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Abstract
This thesis investigates the role of Visual Attention Span (VAS)—the number of
visual elements that can be processed simultaneously—in the development of
reading and spelling skills among Mandarin-speaking children and adults. The
research is grounded in the Multitrace Memory Model, which distinguishes between
global and analytical reading modes, and explores how VAS contributes to literacy
acquisition in a logographic language like Chinese. The existing research in VAS has
been focused on alphabetic languages including Arabic, Dutch, English, French,
German, Greek and Spanish, while few research has explored Chinese. The studies
in Chinese also failed to provide a comprehensive picture of the relationship between

VAS and Chinese literacy. Thus, this research is to fill in these research gaps.

In the first study oral and silent reading fluency were the outcome measures,
involving global and partial report tasks and visual 1-back task as VAS measures. In
Study 1a participants were 56 Mandarin-speaking children, and in Study 1b
participants were 58 Mandarin-speaking adults. Some literacy-related variables were
included with age, such as nonverbal ability, receptive vocabulary, phonological
awareness, rapid automatised naming, morphological awareness, verbal and visual
short-term memory and single character identification skills. Results of hierarchical
regression and structural equation modelings revealed that, after controlling for
literacy-related variables, VAS significantly predicted oral sentence reading fluency
in children and silent sentence reading fluency in children and adults. Examination of
the patterns of performance in the VAS assessments in terms of array positions, as
an index of visual attention allocation, revealed similar patterns to those in studies

carried out in alphabetic writing systems. The position pattern in the global report



task showed a left-right asymmetry; the position pattern in the partial report task
showed a ‘w-shape’; the patterns in visual 1-back accuracy and d prime showed a
reverse ‘V’ shape or an inverted ‘U’ shape; the position pattern in visual 1-back

correct reaction times showed a ‘v’ shape.

In Study 2 under both the quantitative and qualitative methods, 60-word spelling-to-
dictation task was the outcome measure, involving the same VAS tasks and literacy-
related assessments as Study 1. Participants were the same as Study 1. Results
revealed that VAS (especially global report performance) was a unique predictor of
spelling accuracy in both children and adults. Children’s spelling was more
influenced by word length (analytical strategy), while adults’ spelling was more
influenced by word frequency (global strategy). Compared with poor adult spellers,
better adult spellers relied more on global and whole-word processing route. Poor
adult spellers showed VAS deficits but not phonological deficits, suggesting a distinct
cognitive profile. Previous studies with poor and good adult spellers in alphabetic
writing systems revealed that they could be distinguished by letter report
performance. Analyses conducted with the data from Study 2b revealed a

comparable result.

Child and adult participants who were identified as having poor literacy ability (n=9,
six children and three adults) took part in Study 3, in which the effectiveness of three
types of training was assessed. One was whole-word practice (WWT) involving
global orthographic processing, a second was the retention of symbol arrays (V1BT)
involving pure visual global processing and attention, and a third was phonologically-

focused (NVT) involving pure phonological processing. The outcome variables were



reading and VAS performance, plus spelling-to-dictation. Case series analyses and
group analyses showed that WWT and V1BT programmes produced significantly
better post-test outcomes than NVT in improving reading fluency and VAS
performances. Following WWT generalisation of spelling improvement to untrained
words was found. All participants improved in at least one of the reading measures
at post-test. VAS-based interventions were thus effective across age groups and

reading profiles.

The results of the studies are discussed in terms of theories of reading, and their
potential implications for education are considered. In terms of theoretical
implications, these studies support the independence of VAS from phonological
processing, highlight the development of VAS and its increasing role in literacy with
age growth, and suggest VAS may function similarly to Orthographic Working
Memory (OWM) in spelling. In terms of educational and clinical implications, VAS
assessments can aid in identifying dyslexia and dysgraphia in Chinese speakers.
VAS-based interventions offer a promising route for remediation of literacy
difficulties. Finally, these findings are applicable across languages, especially those

with opaque orthographies.

As for conclusions, this thesis provides robust evidence that VAS is a critical
cognitive mechanism in reading and spelling development in Mandarin. It challenges
the traditional phonological deficit model of dyslexia and offers new directions for
assessment and intervention, particularly in non-alphabetic languages. The research
bridges cognitive theory and educational practice, emphasising the need for

language-specific literacy models and targeted support strategies.



Impact statement

The studies investigated the role of visual attention span (VAS) in reading and
spelling in Mandarin-speaking children and adults. The results have important
implications for theory and also for the identification of dyslexia and dysgraphia in
speakers of Chinese. Until recently research has focused largely on phonological
deficits as the main underlying reason for difficulties in acquiring reading and
spelling.

The writing system for Chinese is visually complex, with inconsistent associations
between syllables and corresponding written characters. It is considered an opaque
writing system, relative to the alphabetic writing systems where spelling-sound
associations are acquired during the course of learning to read and support skilled
reading. It has been argued that learning to read in Chinese depends largely on
visual processes. It was therefore hypothesised that the reading of Chinese-
speaking children and adults would be heavily influenced by VAS.

The results of two studies revealed that VAS, assessed with a range of measures,
was a significant predictor of reading and spelling of Mandarin-speaking children and
adults. This was the case, even when a range of important literacy-related variables,
such as phonological awareness, were controlled for in the analyses.

In a third study with nine poor readers, two interventions that focused on VAS
processes resulted in greater improvement of reading and VAS than a phonological
intervention. Analyses of the patterns across arrays in the VAS tasks, as a measure
of attention allocation were conducted. The results revealed the effectiveness of VAS
training to poor readers with VAS disorder and atypical eye movement patterns of

these were also found.



As the first study to provide Chinese case profiles involving VAS, the current
research can provide a reference point for further studies investigating dyslexia and
dysgraphia in Chinese speakers.

Secondly, participants included children and adults, with multiple tasks for
assessing VAS and reading fluency. Several literacy-related variables were also
assessed. Findings support the role of VAS in the literacy acquisition of typically
developing children and skilled readers. The findings indicate that VAS training may
be beneficial for promoting literacy development in children and for improving
reading and spelling ability in those with reading and spelling difficulties.

Thirdly, the findings of the research would appear to be applicable to all
languages. It has previously been shown that with age, children progress from
analytical to whole-word processing strategies for reading and spelling. Thus, whole-
word and visual processes will be increasingly pivotal with increase in literacy
experience. Although the current research focused on reading and spelling in
speakers of Mandarin, the findings from the intervention study should be applicable
to other languages, that is, the interventions reported should be effective in

improving reading and spelling difficulty.
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1.1 Introduction

Ziegler and Goswami (2005) stated that the development of reading depends on
phonological awareness (PA), but languages vary in the consistency with which
phonology is represented in orthography. This leads to developmental differences in
the lexical representations and accompanying differences in developmental reading
strategies and the manifestation of dyslexia across orthographies. That is to say, in
reading, readers speaking transparent languages (such as Spanish and Greek)
mainly use phonological strategy with the phonological deficit as the main reading
problem, while readers speaking opaque languages (such as French and English)
mainly rely on semantic strategy with the orthographic deficit as the main difficulty.
However, with the development of research, researchers found the increasing
importance of orthographic processing in literacy acquisition regardless of languages
in addition to phonological processing. Share (2025) emphasised a developmental
strategy shift from phonological processing to orthographic processing when reading
experience growing in alphabetic languages. Concerning the necessity of cultural
diversity, it is meaningful to explore processing of languages with different linguistic
characteristics from alphabetic languages, such as logographic languages.

As a representative of logographic language, Chinese is totally different from
these alphabetic languages (more details in Section 1.3.1.3). For example, there are
no letter arrangement in Chinese words and all Chinese words are composed of
radicals or strokes. Nearly all Chinese words cannot be processed through the
grapheme-phoneme correspondence. In this case, language processing in Chinese
is different from that of alphabetic languages. Correspondingly, the manifestation of
dyslexia may be also different, mainly showing orthographic deficits rather than

phonological deficits. Among these, visual attention span (VAS), the number of
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visually perceived elements that can be simultaneously processed in one glance,
has been recently raised by Bosse et al. (2007) is expected to be a role in
orthographic processing in Chinese.

VAS has been reported to associate with both reading and spelling in French
(Valdois et al., 2025) and Dutch (Van Den Boer et al., 2015) due to its unique and
significant contribution to orthographic acquisition, independent from the
phonological processing. Subsequently, dyslexic participants with VAS deficits but
intact PA were found, suggesting VAS deficit may be an independent dyslexia
subtype. Correspondingly, VAS-related interventions without the involvement of PA
were conducted to examine the benefits of VAS to dyslexics or dysgraphics with
VAS deficits in single cases or groups, in order to support the independence of VAS
deficit as a subtype dyslexia (more details in Chapter 4). However, there are not
many studies focusing on VAS in language processing and the corresponding
intervention effectiveness in China. Also, there are also other issues. For example,
different research groups in Chinese languages used various VAS measures and
variables based on different paradigms (more details in Chapter 2). Intervention
studies did not just focus on VAS processing but also involve other visual processing
to reinforce the training effects (more detailed in Chapter 4). There are no case
studies in Chinese participants with VAS deficits.

All of these may cause difficulty to build a clear and solid foundation for the
theoretical establishment and clinical application of VAS in Chinese. Thus, aiming to
solve these problems, this research as the first study endeavors to provide a clear,
detailed and comprehensive investigation of the role of VAS in Chinese, starting from
cross-sectional studies to explore the prediction of VAS to Chinese literacy, then to

the further intervention studies to examine the clinical intervention effects of VAS in
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Chinese children and adult participants with difficulty in VAS and poor reading or
spelling, with specific case profiles presented.

The next sections in this chapter review the theoretical background and research
evidence regarding the role of VAS in reading and spelling. Section 1.2 provides an
overview of the studies that motivated the VAS deficit hypothesis, and outlines the
Multitrace Memory model. Research indicating that VAS contributes to reading and
spelling in transparent and opaque languages is discussed in Section 1.3, which is
relevant to the research studies reported in Chapter 2 and 3. Finally, Section 1.4
briefly summarises the intervention studies about the training effects of different
types of VAS-based training programmes on reading improvement across various
languages, which is relevant to the intervention study reported in Chapter 4 of the
thesis.

1.2 The Multitrace Memory Model and the Visual Attention Span (VAS)
hypothesis

According to the Multitrace Memory Model of Ans et al. (1998) there are two
reading modes — one involving global processing and one involving analytical
processing. The two differ in terms of the size of the visual attentional window from
which printed word information is extracted. In global mode, the visual attentional
window is wide, and whole words can be processed. In analytical mode, the visual
attentional window is narrow, so only parts of a printed word are processed. For
expert readers, according to the model, familiar words are processed in global mode.
When the input is an unfamiliar word or pseudoword, processing is first initiated in
global mode, as usual, but when global processing fails, then the processing shifts to

the analytical mode.
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Bundesen (1990, 1998) and Bundesen et al. (2005) put forward a theory of visual
attention according to which the amount of information processed during a rapid
multi-element presentation depends on how well this element was processed when
briefly presented in isolation and the quality of the visual attention distributed on the
array. Pelli et al. (2006) indicated that very beginning readers performed as well as
skilled readers in the single letter identification task, but showed low performance on
tasks of multi-letter rapid processing. According to Bundesen'’s theory, the poor
performance of beginning readers in multi-letter processing would reflect a lower
capacity than skilled readers to distribute visual attention over the whole letter array,
i.e., a smaller VAS, according to Bosse et al. (2007). However, Ziegler et al. (2010)
doubted that VAS may involve visual-verbal coding, and the VAS deficit may follow
from a deficit in visual to phonological code mapping rather than a visual processing
deficit. This was because Ziegler et al. found that their recruited participants (28
French-speaking children aged 8 to 12 years) only showed significant deficits in
letter and digit strings, not symbol strings. Two neuroimaging studies using fMRI by
Blau et al. (2009) and Blau et al. (2010) also supported the processing of letters and
speech sounds may be a proximate cause of dyslexia, for an interrelated network of
visual, auditory and brain areas (such as superior temporal sulcus) was found to
contribute to the skilled use of letter—speech sound associations necessary for
reading. However, Lobier et al. (2011) found that VAS could predict the nonverbal
visual processing of typically developing (TD) children (aged 8 to 10 years, French
speakers), thus supporting that the VAS impairment was due to visual processing,
not verbal processing.

Prior to the Multitrace Memory Model, the Dual-Route (Cascaded) Model and the

Parallel Distributed Processing Connectionist Model were also put forward for
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reading. Coltheart et al. (1993) and Coltheart et al. (2001) raised the Dual-Route
(Cascaded) Model to support skilled reading aloud via two routes. One was the
lexical route involving reading by accessing a lexicon or memory store of previously
seen written words, and the other one was the non-lexical route involving converting
written graphemes into spoken phonemes. Phonological information from both the
lexical and nonlexical pathways finally converged toward a common component of
the model, the phoneme system, which comprises a set of units representing all
possible phonemes and their position. The Dual-Route (Cascaded) theory has given
rise to many analyses (including analysis of the association of child- and stimuli-
related variables, as well as qualitative error analyses) that should be informative for
increasing or knowledge of Chinese reading/spelling. Indeed, some of these have
already been included in studies of Chinese literacy development, which will be
stated in Chapter 3.

On the other hand, Seidenberg and McClelland (1989) raised the Parallel
Distributed Processing Connectionist Model composed of three layers of units, an
orthographic, a phonological, and a semantic layer, and three sets of hidden units
mediating between them. The model postulated a phonological pathway by which
the appropriate phonological pattern was computed from the orthographic pattern
activated by the input and a semantic pathway allowing a word to be pronounced by
means of a computation from orthography to meaning and then from meaning to
phonology.

Ans et al. (1998) indicated the two differences between the Dual-Route
(Cascaded) Model and the Parallel Distributed Processing Connectionist Model.
First, the central regulation of the Dual-Route (Cascaded) Model is that pseudoword

reading requires a system of conversion rules but the key feature of the Parallel
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Distributed Processing Connectionist Model is that all types of letter strings, including
pseudowords, can be read solely based on word knowledge without a separate rule
system. A second difference lay in reading procedures. The Parallel Distributed
Processing Connectionist Model postulates that the ability to accurately pronounce
all kinds of letter strings is supported by a single uniform procedure, whereas the
Dual-Route (Cascaded) Model indicated that two separate (lexical and nonlexical)
procedures are required.

Compared with the two models, the Multitrace Memory Model shows some
similarity and differences. The model does not retain the assumption of the Dual-
Route (Cascaded) Model that knowledge about spelling-sound correspondences is
represented in terms of orthography-to-phonology conversion rules and that the
pronunciation of pseudowords is generated by the application of these rules. Rather,
more in accord with the Parallel Distributed Processing Connectionist Model, it
assumes that mapping from orthography to phonology only emerges from the
integrated activation of previously experienced whole words and word syllabic
segments. Moreover, in contrast to the Parallel Distributed Processing Connectionist
Model, the Multitrace Memory Model does not postulate that a single uniform
procedure is used for generating the pronunciation of both irregular words and
pseudowords. Rather, it is assumed here that two types of procedures, a global and
an analytic one, are required for processing all kinds of letter strings. Furthermore,
although the Multitrace Memory Model also includes two processing modes (global
and analytical modes), it does not involve dual routes like the Dual-Route model. The
global and analytic reading procedures involve essentially similar computational
principles. Second, the two procedures do not work in parallel: Global processing

always proceeds first, the analytic procedure being applied only secondarily when
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global processing has failed. Third, the global and analytic procedures do not only
work for a particular kind of letter string (irregular words or pseudowords). Overall,
the two processing modes differ only in the kind of visual attentional processing they
involve. The Multitrace Memory model emphasised attention distribution, but the
Dual-Route Model was not. Finally, in contrast to the two models, Ans et al. (1998)
indicated that this Multitrace Memory Model assumes the existence of a phonological
pathway fully competent for reading all kinds of letter strings, thus minimising the role
of semantics in normal single word reading and consequently in the explanation of
surface and phonological dyslexia.

There are some advantages of the Multitrace Memory Model over Dual-Route and
Parallel Distributed Processing Connectionist Models.

Firstly, in terms of visual attention focus, the Multitrace Memory Model explicitly
incorporates a visual attentional mechanism, which is critical for explaining word
length effects in lexical decision tasks, reported by Phénix et al. (2025). In contrast,
the Dual-Route focuses primarily on phonological and lexical routes without
addressing visual attention, while the Parallel Distributed Processing Connectionist
Model’s attention mechanisms are less explicitly defined.

Secondly, the Multitrace Memory Model emphasises orthographic processing as
the source of length effects, aligning with behavioral and neuropsychological
evidence (e.g., length effects in dyslexics with visual attention deficits, as shown by
Ginestet et al., 2019). The Dual-Route Model, by contrast, ties length effects to
phonological seriality, which cannot explain length effects in orthographic

processing.
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The Parallel Distributed Processing Connectionist Model, while parallel, struggles
to account for length effects unless augmented with serial orthographic mechanisms,
which are not intrinsic to its architecture.

Thirdly, the Multitrace Memory Model successfully explains atypical reading
patterns (e.g., dyslexia, letter-by-letter reading) by positing a reduced visual
attentional window. The Dual-Route and Parallel Distributed Processing
Connectionist Models lack this flexibility, as they focus on phonological or
orthographic-phonological interactions rather than visual attention constraints.

The Multitrace Memory Model predicts that a reduction of the visual attentional
window will interfere with reading and potentially disturb the processing of any kind
of printed letter string. Bosse et al. (2007) claimed that when the visual attentional
window is narrow, this restricts the number of written elements that can be
simultaneously processed during reading. So, readers who do not have typical visual
multi-element simultaneous processing skills were regarded as suffering from
restricted VAS (e.g., Awadh et al., 2016; Bosse et al., 2007; Lobier, Zoubrinetzky &
Valdois, 2012). Thus, Bosse et al. (2007), Valdois et al. (2003) and Valdois et al.
(2008) suggested a VAS deficit was one of the possible causes of reading difficulty
in addition to difficulty in phonological processing.

My research highlights the role of visual attention in word recognition (e.g., the
influence of attention distribution on letter identification or word length effects), so the
Multitrace Memory Model is used as the theoretical framework to explain findings
due to its explicit attentional component. The Dual-Route and Parallel Distributed
Processing Connectionist Models lack this focus. At the same time, my research also
involves analyses of position accuracy across various VAS tasks. Only the Multitrace

Memory Model could he helpful to explain results for position accuracy analyses.
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Finally, the Multitrace Memory Model emphasises dynamic interactions between
layers (e.g., lexical feedback modulating letter perception), which aligns with findings
showing top-down influences in word recognition, which are less explicitly modeled
in the Dual-Route or Parallel Distributed Processing Connectionist frameworks.

There have been eight behavioural studies that involved investigating VAS
deficits. These have used the two main VAS assessments, global and partial report
and visual 1-back, in dyslexic children, teenagers and adults in case and group
studies across languages (Chinese: Chen et al., 2019; Cheng et al., 2021; French:
Bosse et al., 2007; Prado et al., 2007; Valdois et al., 2003; Valdois et al., 2011;
German: Banfi et al., 2018; Hebrew: Yeari et al., 2017). In addition to these, there is
fMRI evidence examining the role of VAS in reading in TD children, dyslexic children
and adult readers (Lobier et al., 2014; Peyrin et al., 2008; Peyrin et al., 2011, 2012;
Reilhac et al., 2013; Valdois et al., 2014; Zhao et al., 2022). The independence of
VAS and phonological processing has also been investigated (Liu et al., 2022;
Peyrin et al., 2012; Valdois et al., 2014; Valdois et al., 2019). These studies are
outlined next.

Initial evidence for the VAS deficit hypothesis came from the studies of Valdois et
al. (2003) and Bosse et al. (2007). Valdois et al. (2003) reported two French
teenagers. One was Nicolas, who had surface dyslexia and dysgraphia but
unimpaired phonological awareness and a VAS deficit (assessed as reported below),
the other one was, Laurent, who had dyslexia and dysgraphia, poor phonological
awareness but no VAS deficit. The contrasting cases supported the independence of
phonological processing and VAS.

Valdois et al. (2003) employed global letter report and partial letter report tasks to

assess VAS. In the global task, a set of consonant letters was used to produce five-
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letter arrays. On each trial, participants were presented with an array for 200
milliseconds (ms) and, at the offset, were asked to report as many letters as
possible, irrespective of the order in the array. In the partial report task, five-letter
strings were created with the same consonant letters as in the global report task. A
cue was presented after the presentation of the array so that the report of only one
letter was required. The scores were the number of letters accurately reported in the
global report and partial report tasks. At the same time, a single letter identification
task as a control task was also employed, to identify that any VAS deficit was due to
difficulty in processing the multiple items at one glance, rather than being due to a
letter processing problem. In the control task, the consonants from the letter report
tasks were displayed once at each presentation duration of 33, 50, 67, 84, and 101
ms. A mask was presented at offset for 150 ms. Participants were asked to

report each letter. The minimal presentation length of each participant that resulted
in at least 80% accurate identification was then used as the identification threshold.
The score was the weighted sum of letters accurately identified at each presentation
time.

Results showed that Nicolas performed poorly in both global and partial report
tasks. For global report he failed to report a complete five-letter string in the 20 trials
administered. Scores were reported for chronological age (CA) control children: m =
13.7/20, sd = 3.3, range: 5-19. Valdois et al. examined accuracy across positions in
the letter array and found that Nicolas performed comparably to the CA group in
reporting letters in the first and third positions of the five-letter string. However, his
accuracy was lower in the second position, and extremely low in the fourth and fifth
positions. His performance was even worse than that of Grade 2 or 3 primary school

children in the two positions. In addition, most of Nicolas’s responses (18/20)
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consisted of only three letters, without any attempt to report the last two letters. As
for the partial report task, Nicolas’s performance was comparable to that of the CA
group in the first and third positions, but he had very poor performance for letters in
Positions two, four and five. Valdois et al. (2003) hypothesised that the findings
indicated a reduction of the visual attentional window through which information from
the orthographic input is extracted, and this had resulted in an inability to create word
traces and a pattern of surface dyslexia and dysgraphia, namely the VAS deficit
hypothesis.

However, this study could not inform as to how common a VAS deficit might be
among developmental dyslexics, so Bosse et al. (2007) conducted a group study
with French and British dyslexic children and TD readers to show that a VAS deficit,
independently from a phonological deficit, is not rare in the dyslexic population.

Bosse et al. used the global report (letters and 5-letter strings) and partial report
tasks with French and British dyslexic children aged 10 years in two experiments. In
Experiment 1, 68 French-speaking dyslexic children aged 11 and 55 TD and CA
control children were assessed in terms of VAS and reading performance;
Experiment 2 replicated the procedures of Experiment 1, with 19 ten-year-old
English-speaking dyslexic children and 23 CA control children. The results from both
experiments showed significant differences between dyslexic children and TD
readers in terms of global report with strings (French dyslexics: m=5.15, CA m=11.9;
British dyslexics: m=4.3, CA m=9.9) and letters (French dyslexics: m=73.10, CA
m=88.8; British dyslexics: m=72.9, CA m=87.0) and partial report performance
(French dyslexics: m=38.72, sd=7.2; CA mean=43.5, SD=3.9; British dyslexics:
m=41.6, sd=7.1; CA m=45.1, sd=3.7). This meant that the French and British

dyslexic children were impaired in both the global and partial report tasks.
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Bosse et al. (2007) pointed out that the VAS deficit did not result from abnormal
decay in iconic memory because the dyslexic participants performed at a similar
level on both the global report tasks (was assumed to involve the iconic memory)
and partial report tasks (without the reliance of iconic memory), and performance of
the two tasks strongly correlated. This finding was contradictory to the previous
opinion raised by Averbach and Corriell (1961) and Shih and Sperling (2002) that the
global report task should only be affected by the decay of information in iconic
memory.

In the same year, Prado et al. (2007) conducted an eye-movement study to
explore the eye movements and reading of 14 French-speaking dyslexic children
with a restricted VAS and 14 TD readers aged 11 years under the global and partial
report tasks. They found that the dyslexic children made many rightward fixations in
reading. Compared with dyslexics with VAS disorder, TD readers processed more
letters in reading. Correlational analyses also showed that VAS was related to the
number of rightward fixations and leftward fixations in reading. Prado et al. thus
assumed that the atypical eye movements reflect the VAS disorder.

Since then, researchers in dyslexia have started to shift more attention from PA
deficits to VAS deficits.

Valdois et al. (2011) further reported a French-speaking boy aged 9 years, Martial,
with mixed dyslexia and surface dysgraphia. Martial had good phonological skills
(phoneme awareness and verbal short-term memory) and single letter visual
processing ability. In the global report task, Martial could only report a few letters,
with better performance in the initial position (left-sided bias). He also performed
better when were asked to report a single cued letter within the string in the partial

report task and showed a right-sided bias. Martial completed the global report task
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again but with a new instruction that required him to first report letters that he more
easily perceived. The rightward attentional bias was now observed in the global
report task. Otherwise, Martial showed preserved single-letter identification skills. His
poor multi-letter processing thus seemed to reflect a parallel visual processing
disorder that was compatible with either a VAS or a visual short-term memory
disorder.

In a study examining VAS in 24 dyslexic and 26 non-dyslexic adults speaking
Hebrew, Yeari et al. (2017) reported significant differences in VAS assessed in the
global report task between the two groups. However, they found pure dyslexics did
not show a VAS deficit because no significant differences in scores for visual multi-
element cognition tasks were found between dyslexic and control groups. Yeari et al.
attributed it to the specific participant sample and the exclusion of attention disorder
for participants in their study. They mentioned various causes underlie
developmental dyslexia, and different individuals with dyslexia have different types of
deficits, so the results of Yeari et al. did not mean no types of dyslexia were caused
by VAS deficits. At the same time, individuals with attention disorders were not
considered in previous studies, but Year et al. considered them. So discrepancy
occurred.

In more recent investigations, VAS deficits were also reported in Chinese
dyslexics. Chen et al. (2019) used the same global report task as Bosse et al.
(2007), but with Chinese characters, pronounceable radicals and digits, not
alphabetic letters, as materials. They recruited three groups of 10-year-old
Cantonese-speaking children, namely dyslexic children, CA control children, and
reading level-matched children, with 25 children in each group. More than half of the

dyslexic children showed VAS deficits compared with the other two groups: 68% of
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the dyslexic children revealed VAS deficits in at least one type of material when
compared with CA control children; 52% showed VAS deficits when compared with
reading level-matched children.

In addition to letter report tasks, the visual 1-back task is the other commonly used
VAS paradigm. Unlike the letter report tasks requiring verbal report, the visual 1-back
task is a nonverbal technique, which means the influence of verbal output processing
is eliminated. More importantly, to rule out a potential visual-verbal coding
explanation of letter report performance reported by Ziegler et al. (2010), some
researchers employed unfamiliar symbols as materials (e.g., Zhao et al., 2018). It
was employed by Lallier et al. (2016) to compare processing in opaque and
transparent writing systems in a study with French (opaque)-Basque (transparent)
bilingual children and Spanish (transparent)-Basque (transparent) children aged 7 to
11 years. The visual 1-back task requires participants to judge whether a single
target was present in a previously displayed five-item string with 200 ms
presentation. Responses involve pressing the corresponding computer key. The
scores are the number of correct judgements. Lallier et al. (2016) indicated the
Spanish-speaking groups showed better Basque pseudoword reading and better
phonemic awareness abilities than their French-speaking children, but only in the
most difficult conditions of the tasks. However, on the visual 1-back task, the French-
Basque bilinguals showed the most efficient visual processing strategies to perform
the task. Lallier et al. thus concluded that cross-linguistic interactions influenced the
size of both phonological and visual grains adopted in reading. In addition, the
results of Lallier et al. indirectly supported that the transparency of languages may

affect the VAS performance.
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Under the visual -1 back task or the similar task, the studies to investigation
dyslexics with VAS deficit were conducted. To explore possible VAS deficits in
German-speaking children Banfi et al. (2018) recruited 43 TD children, 26 dyslexic
children and 32 children who had an isolated spelling deficit. The authors used a
forced-choice task with letters and symbols to test VAS, with a similar procedure to
the visual 1-back task, but requiring children to make a verbal response. Banfi et al
controlled the eye movements to ensure all children followed the instruction to look
at the centred fixation of the screen at the start of each trial. They also demonstrated
the patterns in d prime of visual 1-back and revealed a reverse ‘v’ shape for
unfamiliar symbols and ‘w’ shape for letters of all children, which was because
Grainger et al. (2010) found visual crowding (such as critical spacing) influenced
letters much more than symbols. After eye movements collected by an eye-tracking
tool (EyeLink 1000) were controlled for, they found there was no main effect of group
and no group-related interactions. This indicated that the children with dyslexia and
those with isolated spelling deficits did not have a VAS deficit. However, the dyslexic
children in the Banfi et al’s study performed worse than the TD readers in the
phonological awareness task, thus it could be expected that they would not show a
VAS deficit.

Cheng et al. (2021) reported VAS deficits and phonological deficits separately in a
group of Chinese dyslexic children aged 8 to 11 years (n=45). VAS deficits were only
apparent in visual 1-back tasks with characters and digits, and not visual 1-back
tasks using symbols and colour dots. This may suggest that VAS deficits were not
independent of phonological deficits. However, it should be noted that Cheng et al.
did not assess other processes such as visual short-term memory or single character

identification that may be related to VAS (Bosse et al., 2007). If dyslexics have
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difficulties in visual short-term memory or single character processing, their reading
difficulties may be caused by these difficulties. Thus, more rigorous assessment is
needed.

Other less commonly used paradigms have been used for VAS measurement. A
multi-element processing task similar to the partial report task was designed by
Hawelka and Wimmer (2005) with German-speaking dyslexic teenagers aged 15
years. Participants were asked to report cued digits in four- and six-digit arrays. The
findings revealed independence of VAS and phonological processing deficits. In
addition, a nonverbal partial report task without the requirement of verbal report was
used by Holmes and Dawson (2014) and Collis et al. (2013) to explore VAS in
English-speaking adults with and without dyslexia. In this nonverbal partial report
task, participants were asked to remember the initial sequence (five-item strings) and
then decide whether the subsequent single letter appeared in the original serial
position or elsewhere in the sequence by pressing computer keys. Holmes and
Dawson (2014) reported that scores in the partial report task significantly predicted
the errors in letter position in words in a lexical decision task in skilled adult readers.
Collis et al. (2013) suggested dyslexic adults in their study had a VAS deficit due to
difficulty in letter position coding rather than a problem of visual-spatial attention.
This was because many errors were found in Positions two and four in the VAS task.
At the same time, there was a significant correlation between the position errors and
letter transposition errors in reading (e.g., reading ‘salt’ as ‘slat’). In addition, the
response pattern of the ‘W-shape’ in the partial report task was also revealed.

In addition to behavioural evidence, findings in neuroscience also supported the
VAS deficit hypothesis. Studies have shown involvement of the bilateral superior

parietal lobule (SPL) during the simultaneous processing of multiple visual elements
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in French speakers (Lobier et al., 2014; Lobier, Peyrin et al., 2012; Peyrin et al.,
2008; Peyrin et al., 2011, 2012; Reilhac et al., 2013). Parietal activations were
consistently found under various VAS tasks, such as the categorisation tasks (Lobier
et al., 2014; Peyrin et al., 2011, 2012), verbal report (Peyrin et al., 2008) or string
comparison (Reilhac et al., 2013). Moreover, parietal involvement in skilled readers
was found to be independent of stimuli in strings (i.e., symbols or alphanumeric
characters; Lobier, Peyrin et al., 2012). Findings from fMRI studies of dyslexic
readers with VAS deficits revealed reduced SPL activation, with both alphanumeric
characters and symbols (Lobier et al., 2014; Peyrin et al., 2008, 2011; Reilhac et al.,
2013; Valdois et al., 2014). The findings also suggested that VAS deficit had a
relationship with atypical activation of brain regions that related to the dorsal
attentional network (Valdois et al., 2022). This interpretation was supported by the
study of Zhao et al. (2022) using the visual 1-back task with Chinese-speaking adults
aged 22 years. The researchers found that the dorsal attention network (top-down
attentional processing) and ventral attention network (bottom-up attentional
processing) were significantly activated in the visual 1-back task.

Evidence for the independence of VAS and phonological processing was reported
in the fMRI study of Peyrin et al. (2012) investigating two French-speaking dyslexic
adults aged 28 years, LL with a phonological disorder but unimpaired VAS, and FG
with a VAS deficit but preserved phonological skills. FG showed reduced activity of
the SPLs in multi-element processing but normal perisylvian functioning during
phonological processing, while LL showed the reverse pattern, namely perisylvian
under-activation but preserved SPL functioning.

Case studies with a VAS-impaired dyslexic child, MP aged 9 years (Valdois et al.,

2014) and a brain-damaged adult, IG aged 44 years, with bilateral damage of the
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SPLs (Valdois et al., 2019) provided further neuroscientific evidence to support the
independence of VAS and phonological skills. Valdois et al. (2014) reported that MP
exhibited a severe VAS deficit but preserved phonological skills, and this was
associated with under-activation of the SPLs at initial testing. After a VAS-focused
training programme, MP’s letter report performance improved, and bilateral
activation of SPLs (BA 7) was found to increase. In the study of Valdois et al. (2019),
the adult patient, 1G, also revealed a severe VAS deficit in letter report tasks
following bilateral damage of the SPLs, but preserved oral language and verbal
short-term memory skills.

In an investigation of French-speaking children with and without dyslexia, Liu et al.
(2022) obtained results that also indicated independent neural bases corresponding
to VAS and phonological processing. This was because, among the three brain hubs
they focused on under the MRI technique, one hub, left superior occipital gyrus,
could account for VAS deficits but not phonological deficits in dyslexia, but the other
two hubs, left middle temporal gyrus and medial orbital superior frontal gyrus, were
only associated with phonological processing, not VAS.

Results from these studies supported a specific link between VAS performance
and the dorsal attentional network, with SPL being reported by Chica et al. (2013) to
be a part of the dorsal attentional network. The specific link existed regardless of
which VAS task was used (global and partial report or visual 1-back). Thus, a VAS
deficit in dyslexic individuals might reflect abnormal functioning of a brain network
dedicated to the simultaneous processing of multielement visual arrays and involved
in word-specific orthographic knowledge acquisition.

In summary, behavioural and neuroimaging studies have supported the important

influence of VAS in literacy skills, and that VAS deficits can exist independently from
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phonological deficits (e.g., Bosse et al., 2003; Valdois et al., 2003; Valdois et al.,
2011; Valdois et al., 2014; Valdois et al., 2019). VAS deficits have been
demonstrated in dyslexics across languages, at least for dyslexic children under both
VAS paradigms (letter report and visual 1-back tasks), with verbal materials used so
far. Dyslexics with a VAS deficit may have atypical patterns in eye movement (Prado
et al., 2007; Valdois et al., 2003; Valdois et al., 2011). In addition, two systematic
reviews (Liu et al., 2023; Tang et al., 2023) on VAS and dyslexia reached the
consensus that the paradigms, materials and responses used in VAS tasks and
writing systems (i.e., opaque or transparent, alphabetic or logographic) can modulate
the VAS deficit. VAS deficits were found to be more severe with report tasks with
verbal stimuli than n-back tasks with verbal and nonverbal stimuli. Finally,
neuroscientific research has indicated a close connection between VAS skills and
activation of SPL and a dorsal attentional network (Lobier et al., 2014; Lobier, Peyrin
et al., 2012; Peyrin et al., 2008; Peyrin et al., 2011, 2012; Reilhac et al., 2013; Zhao
et al., 2022).

The above studies all suggested a key role for VAS in literacy skills. In the next
section, studies that explore the role of VAS in literacy skills across languages are

discussed.

1.3 The Influence of VAS on reading and spelling across languages

VAS has been found to play an important role in literacy development across
languages, including Arabic, Chinese, Dutch, English, French, Greek and Spanish,
with more studies conducted on reading than spelling. In this section | first cover the
studies exploring the relationship between VAS and reading, and then between VAS

and spelling.
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1.3.1 Reading

There have been eight cross-sectional studies that report a relationship of VAS
and reading across opaque alphabetic languages (Arabic: Awadh et al., 2022;
English: Chen et al., 2016; French: Awadh et al., 2016; Bosse et al., 2007; Bosse &
Valdois, 2009; Lallier et al., 2014; Lobier et al., 2013) and transparent alphabetic
languages (Dutch: Van Den Boer et al., 2015).

In addition, there have been eight studies that have investigated the influence of
VAS in Chinese, a logographic writing system, where participants were Mandarin
speakers using simplified Chinese characters (Huang et al., 2019; Huang et al.,
2021; Zhao et al., 2017; Zhao et al., 2018a, 2018b) or Cantonese-speaking using
traditional Chinese characters (Chan & Yeung, 2020; Chen et al., 2019; Cheng et al.,
2021). These studies are outlined below following coverage of the studies conducted
with alphabetic writing systems.

1.3.1.1 Studies with opaque alphabetic writing systems. As discussed in
Section 1.2, the earliest group study investigating the role of VAS in reading in an
opaque orthography in children was that of Bosse et al. (2007). The authors
investigated the relationship between VAS measured by global and partial report
tasks and oral reading performance of French-speaking and English-speaking
dyslexic children and TD readers. They found that in addition to phoneme
awareness, VAS uniquely explained the variance in reading fluency in regular words,
irregular words and pseudo-words after controlling for nonverbal ability, vocabulary
and single letter identification skills that were likely to contribute to reading
performance.

Bosse and Valdois (2009) then investigated whether VAS and phonological

processing were predictors of oral reading accuracy and reading fluency for regular
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words, irregular words, and pseudo-words in 417 French children in Grades 1, 3 and
5. VAS was assessed by the global and partial letters report tasks, and phonological
skills were measured by the phoneme awareness tasks including phoneme
segmentation, phoneme deletion and spoonerisms. Results from hierarchical
regression revealed that VAS and phonological skills were independent predictors.
Importantly, results showed that phonological skills were not a significant predictor of
reading fluency in Grade 5 children, but VAS was a significant predictor of reading
accuracy and fluency at all levels of all children across grades, supporting the long-
term influence of VAS on orthographic knowledge acquisition in French.

Similarly, Lallier et al. (2014) found that VAS measured by global and partial
report tasks was significantly associated with oral reading accuracy and fluency with
text, regular words, irregular words and pseudo-words in French-Spanish bilingual
TD and dyslexic children aged 10 years. Lobier et al. (2013) explored the role of
visual processing speed and reading of French children aged 8 and 9 years. Lobier
et al. showed that visual processing speed and visual short-term memory predicted
VAS, and VAS predicted reading. In addition, visual processing speed predicted
reading fluency, but visual short-term memory did not. VAS assessed by the global
report task was thus found to be a significant mediator between visual processing
speed and oral text reading fluency. Similar results were also found in English.

Exploring 17-year-old English-speaking high school dyslexic students’ reading
comprehension at easy and difficult levels, Chen et al. (2016) reported that VAS
assessed by a global report task was correlated with reading comprehension in long
sentences with complex words. Chen et al. found that VAS indirectly explained
reading comprehension through pseudo-word reading and word reading skills, which

supported the hypothesis that VAS can explain at least part of the dyslexic profile.
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In the case of letters, some written languages use visually more complex letters
than others; this is particularly true for the Arabic language (Eviatar & Ibrahim, 2014;
Verhoeven & Perfetti, 2022). If letter visual complexity impacts letter string
processing, then strings of Roman letters should be easier to identify than strings of
Arabic letters. This is indeed the case; Arabic skilled readers have lower
performance in Arabic-letter-string processing than French or Spanish skilled
readers in Roman-letter-string processing, leading to lower VAS in Arabic (Awadh et
al., 2016). Assuming that VAS performance is modulated by the visual complexity of
characters, any attention-based interpretation of differential performance depending
on character type, would require strict matching of alphanumeric and symbol strings
in visual complexity, which was not systematically done in previous studies (Banfi et
al., 2018; Cheng et al., 2021; Collis et al., 2013).

Recruiting adult speakers of Arabic, French and Spanish, Awadh et al. (2016)
explored the relationship between VAS and oral reading fluency with text across the
languages. The authors found that compared with French and Spanish readers,
Arabic readers’ scores in global and partial report tasks were slightly lower,
suggesting a more limited VAS of Arabic readers. The VAS position pattern for the
global report task showed a left-right asymmetry in all three languages, with a
leftward letter advantage in French and Spanish, which was in line with ones from
Van Den Boer et al. (2015), but a rightward advantage in Arabic, due to right-to-left
reading in Arabic. By contrast, the pattern in the partial report task was symmetric
regardless of the language. Awadh et al. (2016) attributed this to the modulation of
the retro-cue to attention in working memory. In the partial report task, attention
orienting was manipulated by providing a spatial retro cue at the offset of the five-

letter string. When the physical stimulus was absent, the target letter indicated by the
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retro-cue had to be retrieved from memory. The presentation of the retro-cue in
partial report may have shifted selective attention on the target letter representation
in memory, thus resulting in similar performance whatever the position of the target
within the string. Since attention modulation by retro-cues was task-determined, all
target letters with the same probability were accurately reported in whatever
language.

Lastly, a significant relationship was found between VAS scores and oral text
reading fluency for French, but not for Spanish and Arabic. The non-significant
association for VAS and reading in Spanish may be due to the high degree of
transparency of Spanish. Awadh et al. (2016) suggested that a lack of whole-word
reading strategy and the necessity for additional time to process internal morphemes
may be the main reasons why VAS was not related to Arabic reading fluency. Word
identification in Arabic mainly relies on the processing of root morphemes
(comprised of three or four letters) in a word rather than a whole word to convey the
core meaning of words (e.g., Boudelaa, 2014). Perea et al. (2010) also supported
Arabic readers may not predominantly rely on whole-word processing during
reading, but focus on the few letters that carry information on root identity and
meaning.

Using the visual 1-back task, Lalier et al. (2018) explored the relationship between
VAS (d prime as the indicator) and Arabic text reading of 59 Arabic-speaking
children aged 10 years. These children were classified into two groups, namely a
group being more proficient in fully vowelised Arabic (VOW) and the other group
being more proficient in nonvowelised Arabic (NOVOW). Lallier et al. found that
crowding in the VAS task correlated with the reading performance in the NOVOW

group only. The authors interpreted this to indicate that VAS is more closely related
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with reading in readers who rely more on the lexical route (in this case the NOVOW
readers). Also, positions of the d prime of the NOVOW group revealed the ‘W’ shape,
that is to say, the accuracy of Position 2 and 4 was lower than other positions.

In a later investigation of VAS in 114 Arabic Grade 4 and 5 children, Awadh et al.
(2022) found that composite global and partial report scores were a better predictor
than phonological awareness of reading fluency for words, pseudo-words and text,
as well as text comprehension. Lallier et al. (2018) explained that the discrepancy
between the two adult and child studies might be because the VAS-reading
relationship varies depending on the Arabic script, which is vowelised for children in
early school grades and unvowelised for adults. Meanwhile, the small sample size of
Arabic adults (n=42) in Awadh et al. (2016) could be a possible reason for the

inconsistency in results.



36

1.3.1.2 Studies with transparent alphabetic languages. VAS has been reported
to play a role in oral reading in Dutch-speaking children (Van Den Boer et al., 2015).
Van Den Boer et al. (2015) studied Dutch TD children aged 8 to 11 years (117
children in Grade 2, 255 in Grade 4, and 111 in Grade 5). They used the same
global report task as Bosse et al. (2007) and Valdois et al. (2003) to assess VAS,
with the exception that scores were based on the number of letters correctly
pronounced in the correct order. Literacy-related variables were also tested,
including nonverbal ability, vocabulary, verbal short-term memory, PA and rapid
automatised naming (RAN). Using hierarchical regression analysis and entering
nonverbal ability, vocabulary, verbal short-term memory in the first step, PA and
RAN in the second step as well as VAS in the third step, they found VAS to be a
unique predictor of word reading fluency in Grades 2, 4 and 5 after controlling for
nonverbal ability, verbal short-term memory, PA and RAN. The VAS position pattern
for the global report task was also investigated, demonstrating a left-right asymmetry
and a leftward letter advantage in Dutch. The interaction between grade and reading
level was not significant, but they found the performance of poor readers was worse

than the performance of average readers.
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1.3.1.3 Studies with Chinese readers. Unlike alphabetic writing systems, written
Chinese with opaque orthography does not rely on correspondences between
graphemes and phonemes but emphasises orthographic processing. Chinese words
are comprised of characters, and there are single-character words and multi-
character words. Chung and Leung (2008) mentioned Chinese characters involve
stroke order, radicals and configuration. Strokes are the basis of radicals in Chinese
characters, and the number of strokes in a Chinese character is a measure of its
visual complexity. The radicals are configured in a left-to-right structure or a top-to-

bottom structure to produce a character. For example, the simplified character H
(light) is configured by the radicals H (sun) and 5 (moon) in a left-to-right structure;
the character & (not) is formed in a top-to-bottom pattern by two components, A~
(no) and M (mouth). Radicals are categorized into two types: semantic radicals,
which provide indication about the character's meaning (e.g., the character 5
(mother) has the semantic radical % (female)); and phonetic radicals, which provide
clues about the pronunciation of the character (e.g., the phonetic radical %
(elephant)/xiang4/ in the character 1% (look like)/xiang4/ has the same pronunciation

as the character that it forms (Chung & Leung, 2008). However, some compound

characters sound completely different from their phonetic radicals (e.g., ¥
(coal)/mei2/ has the phonetic radical %/mou3/). There are also many compound
characters that have semi-irregular sound mappings (e.g., 4t (rumor)/fei3/ has the
phonetic radical JE/fei1/). Such non-correspondence between graphemes and

phonemes increases the difficulty of rapidly processing Chinese characters.

