Chinese individuals can be caused by a
disruption in the normal connection between orthographic, semantic, and phonological
processing, resulting in graphic-phonetic and graphic-semantic reading deficit. Yin and
others propose that the reading model of Chinese is the same as that of English, both
grounded on the DRC system, encompassing lexical and sub-lexical pathways (Yin &

Butterworth, 1992; Yin & Weekes, 2003). However, there are different studies indicating
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that the reading model of Chinese tends to lean towards a connectionist model (Han & Bi,
2009; Law et al., 2009), where the process of transitioning from orthography to
phonology requires semantic mediation. Han and Bi (2009) reported a case of a native
Mandarin speaker diagnosed with dementia and examines the patient's reading
proficiency in relation to phonetic compound characters, which exhibit varied degrees of
regular and coherence pattern. Reading was found to be influenced by two factors, the
anticipated pronunciation accuracy based on the sound radical, and familiarity with the
target item. This patient could accurately read characters they comprehended, as proven
by the definitions given, with one exception. For characters they did not understand,
higher reading accuracy was noted for consistent characters over disparities. The authors
suggested that this consistent effect observed can be equally effectively elucidated by
both lexical and 'sub-lexical' systems, as per existing models. They hypothesized that a
sub-lexical reading manner of the Chinese language may involve using rules linking the
subtype system, notably pronouncing cue, to phonological elements. Furthermore, these
regulations are not only derived from the independent articulation of the phonetic
component but highlight the orthographic structure's effectiveness as a phonetic indicator.
Another single case (Law et al., 2005) reported that an individual with brain injury and
acquired dyslexia in the Cantonese language, underwent an assessment to evaluate his
proficiency in reading aloud and comprehending disyllabic phrases that consist of
homographic heterophonies characters. These characters have several pronunciations,
which can only be clarified based on the surrounding word context. A notable link was
identified between reading proficiency and comprehension skills, indicating a higher

level of performance in the former. The aforementioned studies about single word
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reading and reading comprehension come from regions where Cantonese is spoken,
which is quite different from the Mandarin used in mainland China. In these studies,
expressions are made in Cantonese and the script system employed is traditional
characters. Importantly, there is little research in Chinese IWA with acquired dyslexia in
mainland China.

There are few studies with Chinese IWA and acquired dyslexia, but some studies
of developmental reading difficulties (Peng et al., 2017; Shu et al., 2006) and aging older
adult reading difficulty (Zhang et al., 2022) have been reported. Weekes and Chen (1999)
described their findings of eleven Chinese adults who suffered brain-damaged and
subsequently had reading difficulties. They found that brain injury can selectively disrupt
each route of reading, leading to various types of reading difficulty. These findings
support the two-route model's generality for reading scripts in both alphabetic and non-
alphabetic forms, as well as the independent brain organization of each route.
Additionally, Yin and Butterworth (1992) also reported findings from a Chinese patient
with acquired dyslexia suggesting lexical-semantic impairment occurs in Chinese along
with other foreign languages. A review related to subtypes of acquired dyslexia (Yin &
Weekes, 2003) concluded that the language context, and particularly the kind of script
used for reading and writing, will affect how acquired dyslexia manifests itself in
Chinese. Lastly, a case study from Yin and Butterworth (1992) concluded that persons
with Chinese surface dyslexia demonstrated homophone misunderstanding in reading

comprehension.
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2.5 Eye Movements during Reading

Eye tracking technology is a method employed to investigate online reading
behavior in a non-intrusive manner, providing real-time data. Studies vary from the
recording of neurotypical persons' reading habits to the investigation of acquired dyslexia
patterns. A few common eye movement behavior measurements include fixation,
saccade, and regression. The movement of the human eye when reading a line of text
actually consists of two primary movement phenomena, the eyes' natural movement
called a saccade and a fixation when the eyes are relatively immobile (Rayner, 2009).
Fixations typically last about 200—300 milliseconds. The fovea area, which is the 2° field
of vision in the center of vision, the parafovea area, which is the area between 2° and 5°
in the center of vision, and the peripheral area are the three portions of a line of text that
the reader sees when reading. Visual sensitivity is highest in middle of the fovea, second
highest at the parafovea, and lowest in the peripheral area. To see new reading content in
the fovea visual area when reading, the reader must move the eyes. People mostly gain
information when reading through their fixation. Saccades in normal fluent reading is the
movement of the eyes from a known area to an unknown area. Eye movements during
reading that moves in the opposite direction of saccades is referred to as regression. Ten
to fifteen percent of the time is spent in regression by skilled readers. The metric of
regression is directed to previous words in the opposite direction of the text; particularly
when comprehension is insufficient, or the text is too complex, longer and more frequent
regressions occur (Rayner, 1998).

Eye movements during reading have been studied greatly in neurotypical English

and Chinese readers. When reading in Chinese and English, there are some differences in
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the eye movements (Rayner et al., 2005), although, average fixation times are rather
close, between 225 and 250 milliseconds. Average saccades are substantially shorter in
Chinese (2.6 characters) than in English (7-8 letters) and the rate of regression appears to
be somewhat higher among Chinese readers (about 15%), compared to the rate seen
among English readers (approximately 10%). Additionally, compared to English, Chinese
readers have a larger tendency to skip words (42% vs. 20% respectively).

Variations that are distinctive to a language have been discovered to be associated
to strategies for reading Chinese and English texts that are different from one another. It
is claimed that Chinese readers are taken more on the context than on the information
contained by unique characters or words, whereas English readers focus closely on the
precise syntactic as well as semantic information that is embedded within words (Weekes
& Chen, 1999). Chinese readers prefer to use word units rather than character units when
reading sentences or paragraphs (Bai et al., 2008). Several investigations have revealed
that the word traits (e.g., predictable effect and word frequency effect) impact time of
fixations and skipping of word in Chinese more than character properties. The
investigation was undertaken by Zhao et al. (2019) revealed that older Chinese readers
experienced more pronounced impacts of word prediction on their reading time, which
encompassed both lexical recognition (gaze time) and understanding based on context
(regression route reading times). Therefore, elderly Chinese readers utilize the
predictability of words to assist in the identification of lexical items and the incorporation
of sentence context (Zhao et al., 2019).

Liu et al. (2019) conducted a study on Chinese reading where the participants

were required to scan continuous sequences of Landolt-Cs in search of target circles. The
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aims of the research were to investigate the visual and oculomotor limitations that may
influence the direction of eye movements during a task that encompasses various motor
and perceptual processes associated with Chinese reading, while excluding the processing
of lexical or linguistic information (Liu et al., 2019). Their research indicated that
Chinese readers adjust their gaze length based on processing difficulty rather than simply
choosing a default scanning target, such as at the start location or in center site of a
forthcoming word. With regard to word skipping, Ma and colleagues (Ma et al., 2019)
established stringent controls for word frequency effects and other words effect to
examine skipping rate. The findings showed that longer words were much less likely to
be skipped and were gazed at more often than shorter words. Shorter words took less time
to read overall than longer words did, and words with one character took longer to read
than words with two characters. Over these findings indicated the impact of length of
word on the control of eyes movement is subtly different when reading Chinese than it is
when reading English.

Yu and colleagues (2021) looked at participant eye movements by employing
both corpus-based data sets and a more conventional analysis of the target words. The
findings were used to clarify how the uninterrupted sequences of characters are divided
for words recognition and eye guidance while reading. Chinese words can vary from one
to two more characters, and there are no definite word limits (e.g., inter-word gap). In
agreement with the generally accepted default selection hypothesis (Rayner & McConkie,
1976), Chinese readers focus their attention on a select few favored-viewing sites, such as
the beginning or middle of incoming words. However, the results from Xia and

colleagues (2022) experiments concluded that the preferred-viewing location did not exist
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in Chinese reading. A collection of ocular movement measurements of characters when
reading sentences was published by Zhang and colleagues (2022). They were able to
utilize databases and leverage extensive lexical tests to examine eye-tracking measures
during the reading process of Chinese sentences. The results demonstrated the complexity
of dealing with Chinese language during text reading, thereby providing eye movement
measures for controlling or manipulating the level of challenge exhibited in Chinese
writings. The measures used for eye movement measurements in this database included
first fixation duration, total duration of fixation, saccades, and number of fixations.
However, these eye-tracking indicators are for typical Chinese readers, and there is
limited research regarding how Chinese acquired dyslexia affects eye-movement control

and language processing.

2.6 Summary and Purpose of the Investigation

There are few studies investigating reading abilities or utilizing eye-tracking to
infer linguistic processes in IWA and concomitant acquired dyslexia who are native
Chinese speakers. However, the current literature indicates that the involvement of brain
regions during reading is similar in different writing systems. Furthermore, eye-tracking
1s an important evaluation tool to reveal language processing behavior and, combined
with theoretical models, can likely distinguish between the reading of IWA and acquired
dyslexia after stroke and neurotypical persons. Based on prior research that has shown
differences in the ability to read words, comprehend text and in eye-tracking measures in
English speakers with aphasia relative to neurotypical control participants (McWilliams,

2022; Smith et al., 2018), it is hypothesized that there may be significant differences in
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word reading, reading comprehension, and eye movement measures between Chinese
IWA and acquired dyslexia and control participants.

Thus, the present investigation focused on the assessment of individual word
reading proficiency, how readers with Chinese aphasia move their eyes during reading,
and how they comprehend what they are reading. The primary objectives of this study
revolve around investigating various aspects of reading abilities and eye movement
measures in Chinese IWA compared to a neurotypical controls. Specifically, the current
study aims to: 1) explore whether single word reading abilities, specifically reading
precision of regular words, irregular words, and pseudowords, differ between Chinese
IWA and a neurotypical control group; 2) examine the differences in eye movement
measures during paragraph reading, focusing on factors such as fixation time, fixation
count, saccades, and saccade amplitudes, between Chinese IWA and a neurotypical
control group; 3) examine whether reading comprehension abilities between Chinese
IWA and a neurotypical control group differ; 4) explore the predictive potential of eye
movement measures with respect to reading understanding among Chinese IWA and the
neurotypical control group; 5) examine whether the ability to read aloud single words,
including regular words, irregular words, and pseudowords, can predict reading
comprehension in Chinese IWA and the neurotypical controls. Overall, this study aimed
to shed light on the reading skills and eye movement characteristic in IWA who are
native Chinese speakers; thus, providing insights into potential predictors of reading

comprehension in this population when compared to neurotypical individuals.
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2.7 Research Questions and Hypotheses

Based there on, the following research questions for the investigation were as follows:

1. Are there differences in the single word reading abilities, specifically regular,
irregular word, and pseudo-word reading between Chinese IWA and a
neurotypical control group?

Hypothesis: Based on Law et al. (2009) and Law et al. (2005), it was
hypothesized that IWA would read regular, irregular, and pseudowords with
significantly lower accuracy than the control group.

2. Are there differences in the eye movement measures (time of fixations, number of
fixations, saccades, amplitude of saccades) during paragraph reading between
Chinese IWA and a neurotypical control group?