Moreover, the majority (74%) are two- or multi-character words (ILTR, 1986), and
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Chinese possess a great number of homophones and homographs. These factors all
increase the difficulty associated with reading and spelling in Chinese. It has been
argued that Chinese readers need to allocate visual attention to identify whole
characters and subtle stroke differences, and so authors have suggested that VAS
may be a critical underlying process for effective Chinese literacy development (e.g.,
Chen et al., 2019; Cheng et al., 2021; Huang et al., 2019).

In addition, Hong Kong district and Mainland China use different Chinese oral
forms (Cantonese in Hong Kong, Mandarin in Mainland China) and written forms
(traditional characters in Hong Kong, simplified ones in Mainland China) as scripts
(e.g., Wang et al., 2014). In Mainland China, character teaching is accompanied by
the Pinyin alphabetic system to help children learn character pronunciation in the
early grades of primary school (e.g., Tong et al., 2009).

Zhao et al. (2017) employed the nonverbal visual 1-back task using unfamiliar
symbols to explore the association with oral and silent reading of words and
sentences. Participants were 60 Mandarin-speaking adults aged 19 to 25 years.
Participants used simplified Chinese characters in reading and writing. Correlational
and regression analyses indicated that only reaction times (not accuracy) in the
visual 1-back task were significantly correlated with and predicted silent sentence
reading fluency rather than oral reading, which suggested an association between
visual simultaneous processing and reading fluency. Wang et al. (2015) found that
silent reading was reported to mainly rely on the global orthographic-to-semantic
mapping. In contrast, oral reading fluency has been reported to be involved in
orthographic-to-phonological mapping. This may explain the absence of a
relationship between VAS and oral reading fluency observed. If this account is

broadly correct, then it can be suggested that reading fluency in the silent mode may
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rely on the global reading procedure whereas reading fluency in the oral mode may
rely on the analytic reading procedure.

In a study with children, Zhao et al. (2018a) examined oral word and sentence
reading and VAS was assessed with the visual 1-back task with unfamiliar symbols.
The children were Mandarin speakers with dyslexia (n=57) and without dyslexia
(n=54) aged 8 to 12 years. All participants used simplified Chinese characters for
reading and writing. VAS scores comprised combined z-scores for accuracy, d prime
values, and reaction times (RTs). Findings indicated that only the older children,
aged 11 to 12, showed lower scores than the controls in the visual 1-back task,
showing an increased VAS deficit with development in the dyslexics. Hierarchical
regression analyses also showed the significant prediction of VAS skills to oral word
reading for older children with dyslexia. The authors suggest that with increasing
reading experience, the relationship between VAS and reading skills was also
developmentally increasing.

In the same year, Zhao et al. (2018b) assessed the VAS and silent reading of 28
14-year-old Mandarin-speaking teenagers with and without reading fluency difficulty
(there were 14 children in each group), again using the visual 1-back task with
unfamiliar symbols. The participants used simplified characters in reading and
writing. The researchers found that teenagers with reading fluency difficulty showed
lower accuracy and d prime values in the visual 1-back task. Results also showed
that reaction times in the visual 1-back task were significantly related to silent
sentence reading fluency of the TD readers (r = -.81, p < .05), and visual 1-back
accuracy was significantly correlated with silent word reading fluency of children with
reading fluency difficulty (r = .74, p < .05). Accordingly, Zhao et al. argued that VAS

may have an impact on the parallel processing of multiple orthographic units of
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Chinese characters, which in turn may affect the efficiency of their sentence
comprehension ability in silent reading, which was in line with the above Zhao et al.
(2017). Moreover, Zhao et al. (2018b) examined the responses across positions in
terms of reaction times, accuracy and d prime values in the visual 1-back task. For d
prime values, responses of TD readers exhibited an inverted ‘U’-shaped pattern but
those of children with reading fluency difficulty showed a ‘W’-shaped pattern with a
rightward bias, which suggested an atypical pattern in children with reading fluency
difficulty and a VAS deficit.

This result indicated impaired visual-attentional processing in individuals with a
reading fluency problem, which was in line with previous research in alphabetic
writing systems (e.g., Lallier et al., 2014; Lobier et al., 2013; Lobier et al., 2014;
Lobier, Zoubrinetzky & Valdois, 2012). Reading fluency tests at the word and
sentence levels could separately reflect a character-by-character analytical strategy
(due to a one-by-one character reading requirement) and a whole-word strategy (due
to specific meaning involved in multiple characters rather than one character),
respectively. Thus, it could be assumed that children with reading fluency difficulty
used the analytical strategy to read due to a restricted VAS, while TD readers are
able to use the whole-word strategy to read.

Chen et al. (2019) investigated VAS with the global report task in Cantonese-
speaking 10-year-old children in three groups: dyslexic children, CA matched
children and reading-level-matched children. Materials in the global report task were
Chinese characters, Chinese radicals and digits. In order to examine whether the
contribution of VAS to Chinese reading was more than visual orthographic and
phonological. Other reading-related cognitive skills such as phonological skills,

orthographic skills (visual short-term memory and radical knowledge) and RAN were
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also assessed. Participants used traditional Chinese characters in reading and
writing. Findings showed that for all children, VAS was a significant predictor of oral
word reading accuracy at the word level (7%), as well as reading fluency at the word
(5%) and text (4%) levels, after controlling for age, nonverbal intelligence, radical
knowledge and RAN. They also found RAN was a strong predictor of both word and
text reading fluency although not accuracy, which was consistent with previous
research to report RAN as the ability to retrieve names of visual materials rapidly
reflecting similar ability in fluent word reading in alphabetic and Chinese languages
(e.g., Compton et al., 2001; Ho et al., 2002). In the three types of stimuli in the global
report task, digits were the easiest to report than Chinese characters or radicals. It
was first because children learn to recognise numbers at an early age before they
learn to recognise Chinese characters. So, digits are over-learned visual materials
for primary school children. Second, the set size was much smaller for digits than for
Chinese characters. There were relatively few competitive name candidates in digits
so it was faster for children to retrieve the correct name of digits than that of Chinese
characters. Due to all materials involving visual-to-phonology code mapping and
children’s worse performance in characters than radicals and digits, Chen et al.
(2019) also assumed the key to the VAS deficit was difficulties in processing visually
complex multiple units.

Chen et al. (2019) put forward an explanation for why VAS could predict both
reading fluency and accuracy. For reading fluency a VAS deficit may lead to an
increase in the number of eye movements during reading and hence result in a more
demanding processing load and lower reading rate (e.g., Prado et al., 2007); for
accuracy, a VAS deficit may also interfere with orthographic coding and cause

confusions between visually similar words (e.g., Casco et al., 1998). Chen et al.
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suggested that the reduction of VAS in Chinese dyslexic children might result from
different underlying weaknesses, including children’s weak orthographic coding, poor
organisation and representation of lexical units, and slow processing of visual
elements and name retrieval, as indicated in their poor orthographic knowledge and
RAN. On the other hand, a restricted VAS may cause low-quality lexical
representations, and retrieval of words in the orthographic lexicon may need more
time due to the poor activation.

Later, Huang et al. (2019) looked at possible developmental trends in the
influence of VAS on reading Chinese in TD Mandarin-speaking readers with mean
ages 8, 11 and 14, and adults with a mean age of 23 years. Participants used
simplified Chinese characters in reading and writing. VAS was assessed under the
visual 1-back task using unfamiliar symbols. Huang et al. found that reaction times in
the visual 1-back task were significantly different across age groups and positions,
while d prime values of the visual 1-back task were only significantly different in
position performance, not in age, which was in line with the findings of Zhao et al.
(2018b). For all participants, reaction times in Position 3 (the central position) were
significantly shorter than in the fourth and fifth positions, and the reaction times in
Positions 1 and 2 were significantly shorter than those in the fifth position (the last
position). In addition, an inverse ‘u’ shape for d prime scores was shown in these
readers.

The researchers found that reaction times of the visual 1-back task accounted for
5% of the variance (p < .05) in oral-word-reading fluency in the youngest children
and 11% of the variance (p < .05) in oral-sentence-reading fluency for the 11-year-
olds. For the oldest children (14 years old), reaction times accounted for 7% variance

in silent sentence reading (p < .05). For adults, reaction times were found to be a
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significant predictor of oral- and silent-sentence-reading fluency (14% and 12%,
respectively, p < .05).

These findings revealed a developmental transition in the relation between visual
1-back performance and reading, starting from the oral reading mode, moving next
to the silent reading mode, and finally settling on a relationship to both oral and silent
reading modes for skilled readers. Due to the developmental trend observed, Huang
et al. (2019) proposed that oral reading by primary school students mainly involves
the activation of phonological representations and the mapping between orthography
and phonology. Further, because the mapping to speech sounds is addressed in
Chinese reading (i.e., the visual form of a Chinese character corresponds to a
syllable), the oral reading procedure might require a narrow VAS window size. In
contrast, silent reading involves simultaneous processing of multiple characters to
directly map onto the relevant meaning, and may require a wider visual attention
span, as Wang et al. (2015) mentioned above. However, the VAS of children aged 8
and 11 is still immature and developing, so it might not satisfy the requirements of
the visual attention window for silent reading, possibly resulting in a non-significant
relation between VAS and silent reading. With increasing school grades, the VAS
window size becomes wider, which could allow for the simultaneous processing of
multiple orthographic units. Jasinska and Petitto (2014) also reported that with
accumulating reading experience, all of the orthographic, phonological, and semantic
representations would be activated both in the oral and the silent reading mode,
which was found in Chinese-speaking adults, not children. Thus, the shared
cognitive mechanisms of oral and silent reading might be activated together with the
increase in reading experiences of adults, and VAS plays a role in such shared

mechanisms.
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Huang et al. (2021) conducted a study to explore the roles of PA and VAS in
reading in Mandarin-speaking children aged 6 and 7 years. They found that
phoneme awareness was not a significant predictor of oral word reading fluency, but
syllable awareness and VAS were significant predictors. Mediation analysis indicated
that syllable awareness partially mediated the relationship between VAS and oral
word reading fluency. These children may depend mainly on phonological
processing and partially on VAS in reading due to immature VAS. Combining with
the results of Huang et al. (2019), it could be hypothesised that younger children
mainly used phonological processing in reading, and with age or reading experience,
VAS has a much greater role in skilled reading.

Chan and Yeung (2020) compared the influence of verbal (global and partial
report) and nonverbal VAS measures (visual 1-back with characters and unfamiliar
symbols) in oral word and text reading fluency. They recruited 101 university
students who used traditional Chinese characters in reading and writing. Results
revealed that VAS was a significant predictor of reading scores. They also reported
although all VAS measures were intercorrelated regardless of the nature of stimuli
and the reporting method of the task, only scores for global report significantly
predicted reading fluency. Non-significant correlations found between the accuracy
of visual 1-back tasks (Chinese characters and symbols) and traditional Chinese
reading fluency were in line with the above findings for simplified Chinese reading in
adults (e.g., Zhao et al., 2017). So, Chen and Yeung (2020) suggested that Chinese
reading ability may be more related to verbal VAS. Through comparison with results
of previous research in Chinese children (e.g., Chen et al., 2019; Zhao et al., 2018a,
2018b), Chen and Yeung (2020) suggested again that developmental changes might

play a role in the relationship between VAS and Chinese reading ability, and it was
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worth further exploring Chinese adults with VAS deficit and conducting relevant
training to increase the size of VAS to examine the causality between VAS and
Chinese reading. In addition, they argue that other linguistic measures such as RAN,
reading accuracy, and reading comprehension could be assessed in the future.

In the latest relevant studies, Cheng et al. (2021) assessed Mandarin-speaking
dyslexic children and TD readers aged from 8 to 11 years. Participants used
simplified Chinese characters in reading and writing. The researchers employed
visual 1-back tasks with both verbal stimuli (character and digit strings) and
nonverbal stimuli (colour dots and symbols). Assessments were also conducted of
PA, RAN and verbal short-term memory. Scores in the verbal visual 1-back task
explained 19% variance in oral reading accuracy and 8% variance in oral reading
fluency, after controlling for age and nonverbal ability. Only performance in the
verbal visual 1-back task (character and digit strings) was correlated with all
measures including PA, RAN, verbal short-term memory as well as oral word reading
accuracy and fluency.

In summary, VAS has been found to play a unique role in reading skills, including
oral and silent reading at word and sentence levels, across languages, especially for
opaque writing systems (Arabic: Awadh et al., 2022; Chinese: Chan & Yeung, 2020;
Cheng et al., 2021; Huang et al., 2019; Zhao et al., 2017; Zhao et al., 2018a, 2018b;
English and French: Bosse et al., 2007; Bosse & Valdois, 2009; Chen et al., 2016;
Lobier et al., 2013;). Most studies across all languages involved assessments of oral
reading fluency, and only three studies from the same research group also involved
the investigation of silent reading fluency at the word and sentence levels (Huang et
al., 2019; Zhao et al., 2017; Zhao et al., 2018b), in addition to oral reading. There

were also two studies covering the significant prediction of VAS to reading
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comprehension (Arabic: Awadh et al., 2022; English: Chen et al., 2016). Two types
of assessment were classified by Chan and Yeung (2020) as verbal (the global and
partial report tasks) and nonverbal VAS tasks (the visual 1-back task). The
connection between the two types of VAS measures was demonstrated for adult
participants but the global report task was found to be the strongest predictor of
reading.

So far, there has been little attempt to use unified VAS measures across the
studies, but it is clear that the letter report tasks (global and partial report) were
widely used as VAS tasks in studies in alphabetic languages, while the visual 1-back
task has been more widely employed in Chinese studies. This may be because
materials in the global report task in alphabetic languages were letters that are the
pronounceable units that combine to make printed words, so comparably, radicals
comprising Chinese words should be used in the global report task in the Chinese
version. However, unlike letters, most radicals, especially semantic ones, are
unpronounceable, so in the global report task in Chinese, single characters have
been used as stimuli in the study of Chan and Yeung (2020). In this case, there may
exist a discrepancy in scores across languages because the stimuli are more visually
complex in Chinese. The scores in the global report task of Bosse et al. (2007) were
calculated not only at the letter level but also at the string level, i.e., the number of
letters and strings correctly reported. Due to the complexity of Chinese characters, it
may be harder for participants to report the correct strings when Chinese characters
are used in the global report task, so only the correctly reported number of
characters have been scored in the studies using the report task with Chinese
speakers. In contrast, the visual 1-back task stimuli have often been unfamiliar

symbols, which not only eliminates the language discrepancy reflected in the global
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report tasks but also circumvents the visual-verbal mapping in the global and partial
report tasks.

Different allocation patterns of global report (asymmetry) and partial report tasks
(symmetry) may be due to different instructions. Awadh et al. (2016) mentioned
above that the retro cue-presented partial report task, unlike the global report task,
may shift the selective attention on the target letter representation in memory when
the presented stimulus was absent. So attention allocation in this task might not be
limited by the positions of letters. By contrast, Bundesen (1990) claimed that global
report requires as many letters as possible to be reported, so letters in strings
compete for access to a visual short-term memory with limited storage capacities.
Each letter has to be allocated attention and even competed weights of attention with
other letters.

At the same time, different patterns across positions in the global report task (a
left-right asymmetry and leftward advantage) and d prime values of the visual 1-back
task (a reverse ‘V’ shape or an inverted ‘U’ shape) may be due to different materials
used. Huang et al. (2019) mentioned that when task materials are non-verbal
symbols as often used in the visual 1-back task, more attention was weighted in the
centre position (position three in the five-item array), so the pattern of d prime values
of the visual 1-back task would show a trend with highest scores in the third position
of the string and a decrease in performance with increasing eccentricity. By contrast,
when materials used are verbal ones, readers would allocate attention to targets
from left to right, due to habitual reading direction, so the allocation pattern is
asymmetric, as in the global report task reported by Awadh et al. (2016).

In the next section, the existing studies addressing the relationship between VAS

and spelling performance are discussed, in separate sections for children and adults.
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This is because studies of VAS and spelling followed different research directions -
in children these have comprised cross-sectional and longitudinal studies with the
aim of identifying developmental trajectories of association of spelling with
performance in tasks tapping a range of cognitive processes as well as VAS, such
as phonological and rapid naming abilities, visual/orthographic processes. In the
case of studies with adults, the avenue of investigation has involved examining the
possible causes of weak spelling in participants who have no reported reading
difficulties (e.g., Baron et al., 1980; Burden, 1992; Fisher et al., 1985; Holmes & Ng,

1993; Holmes & Quinn, 2009).

1.3.2 Spelling

As noted earlier, many studies have pointed to the contribution of VAS in the
development of orthographic representations (e.g., Bosse et al., 2013). Bosse (2015)
reviewed the evidence on the processes involved in becoming a skilled reader and
speller. The key step of acquiring orthographic knowledge needed for effective
reading and spelling was argued to be largely dependent on the ability to distribute
visual attention over the whole written word, beyond the contribution of decoding
skills, since if an entire letter sequence can be efficiently processed in one glance, its
representations can be established or strengthened in the orthographic lexicon.
According to this, Van Den Boer et al. (2015) indicated VAS should be critical for
literacy acquisition, especially for efficient spelling that requires the use of well-
established and detailed orthographic entries. Accordingly, Ginestet et al. (2019) and
Valdois et al. (2021) have mentioned that when VAS was restricted, word recognition
would also slow down.

Unlike the case for reading, only a small number of studies have focused on

spelling and VAS. There have been three recent regression-based studies that
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investigated the influence of VAS in spelling in TD children in alphabetic
orthographies. In addition, one adult study employed the global report task in a study

with good and poor adult spellers. These studies are outlined next.

1.3.2.1 Studies of VAS and spelling in children. Van Den Boer et al. (2015) in
the study with Dutch-speaking children aged 9 years used the global report task.
Verbal short-term memory, RAN and PA were also controlled to explore the unique
role of VAS in spelling. The authors found that, along with verbal short-term memory,
RAN and PA, VAS reflected by global report performance was a significant predictor
of single-word spelling accuracy and orthographic knowledge assessed in a lexical
decision task where children were asked to judge whether the presented word is a
real word. After controlling for the above predictors, they found that VAS significantly
explained 6% of the variance in the children’s spelling-to-dictation scores.

Niolaki et al. (2020), in a study with English-speaking children aged 7 to 10 years,
reported that VAS performance in the global letter report task predicted single-word
spelling for both younger and older children in the sample, while PA and RAN
predicted spelling accuracy for the beginner spellers only. Similar findings were
reported by Niolaki et al. (2024). The authors investigated PA and VAS in Greek-
speaking children in Grades 1 to 7. They adopted the global report task using Greek
letters as materials. In the regression analyses, after controlling for age and single
word reading speed, PA was found to predict the spelling accuracy of the beginner
spellers (from Grades 1 to 3) while VAS, RAN and PA predicted the spelling
accuracy of the more advanced spellers (from Grades 4 to 7). The authors
suggested the results reported that with more spelling experience, reliance shifts
from phonological processing to visual orthographic processing. These findings

again suggested that beginning spellers rely more on phonological processing while
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advanced spellers rely more on visual-orthographic processing during spelling. Thus,
VAS has been shown to have an influence on spelling so far across opaque and
transparent writing systems.

1.3.2.2 Studies of VAS and spelling in adults. Only one adult study on spelling
has involved the investigation of visual multi-element processing skills. Masterson et
al. (2007) carried out a study using the letter report task with English-speaking
university students. The adults were divided into good and poor speller groups. The
groups did not differ in scores in a reading comprehension test, nor in assessments
of phonological ability, involving spoonerisms and speeded naming of pictures and
digits. The good spellers outperformed the poor spellers in a lexical decision task,
especially in terms of responses to nonwords, and also in a task where participants
were asked to report the letters in briefly presented (50 ms) word and nonword letter
strings. The poor spellers were significantly less accurate in reporting letters from the
nonword strings. There was no group difference for the words. A qualitative analysis
of the participants’ spelling errors was conducted and revealed that the poor spellers
made predominantly word-internal errors, that is, letters in initial and final word
positions were relatively accurate.

The authors interpreted the findings as being due to an online processing
inadequacy in the poor spellers, which resulted in failure to build robust orthographic
representations that could be used for accurate spelling. They referred to previous
work by Holmes and Ng (1993) who reported that poor adult spellers were
significantly worse than good spellers in detecting stimuli constructed by mis-
ordering the middle letters of long words, and studies of Frith (1985) who found that
poor spellers were worse than good spellers at detecting silent letters in printed

words. Masterson et al. argued that these strands of evidence, together with the poor
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letter report performance in the poor adult spellers indicated that an underlying
cause of poor spelling in adults could be inadequate early-stage processing in
printed word recognition, which is in line with the VAS deficit hypothesis that was
being put forward on the basis of research with children at the same time.
Performance in the letter report task has been interpreted more recently in terms of
VAS that is, as reflecting the mechanisms that allow for the simultaneous processing
of multiple visual elements (Awadh et al., 2016; Bosse et al., 2007; Ginestet et al.,
2020).

In summary, existing research has shown the influence of VAS on children's
spelling in both transparent languages (Dutch and Greek) and opaque languages
(English), especially for more advanced child spellers who may have levels of
literacy approaching those of adults. As for adults, results from the only relevant
study indicated that letter report distinguished good and poor spellers. There is no
prior research on VAS and spelling with speakers of Chinese. The current research
attempted to address this gap in the literature by investigating the relationship
between VAS and spelling in Chinese-speaking children and adults. The studies are

reported in Chapter 3.

1.4 Intervention for VAS deficits

Arguments have been put forward that intervention studies are important for both
theory development and educational practice (e.g., Ans et al., 1998; Castles, 2006;
Perry et al., 2010). This is because intervention-based studies are able to provide
evidence for causal relationships, by means of examining whether intervention
programmes ameliorate the reading difficulty. Such studies have been conducted in
group and single case designs, such as the crossover design (Zoubrinetzky et al.,

2019), the ABBA design (Jone, 2003), as well as the design with pretest, posttest
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and follow-up, with a control group or a control training programme (Niolaki &
Masterson, 2013; Niolaki et al., 2020; Ren et al., 2023; Roncoli & Masterson, 2016;
Valdois et al., 2014; Valdois et al., 2024; Zhao et al., 2019). On the basis of the
research indicating that VAS plays an important role in reading and spelling
development, intervention studies were conducted as part of the current research,
with individuals who had a VAS deficit, in order to provide further supporting
evidence for a causal relationship between VAS and literacy skills.
1.5 The present study

With roots in the ancient imperial examination system, the Chinese government
has implemented exam-oriented education that means examination and dealing with
examination as the purpose and goal of education to screen the abilities through
examinations, and then cultivate the selected talents to devote themselves to
society. There are three main stages in Chinese public school education system,
namely primary school (Grades 1 to 6 with students aged 6 to 13 years), middle
school (Grades 1 to 3 with students aged 13 to 16 years) and higher school (Grades
1 to 3 with students aged 16 to 19 years). Students need to pass multiple
examinations, especially for middle-term and final-term examinations every year,
high-school entrance examination and university entrance examination to upgrade
their study levels. Usually, in primary school, there are 50 to 60 students with mixed
genders in one class, with one main teacher being responsible for students’
discipline and main subject teaching such as English, Chinese and Mathematics, as
well as one or two teachers for extra subjects such as arts and physical education. In
middle and high school, there are usually 40 to 60 students with mixed genders in

one class, with one main teacher being responsible for students’ discipline and one
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main subject teaching, as well as various teachers for extra subjects such as arts
and physical education.

In an investigation of the influences of exam-oriented education, Liu (2023)
pointed out that exam-focused education is within the area of education that is merit-
based. Teachers in China always give the few students who can advance to higher-
level schools their full attention, with higher demands and greater consideration.
Students with good academic grades sometimes can obtain a privilege from
teachers, such as sitting where they like in class, or no homework required.

On the other hand, that is to say, students with lower scores may get less
attention and patience from teachers. For example, students with literacy difficulties
(such as dyslexia and dysgraphia) are likely to get lower scores than the TD ones,
because such students may need a longer time to read exam questions and/or write
their answers so that they usually cannot complete the examinations within the time
limits and then lose some scores.

So far, relatively few studies have investigated the prediction of VAS to literacy
skills in Chinese speakers and it is thus significant to provide comprehensive results
about this in Chinese. In the current research, Chinese children and adults were
recruited as participants, in order to directly compare the role of VAS in literacy skills
and changes of position accuracy of different VAS measures between developing
readers and skilled readers, and to see whether the influence of VAS increases over
the course of development, as Huang et al. (2019) expected. Prior research in VAS
mainly focused on children rather than adults. So relatively, there is not much adult
evidence in this field, especially in Chinese. The intervention study involving adults
with literacy difficulties could theoretically examine the intervention effects on adults

and also enrich the adult profiles in literacy difficulties.
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Eight of studies that there are, only two have looked at reading performance in
both oral and silent reading modes (Huang et al., 2019; Zhao et al., 2017). In
addition, only Huang et al. (2019) included different age groups from children to
adults. Only Chan and Yeung (2020) adopted both types of VAS paradigm, namely
global and partial report, and visual 1-back. VAS scores in global and partial report
tasks were shown by Chan and Yeung (2020) and Chen et al. (2019) to be
significant predictors of Chinese oral reading fluency at word and sentence level, but
accuracy in the visual 1-back task (Chan & Yeung, 2020) was not. Under the visual
1-back task, Huang et al. (2019) and Huang et al. (2021) indicated that only reaction
times, rather than accuracy and d prime values, significantly predicted word and
sentence reading fluency in both oral and silent modes. Moreover, different VAS
tasks may tap into different cognitive skills. A task analysis of the most commonly
used VAS measure, the global and partial report, could suggest that it involves visual
perceptual and attentional mechanisms, character/letter recognition and retention,
parallel visual processing, access to phonological representations and short-term
verbal memory for retention of the response and working memory processes to
monitor output (Bosse et al., 2007; Shih & Sperling, 2002). The visual 1-back task as
another VAS measure may involve the visual attentional simultaneous processing to
process multiple items, and short-term visual memory for retention of the presented
stimuli, visual scanning, target identification and visual matching (Zhao et al., 2018a).
So, it is worth examining whether VAS assessed in various tasks could still predict
the reading skills of children and adults in both oral and silent modes because Liu et
al. (2023) and Tang et al. (2023) reported the heterogeneity of VAS paradigms,
different participant ages, or different reading tasks used may all cause the

inconsistency of results in VAS.
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The results of position analyses of the different VAS paradigms were different.
Accuracy in the global report task was asymmetric with a leftward letter advantage,
while accuracy in the partial report task reported by Awadh et al. (2016) showed a
symmetrical pattern. By contrast, Huang et al. (2019) and Zhao et al. (2018b)
demonstrated that there was no specific characteristic description of reaction times
across positions of the visual 1-back task, while d prime values in the visual 1-back
task showed a reverse V'’ shape or an inverted ‘U’ shape, also shown for accuracy
scores. No studies have explored the patterns for global and partial report in
Chinese.

Accordingly, in Chapter 2, the relationship between various VAS measures and
different reading skills of Chinese speakers was explored, with the position analyses
of different VAS paradigms in the end.

In addition, relatively few studies have investigated the influence of VAS on
spelling and no previous studies have explored this in Chinese. It was therefore
considered important to expand what we know so far about the relationship of VAS
to spelling, and to examine the relationship of VAS and spelling in Chinese-speaking
participants in Chapter 3.

On the basis of intervention studies, significant improvement in reading and
spelling in individuals with VAS deficits has been reported and there is evidence that
a VAS deficit may be one of the causes of reading difficulty in Chinese speakers
(Ren et al., 2023; Zhao et al., 2019). Chapter 4 reports an intervention study that
aimed to investigate the effectiveness of VAS-focused interventions. The results and
implications of the studies, as well as limitations and suggestions for future directions

for the research are discussed in Chapters 4 and 5.
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1.6 General methods for the present study

As mentioned above, this thesis reports three studies involving different research
methods. Chapter 2 included Study 1 about reading, whilst quantitative methods
were mainly used. Among these, correlation analysis and hierarchical regression
were used for first investigating the relationship between VAS and reading in child
and adult Chinese speakers, including the VAS paradigms global and partial report,
as well as the visual 1-back task. Reading was assessed in different modes - oral
and silent reading of words and sentences. Principal component analysis, as a
method for reducing a cases-by-variables data table to its essential features (e.g.
Greenacre et al., 2022), was adopted for identifying individual VAS variables that are
composites of the observed composite variables. Later, structural equation modelling
was used for analysing complex relationships between both observed and latent
VAS and reading skills. Finally, researchers have conducted position analyses
through the ANOVA analyses, line graphs and violin plots with data from VAS tasks,
since the patterns have been interpreted as indicating the allocation of attention
across letter strings, and in order to compare the differences in responses of dyslexic
and non-dyslexic individuals, or reveal a developmental trajectory across age.
Responses across positions in the VAS tasks were thus analysed.

Chapter 3 included Study 2 about spelling, whilst both quantitative and qualitative
methods were used. As for quantitative analyses, participant-based analyses
including correlation and hierarchical regression analyses were used for exploring
the relationship between VAS and spelling-to-dictation of children and adults; item-
based analyses were conducted through calculating the spelling accuracy per target,
and then investigating the relationship between printed word frequency, length and

spelling accuracy per target. Correlation and simultaneous multiple regression
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analyses were used to explore participants’ reliance on global or analytical word
processing in spelling. Finally, qualitative spelling error analyses were employed to
reveal the number and percentage of spelling errors in each error category. So far,
this has been the first study to explore the role of VAS in Chinese spelling and also
to show potential developmental progression in the role of VAS in spelling between
children and adults.

Chapter 4 involved Study 3 about an intervention study with participants identified
with reading and or spelling difficulties in the first two studies, with quantitative and
qualitative analyses. Two VAS-based and one non-VAS-based training programmes
were implemented.

Case series analyses and group analyses were conducted to examine training
effects on reading and VAS. As for case series analyses, the effectiveness in VAS
and reading of the interventions was evaluated by weighted statistics from Howard et
al. (2015), a specialised clinical statistical analysis for small sample sizes, to test
whether there is a more significant improvement in the treated stage than the
untreated stages, which was further revealed by Venn Diagrams. As for group
analyses, mixed ANOVA was used for examining the training effects of classified
groups, namely VO (only VAS deficit) group, VPD (VAS and phonological deficit)
group, both for children and adults.

The training effects of spelling were then tested by McNemar test, and the
qualitative spelling error analyses as used in Study 2.

Finally, comparisons in position accuracy of all VAS measures (global report,
partial report, visual 1-back accuracy and visual 1-back correct reaction times)
between participants without and with reading difficulty were shown, in order to

examine potential differences in attentional allocation.
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Chapter 2: Relationship between VAS and reading in Mandarin-speaking

children and adults

2.1 Introduction

Evidence reported in Chapter 1 has pointed to a unique predictive role of VAS in
the reading of Chinese-speaking children and adults (Chan & Yeung, 2020; Chen et
al., 2019; Cheng et al, 2021; Huang et al., 2019; Huang et al., 2021; Zhao et al.,
2017; Zhao et al., 2018a, 2018b). However, there are some issues that remain to be
addressed in the studies with Chinese speakers. These are outlined below to provide
the background for the first study reported in the thesis, on VAS and reading in
Mandarin-speaking children and adults. The issues relate to methodological
differences across studies that have led to a lack of ability to draw definitive
conclusions about the relationship of VAS and reading in Chinese speakers. The
methodological differences can be summarised as relating to the tasks used to
measure VAS across the studies, the measures of reading and reading-related skills
employed, as well as differences in participant characteristics, such as age and
reading level. In addition, | argue below that many studies failed to take up the
opportunity to examine patterns of performance within the different VAS tasks. This
data has been interpreted by Chan and Yeung (2020) as indicating patterns of
allocation of visual attention in orthographic processing. The data can therefore
provide an important source of information regarding the processes being used in
reading by participants of different ages and reading ability levels. The latter issue is
taken up in Chapter 4, which addresses VAS and participants with poor reading.
2.1.1 Differences in VAS tasks employed across studies

As discussed in Section 1.3.1, the tasks that have been most commonly used to

assess VAS in the past have been global and partial report, and the visual 1-back
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(V1b) task. In studies carried out in languages other than Chinese, global and partial
report tasks have been used more (Arabic, French and Spanish; Awadh et al., 2016;
Arabic: Awadh et al., 2022; English: Bosse et al., 2007; French: Bosse & Valdois,
2009; French and Spanish: Lallier et al., 2014) than the v1b task (French, Spanish,
Basque: Lallier et al., 2016). In contrast, the Chinese studies have mostly used the
v1b task. The specific reason was discussed in Section 1.3.1. Only Chan and Yeung
(2020) adopted both report and v1b tasks. Table 1 provides a summary of the

methods used in the VAS studies with Chinese speakers.
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Table 1
Summary of Studies Examining the Role of VAS in Reading in Chinese

Cross-sectional studies with Chinese-speaking children Cross-sectional studies with-Chinese- Cross-sectional studies

speaking adults

with Chinese-speaking
children, teenagers and
adults

Studies 1. Zhao et al. (2018a). | 2. Zhao et al. 3. Chen et al. (2019). 4. Cheng et al. (2021). 5. Huang et al. 6. Zhao et al. 7. Chan & Yeung 8. Huang et al. (2019).
(2018b). (2021). (2017). (2020).
Participants | Mandarin speakers, Mandarin speakers, Cantonese speakers, Mandarin speakers, Mandarin Mandarin speakers, | Cantonese Mandarin speakers,
simplified Chinese simplified CC traditional CC simplified CC speakers, simplified CC speakers, traditional | simplified CC
Characters (CC) simplified CC CcC
14 with reading 25 dyslexic children 45 dyslexic children 58 undergraduate 82 low primary (m=8.47,
57 dyslexic children + fluency difficulty (m=10.45 years, sd=0.65) | (m=10.11 years, sd=0.63) | 65 TD children and graduate 101 university sd=0.85);
54 TD children, (m=14.5 years, 25 TD (m=10.46 years, 43 TD children (m=10.15 (m=6.62 years, students 19-25 students (m=23.73 77 high primary (m=11.2,
Grades 2-6 (8-11 yrs) sd=0.83) sd=0.69) years , sd=0.58) sd=0.51) years (m=23) years, sd=4.38) sd=0.99);
14 TD children (m=14 | 25 RL controls (m=8.89 65 middle school (m=14.31,
years, sd=0.53) years, sd=0.98) sd=0.68);
61 undergraduate
(m=23.23, sd=1.94)
Tasks VAS: composite VAS: not composite | VAS: composite VAS: not composite VAS: not VAS: not VAS: not VAS: not composite

V1b (unfamiliar
symbols)

VAS control: single
symbol recognition

scores
V1b (unfamiliar
symbols)

VAS control: single

Global report (characters,
radicals, digits)

Reading:

Oral word reading

V1b with characters, digits,

colours, symbols
Reading: Oral word
fluency, oral word

composite scores
V1b (unfamiliar
symbols)

VAS control: single

composite scores
V1b (unfamiliar
symbols)
Reading: Oral and

composite scores
Global, partial report
tasks;

V1b (characters and

scores
V1b (unfamiliar symbols)
Reading:

Oral and silent word fluency

Reading: Oral word symbol recognition Oral word and sentence accuracy symbol recognition | silent word fluency unfamiliar symbols) Oral and silent sentence
and sentence fluency Reading: fluency Nonverbal ability: Reading: Oral Oral and silent Reading: accuracy and fluency
General language Silent word and Nonverbal ability: Raven’s SPM word fluency sentence accuracy Oral word and General language ability:
ability: sentence fluency Raven’s SPM PA: phoneme, onset, rime Nonverbal ability: and fluency sentence fluency Character Recognition

Character Recognition PA: onset detection, deletion, spoonerisms Raven’s SPM RAN: digits
(writing) phonological memory Verbal short-term Verbal working Nonverbal ability: Raven’s
Nonverbal ability: RAN: digits memory: Digit Span from memory: SPM

Raven’s SPM
PA: odd-one-out task

Visual orthographic
tasks:

WISC

RAN: digits, pictures, dice,

backward digit
recall

Morphological Visual memory, Radical colours PA: syllable,
awareness (MA) knowledge Dyslexic diagnosis: phoneme
Character recognition awareness
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It can be seen that five of the six studies with children used the v1b task (Cheng et
al., 2021; Huang et al., 2019; Huang et al., 2021; Zhao et al., 2018a, 2018b) and one
used the global report task (Chen et al., 2019). Two of the three studies with
Chinese-speaking adults used the v1b task (Huang et al., 2019; Zhao et al., 2017),
and in the third, Chan and Yeung (2020) used the v1b task as well as global and
partial report. Chan and Yeung employed Chinese characters as stimuli in the global
and partial report tasks, and conducted one v1b task with Chinese characters and
one with unfamiliar symbols. Word and text reading fluency in oral mode were the
measures of reading. Results with Cantonese-speaking university students revealed
that scores in the VAS measures were significantly inter-correlated, regardless of the
nature of stimuli and of the reporting method of the tasks. Awadh et al. (2016) and
Valdois (2022) have argued that the more complex orthographic forms are, the
greater are demands on visual attentional processes, so we might have expected
that a significant association of reading fluency and v1b performance would be found
in Chan and Yeung's study which was conducted with traditional Chinese characters
(since the participants were from Hong Kong). However, only scores for global report
significantly predicted reading fluency. The non-significant correlations found
between scores in the v1b task (with both characters and unfamiliar symbols) and
reading fluency were in line with the findings previously reported by Zhao et al.
(2017) and Huang et al. (2019) for reading fluency with simplified characters in
adults (the participants were from mainland China). Cheng et al. (2021) found the
prediction of scores in the v1b task with verbal stimuli (characters and digits) to
reading fluency of children, not the one of the v1b task with nonverbal stimuli

(symbols and colour dots).



62

However, v1b correct Reaction times (RTs) as another variable of the v1b task
were found to significantly predict reading fluency in all studies that included v1b
correct RTs (Huang et al., 2019; Huang et al., 2021; Zhao et al., 2017; Zhao et al.,
2018a, 2018b). This may be because different VAS tasks involve different cognitive
skills, as mentioned in Chapter 1, but these VAS tasks may overlap with parallel
simultaneous visual processing and short-term memory storage. The associations of
two report tasks with reading are similar because both report tasks involve the visual
perception of orthographic lexicons, pronunciation retrieval and access to
phonological representations. The observed lack of association of v1b with reading
fluency may be because v1b makes more demands on working memory —
participants need to retain the array and test target in memory, and scanning and
matching of array and targets are also required. In addition, the presentation of the
single symbol or character after the array in v1b may result in backward masking
because the single stimulus may appear at the same point on the screen as the
array was presented, which is unlike the presentation of the underscore cue in partial
report. Hermens and Ernst (2008) claimed that visual backward masking would
impair the performance of the targets, which may influence their prediction of
reading.

In the case of the v1b task, researchers have not consistently used the same
behavioural measure. Some studies have employed accuracy (studies 2, 4, 5, 6 and
7 in Table 1), some used d prime (studies 2 and 8), and still some used correct RTs
(studies 1, 2, 5, 6 and 8). It may be the case that different cognitive processes are
associated with RTs and accuracy/d prime. All studies using the v1b task as a
measure of VAS adopted these Vs separately (studies 2, 4, 5, 6, 7 and 8), except

for Zhao et al. (2018a), who calculated total scores, which comprised z scores for
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correct RTs, accuracy, and d prime. The study of Zhao et al. (2018a) was conducted
with Mandarin-speaking children with and without dyslexia from Grades 2 to 6 at
primary school. Reading measures were oral word and sentence reading.
Regression analysis showed that vib combined scores significantly predicted oral
word reading in the older dyslexics and not in the younger dyslexics or the TD
readers. Zhao et al. (2018a) claimed that VAS impairment in the dyslexics from high
grades may directly exert some influence on Chinese reading (especially at the
single-character level), such as on rapid global processing of the visual forms of
several Chinese characters in foveal viewing. Zhao et al. (2017) and Zhao et al.
(2018a) argued that for older children when reading comes to involve rapid
processing of multiple characters and fast visual-semantic mapping, since VAS
facilitates this processing, then a deficit in VAS will be apparent at this older age.
This concurs with the interpretation of a VAS deficit as one of the underlying causes
of dyslexia in alphabetic languages, i.e., Valdois et al. (2012) claimed that VAS
relates to global coarse-grain reading processes and visual-phonology processing,
and a deficit in VAS thus hinders visual-phonology mapping (this is discussed further
in Chapter 4 on participant characteristics).
2.1.2 Difference in outcome measures

The use of different reading tasks may cause discrepant results. As discussed in
the previous section, the results of Chan and Yeung (2020) indicated that reading in
Chinese may be more related to VAS measured by global and partial report tasks
involving oral responses, rather than VAS assessed in v1b tasks. However, the
finding may be due to having employed oral, rather than silent reading tasks in that
study. Three out of the eight Chinese studies (Huang et al., 2019; Zhao et al., 2017,

Zhao et al., 2018b) involved silent reading tasks. Huang et al. (2019) and Zhao et al.
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(2017) reported a significant association between reading fluency and VAS
measured by v1b, with correct RTs in the v1b task showing a stronger association
with reading fluency than accuracy. Zhao et al. (2018b) similarly found the predictor
of v1b correct RTs to the silent reading accuracy. Among all Chinese studies, only
Huang et al. (2019) used both oral and silent reading tasks, at both word and
sentence levels, and found a significant prediction of v1b to both oral and silent
reading, and across age groups. However, due to the single VAS paradigm used by
Huang et al. (2019), we still do not have a full picture of how all VAS measures are

associated with reading in Chinese.

2.1.3 Analysis of accuracy across positions/VAS as a measure of allocation of
attention

A third issue with the extant studies is that not all of them reported the response
patterns across array positions in the VAS tasks. As was discussed in Section 1.3.1,
Lallier et al. (2016) indicated the pattern of correct responses across array positions
has been interpreted as indicative of the allocation of attention across written letter
strings. Valdois et al. (2003) claimed that this has been considered particularly
informative in terms of comparison of patterns between TD and dyslexic readers.
There is some evidence in support of different patterns across the different VAS
tasks for typically developing readers. Awadh et al. (2016) and Van Den Boer et al.
(2015) showed that the pattern in the global report task has been observed to show
a left-right asymmetry and a leftward letter advantage. Awadh et al. (2016) showed
that the pattern in the partial report task has been found to demonstrate a symmetry
regardless of languages, and Collis et al. (2013) even showed this to be a ‘W-shape’.

By contrast, the pattern for d prime values in the v1b task has been revealed to be a
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reverse ‘V’ shape reported by Huang et al. (2019) or an inverted ‘U’ shape reported
by Zhao et al. (2018b).

Among the studies on VAS in Chinese readers, only Huang et al. (2019) and Zhao
et al. (2018b) reported v1b accuracy, d prime scores and RTs across positions.
There are no Chinese studies reporting accuracy across positions in global and
partial report tasks. Chan and Yeung (2020) compared the relationship between
different VAS tasks and oral reading fluency, but they did not compare the response
patterns in the different VAS tasks. Thus, there is scant information on potential

patterns of attention allocation with different VAS paradigms.

2.1.4 Difference in participant characteristics across studies

Fourthly, the majority of studies focused on single age groups, therefore it was not
possible to observe any potential development trends in the relationship of VAS and
reading. As can be seen in Table 1, of the eight studies on VAS in Chinese
speakers, four involved child participants (Chen et al., 2019; Cheng et al., 2021;
Huang et al., 2021; Zhao et al., 2018a), one involved teenagers (Zhao et al., 2018b),
two involved adults (Chan & Yeung, 2020; Zhao et al., 2017) and only one included
both children and adults (Huang et al., 2019). Huang et al. (2019) and Huang et al.
(2021) discussed that developmental changes might play a role in the relationships
between VAS and Chinese reading ability. As discussed in Section 1.3.1, one reason
for proposing an increase in the influence of VAS with reading experience in Chinese
is that, across the course of reading instruction, the utilisation of alphabetic Pinyin
gradually diminishes and orthographic lexicons were forced to be mapped from
visual to speech directly without the reliance of Pinyin system. Thus, during this
process, the impact of VAS on reading is likely to change. However, so far, only

Huang et al. (2019) have conducted a study aimed at investigating a developmental



66

trend in the relationship between VAS and reading fluency. The researchers reported
that VAS in adults predicted sentence reading fluency and not word reading fluency,
while for children, VAS predicted word reading fluency. Since this is the only study
on VAS and reading across age groups in Chinese it would seem that potential
developmental change including adult groups in the relationship is worth
investigating further.

Although the existing Chinese studies explored the Chinese language, they
investigated readers speaking different dialects (Cantonese- and Mandarin-
speaking) and writing forms (traditional and simplified Chinese characters).
Traditional Chinese characters are higher in visual complexity than simplified
Chinese characters, as noted in Section 1.3.1. However, there were no significant
differences in results about the unique contribution of VAS to reading, and all these
Chinese studies found a significant association between VAS and reading fluency.
Chen et al. (2019) and Chan and Yeung (2020) respectively focused on Cantonese-
speaking children and adults using traditional Chinese characters. Zhao et al. (2017)
and Zhao et al. (2018a, 2018b), Huang et al. (2019), Huang et al. (2021) and Cheng
et al. (2021) focused on Mandarin-speaking children and adults using simplified
Chinese characters. The only difference was that the pinyin system was in place for
children using simplified Chinese characters during early literacy learning, not for
children using traditional Chinese characters. Yeung et al. (2013) reported that RAN
and MA (morphological awareness) were significant longitudinal predictors of
Chinese word reading of Cantonese-speaking children in Grades 1 to 4. There is
nearly not much influence of phonological processing on the reading of children

using traditional Chinese characters. So, it might be assumed that compared with
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children using simplified Chinese characters, for reading, children using traditional
Chinese characters may benefit from VAS at younger ages.

Finally, other variables previously found to significantly influence reading ability
(age, nonverbal ability, vocabulary, PA, RAN, MA, phonological memory or single
character identification) have been included in the existing VAS studies in Chinese
children and adults (only without MA for adults). However, no study has investigated

all these variables together with VAS in a single study.

2.1.5 The present study

The research reported in this chapter aimed to address the above issues to
provide greater clarity on the relationship of VAS and reading in Chinese. The first
study (Study 1a) was conducted with children and the second (Study 1b) with adults.
The patterns of responses in the different VAS tasks of children and adults were
examined in Study 1c. The findings of Huang et al. (2019) and Zhao et al. (2018a)
indicate that VAS comes to have a more important role with an increase in reading
experience. Thus, it was predicted that VAS would be more closely associated with
reading in the adult participants. Results of Huang et al. (2019) and Zhao et al.
(2017) suggest the relationship should be stronger for reading fluency in silent rather
than oral mode. Study 1a and Study 1b included measures of vocabulary, visual and
verbal memory, PA, RAN and character identification These literacy-related
variables, together with age and nonverbal ability, were included in Study 1a, and all
variables except for MA were included in Study 1b (specific reasons were mentioned
in Study 1b).

This will be the first research to incorporate such a comprehensive set of
measures. It was predicted that all of the variables would be significantly associated

with reading. The first aim was to investigate whether VAS would have an influence
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on reading over and above the influence of these important variables. The second
aim was to examine which of the various measures of VAS would play a stronger
role in reading in which kind of modes. The third aim was to investigate whether VAS
was associated with any of the reading-related measures, as outlined in the next
section. The final aim was to examine the response position patterns from the
different VAS tasks. It was thought that the findings would offer comprehensive
information about the cognitive processes associated with reading through the
exploration of the relationship among VAS, other important variables and reading.
This knowledge would then provide a basis for investigating potential underlying

causes of dyslexia, addressed in Chapter 4.
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2.2 Study 1a: Relationship between VAS and reading in Mandarin-speaking
children

This study involved Mandarin-speaking children who were aged 10 to 12 years.
The target age range was chosen as it covers the age range of children in previous
studies examining the relationship of VAS and reading acquisition (Awadh et al.,
2022; Bosse et al., 2007; Bosse & Valdois, 2009; Van Den Boer et al., 2015). In
addition, results of the study with Chinese speaking children of Zhao et al. (2018a)
indicated that VAS might be more critical for literacy in Chinese students in higher
school grades (Grades 5 and 6, aged 11 to 12 years) than in lower grades, since a
significant deficit in VAS was detected in dyslexic children from Grades 5 to 6 but not
in those from Grades 2 to 4. Furthermore, with increasing age, Shen and Bear
(2000) claimed that Mandarin-speaking children rely less on the Pinyin alphabetic
teaching system, probably starting from 10 years old when children are in Grade 5.
Thus, we targeted Mandarin-speaking children aged 10 to 12 years.
Other literacy-related variables and reading

Some other important reading-related variables have been reported to be
significantly associated with children’s reading, including PA, RAN, MA, vocabulary,
verbal and visual short-term memory and character identification. Cheng et al. (2021)
and Huang et al. (2021) showed there were strong associations between PA and
oral word reading fluency, since this has been reported for Chinese children aged 7
to 12 years. Results indicated the significant association between RAN and oral word
and sentence reading in 10-year-old Chinese children (Chen et al., 2019; Cheng et
al., 2021; Huang et al., 2021), between verbal short-term memory and oral word
reading fluency in children aged 8 to 11 years (Cheng et al., 2021) as well as

between vocabulary and character identification skills and reading ability in 10-year-
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old Chinese children (Zhao et al., 2018b). Previous results of Huang et al. (2019)
and Zhao et al. (2018a) also respectively revealed a strong influence of RAN on
adults’ silent sentence reading fluency and a strong effect of MA on oral word
reading for 11- to 12-year-old Chinese dyslexics. The function of visual memory in
Chinese reading was mentioned. Yang et al. (2013) reported that young Chinese
readers may just simply recognise a graphemic form as a visual image, so visual
memory could help them store the shape of characters. Dall et al. (2021) mentioned
processing in Chinese characters also modulate attentional components like visual
short-term memory capacity and processing speed. Thus, a measure of visual short-
term memory was also included in the present study to re-explore the relationship
between Chinese reading and these literacy-related variables.
Potential associations of VAS and other literacy-related variables

VAS tasks may have potential associations with different cognitive skills. As
discussed in Section 1.5, the two report tasks may involve access to phonological
representations, character/letter recognition and retention, and parallel simultaneous
processing, reported by Bosse et al. (2007) and Shih and Sperling (2002). Significant
correlations between RAN and VAS (assessed by the global and partial report tasks)
were found by Bosse et al. (2007), Bosse and Valdois (2009) and Van Den Boer et
al. (2015). PA and VAS were found not to be correlated in the studies of Bosse et al.
(2007), Bosse and Valdois (2009) and Chen et al. (2019). Although verbal short-term
memory was ever reported to be involved in the global and partial report tasks
(Bosse et al., 2007; Bosse & Valdois, 2009; Van Den Boer et al., 2015), the evidence
of Lobier, Zoubrinetzky and Valdois (2012) indicated that the two report tasks were
still visual not verbal tasks. First, it has been shown by Scarborough (1972) that

performance in the global report task is barely affected by a concurrent verbal short-
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term memory task. Second, Wolford (1975) demonstrated the patterns of errors
produced in the whole report task reflect visual rather than verbal confusions. Third,
in partial report, a single letter has to be reported, so it is unlikely that phonological
short-term memory is a major factor, as confirmed by Dixon and Shedden (1993)
who showed that partial report is only minimally affected by articulatory suppression.
Bosse and Valdois (2009) and Niolaki and Masterson (2013) supported that VAS
may contribute to information storage in visual short-term memory, thus influencing
single-word reading and whole-word orthographic acquisition. However, it should be
noted that no studies in Chinese and alphabetic languages directly explored the
association between visual short-term memory and VAS, except Chen et al. (2019),
but Chen et al. did not find any correlation between visual memory and VAS. This
may be because the correlation analysis included dyslexic children and TD children
together, so the result may be affected by combining the data.

On the other hand, the v1b task may involve visual attentional simultaneous
processing and short-term visual memory for retention of unfamiliar symbols, as
mentioned by Zhao et al. (2018a). So far, no studies have explored these literacy-
related variables and performance in relation to the v1b task, but it could still be
expected to see the associations between the v1b tasks and literacy-related
variables, such as visual memory and RAN.

Overall, it was worth exploring the inter-relationship between VAS and the
reading-related variables (PA, RAN, verbal and visual memory) in order to increase
understanding of what VAS involves. It was predicted that RAN and visual memory

might be particularly strongly associated with VAS performance.
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Correlations between different VAS tasks

As for different VAS tasks, significant correlations between the global report and
partial report have been reported for 10-to-12-year-old children (Awadh et al., 2022;
Bosse et al., 2007; Bosse & Valdois, 2009). Huang et al. (2019) showed that a
significant association between v1b accuracy and d prime was also found in 10-to-
12-year-old children, but the correlations between v1b rt and v1b accuracy/d prime
were not found in 10-to-12-year-old children. No study with children has investigated
the relation between performance in the report tasks and the v1b task. So, this study

also investigates potential relationships in performance in the different VAS tasks.

2.2.1 Research questions
The research questions for Study 1a were:

1. Does VAS predict reading fluency in 10- to 12-year-old Mandarin-speaking
children over and above the influence of other literacy-related variables
(vocabulary, PA, RAN, MA, verbal and visual memory and character
identification)?

If so, which reading modes show the strongest influence of VAS?
And which VAS task shows the strongest association with reading?

2. What is the association of VAS with other literacy-related variables?

3. What is the association of VAS tasks from different VAS paradigms?

With regard to RQ1, the prediction was that VAS would be a unique predictor of
reading fluency for these children after controlling for other important literacy-related
variables. It was further predicted that global and partial report performance may
show a stronger influence on oral reading, as found in Study 4 in Table 1, Cheng et

al. (2021). V1b scores would show a stronger influence on silent reading, as found in
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Study 8, Huang et al. (2019). Finally, the strongest influence of VAS should be
observed for oral sentence reading fluency, as found in Study 8, Huang et al. (2019).

With regard to RQ2, the prediction was that VAS may be significantly associated
with RAN, verbal memory, and visual memory, but not associated with PA, as
reported by Bosse et al. (2007) and Bosse and Valdois (2009).

With regard to RQ3, the prediction was that global and partial report scores would
be significantly correlated with each other, as reported by Bosse et al. (2007) and
Bosse and Valdois (2009). D prime and accuracy in the v1b task would also be
significantly associated, as reported in Study 8, Huang et al. (2019). Finally, V1b
correct RTs would not be associated with v1b accuracy or d prime, as mentioned in
Study 8, Huang et al. (2019).

2.2.2 Method

2.2.2.1 Participants. Participants included 56 children (25 girls) aged 10 to 12
years (m= 10.65, sd = 0.63). They were all native speakers of Mandarin. The
children were recruited at a primary school in northeastern mainland China with a
low-to-middle SES background (on the basis of school district). The children were all
in Grade 5. None of children had had cognitive or language assessments for
suspected dyslexia. None of the children had any learning difficulty or sensory
impairment according to school records. All of the children had normal or corrected
to normal vision. Based on the G-power analysis, there should have been at least 55
children, so the sample size of 56 children was sufficient for this study.

Ethical approval for the current study was acquired from the UCL, Institute of
Education ethical review panel. Written informed consent to participate in the

research was obtained from the children, the children’s parents/guardians, the
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children’s teachers themselves before testing began. The author’'s DBS certificate
was provided.

2.2.2.2 Materials.The assessments in Study 1a include tasks of nonverbal ability,
global and partial report, v1b, vocabulary, verbal and visual short-term memory, PA,
RAN, MA, character identification, as well as word and sentence reading fluency in
oral and silent modes.

Nonverbal ability. Nonverbal reasoning ability was tested by Raven’s Standard
Progressive Matrices (Raven et al., 1996). Raven’s SPM is a widely used measure of
general cognitive ability (Raven, 1989). Zhang and Wang (1989) established the
normative data for the Chinese city version of Raven’s SPM, which was adapted for
all age groups from 5 to 70 years.

VAS global report. The global report task was first used by Bosse et al. (2007) and
was adapted for Chinese-speaking participants by Chan and Yeung (2020) using 10
traditional single characters each with eight strokes (the reliability was reported to be
0.83 for adults in that study). For the present study, the characters from Chan and
Yeung were employed but in simplified form, because the recruited participants were
Mandarin speakers. The task used 10 Chinese characters. All the characters were

pronounceable (7] /men2/ [door]; ¥ /yu3/ [rain]; 3F /bing4/ [and]; Z /dong1/ [east]; F&
/biao3/ [watch]; 3E /fei1/ [no]; =& /shi4/ [thing]; & /tud/ [rabbit]; I /jing1/ [Beijing]; &

/jin1/ [gold]). Before the task, the participants were asked to name the stimuli to make
sure they know them. The characters were common ones, usually learned by children
in Grade 1.

The simplified characters were assessed for familiarity in a pilot study with five 10-

to 12-year-old children who were randomly selected from another class at the
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participants’ school. The characters were all found to be familiar to the children.
Cronbach’s alpha was calculated as 0.95 on the basis of data from the current study.

The procedure for the task was the same as that in the study of Chan and Yeung.
Trials involved the presentation of 20 six-character arrays. Each array did not produce
semantic meanings. Each trial began with a central fixation point (for 1000 ms)
followed by a blank screen (50 ms) and then a centrally displayed array for 200 ms.
Children were required to orally report the characters in the array, irrespective of
position after they disappeared. The measure employed in the analyses was the total
number of characters correct (the maximum score on this test was 120).

VAS partial report. The partial report task was also developed by Bosse et al.
(2007), and for assessing Chinese participants was adapted by Chan and Yeung
(2020) (reliability was reported to be 0.79). For our study, Cronbach’s alpha was 0.95
for children on the basis of data from this study. Stimuli were the same 10 characters
as for the global report task. The six-character arrays consist of different combinations
of these characters, without repetition within a string, and the arrays were not repeated.
Each array did not produce semantic meanings as well. Each character appears six
times in the same position and serves as the target character once at each position.
A total of 36 trials were administered, preceded by two practice trials. In this task, an
underline cue appeared after the offset of the array. Participants were asked to report
the target character prompted by the underline cue. The experimenter recorded the
reported character and proceeded to the next trial by pressing a button without giving
feedback. The score was the sum of correctly reported target characters (the
maximum score on this test was 36)

VAS v1b. The v1b task developed by Zhao et al. (2018a) was used in the present

study (reliability was reported to be 0.81 for 10-12-year-old children). Cronbach’s alpha
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was 0.6 on the basis of data from the current study. The stimuli were 15 unfamiliar
geometric symbols. A list of 80 five-symbol arrays was created. No string included the
same symbol twice. Participants were asked to press the j key as quickly and
accurately as possible when the target figure was present in the preceding array (200
ms) before 500 ms fixation, and they were asked to press the fkey when it was absent.
The target symbol was replaced by a blank screen (100 ms) after the response. The
blank screen lasted for 1000 ms between successive ftrials. The test trials were
preceded by 10 practice trials. Correct RTs, accuracy (80 as the maximum) and D
prime values were recorded. All children’s d prime values were randomly assigned
into four sections and the four sections were shown not to be significantly different
(please see Appendix A), suggesting no attention distraction of children in the v1b
task.

Vocabulary. The receptive vocabulary task of Gong and Guo (1984) was adopted.
The Peabody Picture Vocabulary Test — Chinese edition (PPVT-C) was based on the
Peabody Picture Vocabulary Test developed by Dunn and Dunn (1997). Cronbach’s
alpha was 0.82 on the basis of data from the current study. The experimenter states
a word, and children need to point to the corresponding picture out of four choices.
The task ends when children make more than five errors in a set of eight words.
Performance was recorded in terms of raw scores (i.e., ceiling item — total errors). The
maximum score on this test was 120.

Verbal short-term memory. Verbal short-term memory was assessed using the
Digit Span Forward and Backward subtests of the Chinese Wechsler Intelligence
Scale for Children (C-WISC; Gong & Cai, 1993). The highest number of digits correctly
repeated by children was their score (Cronbach’s alpha was 0.67 for children on the

basis of data from this study). The maximum score on this test was 12.
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Visual short-term memory. Visual simultaneous and sequential memory tasks
developed by Hulme (1981) were used (Cronbach’s alpha was 0.67 for children on the
basis of data from this study). Arabic characters (unfamiliar symbols for the
participants) were the stimuli. There were 12 trials for each task. Two, three, or four
characters were presented simultaneously or sequentially twice on the computer
screen, for two seconds per character. The participants were then required to select
the characters that were shown, in the correct order, from a test array of the characters
that were presented, intermixed with two distractor characters. The test array was
presented following a retention interval of one second for the first six trials and 10
seconds for the following six trials. Participants provided their responses by saying
aloud the number tags under the relevant characters in the test array. The maximum
score was 12 for each task.

Phonological awareness (PA). The phoneme deletion task from Song et al. (2020)
was used (Cronbach’s alpha was 0.85 on the basis of data from this study). The
phoneme deletion task was adopted to assess phonological awareness. Participants
were presented with one-, two-, or three-syllable items spoken by the tester, and were
asked to say aloud the syllable without the initial, middle, or final phoneme (for
example, ‘please tell me what /po1/ would be without the initial ‘/p/’, correct answer
/o1/; what /guan3/ would be without the middle ‘/u/’, correct answer /gan3/; what
/huang2/ would be without the last /g/, correct answer /huan2/‘). There were 26 items
for the main task and eight practice items. Correct responses were given one point.

Rapid automatised naming (RAN). The RAN digit and picture tasks were from the
Phonological Assessment Battery (Frederickson et al., 1997). The picture task used
line drawings of five common objects: a table, a door, a ball, a hat and a box. The digit

naming task used digits 1 to 9. In each case, participants were shown a visual display
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of randomly presented items and asked to name them in sequence as quickly as they
could. The response time to complete naming the pictures/digits was recorded.
Cronbach’s alpha was 0.72 for the recruited children on the basis of data from this
study.

Morphological awareness (MA). The compounding production task developed by
Liu and McBride-Chang (2010) was used for this study with six practice items and 31
test items. Cronbach’s alphas were reported by Liu and McBride-Chang to be between
0.74 and 0.79 for children aged 9 years. Children were asked to generate a novel word
that could best reflect the meaning provided by the question (for example, ‘What

should we call a monster that eats iron?’, ‘F 13I8 & Iz BB A2 2 1Y f+4?'. Correct
answer: ‘iron-eating monster’, ‘i1Z£%[%’). Children’s responses were scored according

to the criteria in the study of Liu and McBride-Chang. The scoring criteria were as
follows:

a. Correct and succinct structure; all critical morphemes (or semantically similar
morphemes); expressing the complete meaning - 4 points;

b. Correct but redundant or incomplete structure; uses more or fewer morphemes
(but not simple repetition); incomplete meaning - 3 points;

c. Correct but redundant or incomplete structure; uses some unrelated
morphemes (or just simply repeats the morphemes in the question); related meaning
- 2 points;

d. Incorrect (e.g., reversed) structure; uses some critical morphemes or similar
morphemes; related meaning - 1 point;

e. Incorrect structure; uses unrelated morphemes; express unrelated meaning - 0

point;
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The maximum possible correct score on this test was 124 (four points x 31 items).
Cronbach’s alpha was 0.75 based on the scores in the present study.

Single-character identification. A letter identification task was employed by
Bosse et al. (2007). In the character identification task here, the stimuli were the 10
Chinese characters used in the VAS report task. In the Bosse et al. (2007) study, at
the offset of the letter, a mask was displayed for 150 ms, but considering the
complexity of the Chinese characters and the participants’ ages, a mask was not
used for children in this study. The Cronbach’s alpha was 0.74 for children on the
basis of data from this study. The characters were presented individually in random
order for a total of five times each. The presentations had different durations (33, 50,
67, 84, and 101 ms), so each character appeared once at each presentation duration
(again in random order). Before the test trials, the participants were given ten
practice trials, two for each presentation duration, with feedback. Children were
asked to name each character after its presentation. The score was calculated
based on the formula from Antzaka et al. (2018), that is, accuracy at 33 ms x 5 +
accuracy at 50 ms x 4 + accuracy at 67 ms x 3 + accuracy at 84 ms x 2 + accuracy
at 101 ms.

Oral word and sentence reading fluency. The Chinese word reading task
developed by Chan and Yeung (2020) was adopted in this study. In the study of
Chan and Yeung (2020), the lower-bound reliability of this task is calculated (word
fluency, rlower = 0.66). In this study, the Cronbach’s alpha for children was 0.70 on
the basis of data from this study. For the oral word reading task, a list consisting of
120 two-character high-frequency Chinese words was used, and for the oral
sentence reading task, a narrative essay with five paragraphs was used. All tasks

were administered online. The participants were asked to read aloud as many words
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or sentences as accurately as possible within 45 seconds. The experimenter timed
45s and recorded errors. The fluency score is the sum of items correctly pronounced
within 45 seconds (word fluency: max = 120, sentence fluency: max=420). If
participants finished reading materials for each task within 45 seconds, their final
scores were calculated based on the number of correctly read words/finishing time *
60.

Silent word and sentence reading fluency. The silent word task developed by
Zhao et al. (2017) was used to assess silent word fluency. Participants were asked
to silently read Chinese single-character words as quickly and accurately as possible
within 1 minute while crossing out the noncharacters. At the end of this test,
participants were asked to mark the last item they read. The score was computed as
the number of items read minus the number of errors, in which errors included non-
identified noncharacters and incorrectly-marked real characters. There were 402
real-word items with 14 non-word items. The score was the number of words read in
one minute (words/min).

This silent sentence task developed by Zhao et al. (2017) was used. Four
sentences were presented in the practice session and 50 in the main test. The
sentences are about simple facts, and the length of each sentence varies from seven
to 22 characters (e.g., —~ 2 i#r-tx ‘There are seven days in a week’). Half of the
sentences were true, and half were false.

Participants are asked to silently read the sentence as accurately and quickly as
possible, and to press the space bar when finished. The interval between the
beginning of the sentence presentation and the time of pressing the space bar was
recorded. Reading fluency for each sentence was calculated based on the relative

ratio of the number of characters in the sentence to the time taken to read the
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sentence. After pressing the space bar, participants were asked to press a key
according to whether the sentence made sense or not (f key for false and j key for
true). The accuracy of the veracity judgments was also recorded. Cronbach’s alpha
for children was reported to be 0.74 on the basis of data from this study.

2.2.2.3 Procedure. The data were collected over the autumn school term in 2021.
Two class teachers helped to administer the Raven’s SPM test with group testing
(lasting c. 30 mins). One week later, children were assessed individually. The
assessments were carried out in the school IT room, and Lenovo computers with
21.5-inch screens and a display resolution of 1920x1080 were used. Before the
assessments began, children were seated by their class teacher at a distance of
approximately 50 cm from the computer screen. The computer microphone was
checked, and the shared screen was used (by the researcher) to introduce the tasks.

For the tasks that required children to respond to stimuli presented on the
computer screen (VAS tasks, reading tasks, visual memory and RAN), the
researcher informed the child of the instructions and once it was clear that the child
understood the task, and any practice trials were completed, the shared screen was
turned off, in order not to provide distraction. As for the other tasks that did not
require children to respond to stimuli on the screen (verbal short-term memory and
PA), the shared screen was turned off after the introduction of the trials. Rest breaks

were given between the tasks.
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2.2.2.4 Data analyses.The analyses involved correlation, principal component
analysis, hierarchical regression and structural equation modelling to explore the
relationship between reading and VAS assessed with character report and v1b
tasks. Relationships of the reading measures with the range of literacy-related
variables were explored with correlation analysis and scores for selected variables
were included in early steps in the regression analysis, with VAS in the final steps, in
order to see whether the effect of VAS would still be significant if influential variables
were controlled for. Principal component analysis was used to simplify the complex
dataset of various VAS tasks. Structural equation modelling was conducted in order
to examine the relationships of observed variables including VAS and reading

fluency, and to explore the possible existing latent variables.

2.2.3 Results

The first section presents the descriptive statistics for all the variables and then
results for analyses examining potential associations of PA, RAN, MA, character
identification, verbal and visual short-term memory, vocabulary and VAS with the
children’s reading fluency are presented. Table 2 provides a summary of the
children’s scores in the reading and literacy related measures, while Table 3

provides a summary of scores in the VAS assessments.
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Table 2
Descriptive Statistics for Age and Literacy-Related Measures in Study 1a

Mean (SD) Range
Age 10.65 (0.63) 8.90-12.80
Nonverbal Abil. (/60) 29.71 (5.14) 12-41
Vocabulary (120) 98.46 (7.46) 86-114
PA (/26) 18.87 (4.86) 8-26
RAN picture (seconds) 88.48 (20.81) 60.21-153.69
RAN digits (seconds) 36.68 (7.89) 21.41-57.30
MA (/124) 90.51 (12.27) 55-115
VerbalFor STM (/13) 8.22 (1.55) 5-13
VerbalBack STM (/12) 5.37 (2.72) 2-12
VisualSimul STM (/12) 9.19 (1.74) 3-12
VisualSeq STM (/12) 9.28 (2.24) 3-12
Oral word fluency 69.25 (17.01) 6-98
Oral sentence fluency 162.98 (49.88) 7-284
Silent word fluency 277.43 (84.40) 123-483.20
Silent sentence fluency  254.56 (91.17) 106.14-552.12
Char. Ident. (/150) 108.63 (15.38) 39-132

Note:. Nonverbal Abil.: Nonverbal ability, PA: phonological awareness, RAN: rapid automatised naming, RAN
picture: RAN picture task, RAN digits: RAN digits task, MA: morphological awareness, VerbalFor STM: verbal
digit forward short-term memory, VerbalBack STM: verbal digit backward short-term memory, VisualSimul STM:
visual simultaneous short-term memory, VisualSeq STM: visual sequential short-term memory, Chat. Ident.:
character identification.



84

Table 3
Descriptive Statistics for VAS Measures in Study 1a

Variables Mean (SD) Range
Global report (/120) 66.19 (12.65) 37-91
Partial report (/36) 22.22 (5.85) 7-36
V1b accuracy (/80) 46.15 (7.05) 30-61
V1b d prime 0.44 (0.53) -1.06-1.75

V1b correct RTs (seconds)  3.33 (0.36) 2.56-4.27

Note:. V1b accuracy: visual 1-back accuracy, V1b d prime: visual 1-back d prime, V1b correct RTs: visual 1-back
correct reaction times.

Pearson's correlation analysis revealed the correlations between all the variables
in Study 1a. Children’s verbal short-term digit forward memory and digit backward
memory were significantly correlated, and visual simultaneous short-term memory
and sequential memory were significantly correlated. RAN picture and RAN digits
were significantly correlated.

In addition, children’s global report and partial report were significantly correlated,
and v1b accuracy and d prime were also significantly correlated. Partial report was
significantly associated with v1b accuracy. However, v1b accuracy was not
correlated with v1b correct RTs. RAN picture and digits were significantly correlated

with global report. These significant correlations are highlighted in red in Table 4.
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©

10
1
12
13
14
15
16
17

Nonverbal Abli.
Age

Vocabulary

PA

RAN picture
RAN digits

MA

VerbalFor STM
VerbalBack STM
VisualSimul STM
VisualSeq STM
Chat. Ident.
Global

Partial

V1b accuracy
V1b d prime
V1b correct RTs

1
-.06
317
14
-.01
K
.38
A3
K
41
41
A3
-13
-.04
15
K
-.12

.07
.01
-.05
-.04
-.25+
18
.08
-.04
.02
-.06
-.02
-.08
-.11
-.16
15

10
-.21
.01
22
.05
15
25+
.35*
-.10
A7
.05
.20
A7
-.06

-.30*
-.10
25+
18

50"+

24+

.50***

.06
.05
.08
10
.09
-.07

.58***

-.03
-.09
-.30*
.00
-27*
-.06
-.45**
-.11
.00
-.01
25+

-.07
-.06
-.10
-.04
-.04
-12
-.45**
-.07
19
22
.20

.21
24+
317
.38
16
14
-.01
-.03
.04
.02

8 9
37

10 -12
26+ .38
10 .02
.03 .01
-1 -19
=24+  -.05
-15 .03
A2 .05

10 1 12
317 -

12 .08 -
-04 14 -14
.04 .04 .10

25+ 19 -14
A7 A8 -7
-10 -07 -.07

13 14 15 16
.52***

.06 27 -

.04 22 4% -
.07 22 15 19

17

Note:. Nonverbal Abil.: Nonverbal ability, PA: phonological awareness, RAN: rapid automatised naming, RAN picture: RAN picture task, RAN digits: RAN digits task, MA:
morphological awareness, VerbalFor STM: verbal digit forward short-term memory, VerbalBack STM: verbal digit backward short-term memory, VisualSimul STM: visual
simultaneous short-term memory, VisualSeq STM: visual sequential short-term memory, Chat. Ident.: character identification, Global: global report; Partial: partial report; V1b
accuracy: visual 1-back accuracy; V1b d prime: visual 1-back d prime; V1b correct RTs: visual 1-back correct reaction times.

* p<.1, *p<.05; **p<.01; ***p<.001
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Principal component analysis with an oblique rotation was used to explore the
factor structure in the VAS measures in Table 5. Due to the high correlation between
v1b accuracy and d prime in Table 4 (also found by Huang et al., 2019), only v1b
accuracy remained to enter the later analysis. The bold loadings in each component
might share similarities. Results showed that the global and partial report tasks
(Factor 1) shared similarities, and v1b accuracy and correct RTs (Factor 2) shared

similarities, respectively.

Table 5

Principal Component Analysis with an Oblique Rotation of VAS Variables in Study 1a
(pattern matrix)

KMO=0.51, Bartlett: p=.001

Factor 1 Factor 2
Global report 0.93 -0.17
Partial report 0.79 0.26
V1b accuracy 0.03 0.75
V1b correct RTs -0.03 0.75
% of Variance 42.46 25.54

Note:. Variables with high loadings (over 0.3) are in bold. Results for this analysis under the varimax rotation
were similar to this one.

Considering the significant correlations between the two verbal short-term
memory tasks, also between the two visual short-term memory tasks and between
the two RAN tasks, composite scores for verbal short-term memory, visual short-
term memory and RAN were calculated by summing the z scores, and they were
used in later analyses. This was because, Serlin and Mailloux (1999) claimed that,

with normally distributed data, composite variables could provide the greatest
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increase in power when the original variables have similar associations with the
outcome variable.

As for VAS tasks, composite scores were also considered for the later analyses.
For global and partial report, a significant correlation was found, and the principal
component analysis also revealed similarities between the two tasks. As for the v1b
task, the principal component analysis showed similarities between v1b accuracy
and v1b correct RT, although no significant correlations were found between v1b
accuracy and correct RTs.

Thus, composite scores of the global and partial report tasks were calculated
under the formula of Awadh et al. (2022): VAS report composite scores = (Global
Score + 2 x Partial Score) x 100/2 x 80. Accuracy and correct reaction times from
the v1b task could also be combined together, as Zhao et al. (2018a), but due to the
reversed calculation methods between v1b accuracy and correct RTs, v1b errors
rather than accuracy were used to combine with correct RTs by adding the z scores
of v1b errors and correct RTs, thus producing v1b composite z scores.

Results of normality tests showed that nonverbal ability, visual short-term memory
composite z scores, oral word reading fluency, oral sentence reading fluency, silent
word reading fluency, single character identification, VAS report composite scores,
and V1b composite scores were normally distributed, so other variables (age, verbal
short-term memory composite z scores, PA, and silent sentence reading fluency)
were transformed: scores for silent sentence reading fluency were transformed using
log transformation, while scores for the other variables were transformed using
inverse-normal transformation raised by Templeton (2011) because after using log

transformation, scores for these variables were still not normally distributed.
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Since there was a relatively narrow age range in the participants in this study, we
did not expect that chronological age would have a major influence on the results.
Indeed, age was not significantly associated with the variables in the simple
correlation analysis. Consequently, chronological age was not included in the
subsequent analyses.

Pearson's correlation and partial correlation analyses controlling for nonverbal
ability showed the results reported in Table 6. Pearson’s and partial correlation
analyses showed that children’s VAS report composite scores were significantly
correlated with oral word and sentence reading fluency, and their V1b composite
scores were significantly correlated with silent sentence reading fluency. In addition,
with both Pearson’s and partial correlation analyses, children’s RAN composite z
scores were significantly associated with oral word and sentence reading fluency,
and character identification skills were correlated with silent word reading fluency.

Pearson’s correlation analysis also revealed significant correlations between PA
and oral sentence reading fluency (p<.05), between MA and children’s oral sentence
reading fluency (p<.01) and silent sentence reading fluency (p<.05), as well as
between vocabulary and oral sentence reading fluency (p<.05). The significant
correlations between reading and VAS composite scores are highlighted in red in
Table 6.

On the basis of the results of the correlation analyses, the variables vocabulary,
PA, RAN, MA, character identification and VAS, together with nonverbal ability were
considered for inclusion as predictors of the reading measures in the regression

analyses that are reported next.
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Table 6

Pearson’s Correlation (above the diagonal) and Partial Correlation (below the diagonal) Controlling for Nonverbal Ability, with

Literacy-related Variables, Reading Measures, and VAS Task Performance in Study 1a

2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20

1 Nonverbal Abli. -.06 31* 14 .02 .38** .23+ 40" .02 A7 .22 23+ 13 -13 -.04 .15 1 -12 -.02 -.25+
2 Age - .07 .01 .01 -.25 .09 .08 .02 -.01 .02 .04 -.06 -.02 -.08 -1 -.16 .15 -.16 A7
3 Vocabulary .36* - .01 -7 .22 .02 .39** .21 31* .03 .16 -.10 A7 .05 .20 .18 -.06 .25+ -.22
4 PA .08 -.03 - -.29* .25+ .32* .29* .33* .29* -.02 .08 .06 .05 .08 .10 .09 -.07 14 -.15
5 RAN comp -.19 -.16 =29+ - -.08 -.07 -1 EN D -.04 =27+ -.03 -.58** -.15 12 .08 .30* -.50*** .20
6 MA -13 .07 14 .09 - 19 .35* .22 43 .06 31* .16 14 -.01 -.03 .04 .02 .15 .03
7 Verbal STM comp .01 -.09 .32+ -.03 12 - .22 -.01 .04 .10 -.01 .04 -.07 -1 -.08 .00 .10 -.09 A7
8 Visual STM comp .20 .25 1 -1 .25 .08 - .18 23+ 1 .06 .16 .02 .16 .08 .02 -1 24+ -.20
9 Oowf A7 13 .25 - 75" -.04 -1 .21 - 87+ .25+ 41 .18 53** 14 -12 -7 -.25+ A48** -.15
10 Osf 12 .25 .21 D .18 -.03 .24 .82%** - .21 o) el 14 .B3*** 23+ -.06 -.03 -1 RoY A -.10
1 Swf .04 -.09 -.04 -.09 -.03 .02 .10 .16 .06 - 1 .38** -.08 -.18 -.14 -12 -.06 -.14 -.03
12 Ssf -.15 19 .00 =27+ .24 -.19 -.04 46 R -.02 - .-05 .33* .03 14 14 -.32* .20 -.40**
13 Chat. Ident .04 -13 -.02 -.09 .08 .04 .09 19 13 40* .07 - -.14 .10 -.14 -7 -.07 -.01 .04
14 Global .15 .22 .05 -.51** -.01 -.02 -.02 53** .B3*** -.04 .36* -.18 - 52+ .06 .04 .07 .88*** .01
15 Partial -.08 .09 -.00 -.19 -7 -.26 .04 .21 31+ -.10 14 .01 AT - 27" .22 .22 84> -.03
16 V1b accuracy -.22 13 -.05 13 .00 -.09 -.16 -1 -.07 -.18 A7 -.28+ -.05 .07 - 94> .15 1 =57
17  V1b d prime =31+ .07 -.05 .08 .08 -.02 -.19 -12 -.02 -13 1 -.21 -.07 .05 .96*** - 19 .06 -.50***
18  V1b correct RTs .06 -.04 -.07 .25 19 12 -1 -.21 .01 .01 -.28+ -.05 .15 12 .08 14 - .09 70%**
19  VAS report comp .06 19 .03 -.43** -.09 -.15 .01 A45% RoY A -.08 31+ -1 .89*** .82+ .00 -.02 .16 - .01
20 V1b comp .18 -.14 -.05 .20 .15 .21 -.05 -.18 -.02 .05 -.38* 13 .16 .07 -.49** -43* .80*** 14 -
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Note:. Nonverbal Abil.: Nonverbal ability, PA: phonological awareness, RAN comp: rapid automatised naming composite z scores, Verbal STM comp: verbal short-term
memory composite z scores, Visual STM comp: visual short-term memory composite z scores, Owf: oral word reading fluency, Osf: oral sentence reading fluency, Swf: silent
word reading fluency, Ssf: silent sentence reading fluency, Chat. Ident.: character identification, Global: global report; Partial: partial report; V1b accuracy: visual 1-back
accuracy; V1b d prime: visual 1-back d prime; V1b correct RTs: visual 1-back correct reaction times, VAS report comp: composite scores of the global and partial report tasks,
V1b comp: visual 1-back composite z scores of errors and correct reaction times.

* p<.1, *p<.05; **p<.01; ***p<.001
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Regression analyses

Hierarchical regression analysis was carried out with oral and silent reading
fluency (Table 7) as the dependent variables for children. Hair et al. (2014)
suggested that the recommended the minimum size for conducting multivariate
analyses is ten times the number of research instruments. In light of the sample size
in the current study, in the regression analysis exploring the predictors of the reading
measures, the six independent variables including nonverbal ability, PA, RAN, MA,
character identification skills and VAS, that were most strongly associated with
children’s reading fluency (please refer to Table 6) were entered into the regression.
The results of the hierarchical regression analysis including vocabulary as an
additional predictor are shown in the Appendix B.

In Step 1, nonverbal ability was entered, and in Step 2, PA, RAN composite
scores, MA and character identification were entered. At Step 3, VAS report
composite scores were entered in the regression analysis with oral reading fluency
as a dependent variable due to significant correlations between VAS report
composite score and oral word and sentence reading fluency. V1b composite scores
were entered in the regression analysis with silent reading fluency as a dependent
variable, because of significant correlations between v1b composite scores and

silent sentence reading fluency. Results are reported in Table 7.
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Hierarchical Regression Analyses with Oral Reading Fluency as the Dependent

Variables in Study 1a

Oral word reading fluency

Oral sentence reading fluency

Step AR? AF B t Tol  VIF AR? AF B t Tol  VIF
1 Nonverbal Abil. 0.00 0.04 -0.03 -021 1.00 1.00 0.02 0.86 0.14 093 1.00 1.00
2 0.44**  7.51 0.29**  4.02

PA 0.09 0.70 091 1.10 0.04 027 091 1.10

RAN comp -0.62**  -486 091 1.10 -0.49** -345 091 1.10

MA -0.04 -0.31  0.87 1.15 0.24 165 0.87 1.15

Char. Ident 0.10 0.79 096 1.04 -0.01 -0.05 096 1.04

3 VAS report comp  0.05+ 3.45 0.23+ 186 090 111 0.17* 1212 043* 348 0.90 1.1
Silent word reading fluency Silent sentence reading fluency

Step AR? AF B t Tol  VIF AR? AF B t Tol  VIF
1 Nonverbal Abil. 0.06 2.82 0.25 168 1.00 1.00 0.03 1.52 0.18 123 1.00 1.00
2 0.15 1.87 0.13 1.58

PA -0.03 -0.21 087 1.14 -0.13 -0.83 090 1.1

RAN comp 0.00 0.00 085 1.17 -0.20 -1.33 091 1.10

MA -0.07 -041 079 1.26 0.33* 211 084 119

Char. Ident 0.39* 267 095 1.05 -0.12 -0.83 096 1.05

3 V1b comp 0.00 0.01 -0.01 -0.09 091 110 0.13* 704 -0.38* -265 0.89 1.13

Note:. Nonverbal Abil.: nonverbal ability, PA: phonological awareness, RAN comp: RAN composite z scores, MA:
morphological awareness, Char. Ident.: character identification, VAS report comp: composite scores in the global
and partial report tasks, V1b comp: visual 1-back composite z scores of errors and correct reaction times.

* p<.1, *p<.05; **p<.01; ***p<.001

For oral reading fluency, at Step 2, RAN composite scores significantly predicted

word and sentence fluency. At Step 3, VAS report composite scores uniquely

predicted sentence fluency (p<.05).

For silent reading fluency, at Step 2, character identification was the only predictor

of word fluency, while MA was the only predictor of sentence fluency. At Step 3, V1b

composite scores significantly explained 13% of the variance in sentence fluency

(p<.05).
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Structural equation modelling
Structural equation modelling was used to examine the relationship between VAS

measures and reading fluency in oral and silent modes (Figure 1).



Figure 1
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Structural Equation Modelling of VAS and Oral and Silent Reading Fluency in Study

1a

Oral word

\
0.79***

Oral sentence

0.97***
L

=

Oral
reading
fluency

0.60***

-0.14n

Silent word

-0.13ns
VAS report comp
0.05m™ -0.02ns
l 7
V1b comp -0.46*** —

Silent sentence

Note:. Oral word: oral word reading fluency, Oral sentence: oral sentence reading fluency, Silent word: silent
word reading fluency, Silent sentence: silent sentence reading fluency, VAS report comp: composite scores in the
global and partial report tasks, V1b comp: v1b composite z scores of errors and correct reaction times. The red
line means a significant prediction.
* p<.1, *p<.05; **p<.01; ***p<.001

Figure 1 shows the model with maximum likelihood as the estimation method,

which demonstrated a good fit to the data [x? (3, n = 56) = 2.83, p = 0.42; CFI/ = 1.00;

RMSEA = 0.00; SRMR = 0.02]. This model showed one latent factor made up of oral

word and sentence reading fluency. Children’s VAS report composite scores and

V1b composite scores were not intercorrelated. VAS report composite scores

predicted oral reading fluency, whereas V1b composite scores predicted silent

sentence reading fluency.

2.2.4 Discussion of 1a

Study 1a investigated the relationship between VAS and Mandarin-speaking

children’s reading performance. VAS was assessed with two paradigms - global and

partial report, and v1b. Results revealed that reading fluency was significantly

associated with VAS scores.

RQ1 was “Does VAS predict reading fluency in 10- to 12-year-old Mandarin-

speaking children over and above the influence of other literacy-related variables
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(vocabulary, PA, RAN, MA, verbal and visual memory and character identification)?
If so, which reading modes show the strongest influence of VAS? And which VAS
task shows the strongest association with reading?”

The findings revealed that VAS report scores uniquely predicted oral sentence
reading fluency, and v1b composite scores predicted silent sentence reading fluency
after controlling for nonverbal ability, PA, RAN, MA and character identification. The
strongest influence of VAS was found for oral sentence reading fluency (17%).

RAN was also found to be a robust predictor of children’s oral reading fluency,
which is in accord with existing research (e.g., Chen et al., 2019; Huang et al., 2019;
Van Den Boer et al., 2015). This is because RAN shares many processes with
reading aloud. For silent reading fluency, results of the regression analyses indicated
that character identification and MA were significant predictors of word and sentence
reading fluency. Giazitzidou and Padeliadu (2022) and Giazitzidou et al. (2024)
indicated the MA was found to significantly predict silent reading fluency of Greek-
speaking children after controlling for nonverbal ability, vocabulary and PA. They
explained it may be because in the silent reading task, participants may first identify
their familiar morphemes in each word based on their semantic memory, and then
based on this information, they may recognise and retrieve faster the lexical
representation. So, MA involving word meanings could be beneficial for participants
to rapidly understand and judge whether the sentences make sense in the silent
sentence reading task.

There is a consensus that PA is important for learning to read in alphabetic
languages (e.g., Anthony & Francis, 2005) due to the existence of grapheme-
phoneme correspondences. In Chinese, although there are no grapheme-phoneme

correspondences, it has also been found that PA skills facilitate early character
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identification, likely through clear and consistent mapping of phonemes to
characters, especially for younger children (e.g., children aged 8 to 9 in the study of
Cheng et al., 2021, children aged 6 to 7 years in the study of Huang et al., 2021).
However, it should be noted in Study 1a that PA scores were only significantly
associated with those for oral reading in the simple correlation analysis, and after
controlling for nonverbal ability, there was no significant association between PA and
any reading measure. This finding is not in line with results for many studies of
reading in Chinese speaking children (Cheng et al., 2021; Huang et al., 2021) and in
alphabetic languages (e.g., Awadh et al., 2022; Van Den Boer et al., 2015).
However, the result from the current study was in accord with that of Chen et al.
(2019). Chen et al. reported that PA was not significantly associated with 10-12-year-
old children’s oral word and sentence reading fluency. Researchers including Yeung
et al. (2011) and Yeung et al. (2013) suggested that older children may rely more on
orthographic processing for reading and younger children aged phonological
processing. This change in literacy strategy has also been proposed for spelling
development, as we see in the next chapter.

Most importantly, after controlling for nonverbal ability, PA, RAN, MA and
character identification, the regression analyses still showed the predictive power of
VAS report scores to children’s oral sentence reading (17%, p<.01). These findings
are in line with those of Chen et al. (2019) and Huang et al. (2019). The two studies
reported the unique role of VAS in oral sentence reading fluency after controlling for
nonverbal ability and RAN. The results from Study 1a support the unique prediction
of VAS to children’s oral reading fluency. Chen et al. (2019) and Huang et al. (2019)

suggest that this is because well developed VAS enables the parallel processing of
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multiple orthographic units (Chinese characters), thus affecting the efficiency of
processing sentences.

By contrast, vib composite scores significantly explained 13% of the variance in
silent sentence reading fluency (p<.05). This finding supports the unique role of VAS
in children’s silent reading fluency, which is not in line with the results of Huang et al.
(2019) who found a unique prediction of VAS (correct RTs) to 10- to 12-year-old
children’s oral sentence reading fluency, not silent sentence reading fluency. The
discrepancy in results might be because, firstly, compared with Huang et al. (2019),
who controlled for age, nonverbal ability and language skills, more related variables
were controlled for in the regression analyses in the present study. Secondly, the
composite scores of the v1b tasks were used in this study rather than a single
(correct RT) variable used by Huang et al. (2019).