Hypothesis: Based on Smith et al. (2018), it was hypothesized that there would
be significant differences in each eye movement measure between the groups. The
IWA would have longer first fixation, longer time to first fixations, longer total
fixation duration, longer average of fixation duration, larger number of fixation,
larger number of saccades, shorter average amplitude of saccades, shorter total
amplitude of saccade amplitude, longer time to first saccades, and shorter
amplitude of first saccade than the control group.

3. Are there differences in the reading comprehension abilities between Chinese
IWA and a neurotypical control group?

Hypothesis: Based on Coltheart et al. (2001) and Webster et al. (2013), it was
hypothesized there would be significant differences in reading comprehension

during eye tracking and reading comprehension from the China Rehabilitation
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Research Center Aphasia Examination (CRRCAE) language assessment between
groups. The IWA will have lower accuracy than the control group.

. What is the association between eye-tracking measures and reading
comprehension during eye-tracking in Chinese IWA and neurotypical control
group?

Hypothesis: Based on McWilliams (2022), it was hypothesized that eye
movements would be associated with reading comprehension in Chinese IWA and
neurotypical control groups.

. What is the relationship between word reading, specifically regular, irregular, and
pseudo word reading, and reading comprehension (CRRCAE) in Chinese IWA
and neurotypical control groups?

Hypothesis: Given the results by Bi et al. (2007) and Law et al. (2009), it was
hypothesized that accuracy of single word reading on regular word, irregular word
and pseudowords would be associated with reading comprehension in Chinese

IWA and neurotypical controls.
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3.1 Participants

Individuals with aphasia had a diagnosis of left hemisphere stroke confirmed by
CT or MRI examination, had at least primary education level, were no less than 6 months
post-onset of aphasia and acquired dyslexia, from 18 to 80 years of age, right-handed,
and native Mandarin speakers. Aphasia in recruited participants was confirmed through
language assessment using the China Rehabilitation Research Center Aphasia
Examination (CRRCAE) (Mahmoud et al., 2023). Control participants were native
Mandarin speakers, between the ages of 18 and 80 years old, right-handed, with normal
cognition, vision (or corrected to normal), and hearing, and the ability to read aloud. The
standards for inclusion and exclusion were ascertained by administering a research
questionnaire (Appendix B), by self-reporting, as well as through hearing, vision, and
cognitive screening measures.

IWA were recruited from the Fujian University of Traditional Chinese Medicine's
affiliated hospital system. The control group was recruited from various Fuzhou City
communities via flyers, posters, or online resources like WeChat. This study screened 26
IWA and 23 control participants. In the aphasia group, 5 participants were excluded for
various reasons, including severe cognitive impairments, severe apraxia of speech,
hearing and vision disabilities, and calibration failures. The control group was matched
with the aphasia group based on age and educational background, with one participant
excluded due to retinal issues. After the initial screening of this study, a total of 22 IWA,
who were matched in terms of age and education with 22 control subjects were included
in the study. However, during the eye movement calibration phase, one IWA failed

multiple attempts and was therefore excluded. Ultimately, the age and years of education
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of the remaining 21 IWA and 22 control participants were matched, but the sample sizes

were unequal (age (¢ (41) = -.22, p = .83, years of education (¢ (41) =-.22, p = .83) . Table

1 shows demographic information and language assessment (CRRCAE) information for

participants.
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Table 1. Demographic and Language Assessment (CRRCAE) Information for Participants

Individuals with Aphasia

Pt

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21

Age

51
55
74
61
80
49
56
53
42
42
72
53
24
55
46
33
38
34
74
40
39

Gen
der

KIS LSLS L

Ed
Level
(yrs)
15
15
14
11
14
15
14
15
14
15
11
5
14
8
15
11
8
14
5

8
14

Han Mos
ded Post-
ness Onset

000000000000 00000N0I00

10
9
48
6
7
11
10
14
7
7
15
15
7
10
10
19
6
6
6
66
6

Stroke AOS

Type
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OFRP PO R E OO
o o o o

O~NNOFP P 00WOO0WOo OWOo
o o

NC

77
71
64.5
70
45.5
74
69
55
75
68
61
74
79
52.5
64
74
69
57.5
55.5
77
77

C
%

95
90
95
72
25
100
65
37
87
90
85
87
55
27
55
57
90

20
90
47

%

100
100
100
100
86
100
86
83
66
93
86
100
73
76
66
76
93
80
70
76
63

NS
%

96
76
100
73
43
60
66
26
43
56
90
76
43
23
5
73
80
16
3
93
10

RA
%

100
100
100
96
93
90
56
73
100
100
93
100
100
76
20
93
93
36
50
100
80

%

97
87
100
77
25
85
75
50
90
90
87
95
92
45
20
82
87
27
10
95
60
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Table 1, cont.

M 510 12.14 14.05 8.62 67.12 6529 84.43 5481 83.29 70.29
(SD) 14.95 3.39 15.00 164 943 2945 1288 3140 23.54 28.78
Control Group
Pt Age Gen Ed Handedne NC C REP NS RA R

der Level ss % % % % %

(yrs)

Cl 49 M 8 R 80 100 100 100 100 100
C2 40 M 14 R 80 100 100 100 100 100
C3 42 F 15 R 78 100 100 100 100 100
C4 52 F 15 R 78 100 100 100 100 100
Cs5 72 M 5 R 70 80 100 93 100 85
C6 45 F 8 R 78 90 100 96 100 97
cr 20 F 14 R 80 100 100 100 100 100
C8 42 M 15 R 71 95 100 93 100 97
C9 43 F 14 R 77 100 100 100 100 97
Cl0 34 M 14 R 76 97 100 100 100 97
Cll1 46 F 15 R 78 100 100 100 100 100
Cl2 68 M 11 R 78 97 100 100 100 97
C13 63 F 14 R 72 92 93 100 93 100
Cl4 46 F 5 R 75 100 100 100 100 100
Cl5 56 F 5 R 70 97 100 100 100 100
Cl6 35 F 13 R 80 100 100 100 100 100
Cl7 51 M 14 R 78 100 100 100 100 100
C18 40 F 8 R 75 97 96 100 100 100
C19 69 F 14 R 78 97 100 100 100 100
C20 72 M 15 R 73 97 100 100 100 95
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Table 1, cont.

C21 69 F 11 R 77 100 100 100 100 100

C22 47 F 15 R 80 100 100 100 100 100
M 50.05 11.91 76.45 97.23 99.50 99.18 98.68 98.41

(SD) 13.88 3.65 3.30 4.75 1.68 2.17 1.49 3.37

Note. Pt = participant; Ed level = education level; mos post-onset = months post-stroke; AOS = apraxia of speech; NC = non-
language cognitive assessment; C = auditory comprehension; REP = repetition; NS = naming speaking; RA = reading aloud;
R = reading comprehension.



3.2 Assessments

Aphasia and AOS severity. The China Rehabilitation Research Center Aphasia
Examination (CRRCAE) (Mahmoud et al., 2023) was used to assess language function
including listening comprehension, repetition, naming, reading aloud, reading
comprehension, transcription, dictation, and calculation of nouns, verbs, and sentences
for the IWA and neurotypical group. However, this study only extracted language
assessment results pertaining to auditory comprehension, naming speaking, repetition,

oral reading, and reading comprehension. The CRRCAE was also administered to solicit

a speech sample to evaluate the occurrence and extent of AOS. The Apraxia of Speech
(AOS) Scale of evaluation was applied to the speech sample to quantify severity on a
scale of 0 -10, with scores of 6 -10 indicating mild and normal apraxia of speech and 1- 4
indicating severe apraxia of speech. One participant from the aphasia group was excluded
from the study due to AOS test score belong to 1- 4.

Cognition. The Non-Language Cognitive Assessment (NLCA; Wu et al., 2017)
was used to screen for cognitive dysfunction for participants in both groups. The NLCA
is comprised of five nonverbal tests designed to assess non-language cognitive domains
in IWA, including visuospatial processes, focus, recall, logic, and executive skills. These
tests have been adapted from existing nonverbal assessments, with some adjustments
made to align them with features of Chinese culture. The total score on the NLCA is 80,
with 70 points as the cutoff value; individuals with scores below 70 may be considered to
have cognitive impairment (Wu et al., 2017). In this study, IWA with NLCA examination
scores below 50 were considered to have severe cognitive impairment and were excluded

from the research. Participants in the control group with NLCA scores below 70 were
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excluded from this study. One participant from the aphasia group was excluded from the
study due to this cognitive function test score below 50 points.

Hearing Screening. A pure-tone hearing screening was conducted for frequencies
between 125Hz and 8,000 Hz at 30 dB HL in a quiet room using a portable audiometer.
During the screening, the participants sat comfortably, and then the researcher placed the
headphones or ear inserts on the participant. The device automatically played a series of
tones at different frequencies and volumes. After the hearing test for each ear was
completed, the audiometer screen displayed either "Passed" or "Referral". The criteria for
participation in the study was that all participants must have at least one ear that passed
the hearing test at frequencies of 500, 1000, 2000, and 4000 Hz on the audiometer screen.
One IWA was excluded from the study because the hearing test results for both ears
indicated a "Referral".

Vision Screening. All participants underwent vision screening at the
ophthalmology outpatient clinic of Fujian Rehabilitation Hospital. The main screening
items included distance vision, near vision, eye alignment/motility, ocular function, and
the fundus for optic nerve disease and macular disease. Corrected binocular vision was
evaluated. The visual acuity chart 5.0 and 1.0 were measures of visual acuity and can be
converted to each other. Visual acuity 1.0 indicates decimal recording and visual acuity
5.0 indicates logarithmic recording. If the individual displayed 0.8 -1.0 binocular vision,
both corrected distance and near vision were regarded as adequate for study participation.
One participant in the control group was excluded from the study because of retinal
dysfunction, and another participant from the aphasia group was excluded after

examination revealed damage to the optic nerve in the right eye.
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Word Reading Aloud Test. A total of 180 characters were sourced from Lau et al.
(2014). This test primarily targeted individuals in the Hong Kong region, utilizing
traditional Chinese characters. To facilitate the participation of subjects from mainland
China, the traditional characters were converted into equivalent simplified characters
with no change in word meaning before the commencement of the research. During this
conversion process, 28 characters that could not be effectively transformed for mainland
practicality were excluded. Ultimately, a total of 153 Chinese characters were selected for
a word reading aloud test, and these were categorized into three types: regular words,
irregular words, and pseudowords. There were 54 regular characters, 40 irregular
characters, and 59 pseudo characters (Appendix A). Both the IWA and the controls
underwent single word reading tests.