In addition, the analyses revealed that VAS report scores predicted children’s oral
reading fluency at sentence level, whereas v1b scores just predicted their silent
sentence reading fluency. This may be because the global and partial report tasks
involved not only visual-phonology mapping to characters but also oral report, which
overlaps with the processing involved in oral reading, as argued by Chen et al.
(2019). By contrast, the processes involved in the v1b task may be more in line with
skills used in silent reading. The silent sentence reading task requires a larger visual
attentional window than the silent word task. So, the prediction of the v1b scores to
silent sentence reading fluency but not to silent word reading fluency could be
expected.

The structural equation model with a good model fit demonstrated the relationship
between VAS under different tasks and children’s reading fluency in oral and silent

modes. Children’s oral reading fluency as a latent factor was made up of oral word
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and sentence reading fluency, but silent reading fluency failed to comprise silent
word and sentence reading fluency as another latent factor. This may suggest that
children have more reading experience and familiarity with oral reading rather than
silent reading.

Regarding RQ2 ‘What is the association of VAS with other literacy-related
variables’, the findings were partially in line with the hypothesis that results showed
no correlation between VAS and PA and significant associations between VAS and
RAN. However, significant correlations between VAS and verbal and visual memory
were not observed.

VAS and PA were not significantly associated, which supports the independence
of VAS and phonological skills, as previously noted by, for example, Valdois et al.
(2003) and Bosse et al. (2007). In terms of VAS and RAN, correlational analyses
revealed significant associations between the two, which was in line with the findings
of Van Den Boer et al. (2015). This indicates that they share underlying processes,
including the processing of (familiar) visual stimuli, access to lexical representations
and corresponding verbal labels, together with the production of phonological forms
(Chen et al., 2019; Moll et al., 2009; Nielsen & Juul, 2016; Stainthorp et al., 2010;
Van Den Boer et al., 2014; Ziegler et al., 2010) On the other hand, considering
potential non-overlapping aspects of the VAS and RAN measures, the additional
feature required in tasks used to assess VAS is the requirement to process the
stimuli in parallel. VAS had a more significant association with sentence reading and
RAN played a more important role in word reading, likely because sentence reading
draws more strongly on visual parallel processing than word reading.

In terms of VAS and verbal memory, no relationship between VAS and verbal

short-term memory was found, which was in line with Cheng et al. (2021). Cheng et
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al. showed VAS assessed in the v1b task with unfamiliar symbols was not correlated
with verbal memory. Lobier, Zoubrinetzky and Valdois (2012) also claimed that
although VAS assessed in the global report task included verbal responses and
stimuli (Ziegler et al., 2010), VAS was still visual, not verbal tasks. Verbal memory in
the global task was only used in the retention of visual items that were identified by
participants before the oral report, thus not being involved too much.

In terms of VAS and visual memory, no correlation between VAS and visual short-
term memory was found, which was in accord with the findings of Chen et al. (2019).
Chen et al.'s results revealed that visual memory storage is different from visual
simultaneous processing. However, this does not mean there is no relationship
between VAS and visual memory. The sample size may not have been large enough
to find a correlation between VAS and visual memory in Study 1a. More participants
may be needed in the future to explore this in detail. The alternative explanation may
be, as Huang et al. (2019) argued, that children’s VAS and visual memory are still
developing, so it is reasonable not to see a relationship between the two variables.
Thus, it could be expected the relationship between VAS and visual memory in the
following adults ‘study.

Regarding RQ3 “What is the association of VAS tasks from different VAS
paradigms®, the results were in line with the hypothesis that global and partial report
scores were significantly correlated with each other and d prime and accuracy in the
v1b task were also significantly associated. V1b correct RTs were not associated
with v1b accuracy or d prime. In addition to these, a new finding was that partial
report was found to be significantly associated with v1b accuracy.

Significant correlations between global and partial report were found in children’s

groups, which was in line with the existing research (such as Bosse et al., 2007 for
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French and English children aged 9 to 11 years; Bosse et al., 2009 for French
children aged 6 to 11 years). V1b accuracy was also highly correlated with d prime,
which was in line with Huang et al. (2019) who claimed d prime and accuracy
overlapped with each other to a great extent.

However, in Study 1a, v1b accuracy and partial report were found to be
significantly associated. | previously hypothesised there was no correlation between
the two different paradigms. The structural equation model also showed children’s
VAS report scores and v1b scores were not intercorrelated, which indicates that the
processes involved in the two VAS paradigms do not overlap to a great extent. This
may be because children have not yet developed mature VAS, as reported by Huang
et al. (2019). The other possibility is that the v1b task makes demands on resources
that are not present in the report tasks due to use of unfamiliar symbols, which made
it difficult for them to achieve high sensitivity in this task, as found by Zhao et al.
(2018a). So far, no children’s studies have reported such a correlation. The finding in
Study 1a supported the connection between the partial report and v1b accuracy.

Overall, regarding the research questions, VAS played a unique role in Mandarin-
speaking children’s reading fluency (17%, p<.01) after controlling for nonverbal
ability, PA, RAN, MA and character identification skills. VAS report scores in global
and partial report significantly predicted children’s oral reading fluency, mainly in oral
sentence reading, in addition to RAN. V1b scores significantly predicted children’s
silent sentence reading fluency (13%, p<.05), in addition to MA. The strongest
influence of VAS was observed for oral sentence reading fluency. The findings are
discussed in relation to those of the adult participants in Study 1b at the end of the

chapter.
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2.3 Study 1b: Relationship between VAS and reading in Mandarin-speaking
adults

This study aims to investigate the relationship between VAS and reading fluency
of Mandarin-speaking adults. So far, only four studies have explored VAS and
reading of adults, one that has included Arabic-, French- and Spanish speakers
(Awadh et al., 2016) and three that have involved Chinese speakers (Chan & Yeung,
2020; Huang et al., 2019; Zhao et al., 2017). These studies focused on exploring the
relationship between VAS and reading fluency and VAS tasks themselves rather
than the relationship between VAS and other literacy-related variables. However, in
order to conduct a comparison with the results for children in Study 1a, the
relationships between VAS and the same literacy-related variables, with the
exception of MA were explored in Study 1b. This is because MA was usually shown
to be a predictor of reading fluency in younger children but not in adults. MA has
always been reported to be an important longitudinal factor in Chinese early literacy
acquisition, including reading and spelling of Mandarin-speaking and Cantonese-
speaking children (Mandarin-speaking children aged 7 to 10 years from Li et al.,
2020; Mandarin-speaking children aged 4 to 11 years from Pan et al., 2016;
Cantonese-speaking children aged 5 to 7 years from Tong et al., 2009; Cantonese-
speaking children aged 7 to 11 years from Yeung et al., 2013).

As discussed in Section 1.5, VAS is likely to involve parallel processing, visual
attention allocation and working memory. At the same time, no correlations between
PA, verbal memory and VAS were found. So, | might expect to find in Study 1b with
adults, significant associations between VAS, RAN and visual short-term memory.

In addition, significant correlations among global report, partial report and v1b

accuracy of adults were reported in Chan and Yeung (2000). However, Huang et al.
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(2019) found correlations between v1b correct RTs and v1b accuracy/d prime were
not found in adults. So, this study also investigated the potential associations among
the report and v1b tasks.

2.3.1 Research questions

The three research questions were also the same as the Study 1a:

With regard to RQ1 and RQ2, the predictions were the same as the Study 1a
Different from the children study, the prediction to RQ3 in adult study was that
nearly all VAS variables were significantly correlated with each other, except for v1b

correct RTs and v1b accuracy/d prime, as reported in Studies 7 and 8, Chan and
Yeung (2020) and Huang et al. (2019) respectively.
2.3.2 Method

2.3.2.1 Participants. Participants included 58 adults (28 female) aged from 19 to
51 years (m=27.85, sd=7.19) through simple random sampling. They are all native
speakers of Chinese (Mandarin) and use simplified Chinese characters under
diverse SES and education background. Most of the adult participants (n=46) had a
university degree and these adults have relatively high-level English skills, especially
for reading and writing because they were required to pass the College English Test
Band 4 (an official test involving English listening, reading and writing) according to
the regulations of higher education in China. The rest of the participants (n=12) had
graduated from junior colleges. All of the adults had normal or corrected to normal
vision. One male adult and one female adult have been diagnosed as dyslexics in
UK and Singapore as teenage and adult respectively, but they had not received any
subsequent intervention. The other adults did not participate in any assessment of

literacy and cognition for dyslexia and dysgraphia. Based on the G-power analysis,
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there should have been at least 55 adults, so the sample size of 58 adults was
sufficient for this study.

Ethical approval for the current study was acquired from the authors’ university
ethical review board. Written informed consent to participate in the research was
obtained from adult participants themselves before testing began. DBS certificate

was also provided.

2.3.2.2 Materials. Nonverbal ability. The assessment was the Raven’'s SPM
task, as used in Study 1a. The Cronbach’s alpha was 0.92 for adults based on
scores from this study.

VAS global report task. This was the same as the one used in Study 1a -
adapted for Chinese-speaking adult participants by Chan and Yeung (2020) using 10
traditional single characters (the reliability was reported to be 0.83 for adults in that
study). The Cronbach’s alpha was 0.94 for adults based on scores from this study.

VAS partial report task. This was the same as the one used in Study 1a. The
Cronbach’s alpha was 0.81 for adults based on scores from this study.

VAS v1b task. This one was the same as the one used in Study 1a. The
Cronbach’s alpha was 0.67 for adults based on scores from this study. All adults’ d
prime values were randomly assigned into four sections and the four sections were
shown not to be significantly different (please see Appendix A), suggesting no
attention distraction of adults in the v1b task.

Vocabulary. This was the same as the one used in Study 1a. The Cronbach’s
alpha was 0.69 for adults based on scores from this study.

Verbal short-term memory. Verbal short-term memory was assessed using the
Digit Span Forward and Backward subtest of the Chinese Wechsler Intelligence Scale

for adults (Revision of Wechsler Adult Intelligence Scale in China, WAIS-RC; Gong,
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1983). The highest number of digits correctly repeated by adults was their score
(Cronbach’s alpha was 0.72 for the Digit Span Forward task; Cronbach’s alpha was
0.80 for the Digit Span Backward task based on scores from this study). The maximum
score on this test was 13.

Visual short-term memory. This was the same as the task used in Study 1a.
Cronbach’s alpha was 0.58 for the visual simultaneous memory task, and
Cronbach’s alpha was 0.55 for the visual sequential memory task based on scores
from this study.

Phonological awareness (PA). The phoneme deletion task for adults from
Hamilton (2007) was used. Cronbach’s alpha was 0.68 based on scores from this
study. Participants were presented with one, two, or three Chinese syllable items
spoken by the tester, and were asked to say aloud the syllable without the initial,
middle, or final phoneme (for example, ‘please tell me what/guang1/would be without
the first sound.” The correct answer was ‘/uang1/’). The task for adults comprised 33
items for the main task and three practice items. Correct responses were given one
point.

Rapid automatised naming (RAN). This was the same as the RAN task used in
Study 1a. Cronbach’s alpha was 0.87 for adults based on scores from this study.

Single-character identification. This task was similar to the one used in Study 1a,
but at the offset of the letter, a mask was displayed for 150 ms for adults. The mask
was introduced as otherwise scores would be at ceiling in the task. The version of the
task with a mask was as it had been used in the study with adults of Awadh et al.

(2016). The Cronbach’s alpha was 0.85 for adults based on scores from this study.
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Oral word and sentence reading fluency. This was the same as the task used in
Study 1a. Cronbach’s alpha was respectively 0.67 for adults based on scores from this
study.

Silent word and sentence reading fluency. This was the same as the task used

in Study 1a. The Cronbach’s alpha was 0.68 for adults based on scores from this study.

2.3.2.3 Procedure. The data were collected from June to December 2022 and all
tasks were administered individually online by the researcher, with sessions on four
separate days for each participant. Participants used their laptops (including 23
laptops with Mac systems and 35 laptops with Windows systems) with 60 Hz to 75
Hz refresh rate during the assessments.

The global and partial report tasks were assessed first and then the v1b task
(lasting c. 15-20 minutes in total). The nonverbal ability task (usually lasting 35 to 45
minutes) was administered in the second session. At the third session, vocabulary
was assessed (usually lasting 25 minutes). In the fourth section, oral reading, PA,
RAN and verbal short-term memory were administered (lasting c. 25-35 minutes in
total). Finally, visual short-term memory, silent reading fluency and character
identification tasks were conducted (lasting c. 30-40 minutes in total).

2.3.2.4 Data analyses. The analyses involved the same data analyses as the
Study 1a including correlation, principal component analysis, hierarchical regression
and structural equation modelling. In addition, independent t-tests were conducted to
compare the scores of children from Study 1a and adults for purposes of examining
developmental progression in the variables.

2.3.3 Results
The first section presents the descriptive statistics for all the variables and then

results for analyses examining potential associations of age, nonverbal ability,
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vocabulary, PA, RAN, character identification, verbal and visual short-term memory

and VAS with reading fluency are presented.

Table 8 provides a summary of the adult participants’ scores in all the literacy-

related measures as well as the results of t-tests comparing scores with those from

the children Study 1a.

Table 8

Descriptive Statistics for All Literacy-Related Measures in Study 1b and Comparison
with Results for Children from Study 1a

Variables
Age

Nonverbal Abil. (/60)

Vocabulary (120)
PA (/33)

RAN picture (seconds)
RAN digits (seconds)
VerbalFor STM (/13)
VerbalBack STM (/13)

VisualSimul STM (/12)
VisualSeq STM (/12)

Oral word fluency
Oral sentence fluency

Silent word fluency

Silent sentence fluency 357.94 (124.12)

Char. Ident. (/150)

Adults Children
Mean (SD) Range Mean (SD)
27.85 (7.19) 19.08-51 10.65 (0.63)
44.3 (8.01) 19-59 29.71 (5.14)
112.41 (4.06) 100-118 98.46 (7.46)
28.38 (2.64) 21-33 18.87 (4.86)
68.40 (12.19) 50.70-98.81 88.48 (20.81)
26.09 (6.24) 14.93-55.74 36.68 (7.89)
10.04 (1.17) 8-12 8.22 (1.55)
7.24 (1.95) 2-12 5.37 (2.72)
10.43 (1.69) 5-12 9.19 (1.74)
10.48 (1.58) 5-12 9.28 (2.24)
98.74 (16.40) 58-135 69.25 (17.01)
296.98 (84.69) 155-651.72 162.98 (49.88)
451.93 (238.50) 145-1269.47  277.43 (84.40)
135.05-608.97 254.56 (91.17)
103.07 (22.76) 29-134 108.63 (15.38)

T-test

t(57.91) = -18.15

t(95.68)=-11.54
t(84.29)=-12.33
t(83.21)=-12.75
1(84.28)=6.17
t(100.90)=7.84
t(107)=-6.91
£(99.46)=-4.20
t(111)=-4.01
1(94.76)=-3.27
t(112)=-10.25
1(92.88)=-10.34
t(71.96)=-5.23
t(102.82)=-5.05
1(98.50)=1.52

.000
.000
.000
.000
.000
.000
.000
.000
.000
.001
.000
.000
.000
.000
131

Note:. Nonverbal Abil.: Nonverbal ability, PA: phonological awareness, RAN: rapid automatised naming,
VerbalFor STM: verbal digit forward short-term memory, VerbalBack STM: verbal digit backward short-term
memory, VisualSimul STM: visual simultaneous short-term memory, VisualSeq STM: visual sequential short-term
memory, Chat. Ident.: character identification. Maximum scores for PA task were 26 for children and 33 for

adults. Maximum scores for each verbal memory test were 12 for children and 13 for adults.

Inspection of Table 8 reveals that there were significant differences in all reading-

related variables between children and adults, except for scores in the character

identification task. This is likely due to the use of a post-presentation mask in the

character identification task for adults but not children. Table 9 provides a summary
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of the adults’ scores in the VAS assessments and the results of t-tests comparing

scores with those from the Study 1a.

Table 9

Descriptive Statistics for VAS Measure in Study 1b and Comparison with Results for
Children from Study 1a

Adults Children
Variables Mean (SD) Range Mean (SD) T-test P
Global report (/120) 80.69 (13.77) 46-110 66.19 (12.65) {(110)=-5.79 .000
Partial report (/36) 24.10 (5.92) 9-35 22.22 (5.85) {(110)=-1.69 .094
V1b accuracy (/80) 50.33 (7.35) 36-63 46.15 (7.05) t112)=-3.24 .002
V1b d prime 0.79 (0.59) -0.49-2.89 0.44 (0.53) f(110) =4.04 .000

V1b correct RTs (seconds) 3.01 (0.47) 1.95-4.38 3.33 (0.36) t(109) =-3.23 .002

Note:. V1b accuracy: visual 1-back accuracy, V1b d prime: visual 1-back d prime, V1b correct RTs: visual 1-back
correct reaction times.

In Table 9, there were significant differences in all VAS tasks between children
and adults, except the partial report.

Pearson's correlation analysis showed the correlations between all VAS variables
and other related variables reported in Table 10. Digits forward and digits backward
scores were significantly correlated, and visual simultaneous memory and sequential
memory were significantly correlated. RAN picture and RAN digits were also
significantly correlated.

In addition, global report and partial report were significantly correlated, and V1b
accuracy and d prime scores were also significantly correlated. Partial report scores
were found to be significantly associated with those for visual simultaneous memory,
v1b accuracy and d prime. V1b accuracy was also correlated with v1b correct RTs.

Visual sequential short-term memory was correlated with the partial report, and
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scores for the two RAN tasks were significantly associated with those from the global

report task. These significant correlations are highlighted in red in the table.
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Table 10

Pearson’s Correlation with VAS and Other Important Variables in Study 1b

= O© 00O N O O & WN -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Nonverbal Abli. -
Age .08 -
Vocabulary 40* .09 -
PA -.26+ .04 .01 -
RAN picture -.19 .08 -.14 .03 -
RAN digits A7 21 -20  -.21 36" -

VerbalFor STM .05 -.06 .30* 33* -.26+ -.32* -
VerbalBack STM .23+ .07 25+ 12 -.00 -17 29* -

VisualSimul STM .24+ -24+ 23+ -17 -10 -.07 -12 .28* -

VisualSeq STM .10 -06 .28 .08 -.21 -.13 -01 .25+ 62"

Chat. Ident. -09 -38* -15 -13 -03 -01 -02 -09 .04 -09 -

Global -09  -31* .15 .10 -33*  -35" 24+ 33" 19 A2 31 -

Partial .16 =27 .16 -00 -16 -.05 A6 .22 31 14 A7 497 -

V1b accuracy 43 -04 19 -02 -1 .01 .04 .05 .16 .09 -05 .17 32F -

V1b d prime 44* .02 .21 -07 -06 .03 -.03 .05 A3 .06 -07 .17 33 92" -

V1b correct RTs .16 23+ .25+ -.01 A3 16 -07 -09 -14 -06 .04 -08 -07 27 24+ -

Note:. Nonverbal Abil.: Nonverbal ability, PA: phonological awareness, RAN: rapid automatised naming, RAN picture: RAN picture task, RAN digits: RAN digits task, VerbalFor
STM: verbal digit forward short-term memory, VerbalBack STM: verbal digit backward short-term memory, VisualSimul STM: visual simultaneous short-term memory,
VisualSeq STM: visual sequential short-term memory, Chat. Ident.: character identification, Global: global report; Partial: partial report; V1b accuracy: visual 1-back accuracy;
V'1b d prime: visual 1-back d prime; V1b correct RTs: visual 1-back correct reaction times.

* p<.1, *p<.05; **p<.01; ***p<.001
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Principal component analysis with an oblique rotation was used to explore the
factor structure in all VAS measures. Results are presented in Table 11. The bold
loadings in each component might share similarities. Results showed that the global
report task, partial report tasks and v1b accuracy (Factor 1) shared similarities,

whereas v1b accuracy and correct RTs (Factor 2) shared similarities.

Table 11

Principal Component Analysis with an Oblique Rotation of VAS Variables in Study 1b

KMO=0.51, Bartlett: p=.000

Factor 1 Factor 2
Global report 0.81 -0.10
Partial report 0.84 0.09
V1b accuracy 0.33 0.75
V1b correct RTs -0.25 0.84
% of Variance 39.43 30.77

Note:. Variables with high loadings (over 0.3) are in bold. Results for this analysis under the varimax rotation
were similar to this one.

As in Study 1a, correlations were examined in order to reduce variables where
possible. There were significant correlations between scores in the two verbal short-
term memory tasks, the two visual short-term memory tasks and between the two
RAN tasks. Thus, the respective composite scores of verbal short-term memory,
visual short-term memory and RAN were calculated by summing standardised
scores for each variable, and these were used in the later analyses.

For the VAS tasks, the respective composite scores of the two VAS paradigms
were also considered for the later analyses, namely VAS report composite scores

and v1b composite z scores.
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Results of normality tests showed that scores for nonverbal ability, verbal short-
term memory composite scores, PA, oral word fluency, silent sentence fluency, VAS
report composite scores and character identification were normally distributed.
Scores for other variables (age, visual short-term composite scores, RAN composite
z scores, oral sentence fluency, silent word fluency and v1b combined scores) were
transformed using the inverse-normal transformation (Templeton, 2011) because
after using the conventional log transformation, scores for these variables were still
not normally distributed.

Pearson's correlation and partial correlation analyses controlling for nonverbal
ability revealed the results reported in Table 12. Under both sets of correlation
analyses, VAS report composite scores were significantly correlated with silent word
reading fluency, while V1b composite scores were significantly correlated with silent
sentence reading fluency. In addition, RAN was significantly associated with oral
word reading fluency in Pearson’s and partial correlation analyses. PA and RAN
were not significantly associated with scores for any VAS task.

Pearson’s correlation analysis also revealed significant correlations between
chronological age and sentence reading fluency in oral (p<.05) and silent (p<.01)
modes, and between age and the two sets of VAS composite scores. VAS report
composite scores were also found to be significantly correlated with V1b composite
scores (p<.05). The partial correlation also showed a significant correlation between
character identification and oral word reading fluency (p<.05). The significant
correlations between reading and VAS composite scores and between two the VAS
composite scores are highlighted in red in Table 12.

The variables age, RAN and character identification were included together with

nonverbal ability as predictors in the following regression analyses.
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Pearson’s Correlation (above the diagonal) and Partial Correlation (below the diagonal, after controlling for age and nonverbal

ability) of VAS, Other Cognitive Variables and Reading Fluency in Study 1b

© 0o N o g b~ W N -

N N L L G G G
© 0 N oo o B~ W N =~ O

Age

Nonverbal Abil.
Vocabulary

PA

RAN comp
Verbal STM comp
Visual STM comp
Oowf

Osf

Swf

Ssf

Chat. Ident
Global

Partial

V1b accuracy
V1b d prime

V1b correct RTs
VAS report comp
V1b comp

1

2
.08

3
.09
40"
.08
-.14
.24
.08
14
.00
.20
-.16
-.14
1
-.03
-.05
.01
.26
.05
.24

4
.04
-.26+
.01
-13
.35*
16
.08
.02
18

-.18
.07
.02
.10
.09
-.04
.06
-.10

5
22
.04
-18
-14
-.06
-10
-2
-21
-30+
-14
18
-.09
14
-.01
.04
.02
.02
10

.02
19
.33*
31"
-.09

-.08
.07
-.15
.09
.03
-.10
.26+
.07
-.02
-.06
-.04
.22
-.05

-.09
.18
27"
.02
-.10
.08

14
14
14
.01

.16
.10
.04
-.10
.08
-.24

-12
.03
A7
.10
-.69**
23+
.06

.36*
.22
14
-.35*
-.04
-.37*
-.05
-13
-.19
-.24
=12

9
.32*
.25+

-.27*
.03
.22
.39**

.32*
-.14
-.04
-.05
-.06
-.00
-.04
.06

-.07
.03

10

-.26+

.06
.15
19
-.21
.06
.10
.09
.35**

14

31"
.30+
-.09
-12
-12
.39*
-.06

11
44
A3
.08
-.08
-.36**
12
23+
.32*
19
A3

.09
.07
.02
-42*
.03
-.39*

12

-.38*

-.09
-.15
-13
-.04
-.09
.02

-.14
.16

.25+
19

.20
.02
.02
.02
.18
.15
.15

13

-.31*

-.09
.15
.10

-.36**

31"
12

.30*
12

27"
31"
31"

.21
.18
15
.18

81+

-.01

14
-27*
.16
.16
-.00
-.09
23+
.28*
-.01
.16
37
.33*
A7
497

35*
41
02
74
-31*

15 16 17
-.04 .02 .23
43" A44* 16
19 .21 .25+
-.02 -.07 -.01
-.08 -.03 .16
.07 .04 -.06
.18 A3 -.08
.06 .04 -.26*
12 .01 .08
.08 .02 .04
.16 12 -.38*
-.05 -.07 .04
A7 A7 -.08
.32* .33* -.07

- 92%* 27"
.95 - .24
31" .39* -

.33* .34* A3
-.60** 49"  53***

18
-.27*
.02
.10
.08
-.25+
.30*
12
.18
A3
.30*
29*
1
.86
797
.28*
.30*
-.10

-.19

19
27
-15
A1
-.02
21
-.06
-24+
-21
-.08
-.08
-43%
A3
-15
-.29*
-3
- 55w
-50***
-31*
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Note:. Nonverbal Abil.: Nonverbal ability, PA: phonological awareness, RAN comp: rapid automatised naming composite z scores, Verbal STM comp: verbal short-term
memory composite z scores, Visual STM comp: visual short-term memory composite z scores, Owf: oral word reading fluency, Osf: oral sentence reading fluency, Swf: silent
word reading fluency, Ssf: silent sentence reading fluency, Chat. Ident.: character identification, Global: global report; Partial: partial report; V1b accuracy: visual 1-back
accuracy; V1b d prime: visual 1-back d prime; V1b correct RTs: visual 1-back correct reaction times, VAS report comp: composite scores of the global and partial report tasks,
V1b comp: visual 1-back composite z scores of errors and correct reaction times.

* p<.1, *p<.05; **p<.01; ***p<.001
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Regression analyses

Hierarchical regression analysis was carried out with oral and silent reading
fluency as the dependent variables. Results are reported in Table 13. According to
our sample size, in the regression analysis to explore the predictors of the reading
measures, the five independent variables (age, nonverbal ability, RAN composite z
scores, character identification skills and VAS) that were most significantly correlated
with the participants’ reading fluency were entered into the regression.

In Step 1, age and nonverbal ability were entered, and in Step 2, RAN composite
scores and character identification were entered. At Step 3, VAS report composite
scores were entered in the regression analysis with oral reading fluency and silent
word reading fluency as dependent variables. V1b composite scores were only
entered in the regression analysis with silent sentence reading fluency as the

dependent variable. Results are reported in Table 13.



Table 13

Hierarchical Regression Analyses with Oral and Silent Reading Fluency as the

Dependent Variables in Study 1b
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Oral word reading fluency

Oral sentence reading fluency

Step AR? AF B t Tol  VIF AR? AF B t Tol  VIF
1 0.02 0.57 0.15* 3.98
Age -0.12 -0.84 0.98 1.02 -0.37* -268 097 1.04
Nonverbal Abil. -0.08 -0.52  0.98 1.02 0.19 1.37 097 1.04
2 0.49** 2278 0.05 1.24
RAN comp -0.67** 632 096 1.05 -0.21 -1.54 096 1.04
Chat. Ident -0.21+ -1.82 084 1.19 0.07 044 081 1.24
3 VAS report comp  0.01 0.63 -0.09 -0.79 082 122  0.02 1.09 -0.16 -1.05 0.82 1.22
Silent word reading fluency Silent sentence reading fluency
Step AR? AF B t Tol  VIF AR? AF B t Tol  VIF
1 0.08 1.92 0.17* 4.71
Age -0.26+ -1.86 0.98 1.02 -0.38*™  -2.87 0.99 1.01
Nonverbal Abil. 0.12 0.87 098 1.02 0.11 0.81 0.99 1.01
2 0.02 0.42 0.07 1.92
RAN comp -0.11 -0.72 096 1.05 -0.27+ -1.96 093 1.07
Char. Ident 0.10 061 084 1.19 0.04 0.30 0.83 1.21
3 VAS report comp ~ 0.03 1.51 0.06 040 082 1.22
3 V1b comp 0.09* 5.66 -0.31* -2.38  0.89 1.12

Note:. Nonverbal Abil.: nonverbal ability, Chat. Ident.: character identification, RAN comp: rapid automatised
naming composite scores (z), VAS report comp: composite scores of the global and partial report tasks, V1b
comp: visual 1-back composite z scores of errors and correct reaction times.
* p<.1, *p<.05; **p<.01; ***p<.001

For oral reading fluency, at Step 1, age was the only predictor, and at Step 2,

RAN composite z scores were significant predictors (p<.001). At Step 3, VAS report

composite scores were not significant predictors.

For silent reading fluency, at Step 1, age was a significant predictor. At Step 3,

V1b composite scores as unique predictors significantly explained 9% of the

variance (p<.05).
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Structural equation modelling
Structural equation modelling was used to test the relationship between VAS
measures and reading fluency in oral and silent modes. The results are summarized

in Figure 2.

Figure 2
Structural Equation Modelling of VAS and Oral and Silent Reading Fluency
Measures in Study 1b

Oral word

VAS report comp

r

Silent word

Oral sentence

*kk - ns o
0857 Oral 0.197 f 052" Silent 0.27
[ reading W -0.33" | reading
- fluency -0.18ns | 0.7 fluency 0.45***
0.63* . . ]
g h V1b comp

Silent sentence

Note:. Oral word: oral word reading fluency, Oral sentence: oral sentence reading fluency, Silent word: silent
word reading fluency, Silent sentence: silent sentence reading fluency, VAS report comp: composite scores of
the global and partial report tasks, V1b comp: visual 1-back composite z scores of errors and correct reaction
times. The red line means the significant prediction.

* p<.1, *p<.05; **p<.01; ***p<.001

Inspection of Figure 2 reveals the model with diagonally weighted least squares
as the estimation method, which demonstrated a good fit to the data [x? (5, n = 58) =
6.02, p = 0.30; CFI =0.98; RMSEA = 0.06; SRMR = 0.07]. This model showed two
latent factors: one made up of oral word reading fluency and oral sentence reading
fluency and the other made up of silent word reading fluency and silent sentence
reading fluency. VAS report composite scores failed to predict oral reading fluency
whereas V1b composite scores predicted silent reading fluency. VAS report

composite scores and V1b composite scores were significantly associated.
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2.3.4 Discussion of 1b

Compared with scores of children and adults, it could be found that adults’ scores
for all literacy-related variables were significantly higher than children’s, except for
the character identification. This may be because a mask in this character
identification task was used for adults rather than for children. Moreover, there were
significant differences in nearly all VAS tasks between children and adults, except for
the partial report, meaning children and adults had analytical processing skills at
similar levels, but adults’ VAS performed better. Pearson’s correlation also showed a
significant correlation between adults’ VAS report scores and v1b scores, not for
children in Study 1a. These all suggested the developmental trend of VAS.

Regarding RQ1 “Does VAS predict reading fluency of Mandarin-speaking adults
over and above the influence of other literacy-related variables? If so, which reading
modes show the strongest influence of VAS? And which VAS task shows the
strongest association with reading?” the prediction was that VAS would have a
unique prediction for reading fluency after controlling for other important variables.
Global and partial report may show a stronger influence on oral reading. The v1b
showed a stronger influence on silent reading. The strongest influence of VAS would
be observed for silent sentence reading fluency.

Results from Study 1b were in line with these hypotheses, except that all VAS
tasks, even including global and partial report tasks, just showed a strong correlation
with silent reading rather than oral reading. The hierarchical regression analyses
showed that VAS failed to predict any adults’ oral reading fluency. RAN was an
extremely significant predictor of adults’ oral word reading fluency after controlling for
age and nonverbal ability, which was in line with Study 1a. The result re-suggested

the importance of RAN in oral word reading. With the increase in vocabulary and
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reading experience, adults could retrieve the pronunciation of the words through
partial cues of words rather than the whole words (e.g., Greenberg et al., 2002).
Even if some adults did not have large VAS to read, they still could identify the words
due to their familiarity with the partial cues of words. Accordingly, the automatic
retrieval speed becomes more critical for adults in word reading fluency.

By contrast, for silent reading fluency, correlational analyses showed that scores
in whichever VAS paradigms were only significantly correlated with adults’ silent
reading fluency rather than oral reading fluency. This may be because compared
with oral reading, adults may be involved in more silent reading during daily life. Van
Den Boer et al. (2014) mentioned that silent reading fluency was the more common
mode of reading for proficient readers because the focus shifts rapidly from initial
instruction in oral decoding toward independent silent reading in school.

More importantly, after controlling for age, nonverbal ability, RAN and character
identification, V1b composite z scores were still found to play a unique predictive role
in adults’ silent sentence reading fluency, which was in line with Huang et al. (2019)
and Zhao et al. (2019). The two studies reported the unique prediction of v1b correct
RTs to silent sentence reading fluency of Mandarin-speaking adults. This was
because VAS could influence the parallel processing of multiple orthographic units,
thus facilitating the processing efficiency in the silent sentence reading task, as
reported by Zhao et al. (2017).

It should be noted that only v1b scores were found to show the predictive power
of adults’ silent sentence reading fluency, although VAS report scores were
significantly correlated with silent word and sentence reading fluency in Pearson’s
correlation. After controlling for age, nonverbal ability, RAN and character

identification skill, the prediction of VAS report scores was not significant. Silent
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reading was implicated with the parallel processing of multiple orthographic units as
mentioned by Van Den Boer et al. (2014), which might be reflected in the global
report task involving global mode processing, rather than the partial report task
involving the analytical mode processing. Thus, after combining the scores in the
global and partial report, the influence of VAS report composite scores on silent
reading may be weakened, which could partially explain why adults’ VAS report
composite scores were significantly correlated with their silent reading fluency (silent
word and sentence reading in Pearson’s correlation, and silent word reading in
Partial correlation) but failed to predict their silent reading fluency in the regression
analyses.

The final structural equation model with a good model fit demonstrated the
relationship between VAS (VAS report scores and v1b scores) and adults’ reading
fluency in oral and silent modes. Adults’ oral reading fluency as a latent factor was
made up of oral word and sentence reading fluency, and their silent reading fluency
was comprised of silent word and sentence reading fluency as another latent factor.
This meant adults had enough reading experience in both oral and silent reading.
Jasinska and Petitto (2014) found that all of the orthographic, phonological, and
semantic representations would be activated in the oral as well as the silent reading
mode in adults due to their growing reading experience. Neuroimaging findings
support the above inference. For example, Wang et al. (2015) indicated that both
silent reading and oral reading in adults activate brain regions involved in visual-to-
semantic mapping (e.g., left middle temporal gyrus) and brain areas responsible for
orthographic-to-phonological mapping (e.g., left inferior frontal gyrus, left inferior

parietal lobule).
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Findings also indicated that age was a predictor of adults’ oral sentence reading
fluency. Results of hierarchical regression analyses revealed that age was a
predictor of silent sentence reading fluency for adults. This has not been found in
any Chinese adult studies in terms of VAS because the existing two Chinese adult
studies of Chan and Yeung (2020) and Huang et al. (2019) recruited undergraduates
as participants aged within a small range. The recruited adults’ ages in Study 1b
ranged from 19 to 51 years: 45 adults aged 19 to 30, seven adults aged from 30 to
40, and six adults aged over 40, so the wider age range may be easier to produce
more reliable results. Ageing was also reported by Paterson et al. (2020) to affect
eye movements in reading due to changes in visual, attentional and cognitive
abilities that occur naturally in older adults.

Regarding RQ2 “What is the association of VAS with other literacy-related
variables for Mandarin-speaking adults?” the prediction was that VAS may be
significantly associated with RAN and visual memory.

The findings in Study 1b were in line with the hypothesis, indicating that the global
report was found to be significantly correlated with RAN digit and picture tasks, and
the partial report was correlated with visual simultaneous short-term memory.
Results in terms of the relationship between VAS, RAN and PA were in line with
Study 1a, suggesting the overlapping processing between VAS and RAN, as well as
the independence between VAS and PA, as supported by Bosse et al. (2007) and
Bosse and Valdois (2009). Different from Study 1a, adults’ visual simultaneous
memory was found to be correlated with partial report, which was consistent with the
assumption of Bosse et al. (2007) that the letters in multi-letter array compete for
access to visual short-term memory (parallel competitive processing) according to

Bundesen’s theory of visual attention (TVA theory: Bundesen, 1990, 1998).
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However, after using the combing scores, the above correlations were not
significant, particularly under the partial correlation. This may be caused by the
influence of age and the utilisation of the composite scores. Song et al. (2013) has
mentioned that some of the composite variables would explain less variability than
do the original variables

Regarding RQ3 “What is the association between VAS tasks from different VAS
paradigms for Mandarin-speaking adults?”, the prediction was nearly all VAS
variables were significantly correlated with each other, except for v1b correct RTs
and v1b accuracy/d prime.

The results were not fully in line with these hypotheses, for a correlation between
v1b correct RTs and v1b accuracy was also found. Correlational analysis showed
that global and partial report was significantly correlated, which was in line with
Awadh et al. (2022), Bosse et al. (2007) and Bosse and Valdois (2009). V1b
accuracy and partial report were correlated with each other, which was in line with
Chan and Yeung (2020). In addition, v1b accuracy and correct RTs of adults were
significantly correlated, which was first found and was not consistent with Huang et
al. (2019). Huang et al. did not find such a correlation between v1b accuracy and
correct RTs of adults. This may be because our recruited adults had a higher d prime
(0.79) than adults (0.68) in Huang et al. which meant our recruited adults had a
higher sensitivity to the v1b task and may have a better performance of the v1b task
than adults in Huang et al. So, it could be expected the correlation between v1b
accuracy and correct RTs.

However, only the partial report not the global report was associated with v1b
accuracy, which was not consistent with Chan and Yeung (2020). This may be

because the v1b task with unfamiliar symbols was used. Even if Chan and Yeung
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found a correlation between the global and partial report and v1b accuracy (using
symbols), the significance and coefficients were still not high (r=0.22 between global
report and v1b accuracy, r=0.21 between partial report and v1b accuracy, p<.05).
When unfamiliar symbols were used, only VAS skill involving the parallel processing
was tapped into the global and partial report and the v1b task. So, the correlation
between the v1b task using unfamiliar symbols and the two report tasks was not as
significant as the correlation between the two report tasks and the v1b task (using
characters as materials) because the v1b task may lack assistance from
orthographic processing of characters when symbols were used. In this case,
participants could not read these symbols as characters by retrieving characters
from long-term memory and had to use their pure visual skills to identify symbols and
then judge whether the target was presented. Accordingly, the association between
their v1b accuracy and the partial report could be expected. The alternative reason
was that the sample size in Study 1b was not as large as the one used by Chan and
Yeung (2020) (recruiting 101 adults), so more sample size could be considered in
the future research.

Furthermore, the principal component analysis showed loadings of global report,
partial report and v1b accuracy, which was different from the results in Study 1a. In
the v1b task, Zhao et al. (2018a) have mentioned that compared with correct RTs,
v1b accuracy might be more suitable for reflecting the capacity of the VAS, because
the correct RTs might consist of the processes of visually coding the target figure,
the search and retrieval from the relevant resources in short-term memory, decision
making, selections between different keys, pressing the corresponding keys, etc.
Some of the components in the selective RTs may significantly develop with age,

such as visual coding, key-pressing, and decision-making (e.g., Eenshuistra et al.,
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2004) which could have covered up the developmental pattern in VAS. Thus, this
may mean that compared with children, adults’ VAS were already developed and
more mature to be reflected in different VAS paradigms. The later structural equation
model also revealed VAS report scores and v1b scores were intercorrelated,
supporting the overlapped skills in terms of VAS under two different paradigms.
Overall, regarding to the research questions, VAS played a unique role in
Mandarin-speaking adults’ reading fluency. Only v1b scores uniquely predicted
adults’ silent sentence reading fluency after controlling for age, nonverbal ability,
RAN and character identification skills. The strongest influence of VAS would be

observed for silent sentence reading fluency (9%, p<.05).
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2.4 Study 1c: Investigation of VAS patterns: global and partial report tasks and
the visual 1-back (v1b) task

As discussed in Section 1.3.1, the pattern in the global report task has been
reported to show a left-right asymmetry and a leftward letter advantage in children
(Dutch: Van Den Boer et al., 2015) and adults (French and Spanish: Awadh et al.
2016), which were attributed to reading direction from left to right when the task
involved the identification of all of the letters within string. On the other hand, the
pattern in the partial report task has been found to demonstrate symmetry regardless
of language, reported by Awadh et al. (2016), revealing a ‘w-shape’ illustrated by
Collis et al. (2013). As mentioned in Section 1.3.1, Awadh et al. (2016) claimed that
the possible explanation was the manipulation of the retro-cue that would trigger
participants to retrieve the targets from memory without the influence of target
positions. However, these studies did not focus on the developmental trend of VAS
from children to adults, so did not compare different patterns of children and adults in
terms of age and position accuracy. As for the v1b task mentioned in Section 1.2,
one German study by Banfi et al. (2018) reported the patterns in d prime of vib
revealed a reverse ‘v’ shape for unfamiliar symbols and ‘w’ shape for letters of all
children because of more influence of visual crowding on letters than on symbols.

As for report tasks, no studies in Chinese reported the patterns in the two report
tasks. However, considering the reading direction from left to right in Chinese, the
pattern of global report would be similar to the above mentioned ones in French,
Dutch and Spanish, namely a left-right asymmetry and a leftward letter. Similarly,
Awadh et al. (2016) have mentioned the pattern of partial report was not affected by
language, so such a pattern in Chinese could also be expected to be similar to the

ones in French, Dutch, Spanish and Arabic, namely a symmetry one.
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As for the v1b task, two Chinese studies reported the pattern of this task (Study 8
in Table 1, Huang et al., 2019; Study 2, Zhao et al., 2018b). For both children and
adults, the pattern for d prime values was demonstrated by Banfi et al. (2018) and
Huang et al. (2019) to be a reverse V' shape, or by Zhao et al. (2018b) to be an
inverted ‘U’ shape of TD readers, especially for unfamiliar symbols as materials.
Huang et al. and Zhao et al. explained that this may be because these TD readers
using the whole-word strategy, in which the target would not be influenced by the
adjacent stimuli in strings. For d prime values, the main effect of position was
significant, which was found by Banfi et al. (2018), Huang et al. (2019) and Zhao et
al. (2018b), but the effect of age was not, which was reported by Huang et al. (2019).
At the same time, Zhao et al. (2018a) (Study 1 in Table 1) indicated that vib
accuracy was also an important variable that refers to the capacity of VAS, and v1b
accuracy was widely mentioned in VAS studies in Chinese (Chan & Yeung, 2020;
Cheng et al., 2021; Zhao et al., 2017; Zhao et al., 2018b) but no studies have
reported the pattern for this variable. Huang et al. (2019) mentioned that v1b
accuracy was also highly correlated with d prime. So, it may be expected that the
pattern of v1b accuracy was similar to that of the v1b d prime. In contrast, Huang et
al. (2019) demonstrated that there were no specific characteristics of the pattern for
correct RTs, but the main effects of position and age were significant. Huang et al.
did not provide a reason for such a pattern without obvious characteristics, but this
may indirectly support the equal reaction times of targets and attention allocation of
each position.

Based on the relevant literature, the research questions are:
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2.4.1 Research questions

1. What is the pattern of responses across array positions in the global report
task, the partial report task, v1b accuracy, v1b d prime and v1b correct RTs?

2. Does the participants’ age influence the patterns in the different VAS tasks?

With regard to RQ1, the prediction was that the pattern in the global report task
may show a left-right asymmetry and a leftward letter advantage, as reported by
Awadh et al. (2016). The pattern in the partial report task may show a symmetrical
trend, even being a ‘w-shape’, as illustrated by Awadh et al. (2016) and Collis et al.
(2013). The pattern in v1b accuracy and d prime may both show a reverse ‘V’ shape
or an inverted ‘U’ shape because of its high correlation found in Study 1a and 1b
(Banfi et al., 2018; Study 8 in Table 1, Huang et al., 2019; Study 2, Zhao et al.,
2018b). The pattern in v1b correct RTs may demonstrate no specific characteristics,
as Study 8, Huang et al. (2019) and Study 2, Zhao et al. (2018b).

With regard to RQ2, the patterns of the two report tasks may be influenced by
participants’ age (children and adults) and position, as reported by Van Den Boer et
al. (2015). The patterns of vi1b accuracy and d prime were affected by position rather
than participants’ age as Study 8, Huang et al. (2019). The pattern of v1b correct
RTs was influenced by age and position, as Study 8, Huang et al. (2019).

2.4.2 Method

Participants. Participants were those who took part in Study 1a and 1b.

Materials. VAS tasks were the same as those in Study 1a and 1b.

Data analyses. Mixed-measures ANOVAs were used to analyse the response
pattern across positions of each VAS task in terms of participants (children and
adults) and position. When the interaction effect was found, the simple main effect

analysis was considered to be used.



Global

127
2.4.3 Results
Global and patrtial report tasks

Scores in global and partial report tasks of children and adults are presented in
violin plots in Figure 3. Based on the density curves, Figure 3 shows that adults have
better performance than children in the global report task and the partial report task,

in particular in the global report task.

Figure 3

Score Distributions in the Global Report (Left) and Partial Report (Right) Tasks
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Mixed measures ANOVAs were used to explore the scores according to array
position for each VAS task for the children’s and adults’ data. Plots of accuracy

according to position in the global report and partial report tasks are shown in Figure

4.
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Figure 4

Accuracy across Array Positions in the Global Report (Top) and Partial Report
(Bottom) Tasks of Children (Red) and Adults (Blue)
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For the global report task, the figure reveals a downward trend in accuracy of
children and adults from Position 1 to Position 5, and a slight recovery from Position
5 to 6. The main effect of group was significant, F (1,110) = 40.44, p<.001. Adults’
accuracy at each position was higher than children’s accuracy. The main effect of
position was also significant, F (2.74, 301.32) = 138.36, p<.001. Pairwise
comparisons showed accuracy between all positions was significantly different,
except for between the fourth and sixth positions. The interaction effect (position x
group) was significant, F (2.74, 301.32) = 3.20, p = .03. Due to the founded
interaction between positions and groups, a further simple main effect analysis was
used. Results showed significant differences in the group (children and adults) were
found in all positions (Position 1, p=.00; Position 2, p=.00; Position 3, p=.012;
Position 4, p=.019; Position 5, p=.001; Position 6, p=.00).

Accuracy in the partial report task showed a ‘w-shape’ trend for both children and
adults. The main effect of group was significant, F (1,111) = 6.47, p <.05, and the
main effect of position was also significant, F (5, 555) = 36.63, p <.001. Pairwise
comparisons indicated significant differences in accuracy between Position 2 and
Positions 1, 3, 4, and 6, as well as between Position 5 and Positions 3, 4, and 6, but
accuracy between Position 2 and Position 5 was not significantly different. Adults’
accuracy in the partial report task across each position was higher than children’s
accuracy, especially from Positions 1 to 4. However, the interaction effect (position x
group) was not significant, F (5, 555) = 1.62, p = 0.15.

V1b task

V1b accuracy, d-prime value and correct RTs are visualised in violin plots in
Figure 5. Based on the density curves, adults performed better in v1b accuracy, d-

prime value and correct RTs than children. D prime was transformed to improve the
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distribution and homogeneity of variance by moving all scores within the positive
range (by adding the absolute value of the smallest score to all the data) and then
applying a square root transformation, as in the study of Antzaka et al. (2018).
Figure 5

Comparison of Score Distributions in VAS V1b Accuracy (Top), D-Prime Values
(Middle) and Correct Reaction Times (Bottom) for Children (Green) and Adults (Red)
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Plots of v1b accuracy, d prime and correct RTs across each position of the v1b

task are shown in Figure 6.

Figure 6

V1b Accuracy (Top), D-Prime Value (Middle) and Correct Reaction Times (Bottom)
across Each Position of Children (Red) and Adults (Blue)
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For v1b accuracy and d-prime sensitivity, an inverted ‘v’ shape is revealed in
Figure 6. For accuracy, the main effect of group was not significant, F (1,105) = 0.1,
p=0.75 while the effect of position was significant, F (3.66,384.70) = 62, p<.001.
Accuracy between Position 3 and other positions was significantly different, but
differences were not significant between Positions 1, 4 and 5. The interaction effect
(position x group) was not significant, F (3.66, 384.70) = 0.34, p = 0.84.

For d prime values, the main effect of group was not significant, F (1, 37) = 0.74,
p=0.39, but position was significant, F (2.99, 110.77) = 5.28, p<.001. V1b d prime
between Position 3 and Position 4 was significantly different, and differences were
also significant between Positions 1, 2, 4 and 5. The interaction effect (position x
group) was not significant, F (2.99, 110.77) = 0.10, p = 0.96.

For v1b correct RTs a ‘v’ shape was revealed. The main effect of group was
significant, F (1, 98) =18.54, p<.001. Position was also significant, F (3.32, 325.69) =
10.96, p<.001. Pairwise comparison indicated that only RTs at Position 3 were
significantly different from those at other positions. The interaction effect (position x
group) was not significant, F (3.23, 325.69) = 0.73, p = 0.55.

2.4.4 Discussion of 1c

Study 1c investigated Mandarin-speaking children’s and adults’ response
distribution across positions for accuracy in the global and partial report tasks, and in
the v1b task accuracy, d-prime sensitivity, and correct RTs.

Regarding RQ1 “What is the pattern of responses across array positions in the
global report task, the partial report task, v1b accuracy, v1b d prime and v1b correct
RTs?”, the prediction was that the pattern in the global report task may show a left-
right asymmetry and a leftward letter advantage. The pattern in the partial report task

may show a symmetrical trend, even being a ‘w-shape’. The pattern in v1b accuracy
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and d prime may both show a reverse V' shape or an inverted ‘U’ shape, and the
pattern in v1b correct RTs may demonstrate no specific characteristics. Study 1c
showed that the patterns in the global report task and v1b accuracy and d prime
were consistent with the expectations. However, the pattern in the partial report task
showed a ‘W’ shape, but not full symmetry. The pattern in v1b correct RTs showed a
‘v’ shape rather than without any particular characteristics.

As for global report, accuracy across positions of children and adults all
decreased from left to right, accuracy of Position 1 being the greatest and of Position
5 being the worst. This was generally in line with trends found by Valdois et al.
(2003) for French teenagers aged 13 to 14 years in Grade 7, Niolaki and Masterson
(2013) for Greek children aged 12 to 13 years, Valdois et al. (2014) for French-
Spanish bilingual children aged 9 years, and Van Den Boer et al. (2015) for Dutch
children in Grade 2 (7 to 8 years old) and 5 (10 to 12 years old). This finding
reflected the attention allocation decreasing from left to right during the orthographic
processing because of the left-to-right reading direction, as mentioned by Awadh et
al. (2016). It was also possible that Huang et al. (2019) showed that participants
developed an expectation to direct their attention to the left side of the visual field
prior to the presentation of the string, which might result from their left-to-right
orientation during daily reading experience. However, accuracy of Position 6 (the last
position) was higher than Position 5, which was in line with the trend of Valdois et al.
(2003) but different from that of Van Den Boer et al. (2015) who reported the pattern
of the global report was similar to Valdois et al. (2003), but performance on the final
positions was on average somewhat lower. Van Den Boer et al. (2015) explained
that such difference may be due to participants’ younger ages and the strict scoring

method including the position of letters being also considered in addition to the
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accuracy of letter identification. At the same time, Van Den Boer also mentioned the
performance in global report of the above-average readers was omitted. Moreover,
the results of the simple main effect analysis revealed that different performances in
children and adults affected the accuracy across all positions in the global report
task. This could support adults’ larger visual attentional window. Higher familiarity
with orthographic representations of adults with more reading experience than
children may also help adults retrieve the pronunciations of stimuli more precisely.

In addition, accuracy across positions in partial report task showed a ‘w’ shape,
meaning that accuracy of Positions 1, 3, and 6 (the last position) was (even
significantly) higher than that of Positions 2 and 5 to some extent. This finding was in
line with results from Collis et al. (2013). However, the pattern found in Study 1c was
asymmetry, which was not consistent with most studies in alphabetic languages
(Awadh et al., 2016; Niolaki & Masterson, 2013; Valdois et al., 2003; Valdois et al.,
2014) that the pattern in partial report was symmetry and attention allocation across
each position was equal, without significant differences in accuracy across positions.
Such discrepancy may be ascribed to visual crowding as reported by Banfi et al.
(2018) particularly influencing Positions 2 and 5. Single whole characters rather than
a single letter as stimuli used that were different from alphabetic languages required
more advanced visual analytical processing because of the higher visual complexity
of Chinese characters. More importantly, it should be noted the longer length of
position arrays was adopted in the current study, that is, six positions rather than five
positions as previous studies (Awadh et al., 2016; Niolaki & Masterson, 2013;
Valdois et al., 2003; Valdois et al., 2014) in alphabetic languages were set, requiring

a relatively larger visual attentional window. Position 3 was not at the centre position,



135

and participants had to allocate attention to Positions 3 and 4, so the pattern was not
symmetry like previous studies.

Moreover, accuracy and d prime across positions in the v1b task using unfamiliar
symbols showed a reversed ‘v’ shape or the inverted ‘u’ shape with the highest
accuracy of Position 3, reflecting attention allocation to symbol processing
decreasing from the centre to the sides. This finding was generally in line with the
findings of Zhao et al. (2017) for Mandarin-speaking teenagers aged 14 years,
Huang et al. (2019) for Chinese-speaking participants aged from 8 to 24 years and
Banfi et al. (2018) for German children aged 9 to 10 years. The only difference was
that the children’s d prime of Position 5 (the last position in the v1b task) was slightly
higher (although not significantly) than the accuracy of Position 4, which could not
exclude the slight influence of visual crowding of Position 4 and the small visual
attention window of children. The reversed ‘v’ shape or inverted U shape of the
attention distribution pattern for children and adults in the current study supported a
large VAS, in which the targets would be less affected by adjacent stimuli in the
string. Zhao et al. (2017) suggested that these participants use a whole strategy for
their daily reading because utilisation of a lexical whole-word strategy requires a
larger size of visual units. Lallier et al. (2014) also supported that the whole-word
strategy would diminish the interference from surrounding stimuli, which would cause
the absence of the W-shaped pattern.

Furthermore, correct RTs revealed a ‘v’ shape, meaning the shortest RTs in
Position 3, which was not in line with the pattern shape reported by the study of
Huang et al. (2019). The ‘v’ shape in this present experiment looked much sharper
than that of Huang et al. (2019), and only RTs of Position 3 were significantly lower

than that of other positions. According to the correlational results of Study 1b, v1b
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accuracy and d prime were positively correlated with correct RTs, meaning the
shorter RTs, the lower accuracy and d prime. However, V1b accuracy and d prime in
Position 3 were highest, but correct RTs in Position 3 were shortest. More attention
allocation was assigned to other positions than the centre position, so the RTs of
Position 3 were the quickest ones. This may suggest the global processing of
multiple symbol items. VAS was good enough to process not only the centre position
but also other neighbouring positions. Unlike Huang et al. (2019), the correct RTs of
Positions 1 and 2 were not significantly different from that of Position 5 in Study 1c.
This could be because participants were unfamiliar with symbols, so they equally
allocated more visual attention to other positions except for the centred Position 3.

Regarding RQ2 “Does the participants’ age influence the patterns in the different
VAS tasks?”, the patterns of the two report tasks may be influenced by participants’
age (children and adults) and position. The patterns of v1b accuracy and d prime
were affected by position rather than participants’ age, and the pattern of v1b correct
RTs was influenced by age and position.

The findings were partially consistent with the hypothesis. Results of the ANOVA
test showed that position and participants’ age may affect the pattern of nearly all
VAS variables, except for the v1b accuracy, consistent with findings in the study of
Van Den Boer et al. (2015) and Huang et al. (2019). Van Den Boer et al. showed the
older children had better global report performance than younger children. Huang et
al. reported the v1b correct RTs were influenced by age and position, but v1b d
prime was only influenced by positions.

Patterns of the two report tasks were affected by participants’ age and positions,
which respectively implied the developmental VAS and the attention allocation during

the global and analytical processing. The pattern of v1b correct RTs was influenced
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by age, which was in line with Zhao et al. (2018a) who reported that the correct RTs
might significantly develop with age, such as visual coding, key-pressing and
decision-making. The pattern of v1b correct RTs was also influenced by position,
which may reflect the different processing speeds of different positions.

However, adults’ v1b d prime was not significantly higher than children’s, which
was not fully in accord with results from Huang et al. (2019). Huang et al. found that
although there was no significant main effect of ages (covering ages from 8 to 23
years) for d prime, the undergraduates’ v1b d prime was still significantly higher than
the children aged 10 to 12. Adult participants’ age has a large range, not just
including young adults, which might explain the discrepancy. It was witnessed that a
slightly higher v1b d prime in Position 3 of adults than children was still shown in
Figure 6, so more young adults could be recruited to see whether there were
consistent findings that were found.

Overall, regarding the research questions, for children and adults, patterns in
global report revealed left-to-right asymmetry and patterns in partial report revealed
‘W-shape’, not full symmetry. V1b accuracy and d prime across positions showed a
reversed ‘v’ shape or an inverted ‘U’ shape when unfamiliar symbols were used and
correct RTs revealed a ‘v’ shape. Except for v1b accuracy and d prime, patterns in
other VAS variables may be influenced by position and participants’ age groups.
2.5 General Discussion

To the author’s knowledge, this was the first research to cover two patterns of
VAS measures (global and partial report tasks, as well as the v1b task) and
assessments of reading fluency in oral and silent modes, with a focus on both
children and adults. Results revealed that VAS played a unique role in Chinese

reading fluency after controlling for other important variables. For the children in the
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present study VAS report composite scores of significantly predicted oral sentence
reading fluency after controlling for nonverbal ability, PA, RAN, MA and character
identification skills. For the adults, V1b composite scores significantly predicted silent
sentence reading fluency after controlling for age, nonverbal ability, RAN and
character identification skill.

Regarding the research question about VAS and other literacy-related variables,
RAN was significantly correlated with children’s and adults’ global report. Visual
short-term memory was found to be correlated with adults’ partial report. No VAS
measures were significantly associated with PA.

Regarding the research question about relationships between various VAS
variables, stronger associations between adults’ VAS scores were found than
between children’s. Adults’ VAS skills seemed to be greater than children’s, which
suggested that adults’s VAS may be more mature than children.

Regarding the question about position patterns, children and adults showed
similar patterns. Scores in the global report and partial report tasks and the v1b task
presented different patterns. The global report revealed a decreasing trend from left
to right, while VAS partial report revealed a ‘w’ shape, indicating relatively higher
scores in Positions 1, 3 and 6. V1b accuracy showed a reversed ‘v’ shape with the
highest accuracy at Position 3, reflecting attention allocation decreasing from the
centre. Correct RTs of the v1b task showed a ‘v’ shape, with the shortest RTs in the
centre position.

Differences in relationships between VAS and reading of Mandarin-speaking
children and adults

One of the main differences was that adults’ all VAS scores were only associated

with silent reading tasks. By contrast, children’s VAS in global and partial report task
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was correlated with oral reading and children’s VAS in the v1b task was correlated
with silent reading. This could be attributed to different reading fluency modes. Zhao
et al. (2017) explained that reading fluency in the silent mode may rely on the global
reading procedure while reading fluency in the oral mode may rely on the analytic
reading procedure. The second explanation was the developmental trend of VAS
with age increasing. Huang et al. (2019) indicated that VAS broadens with age and is
wider for higher graders, as supported by Bosse and Valdois (2009). Accordingly,
adults have a larger visual attention window. In contrast, children’s visual attentional
window was not large enough, so they had to rely more on analytical skills than
global reading procedures to process words.

Differences in the development of VAS of Mandarin-speaking children and
adults

The second main difference was that compared with children, adults’ VAS
variables under different paradigms reflected developed VAS. This meant that adults
had a similar level of analytical processing skills as the children but better global
processing skills, supporting the developmental trend of VAS with age developing.
For future study it will be informative to have younger children to see if there is no or
little effect of VAS when (presumably) at a stage when analytic reading processes
are mainly used (Huang et al., 2019). Such findings would provide evidence and
reference for Mandarin-speaking children and adults with dyslexia (Chapter 4).

In conclusion, this chapter mainly explored the relationship between VAS
assessed in various tasks and reading fluency in oral and silent modes of Mandarin-
speaking children and adults. Unique roles of VAS in reading fluency were found in
both children and adults. Under different reading fluency modes, predictions of VAS

assessed in various VAS tasks were also different. The development of VAS
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between children and adults was also shown, for participants’ age and position may

influence the position accuracy of nearly all VAS variables.
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Chapter 3: Relationship between VAS and spelling of Mandarin-speaking

children and adults

3.1 Introduction

In reviewing the literature on VAS and reading and spelling in Chapter 1 it was
noted that-role of VAS in the spelling of Chinese speakers has not yet been
investigated. The studies on VAS and its relationship to single word spelling in
alphabetic languages are reviewed below in order to provide the background for the
studies reported in this chapter on VAS and spelling in Mandarin-speaking children
and adults. The previous studies on spelling and VAS in children have involved
regression-based analyses looking at child- and adult-related variables, such as
vocabulary, verbal short-term memory, and PA, as in the reading studies reviewed in
the previous chapter. The review below extends to the study of adults who differ in
spelling ability, and single case studies of children and adults with impaired spelling
ability that have used a dual route spelling theoretical framework. The analyses used
in this line of research, looking at the types of errors made in spelling and the effect
of stimulus-based variables on spelling accuracy were incorporated in the current
studies. This is because the dual route framework has been adapted to explain
spelling in Chinese speakers (Mo, 2020), focusing especially on the orthographic
working memory component, as outlined below.
3.1.1 VAS and single word spelling in children and adults

As discussed in Chapter 1 Section 1.3.2, studies in alphabetic writing systems
have indicated a significant role for VAS in children’s single word spelling. Van Den
Boer et al. et al. (2015) in a study with Dutch-speaking children aged 9 to 10 years
reported that VAS uniquely predicted spelling accuracy, after controlling for

nonverbal ability, verbal short-term memory, PA and RAN. Niolaki et al. (2020)
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assessed English-speaking children aged 9 years and reported the same result, after
controlling for age, nonverbal ability, PA, RAN, and visual short-term memory. The
same was reported for Greek-speaking children in Grades 4 to 7 (mean age 10
years), after controlling for age and reading speed (Niolaki et al., 2024). In terms of
adult single word spelling, Masterson et al. (2007) reported that letter report
performance distinguished good and poor adult spellers who did not differ in terms of
reading or phonological ability. In that study a VAS framework was not used, and the
letter report performance was interpreted, along with performance in other printed
word tasks such as lexical decision, in terms of an online orthographic processing
deficit, that is, a weakness in the lexical route of dual route spelling models.
According to dual route theories of spelling, phonological (phoneme-to-grapheme)
processes are used to spell regular words and unfamiliar words effectively, while
whole-word lexical processes are employed for irregularly spelled words (e.g., Barry,
1994; Hepner et al., 2017; Kreiner & Gough, 1990). Printed word frequency would
have an influence on lexical processing since the strength of entries in the
orthographic lexicon is influenced by the number of times the child or adult has been
exposed to the printed words and has the opportunity to write them (Barry, 1994;
Spencer, 2007). On the other hand, word length would influence the written
production of words relying on sublexical processes, since parsing, conversion from
phonemes to graphemes, and assembly in a short-term graphemic output buffer are
involved (Valle-Arroyo, 1990). The framework is depicted in Figure 7. The dual route
theory of spelling has been used to interpret spelling deficits revealed in single case

studies with children and adults.
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Figure 7

Cognitive Process of Spelling (Hepner et al., 2017)
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Roncoli and Masterson (2016) used the dual route framework and developed the
orthographic processing weakness explanation of poor spelling as articulated by
Holmes and colleagues and Masterson et al. (2007) in a single case study with a 10-
year-old boy, Alan. Assessments revealed that Alan had advanced reading skills but
very poor spelling. Global report performance, when compared to that of CA
controls, was significantly impaired. In addition, Alan showed a pronounced effect of
word length on spelling accuracy, and his errors involved transposition, substitution,

omission and addition of letters. The authors noted that the effect of word length and
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the types of spelling errors observed were previously reported for adult aphasic
patients with acquired graphemic buffer disorder (e.g., Caramazza et al., 1987;
Schiller et al., 2001) and in Hebrew speakers with developmental spelling difficulty
(Yachini & Friedmann, 2010). Barisic et al. (2017) have subsequently reported the
case of LS, a 10-year-old boy with graphemic buffer disorder, investigating in detail
the factors that influenced LS’s spelling accuracy.

These studies of acquired and developmental graphemic buffer disorder involved
analysis of the spelling difficulties in terms of dual route theories rather than using
the framework of the Multitrace Memory model of Ans et al. (1998). As noted in
Section 1.2, the latter emphasises allocation of attention (Awadh et al., 2016; Bosse
et al., 2007; Ginestet et al., 2020), while the former does not. According to the dual
route models the graphemic buffer (or ‘orthographic working memory’ (OWM), Costa
et al., 2011), temporarily holds output from either the lexical or sublexical spelling
procedures in abstract format while the motor planning and production processes
required for generating the spelling response are carried out. Caramazza et al.
(1986) proposed the graphemic buffer as a working memory system since it is at a
stage in the process of spelling where multi-grapheme representations are being
converted into individual forms for output. The studies of patients with a graphemic
buffer deficit indicated that the location of the OWM must be post-lexical since
spelling errors were observed with both familiar words and nonwords and were
independent of the modality of input (spelling to dictation, written picture naming,
spontaneous writing, etc.). The characteristic ‘letter’ errors (transpositions,
substitutions, omissions, deletions and additions) as well as word length effects on
accuracy were interpreted as reflecting the role of OWM in keeping written units

active.
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Numerous studies of acquired OWM deficit have been published (e.g.,
Caramazza & Miceli, 1990; Costa et al., 2011, Krajenbrink et al., 2021, Sage & Ellis,
2004; Tainturier & Caramazza, 1996), but, as noted above, studies reporting
developmental cases have been relatively rare (Barisic et al., 2017; Masterson &
Roncoli, 2016; Yachini & Friedmann, 2010). In the present study it was decided to
employ analyses that have been habitually used in the studies of OWM and spelling
— investigation of the types of errors made, as well as the variables (in addition to
VAS) that affect spelling accuracy. This approach is discussed further, after the
following section that outlines an adaptation of the dual route theory of spelling for

Chinese speakers.

3.1.2 Dual route theory of spelling adapted for spelling in Chinese

Research conducted over the last twenty years has examined the processes
children use in writing Chinese characters. Using qualitative analysis of errors, Shen
and Bear (2000) gathered errors made by children from Grades 1 to 6 in writing
simplified Chinese characters in a spelling-to-dictation task. The authors reported a
decreasing rate of phonologically-based errors and an increasing number of
orthographic and meaning-related errors across school grades (although
phonological errors remained the largest category even for older children). The
authors interpreted their results to mean that orthographic and meaning-based
spelling strategies were used more as grade level increased, while a phonological
strategy was dominant in lower grades. Since then, spelling error analyses in the
spelling-to-dictation task have been used in research on Chinese spelling. Tong et
al. (2009) conducted a one-year longitudinal study with Cantonese-speaking children
spelling traditional characters. The children were six years old at Time 1 and were

tested a year later at Time 2. Although they were young, the children had 2.5 to 3.5
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years of literacy instruction by the time they took part in the study. Errors were
classified as in the study of Shen and Bear (2000). The authors found that at Time 1,
97% of the children’s errors were in the orthographic and meaning-related
categories, and this was similar at Time 2 (95% of errors). The results from both
timepoints supported the involvement of lexical processes in spelling because of the
preponderance of meaning-based and orthographic errors. Yeung et al. (2013)
conducted subsequent research investigating spelling to dictation of traditional
Chinese characters in Hong Kong Grades 1 to 4 children (aged 6 to 10 years). The
researchers reported that, across grades, the largest error category was
orthographic errors. The discrepancy across the studies in terms of the predominant
error category being orthographic in the studies of Tong et al. (2009) and Yeung et
al. (2013) and phonological in the study of Shen and Bear (2000), may be due to the
use of transparent Pinyin for teaching simplified characters in the early school years,
which applied only to the study of Shen and Bear. Learning to read and spell
traditional characters involves rote learning through visual inspection and copying,
practices which are likely to encourage the use of lexical-orthographic processes
from an early stage.

In addition to the spelling-to-dictation task, McBride-Chang et al. (2011) and Wang
et al. (2014) used the delayed copying task to assess the visual orthographic skills of
Chinese children. Visual orthographic skills refer to the ability to process visual
representations and knowledge of internal structures, positions and functions of
Chinese characters. In delayed copying, participants are required to write down as
much as they can remember of an unfamiliar but real Chinese character which has
been briefly presented. McBride-Chang et al. (2011) investigated the prediction of

delayed copying skills in 7-to-10-year-old Chinese children with and without dyslexia



147

and found that copying skills could uniquely explain 6% and 3% of the variance in
Chinese word reading and spelling-to-dictation of these children after controlling for
age, nonverbal ability, MA and RAN. Wang et al. (2014) explored the influence of
delayed copying skills on the spelling-to-dictation performance of Chinese
kindergarteners. They found that delayed copying scores explained a significant 5%
of the variance in Chinese word spelling after controlling for age, grade and
nonverbal ability. Later, in one-year longitudinal studies examining predictors of
writing in Chinese kindergarteners, Wang et al. (2015) and Ye et al. (2021) reported
that delayed copying was a unique predictor of the spelling-to-dictation task at the
first assessment after controlling for some variables, such as age, gender, nonverbal
ability, vocabulary knowledge and reading skills. Thus, the importance of delayed
copying to Chinese spelling was supported.

The delayed copying task was later used to examine spelling in Chinese adults
with dysgraphia. These studies have also involved qualitative analysis of the types of
spelling errors made. In this study, Law and Leung (2000) reported a case study of a
Cantonese-speaking dysgraphic adult in a delayed copying task. Law and Leung first
created a term called ‘logographemes’ that were the smallest units in a character
that are spatially separated and cannot be further disassembled into other
logographemes. Relationship between logographemes and strokes are that

logographemes are the combinations of strokes. For example, ‘It” has two
logographemes, namely ‘1’ and ‘1’, but ‘I’ cannot be split into four strokes
including ‘—’ and ‘ | ’. Law and Leung found this dyslexic adult made many spelling

errors in logographmes in the delayed copying task. The spelling errors made by this
adult involved substitution, deletion, insertion, and transposition of logographemes.

This result may suggest that it may be more precise to determine the
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psycholinguistic factors of Chinese characters based on logographemes than
strokes. Han et al. (2007) also used a delayed spelling task to investigate spelling in
a Mandarin-speaking dysgraphic adult, WLZ. The dominant spelling errors made by
WLZ were substitution of logographemes followed by deletion of logographemes.
Moreover, WLZ'’s spelling accuracy was only significantly influenced by the number
of logographemes, which supported logographemes as the basic units in writing
Chinese characters. The authors also suggested that WLZ had a deficit of OWM
which manifested in difficulty in organising the position of strokes and radicals before
written characters were produced, due to his errors in substitution, deletion,
insertion, and transposition.

On the basis of the evidence from the children reviewed above, and the adults
with acquired spelling disorder, using the delayed copying task, Mo (2023) proposed
an adaptation of the model of (English) spelling of McCloskey and Rapp (2017) for
Chinese spelling and emphasised the role of OWM where characters and their
relative positions are retained temporarily, while the graphic motor plan and motor
processes are executed for final production. According to the model (please see
Figure 8), in the case of familiar words, the phonological long-term memory store is
addressed, an activated representation will then in turn activate a representation in
the semantic store, and then a lexical orthographic representations, or else progress
directly to lexical orthographic representations.

On the other hand, when spelling unfamiliar words, the sublexical mechanism is
based on radical-character correspondences, since characters are the smallest
pronounceable units. Although characters form the components of multi-character
compounds, which are the most common type of words (80%) in text, they can also

be words in their own right, so as sublexical units they comprise semantic and
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phonetic radical information, as well as radical position regularity information (for
example, the phonetic radical appears on the right in the majority of single words). A
speller can therefore use radical knowledge to attempt to write down an unfamiliar
dictated word. However, as discussed above, information conveyed by radicals is not
very reliable; thus, the spelling attempt merely relying on radical knowledge may not
often be correct. Overall, in the adapted model the two processing routes are global
lexical processing (lexical-semantic store to lexical orthographic representations) and
sublexical analytical processing, which involves radical-character correspondences
without the involvement of phonemes.

Figure 8

Model of Single Word Spelling in Chinese (Mo, 2023, Adapted from McCloskey &
Rapp, 2017)
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As noted above, the adaptation of the dual route theory for Chinese spellers was
motivated by research in recent years investigating the development of spelling
ability in children learning Mandarin and Cantonese, and studies of adult dysgraphic
patients. Studies on the acquisition of spelling in Chinese are reviewed next in the
introduction to Study 2a.

Different spelling error patterns have been reported to be a reflection of
subcomponents of OWM that can be impaired separately (Krajenbrink et al.,
2021)(e.g., letter identity and sequencing of strokes). As discussed above, OWM is
thought to be responsible for temporarily storing details of orthographic
representations, which may involve simultaneous processing at the multi-element
level. Early Chinese character instruction, as noted in Chapter 1, involves daily
copying practice with fixed order of strokes, which must recruit motor-kinesthetic
memory and multi-element processing skills, which means that these skills are
repeatedly highlighted. This emphasis on visual retention of written forms is
important, given the complexity of Chinese characters, and the lack of reliable
phonological support for reading. Thus the processes involved in OWM and VAS,
whether they are completely or partially overlapping, would seem to be crucial for
spelling in Chinese relative to their involvement in alphabetic languages.

3.1.3 The present study

The research reported in this chapter aimed to examine the influence of VAS in
spelling in Chinese. The first study (Study 2a) was conducted with children and the
second (Study 2b) was conducted with adults. Considering the development of VAS
as discussed in Section 1.3.1, Huang et al. (2019) suggested that VAS may play a

more important role in reading in adults than children. Given that spelling and
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reading draw on many of the same cognitive processes, VAS may have a stronger
influence on spelling for adults than children.

Studies 2a and 2b included spelling-to-dictation, VAS assessed with the global
report task, the partial report task and the v1b task, and child- and adult-related
variables that have been found to be associated with spelling in past research.
These are discussed in more detail in the next section. Finally, qualitative analyses
of the spelling errors made by the children and adults were conducted.

This will be the first study to explore the relationship between VAS and spelling-to-
dictation in Chinese. The first aim was to see whether VAS would affect spelling over
and above the influence of other variables known to be associated with spelling. The
second aim was to examine which of the various measures of VAS would be most
strongly associated with spelling. The third aim was to see whether there might be a
stronger influence of VAS in spelling in the adults versus the children. The final aim
was to explore whether poor spelling in adults might be associated with poor
performance in VAS and whether this would also be associated with a pronounced
influence of word length in the item-based analyses of spelling accuracy, as well as

with a preponderance of transposition errors in spelling.
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3.2 Study 2a: The relationship between VAS and spelling in Mandarin-speaking
children

3.2.1 Research questions

The research questions were as follows:

1. Does VAS significantly predict spelling-to-dictation in 10- to 12-year-old
Mandarin-speaking children over and above the influence of other related
variables (vocabulary, PA, RAN, MA, verbal and visual memory and character
identification)? And which VAS task would show the strongest association
with spelling?

2. Would the item-related variables word frequency and word length be
associated with spelling accuracy? And would word frequency be more
strongly related with spelling accuracy than word length?

3. What are the main spelling strategies of children?

Regarding RQ1, the prediction was that VAS as assessed in global report and
partial report tasks would uniquely predict the children’s spelling accuracy, as
reported by Van de Boer et al. (2015), Niolaki et al. (2020) and Niolaki et al. (2024).
Regarding RQ2, the prediction was that word frequency and word length would be
significant predictors of spelling accuracy, but that word frequency would be an
especially important predictor, given the difference in findings of studies across
languages with different levels of opacity (Niolaki et al., 2024; Niolaki & Masterson,
2012; Wong, 2017). Regarding to RQ3, Mandarin speaking children may rely more
on whole word lexical processes for spelling (cf. results reported by Shen and Bear,

2000; Tong et al., 2009 and Yeung et al. (2013).
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3.2.2 Method

Participants. The children were those who took part in Study 1a (please find
details of the sample in the Participants section of Study 1a).

Materials. The results for all tasks used in the analyses were those conducted in
Study 1a, except for the spelling-to-dictation task described next.

Spelling-to-dictation. Spelling was assessed using the 60-item list from
Masterson et al. (2008) and translated into Mandarin by Wong (2017). The words
were originally selected to be familiar concepts to children aged from 6 to 7 years
and above, and to children from diverse language and cultural backgrounds. They
also comprised a range of familiarity levels, in order to avoid ceiling or floor effects in
terms of accuracy in the spelling to dictation task. The translated list of items
comprises 41 single character words, 18 two-character words and one three-
character word. Chinese printed word frequency values for the 60 words were
obtained from the database of words in children’s books compiled by Li et al. (2023,
CCLOWW database). The mean zipf frequency for the words was calculated as
m=4.42 (sd=0.90). In addition, five Chinese teachers, one teaching Grade 4, two for
Grade 5, and two for Grade 6, were asked to rate how familiar they thought the
words were to children aged 10 to 12 years. To obtain the ratings a five-point Likert
scale (with 1 representing ‘highly unfamiliar’ and 5 representing ‘highly familiar’) was
used. The mean familiarity rating for the words was 4.76 (sd=0.5).

The association of the teachers’ familiarity ratings and the zipf frequency values

from Li et al. (2023) was investigated, as well as the association of these two

1 Zipf frequency is a standardized frequency measure, calculated as log10 (Freq. million) + 3. Compared with raw
frequency values, the advantages of zipf frequency are as follows: its interpretation does not depend on the size of the
corpus; it permits the computation of frequency for words not observed in a corpus; it can also correct for the number of
types in the corpus (Korochkina et al., 2024).
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variables with zipf frequencies for the English translations of the 60 words (taken
from the CYP-LEX database, Korochkina et al., 2024, for English children’s books).
Pearson’s correlations revealed a significant association between the Chinese
frequency values and the teacher ratings, r= .60, p<.001, as well as between the
teacher ratings and the English frequency values, r= .52, p<.001, and the Chinese
and English frequency values, r= .58, p<.001. The word list and obtained values for
frequency and familiarity can be found in the Appendix C.

In administering the spelling to dictation task, the words were presented in two
sets of 30 items with a short break between the sets. The words were randomly
allocated to the sets and a single fixed order was used for testing. Each target word
was read aloud once, followed by a sentence containing the item, and the children
were asked to write down the target item. The maximum correct score was 60.
Cronbach’s alpha was calculated as 0.88, based on the scores from the participants
in the current study.

Procedure. The procedure for data collection for all measures apart from spelling
to dictation was as described in Study 1a. The data were collected in September
2021. Two trained class teachers helped to collect the spelling data. Group testing
for spelling-to-dictation (lasting c. 15 minutes) was carried out in the classroom, with
a 10-minute break between the two word 30-word sets.

Data analyses. The participant-based analyses involved correlation and
hierarchical regression to explore the relationship between spelling and VAS
assessed with character report and v1b tasks. The relationship of spelling with the
literacy-related variables was explored with correlation analysis and scores for
selected variables were included in early steps in the regression analysis, with VAS

in the final steps, in order to see whether the effect of VAS would still be significant if
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influential variables were controlled for. The item-based analyses involved
correlation and simultaneous regression analyses to investigate the relationship
between word length and word frequency and spelling accuracy. Word length and
frequency were entered the simultaneous regression as independent variables.
Finally, the qualitative spelling errors analyses were conducted to see the spelling
strategies children used.
3.2.3 Results

The descriptive statistics are reported in Study 1a in the previous chapter, except
for spelling accuracy. The mean spelling accuracy for the children in the sample was
44.74 (sd=7.18), and the range of scores was from 30 to 60. The results of
exploratory data analyses (EDA) revealed that scores for spelling accuracy were
normally distributed.

Pearson’s correlation and partial correlation analyses controlling for nonverbal
ability were conducted to explore the relationship between the variables and spelling

accuracy. The results are reported in Table 14.



Table 14

Pearson’s Correlation (above the diagonal) and Partial Correlation (below the diagonal,

VAS and Other Important Variables in Study 2a
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after controlling for Nonverbal Ability) with

1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 21
1 Spelling accuracy - .38** .07 -19 A3 46* -.46* -.36* .38 14 40** .00 .33 31 43" 19 .00 -.01 -12 42 -.09
2 Oowf 42* - .02 .02 .21 .33 -.66*  -.61** .22 .01 .05 36% .22 18 53** 14 -12 =17 -.25+ A48** -.15
3 Nonverbal Abli. - - - -.06 31 14 -.01 1 .38* 13 1 A1 41 A3 -13 -.04 15 1 -12 -.02 -.25+
4 Age -13 .20 - - .07 .01 -.05 -.04 -25+ .18 .08 -.04 .02 -.06 -.02 -.08 -1 -.16 15 -.16 A7
5 Vocabulary .07 A3 - 31 - .10 -.21 .01 .22 .05 15 .25+ .35* -.10 A7 .05 .20 18 -.06 .25+ -.22
6 PA 52** 27+ -.00 .02 - -.30* -.10 .25+ 18 .50*** 24+ .50*** .06 .05 .08 .10 .09 -.07 14 -.15
7 RAN picture -41% -.66*** -13 -.20 -.30+ - .58** -.03 -.09 -.30* .00 =27 -.06 -.45% -1 .00 -.01 .25+ -.35% 24+
8 RAN digits -.25 =57 -.26 .02 -1 .62** - -.07 -.06 -.10 -.04 -.04 -12 -.45% -.07 19 .22 .20 -.38* .04
9 MA .32¢ -.09 -.14 .07 A2 1 .08 - .21 24+ 31 .38** .16 14 -.01 -.03 .04 .02 15 .03
10  VerbalFor STM 18 -.04 .23 .02 1 -.04 -.06 1 - 37 .10 .26+ .10 .03 -1 -.24+ -.15 A2 -.01 .26+
1" VerbalBack STM 45* -12 -.00 .03 .56*** -12 -.08 .21 .35* - -12 .38** .02 .01 -.19 -.05 .03 .05 -.07 .10
12 VisualSimul STM -.03 .22 .10 .02 -.00 -1 -.18 .06 .09 =17 - 31 A2 -.04 .04 .25+ A7 -.10 .10 =31
13 VisualSeq STM 31 .24 .04 .26 41 -.16 -.04 .21 .26 .26 14 - .08 14 .04 19 18 -.07 19 -.23
14 Chat. Ident. 46* .29+ -1 -.05 .01 -.23 -.21 A2 .09 A7 .02 1 - -.14 .10 -.14 =17 -.07 -.01 .04
15  Global 32" 46* 15 .23 .09 =37 -.38* -.03 A3 -.10 14 A2 .05 - 52** .06 .04 .07 .88** .01
16 Partial .23 18 -1 .10 A3 -.25 -7 -.15 -.08 -.16 .06 .08 .30+ 48** - 27 .22 .22 .84** -.03
17 V1b accuracy .02 -1 -.26 .16 .02 .03 .10 -.02 =21 -.06 1 .08 -.06 -.06 A3 - .94%* 15 1 =57
18  V1bd prime .03 -.15 -36¢ .11 .01 .07 A3 .07 -.15 -.06 .02 .04 -.04 -.08 1 .95%* - 19 .06 -.50%**
19  V1b correct RTs -.06 -.33* .20 -1 -.05 .22 A7 A7 .26 19 -.19 .05 .18 -.02 -.06 -.03 .02 - .09 70
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20  VAS report comp .33* .39* - .04 19 A3 -.37* -.33* -.10 .04 -.15 A2 A2 19 .89** .83** .03 .01 -.04 - .01

21 V1b comp -.05 -.23 - 31+ -22 -.07 19 MK A3 .32% .22 =27+  -.04 A7 .03 -13 -.60*** -.54** 78* -.05 -

Note:. Owf: oral word reading fluency; Nonverbal Abil.: Nonverbal ability, PA: phonological awareness, RAN picture: RAN pictures task, RAN digits: RAN digits task, MA:
morphological awareness, VerbalFor STM: verbal digit forward short-term memory, VerbalBack STM: verbal digit backward short-term memory, VisualSimul STM: visual
simultaneous short-term memory, VisualSeq STM: visual sequential short-term memory, Chat. Ident.: character identification, Global: global report, Partial: partial report, V1b
correct RTs: visual 1-back correct reaction times, VAS report comp: composite scores of the global and partial report tasks, V1b comp: visual 1-back composite z scores of
errors and correct reaction times.

* p<.1, *p<.05; **p<.01; ***p<.001.
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Inspection of Table 14 reveals that spelling accuracy was significantly
associated with scores for oral word reading fluency, PA, RAN pictures, MA, digit
backwards, visual sequential short-term memory, character identification, global
report and VAS composite scores, in both Pearson’s and partial correlation.
Neither of the v1b measures was significantly associated with spelling scores. Due
to the lack of significant correlation between partial report and spelling accuracy,
only the global report task scores were used for later analyses. The significant
correlations between reading measures and VAS are highlighted in red in the
table.

These variables - PA, RAN pictures, MA, digit backwards, visual sequential
short-term memory, character identification, and global report, together with
nonverbal ability, were included as predictors in the following analyses.
Regression analyses

Hierarchical regression analysis was carried out with accuracy in the spelling-to-
dictation task as the dependent variable. Hair et al. (2014) suggested that the
recommended minimum datapoints is ten times the number of research instruments.
Thus, according to our sample size (n=56), the six independent variables that were
most strongly associated with reading measures in the correlation analyses
(nonverbal ability, PA, RAN pictures, MA, character identification and global report)
were entered in the regression. The results including verbal and visual memory in
the hierarchical regression analysis are not presented here but can be found in the
Appendix D. In Step 1, nonverbal ability was entered, and in Step 2, PA, RAN
pictures, MA, and character identification were entered. At the final step, scores for

the global report task were entered. Results are reported in Table 15.
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Table 15

Hierarchical Regression Analyses with Spelling Accuracy as the Dependent Variable
in Study 2a

Spelling accuracy

Step AR ? AF B t Tol VIF
1 Nonverbal Abil. 0.01 0.30 0.08 0.55 1.00 1.00
2 0.54*** 11.65
PA 0.37** 325 0.88 1.13
RAN pictures -0.30* -2.66 091 1.10
MA 0.31* 263 084 1.19
Char. Ident. 0.34* 3.05 0.93 1.07
3 Global 0.05* 451 025 212 0.76 1.31

Note:. Nonverbal Abil.: nonverbal ability, PA: phonological awareness, RAN picture: RAN picture task, MA:
morphological awareness, Char. Ident.: character identification, Global: global report
* p<.01, *p<.05; **p<.01; ***p<.001.

Results showed that PA, RAN pictures, MA, and character identification were all
significant predictors of spelling accuracy. After controlling for nonverbal ability and
the above variables, global report still significantly explained 5% of the variance in
spelling accuracy (p<.05).

Item-based analyses

As noted in the Introduction to this chapter, the sublexical processing in Chinese
outlined by Mo (2023) is different from that in alphabetic languages, as outlined by
Hepner et al. (2019) and others, because of a lack of grapheme-phoneme
correspondences. In Chinese the sublexical route involves radical combinations with
analytical processing. So, printed word frequency in Chinese spelling was suggested
to be associated with lexical processing, while word length was suggested to be
associated with sublexical/analytical processing. Word length here was the number
of logographemes calculated based on Chinese character component standard of

GB 13000.1 character set for information processing (1998).
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Spelling accuracy was calculated across participants for each item in the spelling-
to-dictation task to conduct the item-based analyses. The results of EDA revealed
that the scores for word length and spelling accuracy violated the assumption of
normality. These variables were transformed using log transform. Zipf. Frequency as
standardised scores were used. Pearson’s correlation was used to explore the
correlation between word frequency, length and spelling scores. Results are
presented in Table 16.

Table 16

Pearson’s Correlation with Word Frequency, Word Length and Spelling Accuracy per
Item

1 2 3
1 Frequency -
2 Word Length -42** -
3 Spelling accuracy .35 -.54** -

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

Results in Table 16 showed that spelling accuracy was significantly associated
with word frequency and length, with a stronger association with word length.

Simultaneous multiple regression analysis was conducted with word frequency
and length as independent variables and spelling accuracy as the dependent
variable. Results are shown in Table 17. The results indicated that only word length

was a significant predictor of the children’s spelling accuracy.
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Table 17

Simultaneous Multiple Regression Analyses with Spelling Accuracy as the
Dependent Variable in Study 2a

Spelling accuracy Tol VIF

B B t
Frequency 0.06 0.16 1.27 0.82 1.22
Word Length -0.89 -0.47*** -3.88 0.82 1.22

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

Qualitative spelling error analyses

Following Shen and Bear’s (2000) qualitative analysis of spelling errors, we
adopted the categories phonological errors, orthographic errors, meaning-related
errors, and no responses. Phonological errors included pinyin substitution,
homophone and semi-homophone substitutions; orthographic errors included
change in configuration, character substitution similar in shape, addition or deletion
of strokes, partial character and invention of an unconventional character. Among
the orthographic errors, change in configuration, character substitution similar in
shape, and addition or deletion of strokes respectively corresponded to errors in
transposition, substitution, addition and deletion. Meaning-related errors included
synonym substitution and substitution of meaning-related characters.

Examples of each spelling error category were as follows:

Phonological errors: pinyin substitution (e.g., &= (word)/zi4/ spelled with its pinyin

/zi4/); homophone and semi-homophone substitutions (e.g., ¥ (discuss)/yi4/ in the
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target item i = (council)/yi4 hui4/ written with other characters & (meaning)/yi4/ or
1% (clothes)/yi1/ with similar pronunciations as the target).

Orthographic errors: partial character (e.g., the character j& in target N& X

(hurricane)/ju4 feng1/ was written as X); invention of an unconventional character
(strokes, radicals, etc. irrelevant to the target); transposition (e.g., # (place)/di4/ was
written as t,1); deletion (e.g., H (day)/ri2/ was written as [); addition (e.g., #&
(monkey)/hou2/ was written as # with a short slash added in the left semantic
radical); substitution (real word-: e.g., ;9 (river)/he2/ was written as =7 (severe)/ke1/
with a similar shape as the target; nonword: e.g., £ (nose) /bi2/ was written as ?

The difference between deletion and partial character categories lay in how large
the missing part of the target was. Deletion errors involved missing strokes as the
smallest units, while partial character errors involved the deletion of logographemes.