The experimental stimuli were created using Psychopy software, with all the
characters presented in image format. The images featured white backgrounds with black
characters, rendered in Microsoft YaHei font at 28-point size. The presentation of all
characters was randomized. The stimulus screen was positioned approximately 50-70
centimeters in front of the participants. The participants were positioned in an upright
posture facing the computer screen during the testing session. Before each character was
presented, participants were instructed to read it aloud. Next, to ensure focused attention,
participants were instructed to fixate at the cross on the screen for a continuous 5
seconds. In the case of pseudo characters, participants were required to identify whether
the character display in front of them was a real word. If the participant judged it as a
pseudo character or indicated that they did not recognize it and could not read it, the

researcher considered it a correct response. That is, the individual correctly identified that
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it was a pseudo character. However, if the participant judged it as a real word and read it
with phonetic radical, the researcher considered it an incorrect response. For regular and
irregular characters, participants read the words aloud. Figure 2 shows the word reading

task procedure.

Figure 2. Word Reading Task

3.3 Eve Tracking Equipment for Sentence Reading

The Tobii pro spectrum eye-tracker infrared, laptop-mounted eye-tracking system
was applied to monitor eye movement motions during the experiment. Using Tobii's
proprietary software, connected-text stimuli was presented to participants and to track
their right eye movements at a sampling rate of 1200 Hz (accuracy 0.3 at optimal
conditions). At the bottom of the laptop monitor, there was an infrared illuminator bar
that patients sat 55—70 cm away from. During the calibration process of the Tobii pro

spectrum, the screen was automatically displaying nine calibration points, which can be

followed directly by the participant.
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3.4 Connected-Text Experimental Stimuli

The sentence reading and comprehension tasks used for the eye-tracking were
sourced from the Chinese Reading Eye Movement Measurement Database (Zhang et al.,
2022). The experiment included 20 trials presented sequentially. Each trial presented a
short narrative and consisted of characters and punctuation marks, with word counts
ranging from 18-26 words. A list of the stimuli is in Appendix C. After reading each
narrative, the researcher posed a corresponding comprehension question along with four
multiple choice answer options. The stimuli remained on the screen while the participant
answered the question. The sentences were shown against a white backdrop, utilizing a
28-point black Times New Roman typeface. Figure 3 shows an example of the stimuli

and reading comprehension question along with the English translation.
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AF 1 RERFRERGHNEL, EREREERTXERE.
5 1: AR E R A4 2

A. FIR L

B. H&RA

C.afke

D. K&E#

Sentence 1: Yuelong and Xuecheng like to eat fish head with chopped pepper, Yuerong
ordered this dish for dinner yesterday.

Comprehension Question 1: What do Yuerong and Xuecheng like to eat?

A. Fish head with chopped pepper

B. Steamed fish

C. Braised fish

D. Boiled fish

Figure 3. An Example of Stimuli Sentence and Following Comprehension Question
and Answers during Eye Tracking

3.5 Procedures

The study was approved by the Institutional Review Board at the University of
South Alabama and Fujian Province of Rehabilitation Hospital. All individuals involved
in the study provided their informed consent prior to their participation. Following
informed consent procedures, IWA completed the CRRCAE (i.e., aphasia and AOS
assessment), the non-language cognitive assessment, vision, and hearing screenings.

Following assessment and screening procedures, all participants completed the eye-
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tracking protocol. The assessments were administered in quiet, well-lit rooms. Study
participation was completed in one 2—3-hour session, however, some participants
attended 2 sessions because of fatigue or limited time.

For the eye-tracking protocol, the task instructions were reviewed before the
practice sentence was presented. Prior to advancing to the practice sentence, participants
had the chance to seek clarification by asking questions and to demonstrate their
comprehension of the instructions. Subsequently, participants underwent a calibration

procedure, which followed these steps: 1) Ensured proper positioning of the participant

in front of the eye-tracking device to enable unobstructed observation of the subject's
eyes by the eye-tracking device; 2) Instructed the participant to track the object appearing
on the screen by gazing at it after the calibration had commenced; 3) The calibration
procedure was initiated by the subject by clicking the "start calibration" button on their
screen; 4) After collecting the calibration data, the calibration results were graphically
displayed on the subject's screen, showing the accuracy and precision of the gaze points;
5) A table was displayed on the right-hand side of the window, presenting an estimation
of the mean overall outcomes for all calibration points. Calibration was repeated as
necessary. All participants successfully underwent eye movement calibration. However,
one participant from the aphasia group was excluded from the study after failing to pass
the calibration despite multiple attempts.

Following calibration, the screen display turned to the practice sentence, followed
by the comprehension questions for the practice sentence. After confirming the
participant's comprehension of the task, the presentation of the first experimental

sentence commenced. Participants were encouraged to read silently to avoid motor
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speech challenges and given as much time as they need to read each paragraph.
Participants indicated completion verbally or through gestures. Subsequently,
comprehension questions related to the sentences were verbally presented by the
researcher. After posing the questions, the relevant answer choices were provided for the
participant to select the correct response, which was then recorded by the operator.
Participants answered the multiple-choice questions either verbally or by pointing to the
answer. The sentence stimuli remained on the screen while the participant answered the

corresponding question. Participants were allowed to rest between the trials as needed.

3.6 Eve Tracking Measures and Data Preparation

Eye movement data preparation was done using the Tobii Pro Lab application
which allowed for extraction and calculation of eye movement measures (Sharma et al.,
2021). The area of interest was marked as the entire connected -text passage. Table 2
shows the eye movement variables of interest that were examined in the current study.
Although there were several eye movement measures to select from, these were selected
as an initial characterization of eye movements during reading for Chinese IWA and the
neurotypical control group. Utilizing Tobii software to draw a quadrilateral, the entire
sentence was delineated as the area of interest, and eye movement measures within this

area were extracted (see Table 2 for details).
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Table 2. Eye Tracking Measures for Analysis

Measure Definition Unit of
Measurement
Fixation Fixations refer to moments when the eyes remain relatively

stationary, stabilizing the central foveal vision, allowing the
visual system to gather detailed information about the

observed object.

Total duration | The cumulative length of time that milliseconds
of fixations fixations occur inside a specified Area

(TDF) of Interest (AOI) over a certain interval.

Average of The mean duration of fixations within | milliseconds
fixation an Area of Interest (AOI) for a certain

duration time span.

(AFD)

Number of The frequency of fixations taking place | counts
fixations (NF) | inside an Area of Interest (AOI)

throughout a certain time frame.

First fixations

Refers to the initial instance when a person's gaze lands on a
specific Area of Interest (AOI) during eye-tracking

Time to first | The duration until the initial fixation milliseconds
fixations occurs inside an Area of Interest (AOI)

(TFF) within a certain time interval.

Duration of The temporal extent of the initial milliseconds

First fixation

fixation on a particular word during the

(DFF) initial reading of a text, specifically
eliminating fixations that occur
subsequent to regressions.

Saccades Saccades represent a category of eye movements employed to

swiftly shift the fovea's focus from one location to another.
This motion initiates with a rapid acceleration, culminating in
the eye reaching its maximum velocity.

Number of The frequency of saccades seen within a | counts

saccades (NS) | certain time interval.

Average The saccades' mean amplitude within velocity

amplitude of | this time interval.

saccades

(AAS)

Total The total amplitude of all saccades in velocity

amplitude of | this interval

saccades

(TAS)

Time to first | The duration until the initiation of the milliseconds

saccade (TFS) | initial saccadic eye movements during a
given time interval.
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Table 2, cont.

Amplitude of | The magnitude of the initial saccadic velocity
first saccade eye movement within the given time
(AFS) frame.

Accuracy of word reading data was expressed as a percentage calculated by the
percentage of correctly pronounced (i.e., regular, and irregular words) or identified (i.e.,
pseudowords) words in each group divided by the total word count in each group. It is
worth noting that the total word count varies with regularity level, comprised of 54
regular words, 40 irregular words, and 59 pseudowords. The CRRCAE subtests including
auditory comprehension, repetition, naming speaking, reading aloud, reading
comprehension were scored according to the manual and expressed as percentage of
accuracy as well. During the eye-tracking test, there were a total of 20 reading
comprehension questions. Each participant's final score was represented as a percentage

of the questions answered correctly.

For reliability, a second Chinese-speaking rater scored the word reading task and
language assessment for 10% (i.e., two participants) from each group of participants who
were randomly selected based on recordings of the assessments. An acceptable reliability
criterion of 85% agreement was established prior to the commencement of this study. The
results revealed a high inter-rater reliability, with a 99.2% agreement for the word
reading task and a 95% agreement for the language assessment. Intra-rater reliability was

also high for the language assessment (99.4%), the word reading task (98.7%), the eye
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tracking task reading comprehension questions (100%), and the cognitive assessment

(99%).

3.8 Data Analysis

For research question 1, descriptive statistics were used to characterize the single
word reading accuracy including means and standard deviation among groups. Average
accuracy scores for each set of words with different regularity (i.e., regular words,
irregular words) were examined descriptively for the IWA group and the control group.
Due to nonnormal distributions (see Appendix E) that violated the assumptions of
parametric tests, nonparametric tests were employed. The Mann-Whitney U test was used
to compare the group of IWA and the control group for the accuracy on each regularity
level (i.e., regular, irregular, pseudo).

For research question 2, descriptive statistics were used to characterize each eye
tracking measure including mean, standard deviation for each participant group. The
Mann-Whitney U test was conducted to see the difference between the group of IWA and
the controls for each eye tracking measures that did not meet normality (see Appendix E)
and homogeneity of variances. However, multivariate ANOV A was employed to
compare the group of IWA and the control group for eye tracking measures that met
normality and homogeneity of variances.

For research question 3, descriptive statistics were reported for reading
comprehension scores of each group. The Mann-Whitney U test was used to assess the

reading comprehension performance between the IWA and control group, as the data
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exhibited nonnormal distributions (see Appendix E) that contradicted the assumptions of
parametric testing.

For research question 4, separate Spearman correlations were utilized to explore
the associations between eye tracking measures and comprehension of texts for both the
IWA group and controls.

For research question 5, separate Spearman correlations and multiple regressions
were executed to explore the relationships between word reading abilities (i.e., regular,
irregular, and pseudo word) and reading comprehension for the IWA and control group.
Given the three tests conducted, a Bonferroni correction was applied, setting the
significance level at p <.05/3 (i.e., p <.017) to correct for multiple comparisons.
Additionally, another multiple regression was performed to determine whether regular,
irregular, and pseudowords have predictive validity for reading comprehension. In the
IWA group, the multiple regression analysis included educational level and months post
onset as control variables, while in the control group, the multiple regression analysis

included only the educational level as a control variable.
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CHAPTER IV

RESULTS

4.1 Research Question 1

The control group read with significantly higher accuracy for regular, irregular,
and pseudowords (all p <.05) compared to IWA. Table 3 summarizes the Mann-Whitney

U results for each comparison.