Meaning-related errors: synonym substitution (e.g., the character 3 (temple)/si4/

was written J& (temple) /miao4/) and substitution of meaning-related characters (e.g.,
the character fij] (sail)/hang2/ was written §& (boat)/chuan2/).

The actual spelling errors of the children can be found in Appendix E.
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Table 18

163

Percentage (and Number) of Spelling Errors in Words of Different Frequency in Each

Error

Low-frequency words

Middle-frequency words

High-frequency words

Total number of errors 496 258 124
Phonologically based errors 55.24 (274) 31.01 (80) 25 (31)
Pinyin substitution 30.04 (149) 22.48 (58) 8.87 (11)
Homophone and Semi-homophone substitution 25.20 (125) 8.53 (22) 16.13 (20)
Orthographic errors 19.76 (98) 44.57 (115) 50 (62)
Partial character 1.41(7) 0.39 (1) 0.81 (1)
Invention of an unconventional character 1.41(7) 2.33 (6) 3.23 (4)
Transposition 0.60 (3) 1.55 (4) 3.23 (4)
Deletion 8.06 (40) 15.12 (39) 26.61 (33)
Addition 3.02 (15) 16.67 (43) 9.68 (12)
Substitution (real words) 3.02 (15) 3.49 (9) 4.84 (6)
Substitution (nonword) 2.22 (11) 5.04 (13) 1.61(2)
Meaning-related errors 0.81 (4) 1.55 (4) 0.81 (1)
Synonym substitution 0(0) 0.78 (2) 0(0)
Substitution of meaning-similar character 0.81 (4) 0.78 (2) 0.81 (1)
No responses 24.19 (120) 22.87 (59) 24.19 (30)

Table 18 indicates the spelling errors for words of different frequency. There was

the greatest number of spelling errors with low-frequency words. Children made

more phonologically-based errors and no responses with low-frequency words. By

contrast, children made more orthographic errors with words of middle and high

frequency, and transposition, deletion, etc. errors accounted for a relatively greater

proportion of the orthographic errors.
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3.2.4 Discussion of 2a

Study 2a examined the relationship between VAS and Mandarin-speaking
children’s spelling-to-dictation performance. Results revealed that global report
performance was significantly associated with the children’s spelling accuracy. A
unique prediction of global report was found after controlling for nonverbal ability,
PA, RAN, MA and character identification in the regression analyses.

Regarding RQ1 “Does VAS significantly predict spelling-to-dictation in 10- to 12-
year-old Mandarin-speaking children over and above the influence of other related
variables?” the prediction was that VAS assessed with global and partial report and
v1b tasks would uniquely predict the children’s spelling accuracy. Results from Study
2a were partially in line with the hypothesis because VAS assessed in partial report
and the v1b task was not found to predict children’s spelling but the global report
was. This point will be discussed later.

PA, RAN, MA and character identification were found to significantly predict
children’s spelling. Significant associations of PA, RAN and MA with spelling
accuracy are consistent with findings from studies of spelling development in
alphabetic writing systems (e.g., Casalis et al., 2011; Gorgen et al., 2021; Niolaki et
al., 2020; Van Den Boer et al., 2015). In regression analyses, PA, RAN, MA and
character recognition scores together explained 55% of the variance in spelling
accuracy. As noted in the Introduction, PA and RAN have previously been reported
to significantly predict spelling accuracy in Mandarin-speaking children (e.g., Li et al.,
2020; Yeung et al., 2011). This could be because effective PA skills facilitate early
character identification through clear and consistent mapping of phonemes to
characters (e.g., Yeung et al., 2013); RAN skills may facilitate extraction of

orthographic patterns and pronunciation retrieval from memory (e.g., Yeung et al.,
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2011); MA might be of benefit in deconstructing Chinese complex words such as
compound words through distinguishing and organising the morphemes, which may
be helpful for producing accurate spellings (Li et al., 2020).

Some researchers have pointed to the fact that the association between
phonological processing ability and spelling for Chinese-speaking children may be
due to learning English from the third grade of school. Huang and Hanley (1995)
proposed that Chinese children’s PA performance was influenced by having learned
the alphabetic writing system of English. In addition, as noted in the Introduction, the
children in this study had learned the transparent Pinyin system in the early stages of
being introduced to characters, and this may have facilitated the development of PA
and its association with literacy skills. Strong predictions of PA found in the present
study also suggested the importance of phonological processing.

Individual character identification skill was also found to predict spelling accuracy.
Liu et al. (2015) and Liu et al. (2016) conducted studies with 9-year-old Hong Kong
Chinese children assessing character reading and spelling accuracy. They found
that character reading and spelling were both predicted by performance in a visual
search task involving the detection of targets in a matrix of targets and distractors.
Liu et al. argued that Chinese spelling requires storage and retrieval of detailed
orthographic information, and this information is easily extracted and stored during
reading in children who have good visual discrimination and attention abilities.

In the regression analysis VAS assessed in the global report task remained a
significant predictor of spelling accuracy when entered after scores for PA, RAN, MA
and character identification were entered, which is in line with the existing studies on
VAS and children’s spelling. Van Den Boer et al. (2015), Niolaki et al. (2020) and

Niolaki et al. (2024) also reported that VAS (assessed with the global report task in
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their studies), was a significant predictor of spelling ability in Dutch-, English- and
Greek-speaking children, respectively, after controlling for at least PA and RAN. This
finding in the present study extends the association to Mandarin-speaking children
aged 10-to-12 years.

However, no correlations between the partial report task and spelling accuracy
were found. This may be because as mentioned in Chapter 2 the attention allocation
in partial report was equal to each position but the attention allocation to different
characters or radicals during the spelling processing may be different due to different
familiarity.

No v1b variables were associated with children’s spelling. It may be because the
spelling to dictation word task was used. Compared with reading in Chinese, spelling
in Chinese is considered to be a more cognitively demanding task because
processing the exact spatial positioning of strokes in complex configurations is
required (Liu et al., 2016). Spelling production wuld depend on the quality of
representations in the orthographic lexicon and the intact function of VAS.
Correspondingly, as a pure visual processing task, the v1b task may be less involved
in the spelling process.

Regarding RQ2 “Would the item-related variables word frequency and word
length be associated with spelling accuracy? And would word frequency be more
strongly related with spelling accuracy than word length?” the prediction was that
word frequency might be a stronger predictor of spelling accuracy than word length.
The results of the item-based analyses were not in line with the hypothesis. Word
frequency and word length were significantly associated with spelling, which was in

line with the finding of Wong (2017). Word length was more strongly associated with
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spelling. The finding suggests that children relied more on analytical than lexical
processing for spelling.

As discussed in Chapter 1, the Multitrace Memory Model of Ans et al. (1998),
argues for global processing requiring large VAS and analytical processing requiring
small VAS. Combined with the results in Study 1a, these findings indicate the VAS of
the children was not large. However, this result was not in line with Niolaki et al.
(2024) who reported that word frequency predicted the spelling-to-dictation of older
Greek-speaking children aged 10 to 13 years. Compared with Greek, Chinese
places greater demands on visual processing during early literacy acquisition, and
children need to process details of characters, so it should perhaps explain that word
length rather than word frequency was a significant predictor of spelling accuracy.

Regarding RQ3 "What are the main spelling strategies of children?”, the prediction
was that Mandarin speaking children may rely more on whole word lexical processes
for spelling. Results were partially in line with the prediction.

The qualitative analysis of spelling errors showed that there were more
phonological errors than orthographic errors for low-frequency words but more
orthographic errors than phonological errors for mid- and high-frequency words. The
results for mid- and high-frequency words are in line with those of Tong et al. (2009)
and Yeung et al. (2013), suggesting more reliance on orthographic processing in
Chinese-speaking children. The results for low-frequency words are in line with those
of Shen and Bear (2000). This may suggest that the words in Shen and Bear were
difficult to spell words and so it is likely they were of low frequency - thus when the
children are unable to draw on lexical entries they report to phonological strategies
(use of pinyin and use of characters for similar-sounding items). Phonological errors

have been interpreted as reliance on phonological processing for spelling - so for the
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lower frequency words the children are relying on pinyin knowledge and substitution
of other words with similar sound - these two constitute phonological processing. It
could be concluded that the Mandarin-speaking children relied on phonological
strategy in low-frequency words and orthographic strategy in middle-frequency and
high-frequency words.

In summary, the results indicated that VAS assessed with global report uniquely
predicted Mandarin-speaking children’s spelling after controlling for PA, RAN, MA

and character identification.
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3.3 Study 2b: Relationship between VAS and spelling of Mandarin-speaking
adults

As mentioned in Chapter 1, so far, there have been no studies directly exploring
the relationship between VAS and adults’ spelling. However, letter report tasks have
previously been used as measures of the efficiency of orthographic processing to
distinguish good and poor spelling performance in adults by Ginestet et al. (2020)
and Masterson et al. (2007).

Adult spellers with unexpected spelling difficulty

An early indication of the research with good and poor adult spellers was that poor
spelling was due to weak phonological processing abilities (e.g., Burden 1992; Burt
& Shrubsole, 2000), in line with previous research with children (e.g., Bruck &
Waters, 1988), and with dyslexic children and adults (e.g., Campbell & Butterworth,
1985). For example, Burden (1992) reported poor adult spellers also with poor
nonword reading skills. However, later studies showed that good and poor spellers
but with equated reading ability failed to support phonological weakness as a
universal explanation for poor spelling in adults (e.g., Holmes & Quinn, 2009;
Masterson et al., 2007).

Inefficient orthographic processing has been investigated as a cause of poor
spelling since the investigations of Frith (1980; 1985). Frith’s (1980; 1985) found that
good adolescent readers who were unexpectedly poor spellers were worse than
good spellers at detecting instances of silent e in a letter-cancellation task. Frith
suggested that the results were due to a reliance on partial cues in reading of poor
spellers, thus leading to the establishment of incomplete orthographic
representations. Holmes and colleagues extended the work of Frith and proposed

that poor spelling was due to difficulty in identifying and parsing orthographic input.



170

Holmes and Ng (1993) assessed good and poor adult spellers in lexical decision
tasks and found that what discriminated between the groups was lexical decision for
long idiosyncratic words and long non-words with mis-ordered internal letters - the
poorer spellers were less accurate and were slower. The researchers outlined the
early cessation of processing hypothesis that poor spellers, in reading, terminate
processing before carrying out a complete analysis of the printed word, and this
leads to failure to establish detailed representations that can be used for accurate
spelling.

Holmes and Castles (2001) found that unexpectedly poor adult spellers produced
similar misspellings as good spellers, indicating good knowledge of grapheme-
phoneme correspondences. However, the poor spellers were slower than the good
spellers at making lexical decisions on regularly and irregularly spelled printed words
and were slower and made more errors when matching pairs of common regularly
spelled words, presented either intact (e.g., bathroom—bathroom) or with a pair of
medial letters misordered (errors in transposition, e.g., platform—plaftorm). Similarly,
findings of Holmes et al. (2008) supported the idea that unexpectedly poor spellers
were poorer at orthographic processing, for in a lexical decision task, unexpectedly
poor spellers were significantly slower and more error-prone than better spellers
when classifying both regularly and irregularly spelled words, as well as when
detecting letter transpositions in long misordered words with regular spellings (e.g.,
turlte, pilrgim). Similar to spelling errors in transposition, errors in substitution,
addition, deletion, and omission in words, were regarded as difficulties in OWM or
the grapheme buffer area, as mentioned above. Thus, such types of spelling errors

found in poor adult spellers may suggest deficits in OWM.



171

Masterson et al. (2007) also found that English-speaking adults who were good
readers but who differed in spelling ability were not differentiated by performance in
tasks of phonological ability (spoonerisms and speeded naming of pictures and
digits). The groups did differ, however, in reporting letters from briefly presented
nonword letter strings. In addition, qualitative analysis of the participants’ spelling
errors revealed the preservation of letters in initial and final word positions for the
poor spellers. Similar to the incomplete processing hypothesis (Holmes & Ng, 1993),
the authors suggested that poor spellers make an incomplete analysis of printed
stimuli, which leads to a failure to retain detailed orthographic representations that
can be used for accurate spelling.

Performance in the letter report task has been interpreted more recently in terms
of VAS, that is, as outlined in the previous chapters, in terms of reflecting the
mechanisms that allow for the simultaneous processing of multiple visual elements
(Awadh et al., 2016; Bosse et al., 2007; Ginestet et al., 2020). This efficient
processing of multiple orthographic elements is considered to facilitate the
establishment of lexical-orthographic entries (Bosse et al., 2015; Valdois et al.,
2014). Support for this view was obtained in an investigation of novel word learning
using eye movement measures in French-speaking adults by Ginestet et al. (2020).
They reported that adults with higher VAS assessed by global and partial report
tasks were able to process more novel words in a single fixation after five encounters
with the stimuli. They also found that participants with higher letter report scores
outperformed those with lower report scores in a spelling assessment.

The present study was carried out to examine whether VAS would be a significant
predictor of spelling in Mandarin-speaking adults. It was predicted that since

Mandarin has an opaque orthography and an instruction system is used that
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emphasises orthographic processing (see Section 1.3.1 in Chapter 1) then VAS
would have an influence on spelling in the adults in the present study just as it had
been found to with the 10- to 12-year-old child participants in Study 2a.

3.3.1 Research questions

VAS tasks were employed in Study 2b to investigate the relationship between
VAS and other literacy-related variables and spelling accuracy in adult Mandarin
speakers. In addition scores from the assessments were used to explore potential
underlying cognitive weaknesses in adult poor spellers who were good readers
through participant-basedbased analyses, item-based analyses, as well as
qualitative spelling error analyses.

The first research question was similar to Study 2a to investigate the unique
prediction of VAS under measures to spelling-to-dictation of adults.

The second research question: Is the spelling performance of poor spellers with
good reading ability due to weak skills in phonological processing?

With regard to RQ1, the prediction was that VAS assessed in global report might
predict spelling accuracy in Mandarin-speaking adults after controlling for other
literacy-related variables, as in the study of Masterson et al. (2007).

With regard to RQ2, poor spelling in Chinese adult spellers may be due to weak
VAS or other orthographic processing skills, rather than due to a phonological deficit
(as reported by Holmes et al., 2008; Holmes & Ng, 1993; Holmes & Castles, 2001;

Masterson et al., 2007).

3.3.2 Method

Participants. The adults were those who took part in Study 1b (please find details

of the sample in the Participants section of Study 1b).
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Spelling-to-dictation. As in Study 2a, the 60-word spelling list created by
Masterson et al. (2008), translated into Mandarin by Wong (2017), was used to
assess spelling. Printed word frequency values for adults for the words were
obtained from SUBTLEX-CH (Cai & Brysbaert, 2010), a database of Chinese
characters for adults. Zipf frequency for the 60 words was calculated as m=4.54
(sd=0.82). Values were calculated for the length of each word in terms of number of
logographemes (m=3.78, sd=1.70).

Cronbach’s alpha was calculated as 0.72, based on the scores from the participants
in the current study.

Procedures. The data collection was as described in Study 1b and the data were
collected in December 2022.The spelling-to-dictation task (lasting c. 10 minutes) was
conducted in the third session of testing and involved an audio presentation of the 60
words and their associated sentences. For the spelling to dictation task, the
researcher played the audio to the participants, and the participants wrote their
responses. At the end of the task participants sent a photo of their script to the
researcher via email. Participants used their own laptops (including 23 laptops with
Mac system and 35 laptops with Windows system) with 60 Hz to 75 Hz refresh rate
during the assessments.

Data analyses. Data analyses were the same as in Study 1b including the
participant-based, item-based and qualitative spelling error analyses. The only
difference was that after the participant-based analyses focusing on all adults,
participants were then classified into better and poor spellers based on the median
score for the spelling assessment for the latter two analyses to examine whether the

poor orthographic processing could differentiate spelling performance of poor and
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better adult spellers. Independent t-tests were also used to compare the scores of
the speller groups.
3.3.3 Results

The first section gives the results of analyses examining potential associations of
VAS and spelling accuracy of the adults. The results of EDA revealed that the scores
for adults’ spelling accuracy were normally distributed. The mean of the spelling
accuracy was 54.97 (sd=3.18), with the range from 45 to 60. Pearson’s correlation
and Partial correlation analyses controlling for age and nonverbal ability were
conducted to explore the relationship between the variables. The results are reported

in Table 19.
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Table 19
Pearson’s Correlation (above the diagonal) and Partial Correlation (below the diagonal, after controlling for Age and Nonverbal
Ability) with VAS and Other Important Variables in Study 2b

10

1"

12

13

14

15

16

17

18

19

20

1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20
Spelling accuracy - .16 .00 -21 .21 A2 -.06 -.23+ .08 .32¢ .33 .30* .09 45 .29* 24+ 24+ -.07 -.45" -.23+
Oowf -.03 - .03 -12 A7 .10 -.54 =72 .32¢ .10 A3 .08 -.14 .30* -.01 .06 .04 -.26* 18 =21
Nonverbal Abli. - - - .08 40% -26+ -.19 A7 .05 23+ 24+ .10 -.09 -.09 .16 43* 44** .16 .02 -.15
Age - - - - .09 .04 .08 .21 -.06 .07 -.24+ -.06 -.38* =31 =27 -.04 .02 23+ =27 27
Vocabulary 1 .10 - - - .01 -.14 -.20 .30* .25+ 23+ .28* -.15 15 .16 19 .21 24+ .10 1
PA .21 .08 - - -.08 - .03 -.21 .33 A2 -7 .08 -13 .10 -.00 -.02 -.07 -.01 .08 -.02
RAN picture -.01 -.50** - - -.03 .07 - .36** -.26+ -.00 -.10 -.21 -.03 -.33* -.16 -1 -.06 A3 =27 .22
RAN digits -.16 -.69*** - =30+  -17 .34 - -32¢ -7 -.07 -13 -.01 -.35% -.05 .01 .03 .16 -.25+ A3
VerbalFor STM -.01 15 - - .23 31 -1 =27+ - .29* -12 -.01 -.02 24+ .16 .04 -.03 -.07 18 -.05
VerbalBack STM .30+ -.03 - - 14 .26 .07 -.20 .29 - .28* .25+ -.09 .33 .22 .05 .05 -.09 .36** -.07
VisualSimul STM .28+ -.03 - - -.09 -.06 -1 .04 =35 1 - .62** .04 19 31 .16 A3 -.14 15 24+
VisualSeq STM A7 -.01 - - .06 A7 =27+ -12 -.08 .22 .64** - -.09 A2 14 .09 .06 -.06 .10 -.15
Chat. Ident. .04 -.26+ - - -.09 -7 .05 .08 -.14 -.00 .03 --.02 - 31 A7 -.05 -.07 .04 1 A3
Global 42 .10 - - .06 .08 -.18 -.19 .04 44** .16 14 14 - 49 17 A7 -.08 .86** -.15
Partial 18 -.33* - - -.09 -.00 1 1 -.07 A7 18 .06 -.05 15 - .32¢ .33 -.07 .80** -.29%
V1b accuracy A3 -.06 - - -.16 -.00 .02 .10 -.02 -.01 A2 -.10 .06 .22 .35* - .92%* 27 .28* -.63***
V1b d prime 1 -.14 - - -.14 -.03 .08 18 -.02 -.09 1 -.15 .02 A2 .86* .95%* - 24+ .30* -.55%**
V1b correct RTs -.03 -.20 - - .21 -13 18 .09 -.07 -.07 -.14 -.09 1 .09 -.09 .21 .26+ - -.10 .50***
VAS report comp 40* -.15 - - -.02 .05 -.05 -.06 -.01 A41* .22 14 .07 78 74*** .37 .33 .00 - =31
V1b comp -17 -.08 - - 27+ -.08 19 .02 -.07 -.09 -.24 -.07 .02 -.14 -.40* -67*  -.60** .54** -.35% -
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Note:. Owf: oral word reading fluency; Nonverbal Abil.: Nonverbal ability, PA: phonological awareness, RAN picture: RAN picture task, RAN digits: RAN digits task, VerbalFor
STM: verbal digit forward short-term memory, VerbalBack STM: verbal digit backward short-term memory, VisualSimul STM: visual simultaneous short-term memory,
VisualSeq STM: visual sequential short-term memory, Chat. Ident.: character identification, Global: global report, Partial: partial report, V1b correct RTs: visual 1-back correct
reaction times, VAS report comp: composite scores of the global and partial report tasks, V1b comp: visual 1-back composite z scores of errors and correct reaction times.
* p<.1, *p<.05; **p<.01; ***p<.001
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The analyses showed that global report and VAS report composite scores were
significantly correlated with spelling scores. Pearson’s correlation showed that
spelling significantly correlated with backward digit span, both visual short-term
memory tasks, as well as global and partial report. The significant correlations
between reading and VAS are highlighted in red.

Although the correlation between VAS report composite scores and spelling
accuracy was significant, only global report was significantly correlated with spelling
accuracy under both correlational analyses. So only global report was used for the
later analyses. The assessment of character identification was also employed, with
the intention that this would be controlled in the analyses, so that the remaining
variance in VAS scores could be attributed to participants’ ability to simultaneously
process the multi-element array. So, the variables digit backwards, visual short-term
memory composite scores, character identification and global report scores, together
with age and nonverbal ability, were included as predictors in the following analyses.

Hierarchical regression analysis was carried out with spelling accuracy as the
dependent variable. In Step 1, age and nonverbal ability were entered, and in Step 2,
digits backwards, visual short-term memory composite scores and character
identification were entered. At the final step, scores for the global report task were

entered. Results are reported in Table 20.
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Table 20
Hierarchical Regression Analyses with Spelling Accuracy as the Dependent Variable
in Study 2b
Spelling accuracy
Step AR ? AF B t Tol VIF
1 0.02 0.47
Age -0.14 -0.95 0.96 1.04
Nonverbal Abil. 0.00 0.00 0.96 1.04
2 0.18* 3.42
VerbalBack STM 0.30* 2.14 0.91 1.10
Visual STM comp 0.24+ 1.77 0.93 1.07
Char. Ident. 0.13 0.87 0.80 1.26
3 Global report 0.09* 5.86 0.38* 2.42 0.64 1.57

Note:. Nonverbal Abil.: nonverbal ability, VerbalBack STM: verbal digit backward short-term memory, Visual STM
comp: visual short-term memory composite z scores, Char. Ident.: character identification, Global: global report
task

* p<.01, *p<.05; **p<.01; ***p<.001.

Results of the hierarchical regression analysis revealed that VAS report scores
significantly explained 9% of the variance in spelling accuracy after controlling for
age, nonverbal ability, backward digit span, visual short-term memory and character

identification.

Comparison of poor and better spellers

The aim of the analyses reported in this section was to conduct item-based
analyses and qualitative analysis of errors that were employed in previous studies of
English-speaking better and poor adult spellers to see whether findings might be

similar for Mandarin speakers.
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Following the analyses looking at the effect on spelling accuracy of VAS and
participant-based variables nonverbal ability, PA, RAN, reading fluency, character
identification, visual STM, and backward digit span, as reported in the previous
section, the adult participants were divided into two spelling ability groups on the
basis of the median score of the group for spelling accuracy. The results for the two
groups in the participant-related variables were then compared to identify potential
weaknesses in the different cognitive associates of spelling in the poor speller group.
Following this, analyses of the effect of the item-related variables (word frequency
and word length) were conducted. Finally, qualitative analysis of the spelling errors
of the two groups was carried out.

Table 21 shows mean values for age, nonverbal ability, vocabulary, reading
fluency, and spelling accuracy for the better and poor spellers. Potential differences
in the measures were examined using independent groups t-tests. The only
significant difference was in spelling accuracy scores (highlighted), with the poor
spellers scoring significantly worse than the better spellers, as expected.

Table 21

Descriptive Statistics for Age, Nonverbal Ability, Vocabulary, Reading Fluency,
Spelling Accuracy of Poor and Better Adult Spellers

Poor spellers (n=27) Better spellers (n=31) T
Variables Mean (SD) Range Mean (SD) Range
Age 29.35 (7.44) 20-48.06 26.54 (6.81) 19.08-51 f(56)=-1.50
Nonverbal ability (/60) 45.76 (7.34) 24-59 43.94 (7.31) 26-58 f(54)=-0.93
Vocabulary (/120) 111.63 (4.51) 100-116 113.10 (3.56) 105-118 f(56)=1.38
Reading fluency 96.28 (18.19) 58-135 100.89 (14.62) 73-125.58 {(56)=1.07

Spelling accuracy (/60) 52.33 (2.70) 45-55 57.26 (1.13) 56-60 {(33.76)=8.83

14

.36

A7

.29

.00
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Table 22 shows mean values for PA, RAN, verbal and visual short-term memory,
character identification and VAS report tasks for the two spelling groups. Results of
independent groups t-tests revealed a significant group difference only for global
report scores, with the poor spellers obtaining lower scores than the better spellers.
Table 22
Descriptive Statistics for Phonological Awareness, Rapid Automatised Naming,

Verbal and Visual Memory, Character Identification and VAS Report Tasks of Poor
and Better Adult Spellers in Study 2b

Poor spellers (n=27) Better spellers (n=31) T

Variables Mean (SD) Range Mean (SD) Range

PA (/33) 28.11 (4.73) 16-33 28.68 (3.26) 21-33 #(45.22)=0.52
RAN digits (seconds) 27.33 (7.65) 14.93-55.74 25.01 (4.56) 19.68-38.83 t(56)=-1.42
RAN pictures (seconds) 70.05 (12.91) 50.70-98.81 67 (11.63) 50.95-96.01 £(56)=-0.95
VerbalFor STM (/12) 9.93 (1.11) 8-12 10.14 (1.24) 8-12 t(53)=0.68
VerbalBack STM (/10) 6.85 (2.48) 2-12 7.58 (1.29) 5-10 #(37.83)=1.38
VisualSimul STM (/12) 10.19 (1.59) 5-12 10.65 (1.76) 6-12 t(56)=1.04
VisualSeq STM (/12) 10.22 (1.65) 6-12 10.71 (1.51) 5-12 t(56)=1.18
Char. Ident. (/150) 105.44 (21.27) 37-132 103.55 (20.42) 48-134 t(54)=-0.34
Global (/120) 76.48 (11.44) 46-92 84.35 (14.74) 54-110 t(56)=2.25
Partial (/36) 22.56 (5.74) 10-32 25.45 (5.84) 9-35 t(56)=1.90

.60

.16

.35

.50

.30

.25

.74

.03

.06

Note:. PA: phonological awareness, RAN: rapid automatised naming, RAN picture: RAN picture task, RAN digits:
RAN digits task, VerbalFor STM: verbal digit forward short-term memory, VerbalBack STM: verbal digit backward
short-term memory, VisualSimul STM: visual simultaneous short-term memory, VisualSeq STM: visual sequential
short-term memory, Chat. Ident.: character identification, Global: global report, Partial: partial report.

Item-based analyses

Spelling accuracy was calculated across participants for each item in the spelling
task. Results of EDA revealed that spelling accuracy and word length (the number of
logographemes) violated the assumption of normality, therefore the two variables

were subjected to log transformation. Pearson’s correlation was used to explore the
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association of word frequency, word length and spelling accuracy scores. Results of

the analyses are presented in Table 23.

Table 23

Pearson’s Correlation with Printed Word Frequency, Word Length and Spelling
Accuracy for Poor Spellers (below the diagonal) and Better Spellers (above the
diagonal) in Study 2b

1 2 3
1 Frequency - _ 4% 3g**
2 Word Length -42** - _33*
3 Spelling accuracy B52*** - 4Q***

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

The results indicated that the spelling accuracy of poor and better spellers was
significantly correlated with word frequency and length, in particular for word
frequency.

Two separate simultaneous multiple regression analyses were employed to look
for potential effects of word frequency and word length on spelling accuracy (the
dependent variable in each analysis) for the better and poor spellers. The results are

presented in Table 24.
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Table 24

Simultaneous Multiple Regression Analyses with Spelling Accuracy as the
Dependent Variable and Item-Related Variables as the Predictors for the Poor and
Better Spellers in Study 2b

Poor spellers Better spellers Tol VIF
B B t B B t
Frequency 0.03 0.38** 3.20 0.01 0.31% 232 082 1.22
Word Length -0.10 -0.33** -2.80 -0.04 -0.20 -1.50 0.82 1.22

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

The analyses revealed that word frequency and word length were significant
predictors of spelling accuracy for the poor spellers, while only word frequency was a
significant predictor of spelling accuracy for the better spellers.

Qualitative analysis of spelling errors

Categories of spelling errors were the same as in Study 2a. The mean percentage
and number of errors for each spelling error type for poor and better spellers are
presented in Table 25. The scores of children from Study 2a are also reported in the
table for comparison. Figure 9 depicts the data in visual form. The actual spelling

errors of adults were attached in Appendix F.

Table 25

Percentage (and Number) of Spelling Errors in Each Error Category of Children,
Poor Adult Spellers and Better Adult Spellers

Error category All children Poor spellers Better spellers
(n=56) (n=27) (n=31)
Low-frequency words 496 151 35
Phonologically based errors 55.24 (274) 9.27 (14) 17.14 (6)
Pinyin substitution 30.04 (149) 0.66 (1) 0(0)
Homophone and Semi-homophone substitution 25.20 (125) 8.61 (13) 17.14 (6)

Orthographic errors 19.76 (98) 44 .37 (67) 62.86 (22)
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Partial character 1.41 (7) 2.65 (4) 5.71 (2)
Invention of an unconventional character 1.41 (7) 1.32 (2) 0(0)
Transposition 0.60 (3) 1.32 (2) 5.71 (2)
Deletion 8.06 (40) 22.52 (34) 20 (7)
Addition 3.02 (15) 13.25 (20) 31.43 (11)
Substitution (real words) 3.02 (15) 1.32 (2) 0(0)
Substitution (nonword) 2.22 (11) 1.99 (3) 0(0)
Meaning-related errors 0.81 (4) 0(0) 0(0)
Synonym substitution 0(0) 0(0) 0(0)
Substitution of meaning-similar character 0.81 (4) 0(0) 0(0)
No responses 24.19 (120) 46.36 (70) 20 (7)
Middle-frequency words 258 13 2
Phonologically based errors 31.01 (80) 15.38 (2) 0(0)
Pinyin substitution 22.48 (58) 0(0) 0(0)
Homophone and Semi-homophone substitution 8.53 (22) 15.38 (2) 0(0)
Orthographic errors 44 .57 (115) 69.23 (9) 100 (2)
Partial character 0.39 (1) 15.38 (2) 0(0)
Invention of an unconventional character 2.33 (6) 0(0) 0(0)
Transposition 1.55 (4) 7.69 (1) 0(0)
Deletion 15.12 (39) 30.77 (4) 50 (1)
Addition 16.67 (43) 0 (0) 50 (1)
Substitution (real words) 3.49 (9) 0(0) 0(0)
Substitution (nonword) 5.04 (13) 15.38 (2) 0(0)
Meaning-related errors 1.55 (4) 0(0) 0(0)
Synonym substitution 0.78 (2) 0(0) 0(0)
Substitution of meaning-similar character 0.78 (2) 0(0) 0(0)
No responses 22.87 (59) 15.38 (2) 0(0)
High-frequency words 124 10 5
Phonologically based errors 25 (31) 0(0) 60 (3)
Pinyin substitution 8.87 (11) 0(0) 0(0)
Homophone and Semi-homophone substitution 16.13 (20) 0(0) 60 (3)
Orthographic errors 50 (62) 80 (8) 40 (2)
Partial character 0.81 (1) 0(0) 0(0)
Invention of an unconventional character 3.23 (4) 0(0) 0(0)
Transposition 3.23 (4) 0(0) 0(0)
Deletion 26.61 (33) 40 (4) 40 (2)
Addition 9.68 (12) 20 (2) 0 (0)
Substitution (real words) 4.84 (6) 0(0) 0(0)
Substitution (nonword) 1.61(2) 20 (2) 0(0)
Meaning-related errors 0.81 (1) 0(0) 0(0)
Synonym substitution 0(0) 0(0) 0(0)
Substitution of meaning-similar character 0.81 (1) 0(0) 0(0)
No responses 24.19 (30) 20 (2) 0(0)
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In terms of spelling errors in all words, adults made fewer phonologically-based
errors than orthographic errors, whereas children made more phonologically-based
errors than orthographic errors in low-frequency words.

The largest percentage of orthographic errors in the three groups was different.
Children and poor adult spellers made more errors in deletion, while better adult
spellers made more errors in addition, especially for words with low-frequency and

middle-frequency.

Figure 9

Categories of Spelling Errors of Words of Different Frequency for Children, Poor
Adult Spellers and Better Adult Spellers

M phono_child
M orth_child
300 M no resp_child
M phono_poor
M orth_poor
M no resp_poor
M phono_better
M orth_better
M no resp_better
200

Number

100

High-freq Medium-fr Low-freq

3.3.4 Discussion of 2b
This research was the first study to explore spelling-to-dictation in adult Chinese
speakers. The first aim was to investigate the influence of VAS on spelling.
Regarding RQ1 about the independent and significant prediction of VAS to

spelling performance, results from Study 2b were in line with the expectation and
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similar to results in Study 2a. VAS assessed in the global report task uniquely
predicted spelling accuracy after controlling for age, nonverbal ability, verbal and
visual short-term memory, and character identification. The amount of variance
predicted was 9% (p<.05). This finding supports the view that VAS influences the
establishment of lexical-orthographic representations (Bosse et al., 2013; Ginestet et
al., 2020; Steinhiber et al., 2023). That is to say, the effective acquisition of
orthographic knowledge in Chinese depends on the ability to distribute visual
attention over the whole written word, since if an entire letter sequence can be
efficiently processed, its representation can be established in the orthographic
lexicon.

Regarding RQ2 “Is the spelling performance of poor spellers with good reading
ability due to weak skills in phonological processing?”, the prediction was that global
report scores may distinguish the spelling performance of Chinese better and poorer
adult spellers, rather than phonological ability.

Results from Study 2b were in line with the hypothesis. Global report scores
differentiated better and poor spellers, and this finding was in line with those of
Ginestet et al. (2020) and Masterson et al. (2007) who reported an association of
letter report performance with spelling ability in adults with no reported reading
difficulties. In the current study, it was observed that phonological processing did not
differentiate the spelling ability groups, but that VAS global report scores did. This
was in accord with the work of Frith (1980), Holmes and Ng (1993) and Hanley et al.
(1992), who posited inefficient orthographic processing as an underlying cause of
poor spelling. Thus, as Bosse et al. (2015) and Ginestet et al. (2020) argued, VAS

may affect the establishment of lexical-orthographic representations.
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As for the item-based analyses, the findings revealed that word length and word
frequency predicted the spelling accuracy of the poorer spellers while only word
frequency predicted the spelling accuracy of the better spellers. This suggested that
poor spellers may rely on both analytical and lexical whole-word processing, while
better spellers may rely predominantly on lexical whole-word processing.

As for the spelling error analyses, all adults made fewer phonological errors than
the children. Poor adult spellers made more deletion errors and no-response errors
with low-frequency words, while better adult spellers made a larger percentage of
addition errors. This may indicate unlike better spellers, the poor spellers are unable
to draw on fully specified orthographic representations.

3.4 General discussion

This is the first study to examine how different VAS measures (global and partial
report tasks, as well as the v1b task) relate to spelling accuracy in Mandarin-
speaking children and adults. While performance on the global report task was a
significant predictor of spelling in both groups, adults may rely more on VAS not
phonological processing than children.

Participant-based analyses

Different from children, adults’ spelling was not significantly correlated with PA
and verbal short-term memory. These results were in line with suggestions from the
previous studies of Tong et al. (2009) and Yeung et al. (2013) that there is a shift
from phonological to more orthographic processes with age increasing.

Item-based analysis

Combining item-based analysis results from Study 2a and 2b, it can be shown
that only word length significantly predicted children’s spelling accuracy; word length

and frequency predicted the spelling accuracy of the poor adult spellers; but only
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word frequency predicted the spelling of the better adult spellers. These findings
suggest a developmental shift in Chinese character processing, from analytical
processing in younger spellers to increasing lexical reliance with reading experience
(Su & Samuels, 2010). Su and Samuels examined response latencies in written
word recognition of Taiwanese children in Grades 2, 4 and 6, and adults with
traditional Chinese characters. Results showed that response latencies increased
with the number of strokes in characters for Grade 2 children, but no effect for fourth
graders, sixth graders, or university students. These findings suggested that
beginning Chinese readers process characters in an analytic way, but that the
decoding process changes gradually from analytic to whole words as literacy skills
develop.

Qualitative spelling error analyses

The analysis of spelling errors revealed that children made many phonologically-
based errors. In contrast, adults made more orthographically-related errors. For low-
frequency words, children and poor adult spellers made more deletion errors than
addition ones, while better adult spellers made more addition than deletion errors,
suggesting that they had more complete orthographic representations, despite the
low exposure of these words. An inference from this is and that the better spellers
had more efficient VAS skills that had been responsible for the establishment of the
orthographic representations (according to the arguments of Bosse et al, 2015 and
Ginestet et al., 2020).

VAS and OWM

VAS appears to serve a similar function to the orthographic working memory
(OWM) in spelling, which is understood as a limited capacity system, responsible for

the retention of identity and order information over a short period of time (e.g., Costa
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et al., 2011; Hepner et al., 2017). Valdois et al. (2025) conducted a VAS-focused
training study with children from the beginning to the end of Grade 1 and found an
improvement in spelling after the intervention. They suggested that efficient VAS
allows for the simultaneous allocation of attention across many letters, enhancing
letter identity encoding for novel words, thus boosting word identification in reading.

As for spelling, good VAS skills may be expected to lead to more efficient
establishment of detailed orthographic representations, and these are used for
spelling (as well as reading). Ginestet et al. (2020) provided evidence to support this
argument. Ginestet et al. investigated VAS (using composite scores of global and
partial report) of French-speaking adults without dyslexia and dysgraphia. They
found that participants with a higher VAS had higher accuracy in orthographic
decisions and shorter processing times. They thus assumed that processing time for
bottom-up information extraction seemed to be modulated by VAS.

Bi et al. (2009) and Han et al. (2007) reported that two Chinese-speaking
dysgraphic adults made the same type of spelling errors, involving substitution,
transposition, addition, and deletion. These findings suggested the Chinese
participants’ spelling difficulty was possibly due to poor simultaneous multi-element
processing, that is to a weakness in allocating attention to orthographic details, such
as the order, identity and arrangement of radicals or stokes. Errors in deletion,
addition, transposition and substitution were observed in the children in the present
study, and these have been interpreted in the past as reflecting the capacity of OWM
(Barisic et al., 2017; Holmes & Castles, 2001; Holmes et al., 2008; Roncoli &
Masterson, 2016). These results suggest that VAS may play a similar role as OWM.

In conclusion, the findings demonstrate that VAS, as measured by the global

report task, plays a unique role in Chinese spelling across children and adults, even
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after controlling for key literacy-related variables. In adults, VAS appears to be a
stronger predictor of spelling ability, and effectively differentiates between poor and
better spellers. In terms of implications for instruction of the findings, one reason for
poor spelling among Chinese adults may be a weakness of VAS, which if detected
early, may lead educators to consider VAS-targeted interventions. Previous training
studies focusing on a VAS deficit have proved to be effective in improving reading
skills in participants with reading difficulties (e.g., Niolaki et al., 2020; Niolaki &
Masterson, 2013; Valdois et al, 2014; Zhao et al., 2019). The findings of the current
study indicate that VAS-focused intervention may also be effective in the case of

VAS-related spelling deficits. The next chapter focuses on intervention studies.
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4: Investigating the effectiveness of VAS-focused interventions in Mandarin-

speaking children and adults

4.1 Introduction

In line with prior studies in VAS and literacy skill in Chapter 1, the results of
studies 1 and 2 reported in the previous two chapters revealed that VAS was a
significant predictor of reading and spelling in the Mandarin-speaking children and
adults assessed in the current research.

The current chapter outlines Study 3, which involved interventions conducted with
poor readers and spellers who were identified in the first study. Researchers (e.g.,
Nickels et al., 2010) have argued that intervention studies should be viewed as a
powerful methodology for developing and evaluating cognitive theories, for the
intervention studies can investigate the causation-association problem and the
generalisation of treatment effects could also be expected (e.g., Nickels et al., 2015).

It has been argued that group studies enable generalisation of findings and
authors have pointed out that in situations where relatively little current knowledge
exists, single case or case series studies can provide a stronger methodological
approach for advancing theories of cognitive processes (e.g., Caramazza, 1986;
Franklin et al., 2002; Howard, 1986; Shallice, 1979). This is because, when
constructs are not well understood, in group studies we may be unwittingly
combining results from participants with disparate cognitive strengths/weaknesses,
and so the group result may not be representative of any one participant. Proponents
of single case studies argue that the detailed observations that they involve provide
rich data relating to associations, and over multiple replications and extension

studies with carefully controlled manipulations, they provide powerful evidence for
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theoretical advancement. The area of visual attentional processes in reading and
spelling can be considered a relatively sparse research landscape, thus it was
considered appropriate to conduct single case and case series analyses for Study 3.
In what follows, | discuss previous VAS-focused intervention studies, with group
intervention studies covered first and then case studies. Table 26 provides a
summary of the studies. Following this, the current study looking at the effectiveness

of VAS-focused interventions is described.
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VAS-Focused Intervention Studies
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Group studies involving VAS interventions

Research Type of intervention Intervention | Participant VAS Presenting difficulty Results after VAS training
duration age assessments
1. Zoubrinetzky VAS: Visual 6 weeks (75 | French- Letter report Dyslexia Improvement in VAS;
et al. (2019) categorisation task mins a speaking (global & partial Improvement in irregular
(increasing string week, 15 children report) word reading and text
length) - MAEVA©®© mins a day) (mean=10:07, reading fluency and
programme SD=16 accuracy;
PA - RapDys© months) *no delayed post-test
software
2. Zhao et al. VAS: Visual- 4 weeks (1- | Chinese- Visual 1-back Dyslexia with and Improvement in VAS;
(2019) processing training in 1.5 hour a speaking task without a VAS deficit Improvement in silent
visual short-term week) children sentence reading accuracy;
memory, visual (mean=10.06) *long-term effectiveness
search and digit
cancelling
3.Renetal. VAS: Visual attention 6 weeks (12 | Chinese- CombiTVA Dyslexia Improvement in visual
(2023) training (visual short- training speaking paradigm processing speed and
term memory, rapid sessions, 2 children aged (similar to v1b efficiency of attentional
visual discrimination, sessions per | 8to 12 years task but with a control;
visual search etc.) week) (Grade 3to 6) | post mask, and Marginally significant
Control intervention: the stimuli improvement in silent
non-attentional presented in a sentence reading accuracy;
training (nonverbal circle) *long-term effectiveness
reasoning and
creativity tasks)
4. Valdois et al. VAS: a game software | 10 weeks French- Letter report Typically developing Improvement in reading
(2025) named EVASION (about 10 speaking (global & partial readers without any fluency;
Control intervention: hours) children aged report) difficulties Improvement in VAS,
grapheme-phoneme 6-7 years at especially in children with
association training; Grade 1 low VAS skills;
‘business-as-usual’
teaching)
Case studies involving VAS interventions
5. Niolaki & Global report training 9 weeks (10 | RF (12;08) Letter report Slow word reading; Improvement in global
Masterson mins a day) Greek (global & partial Poor spelling of report;
(2013) speaking report) irregular words; Poor Significant improvement of
monolingual global report (normal word reading and
partial report) speed/fluency;
*long-term effectiveness
6. Jones (2013) VAS: Whole-word 6 hours MS (10;94) Letter report Surface dyslexia; Improvement in reading
training English (global & partial VAS deficit regular words, irregular
Control intervention: speaker report) words and nonwords
PA training
7. Valdois et al. Visual-processing 6 weeks (2 MP(9;3) Letter report Slow reading speed; Improvement in VAS;
(2014) training (visual hours a French- (global & partial French-Poor in global Improvement in word and
search, visual week, 20 Spanish report) and partial report; text reading speed/fluency -
matching and visual mins a day) bilingual Spanish-Poor in global | more in French;
parsing) report (moderate- *long-term effectiveness
partial report)
8. Roncoli & VAS: Whole-word 4 weeks (1 Alan (10;04) Letter report Poor spelling of Improvement in spelling
Masterson training hour a English (global & partial regular and irregular accuracy;
(2016) Sublexical week) speaker report) words; *long-term effectiveness
intervention: PA Poor global report
training (arrays and letters)
9. Niolaki et al. Global report training 9 weeks (10 | TN (9;11) Letter report Slow word, nonword Improvement in global report
(2020) mins a day) Greek speaker | (global & partial and text reading; Poor | (arrays and letters);

report)

spelling of irregular
words; Lack of
semantic priming;
Poor in global report
task (normal-partial
report)

Improvement in word
reading speed/fluency;
*long-term effectiveness
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4.1.1 Group studies involving VAS interventions

To date, four studies have examined the effect of VAS-based interventions on
literacy outcomes in groups of children. Two of these were with French speakers
(Valdois et al., 2025; Zoubrinetzky et al., 2019) and two were conducted with
speakers of Chinese (Ren et al., 2023; Zhao et al., 2019). Zoubrinetzky et al. (2019)
carried out their study with French speaking dyslexic children aged 10 years, and
investigated whether two types of training, one targeting VAS and one targeting
phonological processes, could improve reading performance. The RapDys©
progamme was used for the phonological training and involved practice with
phoneme identification and discrimination. The alternative intervention, using the
MAEVA® programme, involved visual categorisation training, which was assumed to
target VAS.