Table 3. Research Question 1 Mann-Whitney U Results

Group Median

Mann Mann dCohen
Regular 96.30 75.90 41.50 -4.62 <.001**  0.49
Irregular 85.00 57.50 61.00 -4.15 <.001**  0.40
Pseudo 94.90 76.60 89.50 -3.45 .001**  0.28

* p<0.05 ** p<0.01

4.2 Research Question 2

Table 4 shows the descriptive statistics for each eye movement measure and
participant group. The IWA demonstrated significantly longer total and average fixation

duration, a higher frequency of fixations, an extended time to initiate their first fixation,
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shorter saccade amplitude, and a delayed onset of the first saccades in comparison to the

control group. No differences emerged between the groups for number of saccades, total

amplitude of saccades, amplitude to first saccade, first fixation duration. Table 5

summarizes the results of the eye movement measures analyzed using multivariate

analysis of variance, and Table 6 show the results of the eye movement measures

analyzed using Mann-Whitney U due to non-normality.

Table 4. Descriptive Statistics of Eye Movement Measures

Eye Movement Measure Group M SD
Total Duration Fixation Control 7848.50 4570.55
Aphasia 16288.88 8656.08
Average Fixation Duration Control 209.60 37.17
Aphasia 251.58 74.47
Number Fixation Control 36.82 19.71
Aphasia 60.89 26.15
Time to First Fixation Control 210296.54 55794.42
Aphasia 496712.73 132132.77
Duration of First Fixation Control 166.82 34.41
Aphasia 180.20 43.32
Number of Saccades Control 564.41 346.52
Aphasia 813.91 488.69
Averagseaﬁcrggggude of Control 6.10 1.86
Aphasia 4.70 2.00
Total Amplitude of Saccades Control 3337.32 1680.78
Aphasia 4292.65 3581.22
Time to First Saccade Control 677.22 660.66
Aphasia 2801.39 4574.33
Amplitude of First Saccade Control 6.70 2.41
Aphasia 5.66 3.14
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Table 5. Multivariate ANOVA Results for Research Question 2

Group  Average Fixation  Duration of  Average Amplitude Amplitude of

(Means * Duration First Fixation of Saccades First Saccade
CgrgZol 209.60 £ 37.17 166.82 + 34.41 6.10 £ 1.86 6.70 +2.41
IWA 251.58 + 74.47  180.20 + 43.31 4.70 £2.00 5.66 £ 3.14
df 1 1 1 1
F 5.55 1.26 5.61 1.49
p 0.02 0.27 0.02 0.23
dCohen 0.72 0.34 -0.73 -0.37
* p<0.05 ** p<0.01

Table 6. Mann-Whitney U Results for Research Question 2

Group Median

Mann Mann
H d
Control group Aphasia group Whitney U Whitney Z p Cohen
Total
Duration 7665.25 17890.45 359.00 311 0.002**  0.23
Fixation
Number of o
Eations 32.95 62.80 353.50 208  0.003** 021
T";‘.e to First  500786.48 463387 459.00 554  0.000%* 0.71
IXation
'\é“mber of 51650 903.000 15950  -1.74 008 055
accades
Total
Amplitude of  3606.45 2504.39 222.00 -0.22 083  0.07
Saccades
Time to First 46, 45 832.79 333.00  -2.48  001* 0.4
Saccade
* p<0.05 ** p<0.01
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4.3 Research Question 3

The control group read with significantly higher reading comprehension accuracy
when compared to IWA for both the language assessment subtest and the eye tracking

task reading comprehension questions. Table 7 summarizes these results.

4.4 Research Question 4

No associations between eye movement measures and the eye tracking reading
comprehension scores for IWA or the control group reached statistical significance. Table

8 and Table 9 summarizes the correlation results for both groups.
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Table 8. Spearman Correlation Result for Research Question 4 for Controls

Eye Tracking
Reading Comprehension

: . Is -0.33

Total Duration Fixation
p 0.14
N . I's 0.29

Average Fixation Duration
p 0.19
.. Is -0.33
Number of Fixation

p 0.14
. . . I's -0.33

Time to First Fixation
p 0.14
. . L Is 0.33

Duration of First Fixation
p 0.14
Is -0.33
Number of Saccades
p 0.14
. Is 0.33
Average Amplitude of Saccades
p 0.14
. Is 0.05
Total Amplitude of Saccades

p 0.82
i ) Is -0.22

Time to First Saccade
p 0.32
. . Is 0.29

Amplitude of First Saccade

p 0.19

* p<0.05 ** p<0.01
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Table 9. Spearman Correlation Result for Research Question 4 for IWA

Eye Tracking
Reading Comprehension
. . rs -0.05
Total Duration Fixation
p 0.85
o ) rs 0.11
Average Fixation Duration
p 0.63
L Is -0.11
Number of Fixation
p 0.64
. . L. rs -0.40
Time to First Fixation
p 0.08
. . L I's 0.12
Duration of First Fixation
p 0.62
I's 0.02
Number of Saccades
p 0.94
Average Amplitude of I's 0.18
Saccades P 0.43
. rs 0.05
Total Amplitude of Saccades
p 0.82
, : rs -0.24
Time to First Saccade
p 0.29
) ) rs 0.21
Amplitude of First Saccade
p 0.36

* p<0.05 ** p<0.01

4.5 Research Question 5

Significant associations between reading comprehension assessed by the
CRRCAE and regular (rs=.79, p <.001) as well as irregular word reading (rs=.79, p

<.001) emerged for IWA. However, there was no correlation between reading
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comprehension and pseudoword reading (s =-.12, p = .59) for IWA. Figure 6 shows a
scatterplot of reading comprehension and single word reading. For the control group,
regular (rs = .09, p =.70), irregular (rs=.19, p =.39), and pseudoword reading (rs = .18,
p = .42) were not significantly associated with reading comprehension.

Given the high correlation between regular word reading and irregular word
reading (s = .85) in IWA, a regularity composite variable was created to aggregate
regular word reading and irregular word reading. A multiple regression analysis was also
employed to investigate the association between reading comprehension as the dependent
variable and single word reading ability as independent variable in IWA along with
education level and months post-stroke included as covariates. The model automatically
identified by the stepwise regression analysis accounted for 59.7% of the variance in
reading comprehension (R?= 0.60). The F-test for the model indicated statistical
significance (' = 28.10, p <0.001), suggesting that regular and irregular word reading
indeed has a significant impact on reading comprehension for IWA.

Similar to IWA, a high correlation between regular word reading and irregular
word reading was present in controls (s = .72), so a regularity composite variable was
created to aggregate regular word reading and irregular word reading. Another regression
model was created with reading comprehension as the dependent variable and the
regularity composite variable as the independent variable. Education level was included
as a covariate. The model automatically identified by the stepwise regression analysis
that the final model solely included the regularity composite variable, education level as
the control factor, which accounted for 58.5% of the variance in reading comprehension

(R?=0.59). The F-test for the model indicated statistical significance (F' =28.22, p <
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0.001), suggesting that regular and irregular word reading indeed has a significant impact
on reading comprehension for the controls. The results from the multiple regression show
a significant relation between single word reading and reading comprehension, even

though there is no significant correlation based on the Spearman's correlation in controls.
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Figure 4. Relationship of Comprehension and Word Reading for IWA

4.6 Post Hoc Analysis

Considering that both IWA and control participants' education levels and months
post-onset stroke (IWA only) varied significantly in this study and that there is the
possibility of these factors influencing reading results, post hoc analyses were conducted
to examine whether education level and months post-onset impacted participants' word

reading and comprehension abilities. Separate Spearman correlations were conducted to

50



examine the association between education level and months post onset and word reading
and comprehension abilities.

For all participants, the Spearman correlation indicated no significant association
between education level and word reading (regular rs=.22, p = .16, irregular rs = .25, p
=.10; pseudo word rs=.23, p =.14) or reading comprehension scores (CRRCAE rs=.02,
p = .89; eye tracking task reading comprehension rs=.11, p =.49). For IWA, there was
also no association between months post onset and word reading (regular rs =.19, p
= .42, irregular rs = .29, p = .21; pseudo word rs= .03, p = .91) or reading comprehension
abilities (CRRCAE rs= .42, p = .06; eye tracking task reading comprehension rs = .40, p
= .08).

Additionally, statistical power is a crucial measure as it indicates the probability
of correctly rejecting the null hypothesis when the alternative hypothesis is true.
Therefore, post hoc power analyses were conducted to evaluate whether the sample size
in this study was adequate to detect the expected effects for research questions 1, 2, and 3
and whether the results should be interpreted with caution due to low power. Table 10
indicates the power calculated for each research question. Using power of .80 as an
indicator of an adequate sample size for detecting differences among participant groups
for each measure, the results of the power analyses indicate the sample size may be
inadequate for most of the comparisons between groups with the exception of time to first

fixation under research question 2.
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Table 10. Power Calculations for Research Question 1, Research Question 2, and
Research Question 3

Research Question 1
Power
Regular 0.50
Irregular 0.35
Pseudo 0.19

Research Question 2
Average fixation duration 0.63
Average amplitude of saccades 0.64
Duration of first fixation 0.20
Amplitude of first saccade 0.22
Total duration of fixation 0.14
Number of fixations 0.13
Time to first fixation 0.81
Time to first saccades 0.09
Number of saccades 0.58
Total amplitude of saccades 0.06

Research Question 3
Reading Comprehension (CRRCAE) 0.60
Eye Tracking Task Reading Comprehension 0.57
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CHAPTER V

DISCUSSION

5.1 Research Question 1

Acquired reading difficulties, also known as acquired dyslexia, are common
among IWA. When aphasia occurs, chronic acquired dyslexia can hinder an individual's
reintegration into societal functions, impacting their ability to work, communicate, and
undertake learning tasks (Knollman-Porter et al., 2022). Extensive research has been
conducted on the abilities of one-word reading aloud of English IWA, encompassing
words of varying frequencies and categories including verbs, nouns, content words, and
function words (Alyahya et al., 2018; Berndt et al., 1997). However, research addressing
the word reading abilities of Chinese IWA, particularly from the perspective of different
regularities (i.e., regular words, irregular words, and pseudowords), remains relatively
scarce. The conclusions reached of the current investigation validate the proposed
thought that Chinese IWA have lower accuracy across all regularity levels (i.e., regular,
irregular, and pseudo word reading) compared to the neurotypical control group. While
all three categories showed a significant difference, the effect size decreased from regular
to pseudowords. This suggests that while the accuracy difference is statistically
significant across all categories, the clinical implications might differ. Regular and

irregular word reading abilities are moderately affected, whereas pseudoword reading
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abilities show a smaller difference. Research has found that when reading Chinese
characters aloud, individuals automatically recognize the phonetic and semantic radicals
within the characters (Bi et al., 2007; Law et al., 2009). Specifically, the phonetic radicals
are associated with phonological representation, while the semantic radicals are linked to
semantic representation, assisting in pronouncing the character and understanding its
meaning. Additionally, the frequency effect and position effect of the semantic radical
and phonetic radical serves vital function in this mechanism. Based on the findings of the
current study, IWA face significant challenges when processing regular characters,
irregular characters, and pseudo-characters. This might be due to their difficulties in
phonological representation, semantic representation, or in simultaneously extracting
both semantic and phonetic information, compared to the control group. The findings by
Borghesani and colleagues (2020) suggests that while both control group and persons
with semantic-variant primary progressive aphasia (svPPA) exhibit different patterns in
reading regular, irregular, and pseudowords, the svPPA patients display a distinct pattern
indicative of surface dyslexia. The smaller effect size in the current study somewhat
aligns with this finding. Although the primary emphasis of the Borghesani et al. research
(2020) was on svPPA, the characteristics as well as manifestations of the reading
impairment observed align closely with those associated with aphasia. Given the
significant differences observed in this research, future studies should delve deeper into
the specific challenges experienced by IWA in Chinese word reading and explore
potential therapeutic approaches.