The MAEVA® programme was based on visual categorisation tasks as used in
the neuroimaging study of Lobier et al. (2014) mentioned in Chapter 1, who tested
dyslexic adults and skilled readers with fMRI. In the MAEVA® programme the
training involved increasing numbers of simultaneously presented items. The stimuli
involved five families: lowercase letters, pseudo letters, numbers, Japanese
Hiragana characters and unfamiliar shapes. Before the training, participants had five
minutes to familiarise themselves with the character families. Thereafter, they saw a
string of stimuli, and were required to click on the appropriate family labels. Three
parameters were manipulated across trials: the number of stimuli in the string (from
two to seven), presentation duration (420 to 120 msecs) and task difficulty. The
difficulty of each trial was calibrated to depend on the children’s previous responses.

The study involved a crossover design with six weeks for each training.
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Zoubrinetzky et al. found a significant improvement in VAS global and partial
report scores and in irregular word reading after training with the programme.
Phoneme discrimination and nonword reading were also assessed and following
training with the RapDys®© software improvement in both outcome tasks was
observed. Phoneme awareness and regular word reading were found to show
significant improvement after both MAEVA® and RapDys®© training. Zoubrinetzky et
al. concluded that the training programs had specific effects on the different reading
subskills, supporting the notion of the independence of PA and VAS deficits in
developmental dyslexia, although Zoubrinetzky et al. also found that VAS and PA
training showed similar contribution to improvement in phoneme awareness.

Zoubrinetzky et al. suggested that training with a tailored and specific training
duration for each child may be needed, and also that long-term effectiveness of the
training needed to be assessed. They also noted that it would be informative to
target specific training according to whether participants had VAS or phonological
deficits. The current study incorporated delayed post-intervention assessment to look
at the long-term effectiveness of intervention, and also evaluated VAS-targeted and
non-VAS targeted training in participants with specific VAS or phonological deficits.

The two VAS-based intervention group studies with Chinese speakers
emphasised attention processes, rather than simultaneous visual processing. Zhao
et al. (2019) and Ren et al. (2023) designed interventions involving top-down and
bottom-up attentional processes, because they believed that both types of attentional
process should contribute to VAS, according to the visual attention theory of
Bundesen (1990). The training in the study of Zhao et al. involved a line estimation
task, which was assumed to train visual short-term memory to address bottom-up

attention processes, as well as visual search and digit cancelling tasks, which were
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assumed to target top-down attentional modulation and control. Finally, Zhao et al.
argued that that eye movements might influence performance in VAS tasks and so
the training involved visual tracking tasks to train eye movement control.

VAS was assessed with a v1b task with unfamiliar symbols as stimuli. Ten VAS-
impaired dyslexic children and 10 non-VAS-impaired dyslexic children aged 9 to 10
years took part in the training during 10 sessions (two or three sessions per week, 30
minutes per session, four to five weeks in total). TD children were also included as
the control group. Zhao et al. found that the training was only effective for VAS-
impaired dyslexic children, in terms of improvement in VAS scores, and also in silent
sentence reading accuracy.

Ren et al. (2023) adopted similar training tasks in a study with dyslexic
undifferentiated children from Grades 3 to 6. Bottom-up attentional processes were
assumed to involve visual short-term memory and perceptual processing speed, and
top-down processes were assumed to consist of attentional weight and inhibitory
control. The dyslexic children were allocated to three training groups — one received
bottom-up attentional training, one top-down attentional training and the third group
received non-attentional training (nonverbal reasoning and creativity tasks). The
bottom-up training involved visual short-term memory, rapid visual discrimination and
a task like the v1b task but with symbols presented in a circle rather than horizontally
with two array conditions (six-target and two-target arrays). The top-down training
involved the v1b-like task but with two targets and four distractors, a spatial cueing
task where a picture cue was presented in the same or different orientation to a
target presented subsequently in an array (participants judged the orientation of the

target), and a visual search task (searching for a target picture among distractors).
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The three types of intervention were conducted over 12 training sessions (two
sessions per week), of 25 minutes each. Ren et al. used the CombiTVA programme
from Habekost (2015) to assess VAS. This was similar to the v1b task but with a
post mask, and the stimuli were presented in a circle rather than a horizontal array.
There were several indicators reflected in the CombiTVA programme including visual
short-term memory storage capacity, visual processing speed, spatial bias of
attentional weight and efficiency of attentional control. Results after training revealed
that the bottom-up intervention resulted in improvement in the VAS subcomponents
including visual processing speed and efficiency of attentional control, and a
marginally significant improvement in silent sentence reading accuracy was also
observed. On the other hand the top-down training did not result in improvement in
any VAS subcomponent, although significant improvement in silent character
reading was observed. Improvements were generally maintained three months after
the intervention.

Ren et al. suggested that it might have been the case that benefits of the top-
down training could have been detected with a different VAS task (perhaps tapping
attentional shifting and orientation). In addition, they noted that the majority of the
dyslexic children demonstrated VAS deficits and especially in the subcomponent of
visual processing speed assessed in the CombiTVA programme, therefore, since
evidence showed that improvements following intervention are observed in areas of
weakness rather than strength (e.g., Gustafson et al., 2007), it is perhaps inevitable
- that the bottom-up training resulted in significant improvement in VAS skills. Finally,
the authors questioned whether different measures may have been more sensitive to

improvement in the different VAS subcomponents.
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Several issues need to be noted with the studies of Zoubrinetzky et al. (2019),
Zhao et al. (2019) and Ren et al. (2023). Zoubrinetzky et al. adopted lowercase
letters and pseudo letters as materials in the VAS training, which involved the
linguistic factors so the training improvement may be partially attributed to the
mapping between visual to phonological codes. Due to the numerous training tasks
that were employed in Zhao et al.’s intervention, it is not possible to know which
component produced the change in VAS. Most of the training tasks involved more
focus on attentional processes rather than on simultaneous visual processing skills.
For example, Zhao et al. mentioned that the line estimation task did not trigger
multiple visual processing. The training effects in reading may have been due to
improvement in attentional control rather than pure visual simultaneous multi-
element processing. Ren et al. (2023) used a visual attention measure (CombiTVA
programme) rather than a traditional VAS-focused assessment. Habekost (2015)
reported the CombiTVA progrmme was designed based on the theory of visual
attention of Bundesen (1990) involving visual processing speed, storage capacity of
visual short-term memory, perceptual threshold, efficiency of top—down selectivity,
and spatial bias of attentional weighting. So, the skills assessed in the CombiTVA
programme may not fully represent VAS.

In the most recent group intervention study, Valdois et al. (2025) used a game
software, EVASION, to investigate potential effects on the reading and spelling of
453 French-speaking TD children in Grade 1. EVASION includes four minigames
that require participants to speedily detect target strings among distractors. The
runner game involves catching target letter strings while avoiding distractors, the
letter tower game involves opening the doors with target strings one by one, the

ghost forest game involves clicking on ghosts that could form the target string when
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they join hands, and the castle game involves moving targets to a castle as quickly
as possible. Children had to select the targets while inhibiting responses to
distractors and also to ignore some unrelated events that could occur while playing.

Children were divided into three groups with one group taking the EVASION
training, one a grapheme-phoneme training (GraphoGame), and one group receiving
‘business-as-usual’ teaching, which involved grapheme-phoneme mapping and
development in phonological awareness. After 10 weeks (also 10 hours) of training,
the results showed that the EVASION trained group improved significantly more than
the other groups in word reading fluency and spelling, as well as in VAS as assessed
by global and partial report. This was especially the case for children with low VAS
skills at the outset of the study.

Limitations of the study were noted by Valdois et al. One was that although they
had intended training to be of 10 hours in duration, the effective training time with
EVASION was only six hours, thus possibly weakening the intervention effects. In
addition, the authors noted that training time for all children was fixed not tailored, so
it was likely that training effects for some children may not have been detected or
were weak, when they could have been more pronounced with longer training time.
Thus, case studies with individuals, rather than a one-size-fits-all approach may
result in more evidence for the effectiveness of VAS-focused interventions.

4.1.2 Case studies involving VAS interventions

In addition to group studies, single case studies of children with a VAS deficit
have been conducted to investigate the effects of VAS-based interventions. These
have been conducted with speakers of French, Spanish, Greek and English (Jones,
2013; Niolaki et al., 2020; Niolaki & Masterson, 2013; Roncoli & Masterson, 2016;

Valdois et al., 2014).
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In the study of Valdois et al. (2014), a bilingual French-Spanish dyslexic girl aged
9 years old is reported. MP was found to have a VAS deficit that was more
pronounced in French than Spanish when assessed with letter report tasks, but there
was no evidence of any weakness in phonological skills. MP undertook a six-week
VAS-based training that involved repeated engagement in a set of visual processing
tasks that were assumed to tap aspects of VAS. They included visual search, visual
matching and visual parsing. Visual search training is assumed to involve both
sequential and simultaneous visual perceptual attention (Huang & Pashler, 2005;
Laller et al., 2013; Liesefeld & Muller, 2020) because it involves simultaneous
screening along a line of targets, engaging controlled attention to detail and fast
scanning, or saccades?. It has been argued by Reihac et al. (2013) that visual
matching may expand VAS because being required to quickly determine whether
two presented strings are identical can force participants to focus their visual
attention by avoiding additional ocular saccades and by constraining parallel
processing of strings. Zoubrinetzky et al. (2014) argued that training visual parsing
improves VAS through quickly detecting target strings that are embedded among
items of the same category.

MP was required to respond in the training tasks as quickly as possible. Valdois et
al. reported that, following the intervention, there was significant improvement in
MP’s score for global report and in reading speed for single words and text.
Comparison of results for Spanish and French revealed that Spanish was less
affected by the intervention, although reading in Spanish was still found to show

some (non-significant) improvement.

2 Saccades refer to rapid movements of the eyes that abruptly change the point of fixation.
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Whole word training has been found to be an effective technique in intervention
studies for reading and spelling difficulties (e.g., Behrmann, 1987; Broom & Doctor,
1995; Brunsdon et al., 2005; Kohnen et al., 2010; Rowse & Wilshire, 2007; Weekes
& Coltheart, 1996). Whole-word training involves repeated presentation of target
words for reading or spelling practice. The latter is often referred to as the ‘Look-
cover-write-check’ technique that has been widely used for instruction and
remediation purposes in classrooms with English-speaking children (e.g., Cooke,
1997; Montgomery, 2012; Reason & Boote, 2013). This training usually involves
visual mnemonic flashcards with target words, with the participant being asked to
write the word after the flashcard has been removed. The assumption is that, with
repeated exposure, an entry for the target word would be established in the
orthographic lexicon, or else the quality of an existing entry would be improved, so
that fast automatic access to units for reading or spelling wou be possible.

There have been two intervention studies that have used whole word training with
children with VAS deficits and related literacy problems (Jones, 2013; Roncoli &
Masterson, 2016). Jones (2013) compared phonological training and whole-word
training (using flashcards, as well as degraded presentation of printed words) with
the aim of improving the reading of two surface-dyslexic English-speaking children
aged 11 years, MS and HG. Assessment revealed that HG had phonological deficits
and good VAS, while MS had poor scores in both global and partial report tasks but
good phonological skills. The programme lasted six hours in total for each
intervention and significant improvement was observed in reading, however Jones
found no significant difference in improvement with the two types of training, and
improvement in reading of regular words, irregular words and nonwords was

observed following both interventions. Moreover, although VAS improvement was
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found after this training, it was not significant. As for this point, Jones argued that the
intervention aim was not to extend VAS but to increase the quality of lexical
representations, so increasing the visual attentional window was not at the core of
the training. However, | believe a potential reason for the result was the training
design. Training for MS included four blocks: block 1 VAS training, block 2 PA
training, block 3 PA training and block 4 VAS training. There was no wash-out period
to eliminate the effects of the previous intervention and the two types of intervention
may have mutual influence, so there was no significant differences in improvement in
reading after VAS and non-VAS training.

Roncoli and Masterson (2016) compared the effect of a phonological intervention
and whole-word spelling training in a study with a 10-year-old boy, Alan, who had
dysgraphia and a selective VAS global report deficit, but unimpaired phonological
ability and visual memory. As noted in Chapter 3, Roncoli and Masterson reported
that, as well as the VAS deficit, Alan showed characteristics of graphemic buffer
disorder, that is, a pronounced effect of word length on spelling accuracy, and the
errors Alan made involved transposition, insertion, deletion and substitution of
letters. As discussed in Chapter 3 this profile has been called graphemic buffer
disorder in studies with adults with acquired aphasia.

In a previous intervention study with an adult dysgraphic patient with graphemic
buffer disorder, Sage and Ellis (2006) found that untreated words that were
orthographic neighbours of the treated words were improved following whole word
spelling intervention. They suggested that an increase in activation in a target’'s
neighbour in the lexicon (due to the intervention) allowed the target to receive
support within the graphemic buffer, due to cascading activation from the

orthographic lexicon. Untreated words that were not orthographic neighbours of the
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treated words did not show improvement. Kohnen et al. (2008) found similar results
to those of Sage and Ellis in an intervention study using the whole word training
technique with a child with mixed dysgraphia. In light of these findings, Roncoli and
Masterson (2016) argued that whole word training could be appropriate in Alan’s
case as it had been previously found to be effective for cases with a similar profile of
graphemic buffer deficit (e.g., Aliminosa et al., 1993; Rapp & Kane, 2002; Sage &
Ellis, 2006), and also the technique was widely used in Alan’s educational context.
The authors found that following the phonological intervention there was no
improvement in Alan’s spelling, however after the whole-word training there was a
highly significant improvement in spelling accuracy for the trained words, which was
found to persist with delayed post-intervention testing. The authors also observed a
small increase in accuracy for the untrained words. Although VAS was not re-tested
by Roncoli and Masterson after training, a significant improvement in spelling was
found, which suggested the possibility that whole word training may result in
improvement of the functioning of the graphemic buffer. Repeated activation would
result in a long-term increase in connection strength of the links between the lexicon
and the letters at the grapheme level for a particular representation (Kohnen et al.,
2008). Stronger connections increase the chance of a correct response. It was noted
in Chapter 3 that the graphemic buffer has been referred to in recent years as
orthographic working memory (OWM), for example in the models of Hepner (2017,
Figure 7 in Chapter 3) and in the adaptation of dual route models of spelling to a
model for spelling in Chinese (Mo, 2023, Figure 8 in Chapter 3). It was noted that
these models have resulted in a great deal of research into literacy processes, both
with regard to intervention studies for reading and spelling difficulties and with regard

to, for example, error analysis and the effect of psycholinguistic variables in TD
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children and skilled readers and spellers. It was suggested in Chapter 1 that these
analyses would be employed in the current research, alongside those that have
emerged from research into VAS. The analyses of the single cases outlined in the
present chapter draw on this cross-field approach.

We turn now from single case studies that have involved whole-word training to a
final group of studies that involved training aimed at increasing the capacity of the
visual attentional window through practice in reporting arrays of increasing size.
Niolaki and Masterson (2013) conducted a study using this type of training technique
with a 12-year-old Greek-speaking boy, RF. As discussed in Chapter 1 and Chapter
3, for historical reasons Greek does not have irregular words for reading, as
grapheme-phoneme correspondences are transparent and consistent, however
there are irregular words for spelling since some phonemes have alternative
spellings. Niolaki and Masterson reported that RF was very poor at spelling irregular
words, and he was also slow and inaccurate in reading words. His errors in spelling
irregular words were phonologically appropriate, and phonological abilities were
unimpaired. RF’s performance in global report was very poor (TD children from RF’s
school acted as a comparison group in the assessments), although partial report
performance was not impaired. The dissociation of global and partial report
performance has been reported in several other cases of children with a VAS deficit
(e.g., Valdois et al, 2011).

RF took part in a nine-week training program that involved reporting letter arrays
that increased in size over the course of training, in response to observed accuracy
levels. Materials were three sets of arrays, 195 two- to four-letter arrays in Set 1, 195
three- to five-letter arrays in Set 2 and 104 four- and five-letter arrays in Set 3. The

intervention was found to be effective in terms of observed improvement in global
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report, as well as reading accuracy and latency. The improvement in word-reading
accuracy and latency was found to be sustained at follow-up testing four months and
eight months after the intervention.

Niolaki et al. (2020) conducted another single case VAS intervention study with a
9-year-old monolingual Greek-speaking girl, TN, with a global letter report deficit but
no weakness in phonological abilities. The same intervention procedure was adopted
as had been used with RF. Before the intervention TN exhibited good reading
accuracy but slow reading fluency with words and non-words. Similar to RF, after the
intervention, TN showed improvement in global report, as well as in reading latency
for both real words and nonwords. TN also showed a strong improvement in text
reading fluency.

The implication of the results was that improvement in VAS was responsible for
an increase in reading fluency, as in previous studies with other interventions.
However, Niolaki et al. (2020) pointed out that the training may have caused a switch
to the use of larger phonological units in the early stages of processing, or else have
resulted in faster sublexical processing because of the involvement of oral report.
Thus, there remain alternative explanations for improvement in such training that still
need to be resolved.

In summary, the effectiveness of VAS-based interventions has been found in
group and case studies across languages. Inspection of Table 25 reveals that
training duration across the studies was between 4 to 10 weeks (and about one hour
a week). Researchers designed various interventions based on their interpretation of
VAS. Different methods were used to investigate the influence of training on reading
or spelling improvement. Six studies used a design involving pretest, posttest and

follow-up, with a control group or a control training programme. Valdois et al. (2025)
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included TD children with one experimental group for VAS training and two control
groups for phonological training. One study used the crossover design in comparing
the effects of VAS and phonological training for the same participants (one group of
dyslexic children, Zoubrinetzky et al., 2019). One study by Jones (2013) used an
ABBA design to train a child with a VAS-based intervention and a phonological
intervention. Across studies, some training programmes were fixed software or
games, so that participants could complete them by themselves or follow the
experimenters’ instructions (Ren et al., 2023; Valdois et al., 2014; Valdois et al.,
2025; Zhao et al., 2019; Zoubrinetzky et al., 2019). Some interventions involved oral
report and/or spelling, requiring interactive communication (Jones, 2013; Niolaki et
al., 2020; Niolaki & Masterson, 2013; Roncoli & Masterson, 2016). Regardless of the
way tasks were conducted, significant intervention effects were found. However,
there remain some issues to address.

Authors have focused on processes of attention allocation (Ren et al., 2023; Zhao
et al., 2019), multiple-element simultaneous processing (Niolaki & Masterson, 2013;
Niolaki et al., 2020; Valdois et al., 2014; Zoubrinetzky et al., 2019), both visual
attention and multi-character simultaneous processing (Valdois et al., 2025), and
increasing short-term storage (Jones, 2013; Roncoli & Masterson, 2016). Moreover,
some intervention studies involving multiple types of training (Ren et al., 2023;
Valdois et al., 2014; Valdois et al., 2025; Zhao et al., 2019) appear to involve more
processes than the ones thought to underly VAS, for example, visual search,
involving top-down controlled attention, visual matching, involving visual
identification, decision making and executive function skills. In the case where

multiple training tasks were used, it is not clear which skills were tapped, and which
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ones resulted in improvement. It therefore seemed important to use individual VAS-
focused tasks in the present study.

Furthermore, previous studies focused on children aged 7 to 12 years, not other
age groups. Participants from other age groups could be considered. Nearly all
intervention studies focused on dyslexics and their improvement in reading. Only
Roncoli and Masterson (2016) focused on improving the spelling of a child, Alan,
with both dyslexia and dysgraphia. Alan was reported to suffer from a deficit of
OWM, and his performance in global report was found to be poor. Thus, OWM and
VAS were considered the same thing, for the results in Study 2 supported this
argument. Study 2 also suggested that the occurrence of the great number of OWM
deletion errors may mean the poor VAS because the limited visual attentional
window failed to acquire all details of orthographic presentations. It was thus
considered informative to explore whether the participants with spelling difficulty may
have a VAS deficit and in this case whether the VAS training could benefit their

spelling performance.

4.2 The present study

Prior research such as Bosse et al. (2007), Chen et al. (2019), Cheng et al. (2021)
and Valdois et al. (2003) has already found VAS deficits as one of the main causes
of dyslexia across French, English and Chinese etc. Accordingly, it would be good to
see whether the VAS-based interventions could exactly ameliorate the reading
difficulties of poor readers due to VAS impairment, and whether the VAS-based
interventions could significantly improve VAS rather than PA according to
independence between both, which was supported by behavioural evidence of
Bosse et al. (2007) and Valdois et al. (2014) as well as neurological evidence of

Peyrin et al. (2012) and Valdois et al. (2019) etc.
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The following considerations were taken into account in light of the concerns
discussed above in relation to interventions for VAS deficits.

First, | discussed above that some intervention studies (Jones, 2013; Niolaki &
Masterson, 2013; Niolaki et al., 2020; Ren et al., 2023; Roncoli & Masterson, 2016;
Valdois et al., 2014; Valdois et al., 2025; Zhao et al., 2019; Zoubrinetzky et al.,
2019). Among these, Valdois et al. (2014), Ren et al. (2023) and Zhao et al. (2019)
included a range of types of training, and it was not possible to ascertain which
aspect(s) of the training had been effective. It was therefore decided to include single
types of intervention, and where the training seems to have a clear focus.

It was decided to include an intervention that focused on increasing the size of the
attentional window (Niolaki & Masterson 2013; Niolaki et al., 2020) since this has
been found to be effective in two previous studies, where improvement in reading
accuracy and speed (TN’s spelling was not impaired in Niolaki et al. (2020)) were
observed. These two studies were carried out with speakers of Greek. Valdois et al.
(2014), as noted in the above literature review, carried out a VAS-targeted
intervention with a bilingual French-Spanish speaking child and found greater
improvement in reading for opaque French than transparent Spanish. The authors
suggested that interventions focusing on VAS could be more effective for opaque
orthographies than transparent ones (such as Greek), since reading in the latter type
of writing system relies more on smaller orthographic units. It is therefore impressive
that the intervention employed with Greek-speaking RF and TN was associated with
improvement in reading. It was considered that, since the present study was carried
out in opaque Mandarin, then a VAS-related intervention that has been shown to be

effective with a transparent script may have a good prospect of being effective.
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At the same time, as Chapter 1 (Section 1.3.1.3) highlighted by Chen et al. (2019)
and Huang et al. (2019), Chinese readers rely heavily on VAS for orthographic
processing. It was expected to see literacy improvement after the VAS-based
training, but Chapter 1 (Section 1.5) noted that there has been a lack of Chinese
VAS intervention case studies. So, it would be necessary to conduct case study
analyses to fill in this gap.

V1b task performance has been found to be consistently associated with reading
across studies in Chinese (especially in terms of reading fluency), (see Chapter 1,
Section 2.1 in Chapter 2) and this was confirmed in the current research, as reported
in Study 1a and 1b. Therefore, according to the Multitrace memory modal, the wider
visual attention window could improve the reading efficiency of Chinese characters.
V1b task was employed in a form of training in this intervention study where symbol
target arrays were increased across the training period, on the assumption that the
capacity of the attentional window would be increased.

However, there is an issue that Niolaki and Masterson (2013) raised in relation to
improvement in reading associated with intervention focused on increasing the
capacity of the attentional window. This is that it is unclear what the mechanism
responsible for improvement was — it could be that the attentional window indeed
increased in capacity, or else it could be, for example, because analytical reading
procedures (speed of identification of sublexical orthographic units and their
associated phonology and semantics) were somehow made more efficient during the
intervention.

It was therefore decided to employ a second VAS-focused intervention so that
results could be contrasted across the two types with the aim that insight might be

obtained regarding mechanisms of improvement. Following Valdois et al.’s (2014)
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evidence that VAS-focused training improves dorsal attention network activation
(Section 1.4), we considered the whole-word training as the second intervention to
strengthen whole-character processing, aligning with the Multitrace Model’'s global
mode (Section 1.2). The whole word training involved the participant reproducing the
written form of presented training words after a delay. As noted earlier, this type of
training has been found to result in improvement in reading as well as spelling, which
can be considered an educationally-relevant reason for employing the technique. An
additional advantage of this type of intervention is that generalisation to untrained
words has been reported in several studies (e.g., Niolaki & Masterson 2013; Rowse
& Wilshire, 2007). The rationale behind this type of intervention is that the training
increases inspection of detail in the target at the time of presentation, and/or that
retention of the target stimuli is improved, and this leads to the formation of new
orthographic units, or the strengthening of existing ones.

Thus, the assumption is that the v1b training with increasing array size would
result in improvement in VAS. Research in McBride-Chang et al. (2011) and Wang et
al. (2014) mentioned in Chapter 3 has indicated that the copying technique involved
in whole-word training is an effective means of strengthening Chinese orthographic
representations through the process of deconstructing and recomposing Chinese
character subcomponents. This is thought to facilitate learners’ awareness of
Chinese characters’ internal structures, leading to higher-quality lexical
representations (e.g., Guan et al., 2011; Tan et al., 2005). Using the framework of
Sage and Ellis (2006), outlined above, the whole word training may lead to
improvement in performance in VAS tasks due to top-down feedback from the
orthographic lexicon to OWM/VAS, or else to an increase in the capacity of

OWM/VAS.
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If the increase-in-array-size training is more effective then this could indicate that
the individual’s VAS deficit was due to restricted visual attentional window, according
to the Multitrace model framework. If the whole-word training is more effective this
could indicate that the deficit was due to weak top-down support from the
orthographic lexicon. If the whole-word approach is effective then we might expect to
see an accompanying generalization effect to untrained words, as observed in
previous studies with this technique.

In addition to the two VAS-based interventions, a non-VAS intervention was also
employed in order to see whether VAS and reading benefited more from VAS-
focused intervention than non-VAS training. A phonological training was used
including tone awareness, vowel and consonant awareness, phoneme segmentation
and matching. Zoubrinetzky et al. (2019) reported that both the phonological and
VAS interventions significantly improved oral word reading fluency. So even if VAS
was not observed to improve following the non-VAS training, an improvement in
reading to some extent might still be expected.

Finally, as discussed in Chapter 1, people with a VAS deficit may have atypical
patterns in eye movement (Prado et al., 2007; Valdois et al., 2003; Valdois et al.,
2011; Zhao et al., 2019). So, compared with participants without reading difficulty,
different patterns of responses in VAS tasks of participants with reading difficulty

could be expected.

4.3 Research questions
The research questions were as follows:
1.  Would the three interventions be effective in bringing about
improvement in reading fluency in Mandarin-speaking children and adults with

difficulties in VAS, and reading or spelling?
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2. Would the two VAS-based interventions be effective in bringing about
improvement in VAS in the Mandarin-speaking children and adults with
difficulties in VAS, and reading or spelling?

3. If the whole-word training was found to be effective in terms of
improvement in reading and spelling, would the effects generalise to untrained
words?

4. What is the poor readers’ pattern of responses across array positions
in the global report task, the partial report task, v1b accuracy and v1b correct
RTs?

With regard to RQ1, the prediction was that the three interventions would be
associated with significant improvement of reading fluency of children and adults
who took part in this study, as reported by Zoubrinetzky et al. (2019). With regard to
RQ2, the prediction was that the two VAS-based interventions would be associated
with significant improvement of VAS, but the non-VAS-based intervention would not
be, as reported by Ren et al. (2023), Valdois et al. (2025) and Zoubrinetzky et al.
(2019). With regard to RQ3, the prediction was that generalisation effects to
untrained words could be found after the whole-word training, as reported by Roncoli
and Masterson (2016). With regard to RQ4, the prediction was that compared with
participants without reading difficulty, poor readers with poor VAS may show lower
performance across positions in nearly all VAS tasks. Also, patterns of responses of
the poor readers in VAS should be different from the ones of readers without reading

difficulties.
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4.4 Method

4.4.1 Participants

Participants were identified on the basis of the data from Study 1 and having
consented to participate in this intervention study. All children and adults who took
part had normal or corrected to normal vision and were without attention deficits. The
children and adults had to have:

a. within average scores for nonverbal ability, vocabulary and arithmetic skills;

b. at least one of the reading skills (oral or/and silent reading fluency in word

or/and sentence level) below 1sd of all participants in their group (child or
adult);

c. atleast one VAS measure (global report, partial report, v1b accuracy or/and

v1b correct RT) below 1sd of all participants in their group;

Nine participants, including six children (one boy and five girls) aged 10 years,
and three adults (two males and one female) aged from 27 to 41 years, were
identified as having difficulties in VAS, reading or spelling. Six screened children
from the same class are all Mandarin speakers using simplified Chinese characters,
with middle-to-low SES background. They have not been tested in cognition and
literacy skills before, so without any literacy training before. All children attended all
following three training and all posttests, except for Child 5 SHANXT (please see
Table 27) who was absent in the posttest after her second training. Among three
screened adults, Adult 1 and Adult 2 have been diagnosed as dyslexics respectively
in UK and Singapore, but still without any further training. Adult 3 was screened from
the recruited adult participants in Study 1b according to the above screening criteria.

Among these participants from Tables 27 to 30, three children (Child 4, 5 and 6)

and two adults (Adult 2 and 3) had low PA (below 1sd of the mean scores of PA of
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all participants in their respective group), and these five participants were later
categorised as having both VAS and PA deficits (VPD). By contrast, the rest of three
children and one adult did not have PA deficits, and were categorised as having only
VAS deficits (VO).

In terms of 1sd from the group, three of the six children were found to only have
difficulty in oral word reading fluency (Child 2, 5 and 6), one had only difficulty in
silent sentence reading fluency (Child 1). Two children had difficulties in both oral
word and silent sentence reading fluency (Child 3 and 4). In terms of spelling, three
of the six children were found to have difficulty with spelling (Child 4, 5 and 6).
Among the adults, only one had difficulty in oral word reading fluency (Adult 1), and
the other two adults had difficulty in both oral word and silent sentence reading
fluency, and spelling difficulty. Most participants were found to have difficulty in oral
word reading fluency and silent sentence reading fluency. So, these two reading
tasks were used as the main post-test measures after interventions.

The comparison groups for children and adults (children and adults with normal
reading and spelling) for each case were chosen based on their comparable ages
and the results of the reading and spelling study.

4.4.1.1 Profile of children. Results of the participants of comparable age to each
screened child from the above reading study were used to analyse potential deficits
in nonverbal ability, arithmetic, verbal and visual short-term memory, vocabulary, PA,
RAN, character identification, VAS, reading and spelling.

Table 27 reveals the scores of background assessments for each child case and
the corresponding chronological age comparison groups. All child participants were
10 years old, so they had the same comparison group. Scores outside 1sd of the

comparison group are highlighted in red.
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Scores in Background Assessments for Each Child Participant and the Comparison
Groups (n=7, standard deviations are in parentheses)

Children

Age

Nonverbal ability (/60)
RAN picture (seconds)
RAN digits (seconds)
Vocabulary (/120)
VerbalFor STM (/13)
VerbalBack STM (/12)
VisualSimul STM (/12)
VisualSeq STM (/12)
Char. Ident. (/150)

Child 1
XMH

11.8
26
70.67
37.94
96

12

8

10

12
114

Child 2
SONGXT

10.4
31
84.31
36.6
99

7

8

10
10
112

Child 3
GHW

9.9
32
109
50.71
95

7

12

6

11
122

Child 4
QJw

10.8
26
121.78
41.39
101

8

4

9

5

114

Chi

Id5

SHANXT

10.2

28

84.45
31.83

95
6

4

3
10
112

Child 6

ZN Comparison
group

1.4 10.43 (0.30)

33 30.57 (3.88)

90.79 84.91 (22.41)

49.01 38.76 (12.51)

103 103 (8.16)

8 8.43 (1.27)

3 6 (3.87)

9 9.29 (1.50)

8 9.86 (2.27)

91 104.43 (13.48)

Note:. RAN: rapid automatised naming, RAN picture: RAN picture task, RAN digits: RAN digits task, VerbalFor
STM: verbal digit forward short-term memory, VerbalBack STM: verbal digit backward short-term memory,
VisualSimul STM: visual simultaneous short-term memory, VisualSeq STM: visual sequential short-term memory,
Chat. Ident.: character identification.

Before interventions, all participants took part in the baseline test. The scores of

the baseline test are shown in Table 28. Scores outside 1sd of the comparison group

are highlighted in red.

Table 28

Scores in the Baseline Test Assessments for Child Participants and Comparison
Groups (standard deviations are in parentheses)

Children

Of (/120)

Sf

Spelling (/60)
Global (/120)
Partial (/36)

V1b accuracy (/80)
V1b RTs (seconds)
PA (/26)

Child 1
XMH

82
184.39
51

69

28

48
3.51
25

Child 2
SONGXT

64
293.06
51

55

16
47.5
3.36
23

Child 3
GHW

50
175.27
53

48

13

49
3.84
22

Child4 Child 5
QJw SHANXT
62 63
169.33 276.72
35 41

50 68

16 14

38 35

3.95 3.13

16 12

Child 6
ZN

56
272.28
32

51

11

52
3.43
16

Comparison
group

83.14 (10.52)
332.03 (82.67)
48 (6.03)
74.15 (11.59)
22.86 (5.43)
50.86 (4.8)
3.01 (0.25)
22.36 (3.56)

Note:. Of: oral word reading fluency, Sf: silent sentence reading fluency, Global: global report, Partial: partial
report, V1b accuracy: visual 1-back accuracy, V1b RTs: visual 1-back correct reaction times, PA: phonological

awareness.
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4.4.1.2 Profile of adults. Results of the participants of comparable age to each

screened adult from the above reading study were used to analyse potential deficits

in nonverbal ability, arithmetic, verbal and visual short-term memory, vocabulary, PA,

RAN, character identification, VAS, reading and spelling. The comparison groups for

each adult were different according to the different ages of the adults.

Table 29 reveals the scores of background assessments for each adult case and

the corresponding chronological age comparison groups. Scores lower than 1sd of

ones of the comparison groups were highlighted in red.

Table 29

Scores in Background Assessments for Each Screened Adult Participant and the
Comparison Groups (n=7 for each group, standard deviations are in parentheses)

Adults Adult 1 Adult 2 Adult 3

HL Comparison LM Comparison ZJF Comparison

group group group

Age 41.07 39.47 (6.17) 34 33.91 (4.15) 27.05 27.92 (2.80)
Nonverbal ability (/60) 48 43.57 (6.35) 59 39.86 (15.39) 48 38.14 (16.50)
RAN p (seconds) 63.11 69.94 (11.62) 85.45 68.57 (12.51) 81.36 69.64 (13.06)
RAN d (seconds) 29.58 23.14 (4.32) 33.91 23.05 (4.73) 28 22.93 (2.86)
Vocabulary (/120) 115 113 (3.21) 116 110.86 (5.64) 108 111.14 (6.39)
VerbalFor STM (/12) 8 10.57 (1.13) 10 10.71 (1.11) 9 10.29 (0.95)
VerbalBack STM (/10) 9 7.57 (1.51) 5 7.71 (2.14) 8 7.29 (1.7)
VisualSimul STM (/12) 1 9.29 (2.36) 10 9 (2.94) 9 10 (3.11)
VisualSeq STM (/12) 10 10.43 (2.51) 9 9.71 (2.81) 9 10 (2.83)
Char. Ident. (/150) 93 86.43 (20.44) 84 100.14 (17.34) 37 100.71 (15.26)

Note:. Arithmetic (after all ints.): arithmetic scores after all interventions, RAN: rapid automatised naming, RAN
picture: RAN picture task, RAN digits: RAN digits task, VerbalFor STM: verbal digit forward short-term memory,
VerbalBack STM: verbal digit backward short-term memory, VisualSimul STM: visual simultaneous short-term

memory, VisualSeq STM: visual sequential short-term memory, Chat. Ident.: character identification.

Before interventions, all participants took part in the baseline test. The scores of

the baseline test are shown in Table 30. Scores lower than 1sd of ones of the

comparison groups were highlighted in red.
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Table 30

Scores in the Baseline Test Assessments for Each Adult Participant and The
Comparison Groups (standard deviations are in parentheses)

Adults Adult 1 Adult 2 Adult 3

HL Comparison group LM Comparison group ZJF Comparison group
Of (/120) 90 107.22 (11.10) 77 104.14 (14.04) 86 106.43 (9.54)
Sf 326.90 320.98 (140.34) 179.64  296.93 (40.48) 262.21  394.80 (74.27)
Spelling (/60) 53 54 (3.74) 45 53 (5.23) 47 56.57 (4.79)
Global (/120) 74 76.79 (13.24) 54 79.93 (11.81) 49 85.86 (14.13)
Partial (/36) 26 23.36 (7.38) 19 25.71 (6.07) 11 26.71 (5.5)
V1b accuracy (/80) 50 52.21 (6.74) 48 51.94 (8.23) 48 51 (10.66)
V1b RTs (seconds) 3.4 2.99 (0.17) 3.33 3(0.16) 3.43 2.78 (0.22)
PA (/133) 31 29.29 (2.56) 26 30.79 (1.78) 20 29.64 (3.91)

Baseline

A1l (one week)
A1 (one week)
A1l (one week)

Note:. Of: oral word reading fluency, Sf: silent sentence reading fluency, Global: global report, Partial: partial
report, V1b accuracy: visual 1-back accuracy, V1b RTs: visual 1-back correct reaction times, PA: phonological
awareness.

4.4.2 Research design

The study involved a case series design. The focus was to compare the
effectiveness of two VAS-based interventions — a whole-word training (WWT) and a
visual 1-back training (V1BT), and a non-VAS training (NVT). A 3 x 3 Latin square
design was used for administration of the training types for counterbalancing
purposes. The study involved three intervention phases separated by two washout
phases, five post-test assessments and a delayed follow-up assessment (please see

Figure 10).

Figure 10
The Phases of the Intervention Study
Intervention Phrases 1-3 Delayed Post-Test Assessment

WWT (six weeks). A2 Wash out (three weeks). A3. VI1BT (six weeks). A4  Wash out (three weeks). A5  NVT (six weeks). A6 Follow up (two months). A7
V1BT (six weeks). A2 Wash out (three weeks). A3. NVT (six weeks). A4 Wash out (three weeks). A5  WWT (six weeks). A6  Follow up (two months). A7
NVT (six weeks). A2 Wash out (three weeks). A3. WWT (six weeks). A4 Wash out (three weeks). A5  VI1BT (six weeks). A6  Follow up (two months). A7

A: assessment
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4.4.3 Materials

Assessments used in this study covered VAS (global and partial report and visual
1-back tasks), PA and reading fluency in oral and silent modes, which were the
measures used in Study 1. Arithmetic tasks (Children: C-WISC; Gong & Cai, 1993;
Adults: WAIS-RC; Gong, 1983) was administered prior to training and at the end of
the study to investigate whether any improvements observed as a result of training
were restricted to reading and VAS.

V1BT- visual 1-back training (approx. 10-20 minutes x five days a week, six
weeks). This training involved repeated practice with trials similar to those in the
visual 1-back paradigm used to measure VAS with 0.81 reliability reported by Zhao
et al. (2018). The only difference was that, rather than having arrays of fixed length
(five elements), the number of elements in the array varied from two to seven. The
stimuli for the arrays consisted of 15 unfamiliar symbols with five strokes each. A list
of 80 arrays with varying number of symbols was created using the 15 figures. No
array included the same figure twice. They were presented in white on a grey screen
with PsychoPy software, with the same procedures as the v1b task.

The test trials were preceded by 10 practice trials. Reaction time and accuracy for
the key press responses were recorded.

WWT- whole-word training (approx. 1.5 hours a week, six weeks). Baseline
measures of spelling were collected using a list of characters from the 60-word
Mandarin spelling to dictation task (MSTDT) (Masterson et al., 2008) described
above in Study 2. However, the 60 words were too easy for adults and adults without
spelling difficulty, so additional resource for spelling-to-dictation was also used,
including The scale and assessment of vocabulary for primary school (in Chinese)

(Wang & Tao, 1996), and Dictionary of Modern Chinese Frequency (in Chinese)
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(1986). Considering participants’ ages and character difficulty, the misspelt
characters were extracted (202 misspelt characters for Child 1, 219 misspelt
characters for Child 2, 242 misspelt characters for Child 3, 287 misspelt characters
for Child 4, 287 misspelt characters for Child 5, 280 misspelt characters for Child 6,
210 misspelt characters for Adult 1, 332 misspelt characters for Adult 2 and 306
misspelt characters for Adult 3). The misspelt characters were randomly allocated to
two sets, a trained and an untrained set. The two sets were matched for printed word
frequency and word length for each participant. About 20 to 40 characters for
children and adults were trained each week.

In the training session, a 500 ms fixation was first presented at the centre of the
computer screen, and then there was a 100 ms blank. After that, participants were
shown a character for 200 ms, followed by a blank screen. Participants were asked
to write down the character from the trained set on the tablet/phone/laptop/computer.
If participants gave the wrong answer, the researcher would show them the
character again till they correctly wrote the character. If their spelling was correct,
they then moved on to the next character.

NVT (non-VAS training)-phonological training (approx. 1.5 hours a week, six
weeks). Due to a lack of published phonological training schemes in the Chinese
language, the programme used was adapted from that of Zhou (2018). It involved a
detailed and systematic training with five aspects - tone awareness, vowel and
consonant awareness, phoneme awareness and matching.

The tone awareness part included an introduction to the definition and types of
tones, and examples to enhance the participants’ understanding of different tones. In
the set, the researcher read out three items, one of which was distinct from the other

two in terms of tone, and asked the participants to identify the item with a different
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tone from the other two. For example, the researcher read out /yu2/, /du3/, /tu2/, and
asked participants to identify the item with a different tone from the other two. The
correct answer was /du3/. Each set had five practice trials and 30 to 40 trials for
training.

The vowel and consonant awareness part included an introduction to the
definition and types of vowels and consonants, using examples. In the first set of
tasks, the researcher read aloud the items with vowels and consonant, asking
participants to orally report the corresponding vowels and consonants in the sound.
For example, the researcher read out /lai2/, and asked participants to orally report
the corresponding vowels and consonants in the sound. The correct answer was the
consonant /I/ and the vowel /ai/. In the second set of tasks, the researcher read out
three items, each item containing the syllable sounds with the same tone but
different vowels or consonants and asked the participants to report the common
vowels or consonants in all three items. For example, the researcher read out /ha1/,
/hei1/, /hu1/, and asked participants to report the common vowels or consonants in
all three items. The correct answer was the consonant /h/. Each set had five practice
trials and 30 to 40 trials for training. In the third set of tasks, 20 sets of materials
were presented, each consisting of words with different pronunciations. The research
read out the words and the participants were asked to orally report the tone, vowels
and consonants in the word. For example, the researcher read out /huan2/, and
asked participants to report the common vowels or consonants in all three items. The
correct answers were /h/ as the consonant, /u/ and /an/ as the vowels, with the
second tone.

The phoneme awareness part consisted two sections namely phoneme deletion

and phoneme segmentation. The phoneme awareness intervention included an
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introduction to syllables and phonemes and the use of demonstration and imitation.
In the phoneme deletion task, the researcher read aloud a pronunciation of a
character and removed a phoneme from the middle or final and asked the participant
to pronounce the remaining syllable(s). For example, the researcher read aloud
/jian1/ and removed the /a/ in the middle and asked for participants’ answers to
pronounce the remaining syllables. The correct answer was /jin1/. In the phoneme
segmentation task, the researcher read aloud a pronunciation of a character and
then asked the participants to pronounce every syllable in the word. For example,
the researcher read aloud /mu3/ and asked for participants to pronounce every
syllable in the character. The correct answers were /m/ and /u/.

The final task was aimed at improving participants' accuracy in retrieving Chinese
words using phonology. The researcher read out a sound but without an exact tone
and asked participants to produce homophones or semi homophones based on the
syllable pronunciations. For example, the researcher read aloud ‘qin’ and asked for
some words with the same or similar pronunciations as the ‘gin’. The accepted

answers were 3% /qin1/,30 /qind/, & /qin2/ and %& /qin3/.

4.4.4 Procedures

In Figure 10, the pre-test assessment (A1) was conducted first with reading
fluency in oral word and silent sentence reading, spelling-to-dictation, PA and VAS.
Immediate post-test assessments (A2, A4, A6) were conducted at the end of each of
the three training phases. Each wash-out period lasted three weeks. Two post-test
assessments (A3, A5) were conducted at the end of the two wash-out periods. One
delayed post-test assessment was conducted after two months (A7). The overall
study lasted approximately eight months but there were some differences across

participants in the duration of the whole study. Interventions for children were
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conducted within eight to nine months under the assistance of the class teachers
and support of their parents from August 2022 to March 2023, and they finished the
final assessment in May 2023. Two of the adults took part from September 2022 to
April 2023 and finished the final follow-up assessment in June 2023. One adult took
part late from January 2023 to August 2023 and finished the final assessment in
October 2023 due to health problems. Please see the flowchart for the intervention

procedures (Figure 11).



Figure 11

Flowchart for Intervention Procedures

Pre-Test Assessment (A1)

Recruitment
(children: n=56, adults, n=58)

Participant screened (with reading
difficulty: children: n=6, adults, n=3)
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each trained person)

Participants for training

A 4

Screening criteria:

a. within average scores for nonverbal ability,
vocabulary and arithmetic skills;

b. at least one of the reading skills (oral or/and
silent reading fluency in word or/and sentence
level) below 1sd of all participants in their group
(child or adult);

c. at least one VAS measure (global report, partial
report, v1b accuracy or/and v1b correct RT) below
1sd of all participants in their groups.