According to early research by Yin and Butterworth (1992), they tested 11 brain-

injured patients on reading regular words, irregular words, and pseudowords. Among
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them, patients diagnosed with "surface dyslexia" performed relatively accurately when
reading regular words. However, those diagnosed with "deep dyslexia" had an accuracy
rate of less than 60% when reading regular words. This aligns with some of my research
findings, where aphasia patients have a lower accuracy rate when reading regular words
compared to neurotypical individuals. Nevertheless, the current study did not differentiate
between types of dyslexia and provided no conclusive evidence for the existence of an
orthography-to-phonology conversion route in Chinese. Other research suggests that
pseudoword reading of Chinese characters also occurs through the lexical route (Law et
al., 2009). Additionally, they found that two acquired dyslexia patients responded to
pseudo characters as reasonably as neurotypical individuals. This is similar to my
findings. The smaller effect size for pseudoword reading in the current study somewhat
aligns with this perspective, although pseudoword reading was significantly poorer than
IWA. One may think this could be due to regaining of language functions after treatment
over time or education level prior to their stroke, however, my ad hoc analyses examining

months post onset and education level do not indicate these two factors as an explanation.

5.2 Research Question 2

The present study aimed to examine the disparities in eye-tracking during the
process of reading sentences between Chinese IWA and control participants. It is widely
recognized that considerations such as the influence of word frequency, length effects,
and predictable effects can contribute to gaze duration and saccade amplitude. For
instance, high-frequency words tend to reduce fixation duration, while longer words

increase the likelihood of prolonged gaze and re-fixations. Additionally, in a contextual
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setting, the recognition of semantically ambiguous words can extend fixation duration.
The current study was conducted without specific conditions, focusing solely on
observing the eye movement indicators of IWA and controls, all of whom had at least a

primary school level of education. While the findings regarding the total fixation

duration, average of fixation duration, number of fixations, time to first fixation, mean
amplitude of saccades, and time to first saccades were consistent with my hypothesis, the
results related to the duration of first fixation, amplitude of first saccade, the number of
saccades, and total amplitude of saccades were non-significant. The non-significant
findings could potentially indicate that these are less affected in IWA, or that there might
be compensatory strategies that these individuals adopt during reading Chinese sentences.
The relationship between language processing and eye movement patterns has
long been a subject of interest in the realm of cognitive neuroscience. The study under
discussion delves deep into this relationship, particularly focusing on Chinese IWA and
their eye movement patterns during sentence reading. Aphasia, a linguistic-level disorder
resulting from brain damage, often impacts the individual’s capacity to comprehend
written and spoken material as well as produce language. The findings of this study
unveiled subtle disparities in reading patterns between individuals with acquired
impairments and neurotypical control participants, as well as delineated characteristics of
eye movement indicators across diverse populations of native Chinese speakers.
Consistent with the hypothesis, and aligning with previous research (Smith et al., 2018),
IWA exhibited several distinct eye movement patterns in comparison to the control
group. Specifically, prolonged total fixation durations and an increased frequency of

fixations were noted for IWA. This prolonged duration and increased frequency may be
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attributed to the cognitive and linguistic challenges IWA face during reading, which
necessitate a slower and more meticulous examination of the text (Smith et al., 2018). It
is notable to highlight that the patterns observed in Smith et al (2018) study are not
isolated but align with broader research trends. This consistency underscores the
reliability of the observed patterns and their potential generalizability across different
populations of IWA.

The control group did not have these language impairments, so their eye
movement patterns were likely to be more fluid and natural. Because aphasia is a
neurological condition characterized by impaired language abilities, which can manifest
as difficulties in reading comprehension, the heightened cognitive load experienced by
IWA during the processing of reading material may lead to alterations in their patterns of
eye movement. [IWA may experience delays in the cognitive processing and
comprehension of written material, resulting in an extended time of fixation on the text.
The aforementioned observations align with the outcomes of the current investigation
pertaining to the aggregate fixation duration and the mean duration of fixation.

Regarding the current study, it was observed a notable distinction in the total
number of fixations between these groups, aligning with my expectations. Typically,
those without aphasia exhibit a streamlined pattern of fixations, swiftly focusing on
essential information areas. In contrast, IWA's language processing challenges mean
these individuals often need more fixations to understand equivalent content. When
considering the time to first fixation, individuals without aphasia tend to quickly zero in
on pertinent information. However, IWA, due to their processing delays, often take

longer to register their initial fixation. This trend extends to the time to first saccades;
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while the unaffected group swiftly initiates their first saccadic movement thanks to
efficient cognitive processing, those with aphasia experience delays. Lastly, the
amplitude of saccades in the typical group remains consistent, reflecting their steady
cognitive processing. But for those with aphasia, the amplitude varies. Overall, the
saccades of IWA are smaller than controls. It implies that IWA might be bypassing
confusing segments, with a heightened focus on specific areas. IWA often face a
heightened cognitive load, especially when processing written stimuli. When compared to
the group that did not have this additional strain, those individuals' patterns of eye
movements can be noticeably different. To cope, they may adopt compensatory eye
movement strategies, further differentiating their eye tracking measures. Moreover, the
brain areas impacted by aphasia, especially those central to language processing may
influence both visual processing and eye movement control. Disruptions in these brain
regions are likely contributors to the observed eye tracking disparities. In essence, the
pronounced eye tracking differences between the aphasia and control groups stem from
the unique linguistic challenges, cognitive demands, adaptive strategies, and neural
considerations faced by those with aphasia.

While no statistically significant difference in the first fixation duration was seen
in this studys, it is important to take into account the fact that the mean duration of the first
fixation for IWA was a little larger compared to the control group. This is incongruous
with what was expected. First fixation duration is usually focused on individual word
processing, and word processing time is captured by reporting this measure. In most
cases, the length of time spent fixating a word for the first time is unaffected by the

number of times that the word is examined. Even though the t-tests did not show
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significant differences between the participant groups, the medium effect size and low
power suggests that there might still be a meaningful difference between the groups in
terms of these eye movement measures. Nonetheless, no difference in the groups in this
study may also be because some readers ignore the first word of the sentence and read
straight ahead. This phenomenon could be attributed to the fact that the duration of first
fixation is subject to the influence of various elements, extending beyond mere language
processing capabilities. Huck and colleagues (2017) analyzed the impact of frequency of
words and situational prediction on understanding sentences in IWA as well as control
participants. Huck and colleagues (2017) measured gaze duration, probability of first
fixation, and initial regressions. The results indicated that the frequency and predictability
of words substantially influenced the eye movements of both IWA and a control group.
However, DeDe (2012) found that IWA were more sensitive with the first fixation
duration than the control group with lexical variables like frequency and word length.
Given the absence of established lexical variables, such as word frequency or
imageability, for assessing first fixation duration in the current study, it is unsurprising
that the comparison between the two groups lacks substantial significance. Examination
of specific lexical variables, like word frequency, on eye movement measures in IWA is
warranted in future research.

It is widely accepted that optimal reading and comprehension require many
factors, including focused visual attention, coordinated eye movements, cognitive
processing (Henderson et al., 2018), and linguistic systems. Additionally, the complexity
of the reading material, the frequency of vocabulary, and the surrounding context can

significantly influence the reading process. Eye-tracking measurements, employed as a
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tool to assess reading comprehension, predominantly focus on measures such as
fixations, saccades, and regressions. Should any disruptions arise in the reading process,
be it cognitive challenges, linguistic processing difficulties, or increased complexity of
the material, typical manifestations include prolonged fixation durations, shortened
saccadic intervals, and increased regression frequencies. However, in this study, |
observed significant disparities in fixation measures between the control group and those
with aphasia. Intriguingly, saccadic measures, including the first saccade amplitude, the
number of saccades, and the total saccadic amplitude, revealed no statistically significant
variations. This is inconsistent with my hypothesis. Interestingly, while the present study
observed no statistically significant differences in those saccadic measures between the
two groups, it is essential to consider the broader context. However, to fully grasp the
implications of these findings, it is crucial to consider the effect sizes. For the number of
saccades, the effect size suggests a large effect. This implies that, despite the lack of
statistical significance, there is a practical difference between the groups in terms of the
number of saccades. This could be indicative of underlying differences in reading
strategies or cognitive processes between the groups, even if these differences are not
pronounced enough to reach statistical significance in this particular analysis.
Conversely, the total amplitude of saccades had a small effect. This suggests that the
practical difference between the groups concerning the total amplitude of saccades is
minimal. In this context, the contrasting effect sizes for the two measures emphasizes the
need to consider both statistical and practical significance. While the number of saccades
might warrant further investigation due to its large effect size, the total amplitude of

saccades, given its small effect size, might be less of a concern in terms of practical
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implications. Calabrese and colleagues (2016) have asserted that lack of regularity in
fixations has a significant role in determining reading speed, regardless of the amplitude
of saccades. However, observing the raw data, the total saccadic amplitude for the IWA
is still shorter than controls. This suggests that, compared to the control group, the IWA
may have certain limitations in their language processing abilities during reading,
indicating that while certain eye-tracking measures might not show differences, they still
offer valuable insights into the underlying reading challenges faced by IWA.
Furthermore, the lack of significant differences in saccadic measures, such as the initial
saccade amplitude and the total saccadic amplitude, might be indicative of other
underlying factors not directly related to aphasia. It is possible that other cognitive or
linguistic processes, not captured by the current study, play a role in these observations or
that processes involved in saccades may be more intact in IWA than previously thought.
Future research should delve deeper into these aspects, considering the multifactorial
nature of reading and comprehension, to provide a more comprehensive understanding of

the challenges faced by IWA.

5.3 Research Question 3

Within this current study, | sought to examine the deviation in reading
comprehension abilities for Chinese IWA relative to a control group. Participants' reading
comprehension abilities were assessed using the CRRCAE and through comprehension
questions associated with the eye-tracking task. Consistent with my hypothesis, | saw a
substantial difference in reading comprehension scores. Unsurprisingly, the control group

demonstrated markedly superior reading comprehension skills compared to IWA. This
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finding aligns with the presumption that aphasia, which affects the language processes
necessary for successful reading comprehension. It is also noteworthy that the present
study is among the first to focus on the Chinese-speaking population with aphasia, adding
to the limited literature available on this demographic. The differences observed for
reading comprehension during the eye-tracking task further elucidate the disparity in
understanding of the reading abilities between groups. The controls’ superior
performance over IWA during this assessment is likely indicative of the IWA challenges
in processing linguistic information in real-time during reading. There could be several
reasons for the observed differences. Aphasia is known to affect various linguistic
processes, which could impact reading comprehension directly. DeDe (2012) emphasized
that IWA exhibit altered sentence comprehension, subject to the influence of word
frequency and delivery paradigms. This could suggest that the materials used in reading
comprehension tasks for IWA should be carefully selected, considering the frequency of
words and how they are presented. Additionally, cognitive deficits frequently associated
with aphasia, such as reduced working memory or attentional difficulties, could also play
a vital role in the compromised reading abilities of IWA. To obtain a more thorough
knowledge of the fundamental mechanisms that contribute to these disparities, more

research is necessary.

5.4 Research Question 4

The main goal of research question 4 was to ascertain the connection between eye
movement measurements and comprehension in Chinese IWA and the control group. The

foundation of the hypothesis was anchored in prior studies suggesting a probable link
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between eye-tracking measures and reading comprehension in skilled readers (e.g.,
Copeland & Gedeon, 2013; Krieber et al., 2016). However, the findings of the current
research provide a fresh perspective by challenging these pre-existing notions. Within the
control group, there was no evidence to indicate a statistically significant relationship
between the eye-tracking measures and reading comprehension. For IWA, none of the
eye movement measures demonstrated a significant correlation with either reading
comprehension measure. These findings depart from my initial hypothesis, which posited
that increased number of fixations and longer total duration of fixation, among the other
measures, would predict poorer reading comprehension in both groups. My findings are
partially consistent with a previous study (McWilliams, 2022) that also found no
association between first fixation duration and average of amplitude saccade and reading

comprehension.

Contrary to expectation, my results suggest that, at least within the parameters of
this study, eye movement measures may not be viable predictive markers for reading
comprehension. There are several potential explanations for this. First, it is plausible that
reading comprehension, especially in a logographic script like Chinese, is influenced by
myriad factors beyond eye movements. Variables such as semantic processing, syntactic
structures, prior knowledge, and the reader's experience with the text may play more
dominant roles in determining comprehension. This complexity in the reading process,
especially in Chinese, may dilute the effectiveness of eye movements on predicting
comprehension. For instance, Krieber and colleagues (2016) discovered that there is a
correlation between reading skills and eye movement patterns, regardless of the language

being read. However, it should be noted that the nature of this correlation may differ
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depending on the level of orthographic coherence in the language. This suggests that
while there might be a general relationship between reading skills and eye movements,
the specifics of this relationship could differ based on the script or language in question.
White and colleagues (2012) discovered that visual characteristics of Japanese words,
another logographic script, significantly influence eye movement behavior during
reading. This aligns with the idea that logographic scripts might poses distinct and
specific difficulties or considerations when it relates to reading comprehension and eye-
tracking. Li and Pollatsek (2020) developed a model that simulated the relationship
between word processing and eye moving motion during reading in Chinese. Their model
suggests that Chinese readers might process information differently, especially when it
comes to segmenting words with ambiguous boundaries or utilizing parafoveal vision.
Furthermore, Liand colleagues (2014) argued that reading in Chinese might be
fundamentally akin to reading in linguistic contexts involving diverse writing systems,
proposing that the nature of reading might remain consistent across languages. This raises
the question of whether the absence of predictive capability of eye movements in the
present study is due to other dominant factors influencing comprehension. In conclusion,
while the present study suggests that the predictive value of eye movement measurements
in relation to comprehension for reading in Chinese may not be robust, the broader
literature indicates a complex interplay between eye movements, script type, and reading
comprehension. Further research is necessary to tease apart these relationships and
understand the nuances of the task of comprehending written text across different

languages and scripts.
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Additionally, aphasia is a multifaceted condition. The heterogeneity of its
presentations means that while some individuals may exhibit disruptions in reading due
to linguistic processing difficulties, others might primarily face challenges due to motoric
or perceptual aspects of reading. Consequently, generalizing eye movement patterns for
all IWA can be challenging. In the present study, the results indicate that eye movement
measures may not serve as reliable predictive markers for reading comprehension in
IWA. This finding is intriguing, especially when juxtaposed with other research in the
field. For instance, Heuer and Hallowell (2015) validated an innovative eye-tracking
technique proposed to evaluate how attention is distributed in individuals both with and
without aphasia, suggesting that eye movements may indeed provide valuable insights
into the processing cognition of these individuals. However, it is essential to note that
their focus was on attention allocation rather than directly on reading comprehension.
Furthermore, Webster and colleagues (2021) emphasized the individual variability in
reading among 1WA, emphasizing the significance of incorporating individual
perspectives in conjunction with standardized reading comprehension evaluations. This
aligns with the presented study's assertion about the multifaceted nature of aphasia and
the challenges in generalizing eye movement patterns for all individuals with the
condition. Another study by DeDe (2012) found that IWA might employ reading tactics
that vary from controls, especially when faced with infrequency and complex sentence
structures. This could potentially explain why eye movement measures may not
consistently predict reading comprehension across all IWA.

Based on previous research, for native Chinese speakers in the general population,

there is indeed a certain correlation between eye movement indicators and reading
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comprehension (Liu et al., 2021). However, our findings deviate from this consensus.
Additionally, studies (Bonhage et al., 2015; McWilliams, 2022; Sharma et al., 2021;
Smith et al., 2018) have delved into the potential relationship between eye-tracking
measures (e.g., skipping rate, regression) and understanding of text reading in IWA
whose native language is English, be it direct or indirect. The current research is an
attempt to look into the relationship between indicators of eye-tracking and reading
comprehension in Chinese speaking IWA. Although the results do not align with my
expectations, future research is warranted to explore reasons for the inconsistent findings,
and to examine eye movements under specific variables, such as passive sentences,

contextual relevance, and linguistic characteristics such as word frequency.

5.5 Research Question 5

Research question 5 examined the associations between word reading abilities
(regular word, irregular word, pseudo word) and reading comprehension in Chinese IWA
and controls. The findings unearthed various implications for the understanding of
reading processes in IWA and how these may differ from those of neurotypical
individuals. A primary finding of this research is the significant association between
reading comprehension and both regular and irregular word reading in the IWA group.
These findings align with my hypothesis that the accuracy of single-word reading can
serve as a predictive factor for reading comprehension in Chinese IWA. Specifically,
IWA who showed higher proficiency in reading regular and irregular words were also
those who demonstrated better reading comprehension abilities. Although the overall

study is not solely focused on individual word reading, this study confirms a positive
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relationship between the two. However, some research findings are to the contrary.

DeDe further stated that in IWA, frequency of use effects of words impacted performance
on assessments of phrase comprehension (DeDe, 2012). This suggests that beyond the
regularity or irregularity of words, the frequency of word occurrence can also play a
pivotal role in reading comprehension for IWA. Furthermore, DeDe (2012) has
discovered that when reading, IWA may be responsive to both complexity of structure
and word frequency. This insight provides a broader context to the current study,
suggesting that while single word reading abilities are crucial, other factors like sentence
structure can also influence reading comprehension in aphasia. In conclusion, the current
study's findings highlight the importance of single word reading abilities in predicting
reading comprehension in Chinese IWA.

The findings from an additional regression analysis underscore the intricate
relationship between regular and irregular word reading and reading comprehension in
IWA. A notably high correlation between regular and irregular word reading was
observed, leading to the creation of a composite variable that amalgamates both reading
types. This approach was not only methodologically sound but also provided a more
holistic view of reading abilities in IWA. The regression model, which took into account
factors like education level and months post-stroke, revealed that this composite variable
of regularity was a dominant factor, accounting for nearly 60% of the variance in reading
comprehension. This is a significant finding, emphasizing the pivotal role that word
reading, both regular and irregular, plays in overall comprehension for IWA. The model's
statistical significance further reinforces the robustness of these findings. Interestingly,

while initial correlations were based on Spearman'’s rho, the multiple regression results
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highlighted partial correlations after accounting for other potential influencers. Even
when adding control factors like education level or months post stroke onset, word
reading ability—both regular and irregular—still stands out as the most crucial factor in
reading comprehension for this group. In conclusion, interventions aimed at improving
reading comprehension in IWA might benefit from a focus on enhancing both regular and
irregular word reading skills, given their significant contribution to overall
comprehension. Future studies might delve deeper into understanding the nuances of
these reading types and devising targeted strategies for improvement.

The specific prominence of irregular and regular word reading suggests that the
ability to correctly read aloud words that are not consistent to typical phonological or
morphological patterns is crucial for understanding complex texts in IWA. Individuals
with aphasia may experience more challenges in the cognitive-linguistic processing of
both the semantic and phonemic aspects of irregular words. Madden and colleagues’
(2018) study indicated that semantic reading exhibits the highest level of predictability
for irregular words, but phoneme reading demonstrates the highest level of predictability
for pseudo-homophones and non-words. This result suggests that IWA may need to
depend on semantic and phonemic cues to comprehend irregular words, thus impacting
their reading comprehension abilities. In other words, there may be a positive correlation
between the capacity to easily read irregular words and the level of reading
comprehension ability. Conversely, a negative correlation might be observed as well.
This observation aligns with the outcomes of our research. Linking to the
connectionist model of single word reading in Parallel Distributed Processing (PDP)

(Plaut, 1996), the connections between phonology, semantics, and orthography form
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parallel triangular connections. This is evident when reading irregular words, as semantic
patterns are activated, while nonword reading relies more on phonological pattern. Smith
and Ryan (2020) have discovered a link between word reading accuracy in IWA and
achievement on comprehension tasks, meaning that competence on read comprehension
assessments is predictive of comprehension abilities. Irregular words, because they do not
conform to conventional phonological or morphological patterns, may require more
cognitive resources for IWA to process, thus affecting their reading comprehension.
Harciarek and Kertesz (2009) revealed that deficits specific to individual word
comprehension are prevalent among patients with different forms of progressive aphasia
and the intensity of these shortcomings correlates with the aphasia's severity (Harciarek
& Kertesz, 2009). Category-specific deficits refer to challenges in understanding within a
particular domain, such as patients possibly having more difficulty comprehending nouns
than verbs. A study case found that a patient with semantic dementia (SD) struggled more
with processing low-frequency and irregular words than they do with high-frequency
regular words (Cipolotti & Warrington, 1995). That is to say frequency effect can
facilitate comprehension but not word reading with SD. However, this study is
inconsistent with my study's emphasis on the importance of single word reading in
influencing overall reading comprehension. It might be due to the differences in the
participants studied. Language processing issues like semantic challenges and naming
difficulties are present in both post-stroke aphasia and degenerative dementia, but

semantics and phonological processing might differ.

In summary, the strong association between irregular words and reading

comprehension in IWA may stem from the semantic and non-orthographic language
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processing difficulties they face in processing irregular words, as well as the impact these
difficulties have on their ability to read and comprehend connected texts. Through
multiple regression analysis, it can be seen that irregular word reading is of special
importance with the reading comprehension of IWA, which may provide important
implications for future reading intervention for IWA.

However, it is noteworthy that the pseudoword reading did not show a significant
association with reading comprehension in the IWA group. This suggests that, for this
population, the ability to decode unfamiliar or non-existent words (pseudoword) may not
be a reliable indicator of overall reading comprehension. One possible interpretation
could be the distinct nature of Chinese pseudowords and their role in reading
comprehension. Unlike alphabetic languages, where pseudowords can provide insights
into phonological decoding skills, Chinese pseudowords might not serve the same
purpose due to the logographic nature of the language. Comparatively, other studies have
also explored the relationship between individual word reading abilities and reading
comprehension in IWA. Two such studies, albeit not specifically within the Chinese
context, observed the relationship between individual word reading, reading related text,
and comprehension in IWA (Law et al., 2009; Smith & Ryan, 2020). These studies could
potentially align with the provided study's findings regarding the importance of single
word reading abilities in reading comprehension among IWA. Another research study
(Law et al., 2009) focused on two individuals with acquired dyslexia which may share
some characteristics with aphasia reading aloud pseudo-characters in Chinese, hinted at
lexically mediated processes in reading Chinese, which could be a different mechanism

compared to alphabetic languages. The results indicate that the pseudoword reading in
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these two cases of acquired dyslexia is affected by semantic impairment to varying
degrees. Moreover, a neuroimaging study (Brambati et al., 2009) noted that in primary
progressive aphasia, pseudoword reading accuracy correlated with certain brain regions,
hinting at a neurological basis for this reading ability, which may or may not translate to
reading comprehension. These diverse findings demonstrate that the connection between
pseudoword production and reading comprehension in IWA, particularly in a logographic
language like Chinese, may be complex and potentially divergent from patterns observed
in alphabetic languages. The lack of association found in the present study between
pseudoword reading and reading comprehension in IWA could be aligned with the
distinct nature of Chinese pseudowords and the logographic characteristics of the
language. These comparisons suggest that the role and impact of pseudoword reading on
reading comprehension may vary significantly across different languages and
populations, and further cross-linguistic research could provide more insights into these
relationships. Contrary to the concluding statement in the results, it is imperative to note
that while regular and irregular word readings were indicated to have significant positive
associations with reading comprehension in IWA, pseudoword reading did not. Hence, it
would be more accurate to say that while regular and irregular word reading abilities play
a crucial position in predicting understanding of reading among IWA, the significance of
pseudoword reading ability remains ambiguous.

A multiple regression analysis for the control group revealed the significant
relationship between regular and irregular word reading and their collective influence on
reading comprehension. Even when accounting for control factors like education level,

word reading ability—both regular and irregular—emerges as the predominant factor in
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reading comprehension among the controls. The formation of a composite variable, given
the significant correlation between these two types of word reading, offers a holistic view
of their combined effects. This composite variable, in the regression model, accounted for
a substantial 58.5% of the variance in reading comprehension. This finding is not only
statistically significant but also underscores the central role of word reading abilities in
determining reading comprehension. Interestingly, while the Spearman'’s rho correlation
did not indicate a significant relationship in the control group, the multiple regression
results highlighted a significant association between the composite single word reading
and reading comprehension scores. This suggests that the combined effects of regular and
irregular word reading are pivotal in influencing reading comprehension, even if
individual correlations might not always be evident. Furthermore, the ability to read both
regular and irregular words stands out as the primary determinant of reading
comprehension in the control group, even when other factors, like education level, are
considered. This insight emphasizes the importance of both types of word reading in
reading comprehension assessments and strategies. Future studies might delve deeper
into these relationships and their broader implications.

The analyses between the IWA and control groups, while primarily focused on
word reading abilities and their influence on reading comprehension, might hint at
deeper, underlying implications. The consistent prominence of word reading ability
across both groups suggests that foundational reading skills are universally crucial,
regardless of cognitive or linguistic challenges. In the group of IWA, reading
comprehension may be impacted by lexical and syntactic difficulties, which could affect

their processing abilities at the level of individual words, phrases, and sentences, thereby
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influencing knowledge of reading (Webster et al., 2023). However, the nuanced
differences in correlations might indicate that the process of reading comprehension is
multifaceted and influenced by a myriad of factors, both intrinsic and extrinsic.
Additionally, the divergence in results based on different statistical methods hints at the
complex interplay of variables and the potential for varied interpretations.

In conclusion, our results shed significant light on the intricate bond extending
from the ability to read individual words to understanding texts in Chinese IWA and
controls. While further research is warranted to delve deeper into these findings, the
present study underscores the significance of understanding individual word reading
skills when assessing and potentially intervening in reading comprehension challenges in

different populations.

5.6 Limitations and Future Directions

Nevertheless, there are numerous limitations to the current study. The sample size
could be a potential limitation. In light of the conducted post hoc power analyses, it
becomes evident that the sample size in this study might not be sufficiently robust for
many of the group comparisons, potentially affecting the reliability of the findings. While
the power of .80 is typically considered a benchmark for adequate sample size, our study
only met this threshold for the 'time to first fixation' under research question 2.
Consequently, the results for research questions 1, 2 (excluding time to first fixation), and
3 should be interpreted with caution. Future studies in this domain should consider larger
sample sizes or alternative methodologies to ensure more definitive conclusions.

Relatedly, there was limited variability in the reading abilities of the control participants
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which may have contributed to the weaker correlations in the results. Methodologically,
there are some limitations. The experimental design of eye movement tracking measured
the entire sentence without delineating word boundaries to observe more areas of interest
regarding different frequency effects and predictability effects. Word boundaries are also
important for calculating more refined eye tracking measures such as word skipping and
regressions. Moreover, the eye movement stimuli did not provide indications of whether
the words were of high or low frequency. Additionally, while a broad range of measures
was considered, there might be other subtle eye movement characteristics or patterns
specific to the reading process in Chinese that were not captured in this research. Also, as
the sentence stimuli remained on the eye tracking screen while the participants were
answering the comprehension questions, the reported eye tracking data included both
reading eye movements and any eye movements during the comprehension question
portion of the protocol. Lastly, the single characters used in the experiment were
converted from traditional characters. Although these converted characters are
recognizable to the mainland population, there was no assessment on the daily usage
frequency of these characters among the simplified character-using mainland population,
which might affect the universality of the experimental results. These limitations suggest
that future research should consider more refined experimental design and larger sample
sizes, as well as evaluate the impact of different dialects and script systems on reading
comprehension. Additionally, the diversity within the aphasia group with regard to the
severity of aphasia was not detailed, which could have implications for the
generalizability of the results. Moreover, the thresholds for statistical significance could

potentially be re-evaluated in larger samples or using other methodological approaches.
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Given the limitations mentioned in this study, there is fertile ground for future
research to evolve in a more detailed and comprehensive manner, aiming for more
precise and widely applicable conclusions. Enhancements in experimental design are
pivotal, which include delineation of word boundaries in eye movement tracking
experiments to enable a meticulous observation of different interest areas during varying
frequency and predictability effects. This can foster a better understanding of reading
processes at the lexical level. Moreover, assessing and controlling the frequency effects
of the stimuli could unravel its impact on reading comprehension and eye movement
patterns. Technological and equipment advancements are essential to capture finer
indicators of sentence reading comprehension like regressive eye movements and skip
counts as well as setting the experiment to stop eye movement analysis during question
portions of the protocol; therefore, enabling a deeper insight into eye movement patterns
and cognitive processes during reading. It is imperative to increase the sample size and
diversify the sample to include different dialects and script users, thereby evaluating the
impact of these variables on reading comprehension and enhancing the generalizability of
the findings. Since the characters used in this study were converted from traditional
script, future research should assess the daily usage frequency of these characters among
simplified writing users in mainland China and explore the impact of different scripts on
reading comprehension. A comparative analysis of different reading routes like the DRC
model and connectionist model could elucidate which model aptly describes and explains
Chinese reading process, especially under varying dialect and script conditions.
Moreover, embarking on clinical evaluations and interventions for reading

comprehension difficulties, based on the findings of future research, could foster clinical

75



applications in this domain. Through these multifaceted research directions, future
investigations can delve deeper into understanding the eye movement patterns and
cognitive mechanisms in Chinese reading processes, and how different factors like
frequency effects, predictability effects, dialects, and scripts affect reading
comprehension. This comprehensive approach will subsequently provide more effective
theoretical and empirical bases for enhancing reading education and clinical

interventions.

5.7 Conclusions

In conclusion, this study underscores the intricate nature of reading
comprehension, emphasizing that it is likely an interplay of various factors, with eye
movement measures being just one piece of the puzzle. These findings can be
instrumental in shaping future research, urging scholars to adopt a multifaceted approach
to understand reading in both clinical and neurotypical populations. Further studies are
indeed warranted, not only to reaffirm these findings but also to discover other potential

markers or predictors of reading comprehension abilities in Chinese IWA.
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APPENDICES

Appendix A. Single Word Read Aloud — Regular, Irregular, Pseudo
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Irregular
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Appendix B. Research Questionnaires

3\

An Analysis of Oral Reading in Individuals with Aphasia

Research Questionnaire for Participants with Aphasia

Participant Number: Date of Birth: /

Gender: M F Race: Ethnicity:

Highest level of education:

Occupation:

Home Phone Number: ( ) -
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Appendix B, continued

Alternate/Cell Phone Number: ( ) -

Is English your first language?  Yes No

How many strokes have you had?

Date(s) of stroke(s)

3 / / g / /

g / /

Type of stroke: Ischemic Hemorrhagic Unknown

Dominant hand before your stroke: Left Right
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Appendix B, continued

Dominant hand affer your stroke: Left Right

Are you currently receiving speech therapy? Yes No

If yes. how many hours per week:

Did you have a history of reading disabilities before your stroke?  Yes

If yes, please describe:

Did you have a history of speech, language, or cognitive difficulties before your
stroke? Yes No

If yes, please describe:
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Appendix B, continued

Have you ever had brain surgery or brain injury besides your stroke?
Yes No

If yes, please describe:

Have you ever experienced a seizure? Yes No
If yes, what was the date of your most recent seizure:

/ /

Do you have a history of chronic pain? Yes No

How many headaches do you have per month:

Do you have allergies? Yes No

If yes, please explain:
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Appendix B, continued

Do you have a history of depression? Yes No

Have you been diagnosed with any neurological disorder (for example- MS, ALS,
Parkinson’s)? Yes No

If yes, please list:

Have you been diagnosed with diabetes?  Yes No
If yes, how 1s yvour diabetes managed: Medications Insulin
Other:

List any other medical information you would like us to be aware of:
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Appendix B, continued

Please list all current medications:

Visual History

Did you have a history of vision problems before your stroke?

If yes, please explain:

Yes

Has your vision changed since your stroke? Yes No

If yes, please explain:
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Appendix B, continued

Have you had a vision evaluation since your stroke? Yes No

[s your vision normal or corrected to normal with glasses or contact lenses?

Yes No

Were any additional tests or treatments recommended or completed pertaining to
your vision?
Yes No

If yes, please explain:

Do you wear glasses or contact lenses? Yes No

If yes, why do you wear glasses/contact lenses (reading, distance)?
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Appendix B, continued

If yes, how often do you wear glasses/contact lenses?

Please list any other concerns or changes you have noticed in your vision or reading

since your stroke.
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Appendix C. Eye Tracking Stimuli and Following Comprehension Questions and
Answers

BT L BN E U B A MBSk, WER SRR AR R T I TE 3
P VY T R LAY

A. IR Sk

B. jGE &

C. Zkefn

D. /K&

Sentence 2: HEMZETHRRMILRIIA T, Frll RS Bl L8 1.
Question 2: J& AR EH0L T2

A. ZTH

B. H%

C. /M

D./hE

Sentence 3: ffi A= 2 E R 4S4L, M EARATHER 7 HAL.
Question 3: Hs A2 2N A4S 4L ?

A. Ik

B. [A] %

C. b+l

D. SR

Sentenced: MIMEFNSEFEEH 22, P DAMER BIMELT T 452

Questiond: BRI T4 ZE?
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A. HLEE

B. #%

C. K2

D. f A5

Sentence5: F5F s JUAE UK, I AR F AN LTEK.
Question5: # SR JLLESAAT 42

A. TEEK

B. Bk#%

C. Hib

D. Wik

Sentence6: ZXEBLMINTANLE S NAH, d5cils Z80 5 RARML 25 3.
Question 6: T ZXBLH 2 HF H b ?

A. BLE=

B. &l

C. JIkiH

D. Bk1H

Sentence7: 277 MM B XRAEIE R, FTLAH Ky 2554k T2 &
Question7: 275 K4 A4 £k?

A. [l Z A

B. &

C. F1ICH

D. SMEF
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Sentence8: I & AME NP — PR dET @S, BR8N 1T #k.
Question8: I3 & FF 2% J5 IIAAT A4 [4] 2

A. BRI

B. /4t

C. il

D. A H A4

Sentence9: e AN F W E S INFIKLLEE, SRR L L T IKkAK.
Question9: BRE AR E A AN ?

A. 123

B. HEAK

C. k&K

D. B

Sentencel0: FEAFHISF L HE XM 7%, WERFREA K T —HAH

Question10: WERMBER L T4 2R P4 ?

A —HLES
B. —fufeE
C. —fJRTF

D. —fkHt

Sentencell: FF MAMIBAA AR AR VTN, S A EHRITHF IR BT .
Question11: A& KITIa% A2

A. R BET

B. it
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C. Wit

D. W& it

Sentencel2: ERERFIE DT A £ /DIE, Kl )5 A ERBVR S ).
Question12: ERER oMb f5 sz B4 ?

A. FFL

B. JH ik

C. &M

D. X5

Sentencel3: 75 A FANEIBIERE S, HikLFHEIr TEHIE?
Question : FHAE&IT I [ HAUE?

A. BEIE

B. Bk

C. fiF 13k

D. B#FiE

Sentencel4: ZZHHANEEAIGE L ANBEAIN [A) R IZAR, Ja ok RA Y 7 AhsE,
Question14: J5 KM T (472

A. HhE

B. /KR

C. ik

D. 1A

Sentencel5: MV T IRAIAEE S T, KUKV HIE T 55 AN
Question15: iX JLRBAFEHIIE 141240 2
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A. K5 A

B. LA

C. 5 HLAN U

D. B2 MG

Sentencel6: W mAAMLE XK i, Mg RARREE T Lifg.
Question16: HMb f& Bt 5% B AE IS0 1T 2

A. T

B. Lifg

C. Jbxt

D. &Ml

Sentencel7: R FE R BIVURL 1, P LAX — BRI 3EH £ T8 A RO .
Question17 : Filtih &5 20l L HUD 2

A. Z5B 1

B. Pu 2l

C. Pzl A [

D. F B2

Sentencel8: F i LAFFAR T AR T Wil shas, WE RS E0r 7 MR .
Question18 : WK Z 3 LIr T4 7

A i
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Sentencel19: SCILATAURE 11k, Fr ARG L SCIR 25§ PRAL 1 .
Question19: Bf - SCWLZ Wk 1 2

A. EER

B. Bt/ 5%

C. XM

D. il AL

Sentence20: NN AITHIE S it g fall,  WITTAR IR 75T AR IZ JJ
Question20: WIFF 4T e 3T A 1R iz 71 ?

A. Y Bk

B. %ifE

C. % Ja

D. 51k
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Appendix D. Institutional Review Board Approval

:E‘ - TELEPHONE: (251) 460-6308

UNIVERSITY OF AD 240 - MOBILE, AL. 36688-0002
SOUTH ALABAMA

irb@southalabama.edu

INSTITUTIONAL REVIEW BOARD

May 1, 2023
Principal Investigator: XIAOBIN WANG
IRB # and Title: IRB PROTOCOL: 23-117
[2038518-2] Characterizing eye movements during reading in Chinese persons
with aphasia
Status: APPROVED Review Type: Full Committee Review
Approval Date: April 26, 2023 Submission Type: New Project
Initial Approval: April 26, 2023 Next Report Due:  April 26, 2024
Review Category: Category: 45 CFR 46.110 (4):

Collection of data through noninvasive procedures (not involving general
anesthesia or sedation)

This panel, operating under the authority of the DHHS Office for Human Research and Protection,
assurance number FWA 00001602, and IRB #00000286 or #00011574, has reviewed the submitted
materials for the following:

1. Protection of the rights and the welfare of human subjects involved.
2. The methods used to secure and the appropriateness of informed consent.
3. The risk and potential benefits to the subject.

The regulations require that the investigator not initiate any changes in the research without prior IRB
approval, except where necessary to eliminate immediate hazards to the human subjects, and that all
problems involving risks and adverse events be reported to the IRB immediately!

Subsequent supporting documents that have been approved will be stamped with an IRB approval and
expiration date (if applicable) on every page. Copies of the supporting documents must be utilized with
the current IRB approval stamp unless consent has been waived.

Notes:

EBR full board review was conducted and has determined that this study is minimal risk:

45 CFR 46.110 (4): Collection of data through noninvasive procedures (not involving general anesthesia
or sedation)
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Institutional Review Board

Approval Number | 2023KY-008.02
Project Title Characterizing Eye Movements During Reading and Reading
Comprehension in Chinese Persons with Aphasia
Project Source | Research project of Rehabilitation Technology Collaborative Innovation
Center
Research Unit Rehabilitation Hospital Affiliated to Fujian University of Traditional
Chinese Medicine
Principal Wang Xiaobin
Investigators
Review Type Recheck Review Method | Rapid Review
Review Date March 33, 2023 Review Location | Rehabilitation Hospital
Affiliated to Fujian
University of Traditional
Chinese Medicine
Committee Xin Wang, Liyu Xie, Jianping Xiao, Songqing Wei, Shangwang Yang,
Members Weihong Zhong, Sai'e Huang, Xiaowen Lian, Di Zhang
Approval Clinical Study Protocol Version No: 2.0 Date: March 33, 2023
Documents Informed Consent Version No: 2.0 Date: March 33, 2023
Subjects Recruitment Revelation Version No: 2.0 Date: March 33, 2023 |
Review Opinions

According to the National Health Commission "Measures for the Ethical Review of Life
Science and Medical Rescarch Involving Human", the National Traditional Chinese Medicine
Administration of Traditional Chinesc Medicine Clinical Research Ethical Review
management Code ", State Food and Drug Administration "Drug Clinical trial quality
management code” and "Medical device clinical trial quality management code”, World
Medical Association “Helsinki Official Words®, international According to the ethical
principles of the International Ethical Guidelines for Human Biomedical Research of the
Medical Science Organization Committee, the Ethics Committee agreed to carry out this study
according to the approved clinical study protocol, informed consent and recruitment materials,
Please conduct clinical studies in accordance with the principles of GCP and the protocols
approved by the Ethics Commitiee to protect the health and rights of the subjects. Applicants
are requested to complete clinical trial registration prior to study commencement. If the
principal investigator is changed during the study, any changes to the clinical study protocol,
informed consent, recruitment materials, etc., the applicant is requested to submit an
amendment vehicle review application. In case of serious adverse events, the applicant is
requested to submit the serious adverse event report in time. Please submit the progress repont
one month before the deadline in accordance with the annual/periodic follow-up review
frequency set by the Ethics Committee; The sponsor shall submit a summary repoat of the
rescarch progress of each center to the Ethics Committee of the Group leader: The applicant
shall submit a written report to the Ethics Committee in a timely manner in case of any
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situation which may significantly affect the conduct of the study or increase the risk q(
subjects. Subjects who did not meet the inclusion or exclusion criteria were enrolled in the
study; subjects who did nat withdraw from the study when the trial was discontinued; the
wrong treatment or dose was given; combinations of drugs prohibited by the pr_uo?ol were
given; Or may cause adverse effects on subjects’ rights/health, as well as the scientific nature
of the study and other circumstances contrary to the principles of GCP, the
sponsor/supervisor/researcher is requested to submit the violation plan report. If the applicant
suspends or prematurely terminates the clinical study, please submit the study
suspension/termination report in time. To complete a clinical study, the applicant is requested

1o submit a study completion report.

Annual/periodic | To submit a progress report one month before March 22, 2024
follow-up review
| frequency

Validity period 12 Months

Contact person Zufen Guan 0591-88529126

and contact

number

Signature of the

Chairman ,

Institutional IRB of Rehab: Hq Tilidted to Fujian University of
oosrlarny Neadd Traditional C )

Date March 22, 2021
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Appendix E. Tests of Normality

Table 11. Tests of Normality

Shapiro-Wilk

Group Statistic df Sig.
Regular word ~_Control .502 22 <.001
reading Aphasia 902 21 .039
Irregular word ~ Control 724 22 <.001
reading Aphasia 958 21 481
Pseudo word Control .659 22 <.001
reading Aphasia 953 21 385
Total duration  Control .861 22 .005
fixation Aphasia 952 21 371
Average Control 959 22 479
fixation Aphasia ,970 21 732
duration
Number Control .842 22 .002
fixations Aphasia 977 21 878
Time to first Control 851 22 .004
fixation Aphasia 913 21 .063
Duration of Control 953 22 355
first fixation Aphasia 941 21 233
Number of Control .889 22 .018
saccades Aphasia 953 21 .386
Average Control .949 22 297
saccade Aphasia 938 21 196
amplitude
Total saccade _Control 970 22 17
amplitude Aphasia .895 21 .029
Time to first Control 724 22 <.001
saccade Aphasia .595 21 <.001
First saccade Control 919 22 .071
amplitude Aphasia 942 21 242
Reading Control 523 22 <.001
comprehension  Aphasia .831 21 .002
Reading Control 221 22 <.001
comprehension ~ Aphasia .898 21 .032
of eye
movement
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