(n=9)

No training

Immediate Post-Test (A2)

}
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Immediate Post-Test (A2)
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Wash-out (three weeks)
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\
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No training

Post-Wash-Out
Assessment (A5)

|

| Training 3 (six weeks) |

Immediate Post-Test (A6) |

| Immediate Post-Test (A6) |

Follow-up (A7, two
months later)

Follow-up (A7, two
months later)

A 4

a. Each person was separately trained.

b. Three interventions (WWT, V1BT and NVT)
were randomisedly classified into Training 1 to 3.
All participants were randomised into different
training.

c. Intervention: all children-Aug 2022 to Mar 2023;
two adults-Sep 2022 to April 2023; one adult-Jan
2023 to Aug 2023.
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Children and adults used different online platforms to conduct the interventions.
Most child participants used school computers (Lenovo computers with 21.5-inch
screens and a display resolution of 1920 x 1080) or their tablets (9.7-inch iPads with
a display resolution of 2048 x 1536). The three adults used their own computers,
including two laptops with a Mac system and one laptop with a Windows system)
with 60 Hz to 75 Hz refresh rate.

The WWT and NVT needed the researcher’s guidance and involved one-to-one
interaction, while the V1BT could be conducted by the participants themselves on
the computer. Some children’s families did not have computers, so a phone version
of the V1BT online link created by Palvovia via PsychoPy software was additionally
created and children could self-administer using the touch screen under their
parents’ supervision. As for WWT, the online notetaking function was turned on in
advance. The researcher then shared the laptop screen to show the characters to
participants and participants handwrote the characters on their phone or screens
after a delay.

All participants were randomly assigned to the training orders before analyses of
specific deficits. Please see more details about the intervention phase in the
Appendix G.

4.4.5 Data analyses

As for RQ1 and RQ2 relating to the intervention effects to reading fluency and
VAS, the analyses involved case series analyses, group analyses and intervention
effect analyses to explore the effectiveness of the three types of training on reading
fluency and VAS. Case series analyses included weighted statistics to examine
whether there were significantly greater changes during intervention phases than

other phases (baseline, wash-out and follow-up) for each participant. Mixed ANOVAs
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were then used for the group analyses to examine whether the three interventions
were associated with differences in reading fluency and VAS in terms of Participant
group (children and adults) and Deficits (VO-only VAS deficits and VPD- both VAS
and PA deficits). Finally, Venn diagrams were used to illustrate the outcome of
interventions per participant.

For RQ3 relating to a possible generalisation effect of spelling improvement after
WWT, the analyses involved the McNemar test to compare participants’ spelling
accuracy at pre-test with post-WWT spelling accuracy and qualitative spelling error
analyses to show changes in spelling errors before and after WWT.

For RQ4 relating to position responses of VAS tasks, mixed ANOVAs were used
to examine potential differences in position accuracy in the VAS tasks between the
participants and readers without reading difficulty.

4.5 Results

This section separately reports children and adults, including case series analyses

of intervention effects. After that, group analyses and intervention effect analyses of

training effects were shown. Spelling with WWT was shown finally.

4.5.1 Case series analyses
Children

WEST-ROC (Weighted Statistics of Rate Of Change-Comparing the amount of
change in the treated and untreated periods, Howard et al., 2015) was used to test
whether there was significantly greater improvement of participants who took part on
Study 3 in reading performance and VAS during the treated phase (WWT, V1BT and
NVT) than the untreated phase (baselines and washout periods). All participants who

took part on Study 3 were classified into two groups (only with VAS deficits-VO
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group, and with both VAS and phonological deficits-VPD group) by deficits they had.
Three Participants (Child 1, Child 2 and Child 3) were found to only suffer from VAS
deficits (VO group), and three (Child 4, Child 5 and Child 6) were found to suffer from
both VAS and phonological deficits (VPD group). Under this analysis, results for
children were calculated.

Reading

One child, Child 5 SHANXT, had not attended two post-tests of all computer tasks
(including silent reading tasks) after her second intervention (NVT) and the second
wash-out period, so results in her silent sentence reading fluency were left blank.

Results of the case series analyses for reading fluency are presented in Table 31.

Table 31

Weighted Statistics for Oral and Silent Reading Fluency Measures of Children

Children Number
showing
improvement

VO VPD

WWT Child 1 Child 2 Child3 Child4 Child5 Child 6
XMH SONGXT GHW QW SHANXT ZN
Of t 463 -2.38 0.88 3.50**  0.63 1.13 2
Sf t 0.31 0.07 0.18 5.34**  N/A 1.43 1
VO VPD
VBT Child 1 Child 2 Child3 Child4 Child5 Child 6
XMH SONGXT GHW QW SHANXT ZN
Of t 1.41 1.92 3.59*  -2.31 2.69* -1.92 2
Sf t 1.08 6.98*** 0.92 1.37 0.48 1.30 1
VO VPD
NVT Child 1 Child 2 Child3 Child4 Child5 Child 6
XMH SONGXT GHW QW SHANXT ZN
Of t -3.40 -0.93 2.16* -1.85 1.85 2.47* 2
Sf t -0.57 1.51 0.49 -3.63 N/A 1.99 0

Note:.Of: oral word reading fluency; Sf: silent sentence reading fluency; VO: participants who only suffer from
VAS deficits; VPD: participants who suffer from both PA and VAS deficits.
*p<.05; **p<.01; ***p<.001
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Results revealed that separately after WWT or the V1BT, two of the six children
showed a significant improvement in oral word reading fluency, and one of the six
children revealed a significant improvement in silent sentence reading fluency. No
children’s silent sentence reading fluency was improved during the NVT.

During interventions, reading fluency in several cases was shown to have a
significant decrease. There was a significant decrease in oral word reading fluency
after WWT (Child 2), VABT (Child 4) and NVT (Child 1). It should be noted that only
during the NVT, there was a significant decrease in silent sentence reading fluency
(Child 4).

In summary, each child had significant improvement in at least one reading
fluency measure during at least one training. The WWT and V1BT resulted in
improvement in oral and silent reading fluency for children groups, while the NVT
may be only beneficial for oral reading rather than for silent reading.

VAS

Similarly, one child, Child 5 SHANXT, had not attended two post-test
assessments of all computer tasks (including v1b tasks) after her second
intervention (NVT) and the second wash-out period, so the results in her vib
accuracy and correct RTs were left blank. Results of the case series analyses for

VAS are presented in Table 32.
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Table 32

Weighted Statistics for VAS Measures of Children

Children Number
showing
improvement

VO VPD

WWT Child 1 Child 2 Child3 Child4 Child5 Child 6

XMH SONGXT GHW QW SHANXT ZN

Global t 0.13 5.35** 2.74* -1.83 2.48* 1.3 3

Partial t -0.21 1.26 3.14* -0.21 4.39** -2.30 2

Vibaccu t 0.68 -0.95 -2.11 2.65* N/A 3.06* 2

VIbRTs t -1.15 -0.43 1.16 -4.43*  N/A -3.28* 2
VO VPD

VBT Child 1 Child 2 Child3 Child4 Child5 Child 6
XMH SONGXT GHW QW SHANXT ZN

Global t -1.17 -0.70 443  -0.23 0.47 2.10* 2

Partial t 042 3.34* 501 -1.25 4.18** 0.84 3

Vibaccu t 0.29 3.91* 0.10 3.72x 277" 6.59* 4

VIbRTs 't -0.44 -1.25 -1.71 -5.87**  -4.99** -5.65"* 3
VO VPD

NVT Child 1 Child 2 Child3 Child4 Child5 Child 6
XMH SONGXT GHW QW SHANXT ZN

Global t -2.32 -1.05 -4.43 1.27 1.69 1.27 0

Partial t 1.17 -0.50 3.68** 217" 0.33 -3.18 2

Vibaccu t -0.55 -1.66 -0.74 3.87**  N/A 1.66 1

VIbRTs t 0.59 0.37 0.69 2.66 N/A 5.64 0

Note:. Global: global report; Partial: partial report; V1b accu: visual 1-back accuracy; V1b RTs: visual 1-back
correct reaction times; VO: participants who only suffer from VAS deficits; VPD: participants who suffer from both
PA and VAS deficits.

*p<.05; **p<.01; ***p<.001

Results revealed that, after WWT, there was significant improvement in all VAS
variables, including in global report (Child 2, Child 3 and Child 5), in partial report
(Child 3 and Child 5), and in v1b accuracy and correct RTs (Child 4 and Child 6).
After V1BT, there was also significant improvement in all VAS variables, including in
global report (Child 3 and Child 6), in partial report (Child 2, Child 3 and Child 5), and
in v1b accuracy (Child 2, Child 4, Child 5 and Child 6) and correct RTs (Child 4,
Child 5 and Child 6). After NVT, there was only significant improvement in partial

report (Child 3 and Child 4) and v1b accuracy (Child 4). It should be noted that only
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after the NVT, there was no significant improvement in global report and v1b correct
RTs.

In summary, each case had significant improvement in at least one VAS measure
during at least one training, except for Child 1. WWT and V1BT, especially V1BT,
showed better improvement in VAS than NVT.

Adults

WEST-ROC was also used to test whether there was significantly greater
improvement of these poor adult readers’ reading performance and VAS during the
treated phase (WWT, VIBT and NVT) than the untreated phase (baselines and
washout periods). Three participants were classified into two groups (Adult 1 only
with VAS deficits-VO group, and Adult 2 and Adult 3 with both VAS and phonological

deficits-VPD group) by the deficits they had.

Reading
Results of the case series analyses for adults’ reading fluency are presented in

Table 33.
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Table 33

Weighted Statistics for Oral and Silent Reading Fluency Measures of Adults

Adults Number
showing
improvement

VO VPD

WWT Adult 1 Adult 2 Adult 3
HL LM ZJF

Of t -0.07 0 2.97* 1

Sf t 0.02 3.46* 1.38 1
VO VPD

VBT Adult 1 Adult 2 Adult 3

Of t -0.67 -3.67 -0.67 0

Sf t 1.1 -1.82 1.24 0
VO VPD

NVT Adult 1 Adult 2 Adult 3

Of t 3.83* 4.07* 6.94* 3

Sf t -3.00 -2.06 0.36 0

Note:. Of: oral word reading fluency; Sf: silent sentence reading fluency; VO: participants who only suffer from
VAS deficits; VPD: participants who suffer from both PA and VAS deficits.
*p<.05; **p<.01; ***p<.001

Results revealed that after WWT, oral word reading fluency (Adult 3) and silent
sentence reading fluency (Adult 2) revealed significant improvement. After VABT, no
reading fluency was improved. After NVT, all adults showed an increase in oral word
reading fluency.

In summary, each case had significant improvement in at least one reading
fluency measure during at least one training. The WWT than V1BT resulted in more
improvement in oral and silent reading fluency for adults, and the NVT may be only
beneficial for oral reading rather than for silent reading.

VAS

Results of the case series analyses for VAS are presented in Table 34.
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Weighted Statistics for VAS Measures of Adults
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Adults Number
showing
improvement

VO VPD

WWT Adult 1 HL Adult2 ZJF Adult 3LM

Global t 0.55 4* 2 1

Partial t 2.08 5.42* 2.92* 2

Vibaccu t -0.80 1.50 -1.90 0

V1b RTs t 047 1.26 -2.06 0
VO VPD

V1BT Adult 1 Adult 2 Adult 3

Global t 2.84 -0.22 -0.09 0

Partial t O -2.38 -3.37 0

Vibaccu t 0.54 0 -2.69 0

V1b RTs t 0.27 -0.36 -2.99* 1
VO VPD

NVT Adult 1 Adult 2 Adult 3

Global t -0.13 3.32* 1.86 1

Partial t 0.72 2.51 1.97 0

Vibaccu t -1.98 1.48 -0.12 0

V1b RTs t 0.29 2.91 -0.36 0

Note:. Global: global report; Partial: partial report; V1b accu: visual 1-back accuracy; V1b RTs: visual 1-back
correct reaction times. VO: participants who only suffer from VAS deficits; VPD: participants who suffer from both

PA and VAS deficits.

*p<.05; **p<.01; ***p<.001

Results revealed that, after WWT, only global and partial report showed significant

improvement (Adult 2 and Adult 3). After V1BT, only v1b correct RTs showed

significant improvement (Adult 3). After NVT, Adult 2’ s global report showed a

significant increase. After V1BT, partial report of Adult 3 was found to show a

significant decrease.

In summary, the WWT showed adults’ better improvement in VAS than V1BT and

NVT, in terms of report tasks.

4.5.2 Group analyses

Reading

Oral word reading fluency
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A comparison of intervention changes in oral word reading fluency after three

types of intervention across different groups was revealed in Figure 12.
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Figure 12

Intervention Changes in Oral Word Reading Fluency after Different Interventions
across Different Groups (Participant Groups — Top, Deficit Groups - Bottom)
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The main effects of Types, Participant groups and Deficit groups in oral word
reading fluency were not significant (Types: F (2, 10) = 1.31, p=.31; Participants: F
(1, 5) = 0.42, p=.55; Deficits: F (1, 5) = 0.84, p=.40). Also, all interaction effects were
not significant, Type x Participant, F (2, 10) = 1.13, p =.36; Type x Deficits, F (2, 10)
=2.19, p =.16; Type x Participant x Deficits, F (2, 10) = 1.07, p =.38.

Silent sentence reading fluency

Data of post wash-out 2 and post intervention 3 of Child 2 (SHANXT) was missing
because of her absence. Comparison of intervention changes in silent sentence
reading fluency after three types of intervention across different groups is revealed in

Figure 13.
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Figure 13

Intervention Changes in Silent Sentence Reading Fluency after Different
Interventions across Different Groups (Participant Groups — Top, Deficit Groups —
Bottom)
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The main effects of Types and Deficits in silent sentence reading fluency were
significant (Types: F (2, 8) = 5.20, p=.04; Deficits: F (1,4) = 13.11, p=.02), but the
main effects of Participant groups were not significant, F (1, 4) = 0.17, p=.71). Also,
the interaction effects were not significant, Type x Participant, F (2, 8) = 0.17, p =.85,
and Type x Participant x Deficits, F (2, 8) = 0.04, p =.97, but the interaction effect
between Type and Deficits was significant, F (2, 8) = 4.60, p =.05.

The further simple effect of Types of interventions showed that only for WWT, the
VPD group and VO group showed significantly different effectiveness in silent
sentence reading fluency (WWT, p=.000, V1BT, p=.38, NVT, p=.85). The further
simple effect of Deficits showed that the intervention effects of the VO group after
three interventions did not show any significant differences, but the ones of the VPD
group did. As for the VPD group, there were only significant differences in silent
sentence reading fluency between WWT and V1BT (p=.000), as well as WWT and
NVT (p=.000). There were no significant differences between V1BT and NVT (p=.41)
for the VPD group.

VAS
Global report
A comparison of intervention changes in scores in global report after three types

of intervention across different groups was revealed in Figure 14.
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Figure 14

Intervention Changes in VAS Global Report after Different Interventions across
Different Groups (Participant Groups - Top, Deficit Groups - Bottom)
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The main effects of Types in VAS global report were significant (F (2, 10) = 4.79,
p=.04), but the main effects of Participant groups and Deficit groups were not
significant, Participants: F (1, 5) = 1.32, p=.30; Deficits: F (1, 5) = 0.30, p=.61. Also,
the interaction effects were significant, Type x Deficits (F (2, 10) = 11.26, p =.003),
and Type x Participant x Deficits (F (2, 10) = 6.78, p =.01), but the interaction effects
between Type and Participants were not significant, F (2, 10) = 0.04, p = 0.96. This
may mean that the intervention influence on VAS global report from intervention
types and participants with different deficits may interact.

The further simple effect of Types of interventions showed that only for V1BT, the
VPD group and VO group showed significantly different effectiveness in global report
(WWT, p=.25, V1BT, p=.03, NVT, p=.06). The further simple effect of Deficits
showed that, as for the VO group, the intervention effects of the NVT revealed
significant differences from those of the other two VAS-based interventions. There
were no significant differences between WWT and V1BT. As for the VPD group,
there were only significant differences in global report between WWT and VABT
(p=.01), but there were no significant differences between V1BT and NVT (p=.34)
and between WWT and NVT (p=.10) for the VPD group.

Partial report

Intervention changes in scores in partial report after three types of intervention

across different groups are shown in Figure 15.
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Figure 15

Intervention Changes in VAS Partial Report after Different Interventions across
Different Groups (Participant Groups - Top, Deficit Groups - Bottom)
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The main effects of Types and Participants in VAS partial report were not
significant (Type: F (2, 10) = 3.12, p=.09; Participants: F (1, 5) = 4.55, p=.09), and
the main effects of Deficit groups were still not significant, F (1, 5) = 2.26, p=.19.
Also, all the interaction effects were not significant, Type x Participants were not
significant, (F (2, 10) = 2.03, p =.18), Type x Deficits (F (2, 10) = 1.18, p =.35), and
Type x Participant x Deficits (F (2, 10) = 0.62, p =.56).

V1b accuracy

Data of post wash-out 2 and post intervention 3 of Child 5 SHANXT was missing
because of absence. Except for this child, intervention changes in v1b accuracy after

three types of intervention across different groups were shown in Figure 16.
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Figure 16

Intervention Changes in VAS Visual 1-Back Accuracy after Different Interventions
across Different Groups (Participant Groups - Left, Deficit Groups - Right)
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The main effects of Types, Participant groups and Deficit groups in VAS v1b
accuracy were not significant (Types: F (2, 8) = 1.87, p=.22; Participants: F (1, 4) =
4.21, p=.11; Deficits: F (1, 4) = 4.45, p=.10). Also, all interaction effects were not
significant, Type x Participant, F (2, 8) = 2.11, p =.18; Type x Deficits, F (2, 8) = 0.10,
p = .91; Type x Participant x Deficits, F (2, 8) = 2.31, p =.16.

V1b correct RTs

Except for the Child 5 SHANXT, intervention changes in v1b correct RTs after

three types of intervention across different groups are shown in Figure 17.
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Figure 17

Intervention Changes in VAS Visual 1-Back Correct Reaction Times after Different
Interventions across Different Groups (Participant Groups - Top, Deficit Groups -
Bottom)
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The main effect of Type for V1b correct RTs was significant, F (2, 8) = 6.62,
p=.02), but the main effects of Participant group and Deficit group were not
significant (Participants: F (1, 4) = 0.38, p=.57; Deficits: F (1, 4) = 0.03, p=.87). The
interaction effects were not significant, Type x Participant, F (2, 8) = 2.95, p =.11;
Type x Deficits, F (2, 8) = 2.08, p =.19; Type x Participant x Deficits, F (2, 8) = 1.44,
p =.29. The results showed that the three interventions led to significantly different
effects for V1B correct RTs. The simple effect analysis showed that there were no
significant differences in v1b correct RTs of children and adults after WWT and
V1BT. Children in the VPD group showed the worst performance in v1b correct RTs

after the NVT than after WWT and V1BT.

4.5.3 Intervention effects analyses based on participants with different deficits
The following figures more clearly illustrate the significant progress in reading
fluency and VAS of intervention per participant with different sub-type deficits (VO
group-only VAS deficit group; VPD group-VAS and Phonological deficit group) with
Venn diagrams.
Reading
Venn diagrams showing results for oral word reading fluency and silent sentence

reading fluency are presented in Figure 18.
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Figure 18

Venn Diagram lllustrating Significant Improvement of Oral Word Reading Fluency
(Top) and Silent Sentence Reading Fluency (Bottom) as Assessed by Significant
Change with Intervention in Relation to Sub-Group
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VO group (only VAS deficit group: Child 1, 2 and 3; Adult 1)

In terms of oral word reading fluency, Child 1 showed significant benefits only
from the WWT, Child 3 from both VI1BT and NVT, Adult 1 only from the NVT, and
Child 2 from nothing. By contrast, only Child 2 showed significant benefits in silent
sentence reading fluency, and only from the V1BT, not from the NVT.

VPD group (VAS and phonological deficit group: Child 4, 5 and 6; Adult 2 and 3)

In terms of oral word reading fluency, Child 4 showed significant improvement
only from the WWT, Child 5 only from the V1BT, Child 6 and Adult 2 only from the
WWT, and Adult 3 from both WWT and NVT. In contrast, only Child 4 and Adult 2
presented significant improvement in silent sentence reading fluency, and only from

WWT, not from the NVT.

VAS

The Venn diagrams of global report and partial report are presented in Figure 19.
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Figure 19

Venn Diagram lllustrating Significant Improvement of Global Report (Top) and Partial
Report (Bottom) of Intervention per Participant as Assessed by Significant Change
with Intervention in Relation to Sub-Group
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VO group (only VAS deficit group: Child 1, 2 and 3; Adult 1)

Only Child 2 and Child 3 showed significant benefits in global report from the
WWT or V1BT, not from the NVT. Child 3 showed improvement from both WWT and
V1BT. Child 2 showed significant benefits in partial report from the V1BT but Child 3
showed significant benefits in partial report from all interventions. By contrast, Adult
1 did not show any improvement in partial report from any intervention.

VPD group (VAS and phonological deficit group: Child 4, 5 and 6; Adult 2 and 3)

Child 5 and Child 6 showed significant improvement in global report from WWT or
V1BT. Adult 2 also showed improvement from the WWT and NVT. Child 4 revealed
improvement from the NVT, and Adults 2 and 3 showed improvement from the

WWT. Child 5 showed improvement in partial report from both WWT and V1BT.

The Venn diagrams of v1b accuracy and v1b correct RTs are presented in Figure

20.
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Figure 20

Venn Diagram lllustrating Significant Improvement of Visual 1-Back Accuracy (Top)
and Correct Reaction Times (Bottom) of Intervention as Assessed by Significant
Change with Intervention in Relation to Sub-Group
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VO group (only VAS deficit group: Child 1, 2 and 3; Adult 1)

Only Child 2 showed significant benefits in v1b accuracy from the V1BT. No VO
adults benefited from any interventions in terms of v1b accuracy. No VO children and
adults showed significant improvement in v1b correct RTs after any intervention.

VPD group (VAS and phonological deficit group: Child 4, 5 and 6; Adult 2 and 3)

All VPD children revealed significant improvement in v1b accuracy or correct RTs
from all three interventions, except for Adult 2. Among these, Child 6 showed
improvement from the WWT and V1BT, and Child 4 from all interventions. By
contrast, no VPD adults benefited from any interventions in terms of v1b accuracy.

In summary, regarding reading fluency, except for Child 2, the other participants
obtained benefits in oral word reading fluency with both VAS-based and non-VAS-
based interventions, whichever subtype of deficits they had. This meant that some
participants without phonological deficits also showed significant improvement during
the non-VAS-based intervention (phonological training). By contrast, not many
participants’ silent sentence reading fluency showed improvement, but where this
occurred it was only in association with the VAS-based interventions. Among these,
the VO group seemed to benefit only from the nonverbal VAS intervention, while the
VPD group seemed to benefit only from the verbal VAS intervention.

Regarding VAS, most participants who showed improvement in VAS showed
improvement in association with the VAS-based interventions. Most participants
showed significant improvement in global and partial report, rather than v1b
accuracy and correct RTs. Only VPD, not VO participants, showed benefits in VAS
from the NVT (global report of Adult 2, partial report and v1b accuracy of Child 4),

except for partial report of Child 3.
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4.5.4 Spelling with WWT

There were differences in the number of misspelt characters across participants,
so, each participant was trained with a different number of characters according to
individual baseline spelling performance. When the WWT was complete, all
previously misspelt characters, including the untrained characters were re-tested.

WWT was the first training for Child 1, Child 4, Adult 2, so their spelling scores
were tested at A2 (after six weeks). WWT was the second training for Child 3, Child
6 and Adult 3, so their spelling was tested at A4 (after 15 weeks). WWT was the third
training for Child 2, Child 5 and Adult 1 at A6 (after 24 weeks).

Accuracy scores and the number of errors for trained and untrained characters

before and after WWT are given in Table 35.



Table 35

Children’s Spelling Performance of Trained and Untrained Characters after WWT
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Accuracy before  Error before Accuracy after Error after Percentage of Chi-square p
WWT WWT WWT WWT accuracy (increase)
Child 1 XMH Trained 0 101 89 12 88.12% 87.01 .000
Untrained O 101 78 23 77.23% 76.01 .000
Child 2 SONGXT Trained 0 110 89 21 80.91% 87.01 .000
Untrained 0 109 78 31 71.56% 76.02 .000
Child 3 GHW Trained 0 121 107 14 88.43% 104.01 .000
Untrained 0 121 102 19 84.30% 102.01 .000
Adult 1 HL Trained 0 105 83 22 79.05% 81.01 .000
Untrained 0 105 82 23 78.10% 80.01 .000
With spelling difficulty
Child 4 QJW Trained 0 144 88 56 61.11% 36.03 .000
Untrained 0 143 96 47 67.13% 55.02 .000
Child 5 SHANXT Trained 0 144 124 20 86.11% 122.01 .000
Untrained 0 143 109 34 76.22% 107.01 .000
Child 6 ZN Trained 0 140 91 49 65% 89.01 .000
Untrained O 140 102 38 72.86% 100.01 .000
Adult 2 LM Trained 0 166 37 129 22.29% 35.03 .000
Untrained O 166 49 117 29.52% 42.02 .000
Adult 3 ZJF Trained 0 153 113 40 73.86% 111.01 .000
Untrained 0 153 109 44 71.24% 107.01 .000

Note: Trained: trained characters; Untrained: untrained characters
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Inspection of Table 35 reveals that all participants showed significant

improvements in trained characters and untrained characters, regardless of their

intervention order of WWT.

To be comparable with results from Study 2b, qualitative analyses of changes in

spelling errors in the 60-word spelling-to-dictation task were conducted. Results are

presented in Table 36.

Table 36

Comparison of Percentage (and Number) of Spelling Errors in the 60-Word List in

Each Error Category of Children and Adults Before and After WWT

Error category Before WWT  After WWT
Phonologically based errors 24.49 (36) 21.05 (4)
Pinyin substitution 2.05 (3) 0 (0)
Homophone and Semi-homophone substitution  22.45 (33) 21.05 (4)
Orthographic errors 44.90 (66) 52.63 (10)
Partial character 3.40 (5) 0 (0)
Invention of an unconventional character 0.68 (1) 0 (0)
Transposition 2.04 (3) 0 (0)
Deletion 21.77 (32) 15.79 (3)
Addition 9.52 (14) 26.32 (5)
Substitution (real words) 4.08 (6) 5.26 (1)
Substitution (nonword) 3.40 (5) 5.26 (1)
Meaning-related errors 0 (0) 0(0)
Synonym substitution 0 (0) 0 (0)
Substitution of meaning-similar character 0 (0) 0 (0)

No responses 30.61 (45) 26.32 (5)
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Table 36 shows the differences in spelling errors in the 60-word list before and
after WWT. Before WWT, all participants made more orthographic errors and no
responses. Among the orthographic errors, participants made the most orthographic
errors in deletion.

By contrast, after WWT, participants still made the greatest number of
orthographic errors, where errors in addition not deletion accounted for the largest
proportion. This change is highlighted in red.

4.5.5 Comparison in pattern of VAS tasks between poor child readers and TD
readers

Plots of accuracy according to array position in the global and partial report tasks

are shown in Figure 21.
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Figure 21

Responses across Array Positions in the Global Report (Top) and Partial Report
(Bottom) of Children

Comparison of Position Accuracy of Global Report between Typically Developing Children and Poor
Child Readers
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Comparison of Position Accuracy of Partial Report between Typically Developing Children and Poor
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The results of the mixed ANOVA showed that for global report, the main effects of
Position and Participant were significant (Position: F (2.52, 133.78) = 11.62, p=.00;
Participants: F (1, 53) = 7.56, p=.01). The interaction effect was significant, Position
x Participant, F (2.52, 133.78) = 9.46, p =.00).

The further simple main effects in global report showed that poor child readers
with VAS deficits had significantly poor accuracy only in Position 1 and Position 2
than the corresponding TD age groups (P1: p=.00; P2: p=.00).

For partial report, the main effects of Position and Participant were significant
(Position: F (5, 265) = 13.44, p=.00; Participants: F (1, 53) = 4.54, p=.04). The
interaction effect was significant, Position x Participant, F (5, 265) = 2.27, p =.048).
The further simple main effects in partial report showed that poor child readers with
VAS deficits had significantly poor accuracy only in Position 2 and Position 3 than
the corresponding TD age groups (P2: p=.01; P3: p=.00).

Plots of accuracy according to array position in the v1b accuracy and correct RTs

are shown in Figure 22.
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Figure 22

Responses across Array Positions in the Visual 1-Back Accuracy (Top) and Visual 1-
Back Correct Reaction Times (Bottom) of Children

Comparison of Position Accuracy of Visual 1-Back Accuracy between Typically Developing Children
and Poor Child Readers
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The results of the mixed ANOVA analyses showed that for v1b accuracy, the main
effect of Position was significant, F (3.73, 186.3) = 8.58, p=.00, but the main effect of
Participants was not significant, F (1, 50) = 0.62, p=.44. The interaction effect was
not significant, Position x Participant, F (3.73, 186.3) = 0.95, p =.43.

For v1b correct RTs, the main effects of Position were significant (Position: F
(2.83, 136.04) = 8.43, p=.00), but the main effect of Participants was not significant,
Participants: F (1, 48) = 3.99, p=.052). The interaction effects were significant,
Position x Participant, F (2.83, 136.04) = 3.20, p =.03). The further simple main
effects showed that poor child readers had significantly slower v1b correct RTs only
in Positions 3 and 4 than the corresponding TD age groups (P3, p=.04; P4, p=.00).
4.5.6 Comparison in patterns of VAS tasks between poor adult readers and
skilled readers

Plots of accuracy according to array position in the global and partial report tasks

are shown in Figure 23.
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Figure 23

Responses across Array Positions in the Global Report (Top) and Partial Report
(Bottomt) of Adults

Comparison of Position Accuracy of Global Report between Skilled Readers and Poor Adult Readers
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The results of the mixed ANOVA showed that for global report, the main effects of
Position and Participant were significant (Position: F (3.46, 190.53) = 18.95, p=.00;
Participants: F (1, 55) = 8.28, p=.01). The interaction effect was not significant,
Position x Participant, F (3.46, 190.53) = 2.14, p =.09).

For partial report, the main effects of Position were significant (Position: F (5, 275)
= 4.49, p=.00), but the main effects of Participants were not significant (Participants:
F (1, 55) = 1.85, p=.18). The interaction effect was also not significant, Position x
Participant, F (5, 275) = 1.01, p =.42).

Plots of accuracy according to array position in the v1b accuracy and correct RTs

are shown in Figure 24.
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Figure 24

Responses across Array Positions in the Visual 1-Back Accuracy (Top) and Visual 1-
Back Correct Reaction Times (Bottom) of Adults

Comparison of Position Accuracy of Visual 1—BRacdeccuracy between Skilled Readers and Poor Adult
eaders
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The results of the mixed ANOVA analyses showed that for v1b accuracy, the main

effect of Position was significant, F (4, 212) = 4.43, p=.00, but the main effect of

Participants was not significant, F (1, 53) = 1.88, p=.0.18. The interaction effect was

not significant, Position x Participant, F (4, 212) = 0.36, p =.84.

For v1b correct RTs, the main effects of Position and Participant were significant

(Position: F (2.23, 106.92) = 17.54, p=.00; Participants: F (1, 48) = 11.98, p=.00).

The interaction effects were significant, Position x Participant, F (2.23, 106.92) =

13.51, p =.00). The further simple main effects showed that poor adult readers had

significantly slower v1b correct RTs in Positions 1, 2 and 4 than the corresponding

TD age groups (P1, p=.00; P2, p=.00; P4, p=.01).

Testing for specificity of the intervention

There was no significant difference in arithmetic scores of the participants before

and after the interventions in Table 37. Also, the intervention order did not

significantly affect the training effects (please see Appendix H for more details)

Table 37

Scores in Arithmetic Scores for Each Screened Participant and the Comparison

Groups (n=7 for each group, standard deviations are in parentheses)

Children Child 1 Child 2 Child 3 Child 4 Child 5 Child 6
XMH SONGXT GHW QW SHANXT ZN Comparison
group
Arithmetic (/29) 19 16 14 19 12 14 17.43 (5.71)
Arithmetic (after all ints.) 22 19 17 22 17 17 21.71 (3.20)
Adults Adult 1 Adult 2 Adult 3
HL Comparison LM Comparison ZJF Comparison
group group group
Arithmetic (/29) 16 12.43 (3.74) 15 12.86 (2.79) 10 14.42 (3.91)
Arithmetic (after all ints.) 19 15.86 (2.79) 15 15.71 (3.45) 13 15 (3.11)

Note:. Arithmetic (after all ints.): arithmetic scores after all interventions
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4.6 Discussion

The aim of Study 3 was to investigate the effectiveness of different types of
intervention on literacy and VAS of Mandarin-speaking children and adults to
address the issue raised in Chapter 1 (Section 1.4) about whether VAS training
generalises across languages. Three types of training were employed, two were
deficit-focused (WWT and V1BT) and one was a non-VAS training (NVT). The case
series analyses (Section 4.5.1) extend Valdois et al.’s (2014) French case study
(Section 1.4) by demonstrating VAS improvement in Mandarin-speaking poor
readers, supporting the universality of attentional deficits in dyslexia.

The first research question was “Would the three interventions be effective in
bringing about improvement in reading fluency in Mandarin-speaking children and
adults with difficulties in VAS, and reading or spelling?”. The prediction was that the
three interventions would be associated with significant improvement in reading
fluency.

The findings were in line with the prediction. The case series analyses showed
that all three interventions resulted in significant improvement in reading fluency of
children and adults. However, following NVT improvement was only shown in oral
word reading fluency, not silent sentence reading fluency. This finding was
consistent with that of Zoubrinetzky et al. (2019) who reported significant
improvement in oral word reading fluency of French-speaking dyslexic children aged
10 years after both phonological and VAS training. The group analyses confirmed
the findings from the case series analyses - WWT and V1BT resulted in greater
improvement in silent sentence reading fluency than NVT.

Most participants showed significant improvement in oral word reading fluency

with all three interventions. Two participants (Child 3 and Adult 1) without
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phonological deficits also benefited from the NVT. This could be due to their poor
verbal processing (poor RAN for Child 3, poor RAN and verbal short-term memory
for Adult 1). So, although they did not present with pronounced phonological
difficulties in PA tasks, their phonological processing ability was still relatively weak.
During the NVT, verbal retrieval speed and verbal working memory were presumably
trained, so this may have resulted in an improvement in oral reading fluency with
NVT.

VAS-based interventions could improve oral reading fluency by increasing the
width of the visual attentional window, as suggested by Huang et al. (2019). As
noted in the literature review, an alternative perspective was provided by the results
of the intervention studies carried out by Sage and Ellis (2006) and Kohnen et al
(2008). They interpreted their findings to indicate that WWT leads to increased top-
down activation from the orthographic lexicon to support processing in orthographic
working memory. The nonverbal VAS intervention (V1BT) could improve oral reading
by extending the visual attentional window, as Valdois et al. (2014) found, so more
characters are simultaneously processed during oral reading. A potential reason for
the improvement in oral reading after NVT was that Cheng et al. (2021) and Huang
et al. (2021) claimed that practice in phonological skills might boost the retrieval
speed of pronunciations of characters, thus increasing oral reading fluency (as found
with Mandarin-speaking children aged 8 to 9 in the study of Cheng et al., 2021, and
with Mandarin-speaking children aged 6 to 7 years in the study of Huang et al.
(2021).

In line with the findings of the case series analyses, results of the group analyses
showed that only WWT and V1BT were associated with significant improvement in

silent sentence reading fluency. This is in accord with the findings of Zhao et al.
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(2019) who reported improvement in silent sentence reading in Chinese dyslexic
children with VAS disorders. Significant improvement in silent reading fluency with
VAS-based interventions might be ascribed to a larger visual attention window, as
noted in the explanation for improvement in oral reading above. Ren et al. argued
that the top-down processing involved in WWT could result in improvement in
allocating attentional resources to the global orthographic processing of characters.
Ren also suggested that, based on the theory of visual attention of Bundesen (1990,
1998) that V1BT could result in improved reading because the bottom-up processing
involved in V1BT is necessary in automatic cognitive processing, and this is the
basis of the silent sentence reading task, where readers should process several
characters in parallel and rapidly ascertain the mapping between orthography and
semantics (Ekstrand et al., 2019). The reason why NVT was not found to be
associated with improvement in silent reading, then would be because this training
does not involve skills required in silent reading such as visual simultaneous
processing and rapid decision making.

Although the group analyses revealed that improvement in reading fluency
following intervention did not differ according to participants’ age, the findings of the
case series analyses revealed that oral reading fluency in the adult participants
improved following NVT. According to the background assessment results, all three
adults had poor RAN scores prior to the intervention, suggesting relatively weak
phonological processing. As discussed above, since NVT involved training in several
aspects of phonological processing, oral reading fluency would be likely to improve.
This is in line with the results in Study 1b where it was reported that RAN was a

significant predictor of participants’ oral word reading fluency.
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Regarding RQ2 “Would the two VAS-based interventions be effective in bringing
about improvement in VAS in the Mandarin-speaking children and adults with
difficulties in VAS, and reading or spelling?”, the prediction was that the two VAS-
based interventions would be associated with significant improvement of VAS but the
non-VAS-based intervention would not.

The findings were partially in line with the prediction. VAS was found to improve
following the two VAS-based interventions, however, the NVT was also associated
with improvement in VAS, although not for as many participants. These results are in
accord with those of Valdois et al. (2025) and Zoubrinetzky et al. (2019) who
reported more improvement in VAS with a VAS-focused than non-VAS focused
training. By contrast, NVT was associated with improvement in VAS for Child 3,
Child 4 and Adult 2. A potential reason may be that the three participants all had
poor RAN suffered from RAN skills in picture. RAN involved the oral retrieval of
pronunciation of items and may also share cognitive processes with VAS, as
mentioned above.

The group analyses revealed that improvement in global report and v1b correct
RTs was significantly greater following WWT and V1BT than following NVT, but
there were no differences in v1b correct RTs for the two VAS-based interventions.
These findings are in accord with those of Zoubrinetzky et al. (2019) indicating a
larger increase in VAS after VAS training and a much smaller increase in VAS after
phonological training. Zoubrinetzky et al. suggested that VAS-related interventions
improve VAS more than non-VAS-related interventions because VAS-related
interventions require rapid multi-element processing in conditions of presentation

time that favour parallel processing.
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The group analyses also revealed that different deficit groups differed in patterns
of improvement across intervention types for global report and v1b correct RTs. The
improvement in global report following NVT for the VO group (but not for the VPD
group) was significantly lower than following the two VAS-based interventions. These
results may be due to no influence of PA deficits, so for VO participants without PA
deficits, the NVT showed least training effects on VAS.

More importantly, V1BT was significantly better than WWT in the increase of
global report for VO group than the VPD group. That may be because the VO
participants did not have problem in PA disorder, so the pure visual training targeting
multiple item processing could directly benefit their VAS. It showed the great
effectiveness of pure visual training based in VAS to participants only with VAS
deficits. The result also suggested that poor readers only with VAS deficits may be
due to restricted visual attentional window, according to the Multitrace model
framework, as mentioned in the Section 4.2. By contrast, the VPD showed more
improvement in global report after WWT than V1BT but there were no significant
differences in global report between the two interventions for the VO group. This may
suggest double PA and VAS deficit of these participants may be due to weak top-
down support from the orthographic lexicon, as mentioned in the Section 4.2.

Consistently, the analyses showed that more VPD participants revealed
improvement in VAS tasks than VO participants, which was because VPD
participants had poorer performance in VAS than VO groups before intervention (see
the Tables for case profiles). The lower the baseline of VAS the VPD participants
have, the greater improvement could possibly be obtained. To check this
assumption, correlational analyses were conducted with pre-test z scores and the

improvement scores (the final post-test score minus the pre-test score) for VAS
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(global report, partial report, v1b accuracy and v1b correct RTs). Results showed
that there was a significant correlation between pre-test scores and the improved
scores in terms of global report (r=.70%). It suggested that the difficulty level in global
report before training may associate with its improvement after training.

Moreover, the Venn diagrams showed that relatively more participants showed
improvement in global and partial report after WWT than V1BT, while relatively more
participants showed improvement in v1b accuracy and correct RTs after V1BT than
WWT. Kohnen et al. (2008) and others have suggested that WWT enhances
orthographic representations and correspondingly, top-down feedback allows for
improved function of orthographic working memory. Perfetti and Hart (2008) argued
that a higher lexical quality would benefit word retrieval. Thus, compared with V1BT,
WWT showed better effects in global and partial report. By contrast, VABT improved
performance in the v1b task, due to improved bottom-up processing (Zhao et al.,
2019).

Regarding RQ3 “If the whole-word training is accompanied by improvement in
reading and spelling, do the effects generalise to untrained words?”, the prediction
was that generalisation of improvement to untrained words could also be found in
spelling in Chinese after the WWT.

The results were in line with the prediction. The findings in the current study
showed significant spelling improvement of trained characters (between 22% and
88% increase in accuracy across participants). The results are in line with Kohnen et
al. (2008) who reported a high percentage improvement of trained words (60% to

90%, see Table 38) in English.
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Intervention Studies Involving Generalisation Effects of Untrained Words in Spelling

Studies Methods Misspelt words Duration Findings
Brunsdon et al. | Whole-word 222 irregular words Four weeks | Generalisation effects
(2005) training 48 homophones
(spelling and Accuracy in trained words: 14.86% to
reading) 67.12%
Accuracy in untrained words: 21.1%
to 27.6%
Roncoli & Whole-word 34 for trained words Four weeks, | Generalisation effects
Masterson training 34 for untrained words | one hour
(2016) (spelling: (regular + irregular, each week Accuracy in trained words: 79%, 76%,
flashcard + from 174 words in total) 82%, 71% ( Post-test 1, 2, 3, 4)
mnemonic Accuracy in untrained words: 35%,
strategy) 41%, 50%, 50% ( Post-test 1, 2, 3, 4)
Kohnen et al. Whole-word Trained words: 42 22 weeks Generalisation effects
(2008) training words
(spelling) Untrained items: 176 Accuracy in trained words: 60% to
words 90%
(from 19% to 20% at baseline)
Accuracy in untrained words: 37%-
38%
(from 16% to 18% at baseline)
Sage & Ellis Whole-word Trained words: 15 Two weeks, | Generalisation effects
(2006) training words one hour per
(spelling) Untrained words: 15 week Accuracy in trained words: 60% to
words 66.7%
Accuracy in untrained words: 6.7% to
Partially trained words: 20%
15 words (not trained, Accuracy in partially trained words:
but one neighbour of its 40% to 66.7%
was trained)
My study Whole-word Trained words Six weeks, Generalisation effects
(Study 3) training Untrained words 1.5 hours
(spelling) each week Accuracy in trained words: 22.29% to

(the number of words
depending on
individuals)

88.43%
Accuracy in untrained words: 29.52%
to 84.30%
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It should be noted that half of the participants in Study 3 had poor spelling as well
as poor reading (Child 4, Child 5, Child 6, Adult 2 and Adult 3), but significant
improvement was still found in all participants, not only for participants with spelling
difficulty but also for participants without spelling difficulty. This highlights the
effectiveness of WWT. Nearly all previous studies with WWT reported amelioration
effects. For example, Rowse and Wilshire (2007) compared the effects of
phonological intervention and WWT in the reading of dyslexic children. Roncoli and
Masterson (2016) explored the effectiveness of WWT in improving the spelling of a
boy with spelling difficulty. To my knowledge, this is the first study to examine the
influence of WWT on the spelling of participants with reading difficulties.

Generalisation of the improvement in spelling accuracy to untrained words (30%
to 84%) was observed in all participants in Study 3, which is in line with the findings
of Sage and Ellis (2006), Kohnen et al. (2008) as well as Roncoli and Masterson
(2016) (please see Table 38). As mentioned in this chapter, Sage and Ellis (2006)
suggested that an increase in activation in a target’s neighbour in the lexicon due to
the intervention allowed the target to receive support within the OWM due to
cascading activation. So, the untreated words that were orthographic neighbours of
the treated words improved as a result of WWT. Chinese characters are composed
of radical combinations. Different organisation of these radical combinations
produces different characters. The generalisation effects in untrained characters in
Chinese could be ascribed to the activation of similar radical combinations of the
trained characters in the OWM (39 trained-49 unrtained-79.59%).

Compared with the generalisation effects of untrained words in English reported
by Roncoli and Masterson (2016, from 35% to 50%), and Sage and Ellis (2006, from

6.7% to 20%), relatively higher accuracy of untrained words after WWT were found
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in nearly every participant (at least above 67.13%), except for Adult 2. Such higher
accuracy of untrained characters after WWT may be due to differences between
alphabetic languages and Chinese language, basic spelling skills of participants, and
training hours. First of all, there is the grapheme-phoneme correspondence rule in
alphabetic languages, but not in Chinese. Untrained words included in Roncoli and
Masterson (2016) and Sage and Ellis (2006) include some regular words that are
mainly produced through the grapheme-phoneme correspondence rule, but
untrained words in Chinese do not include such words due to the Chinese writing
system, so all of the untrained words in Chinese can be produced only by visual
processing.

So relatively, more untrained words with the orthographic neighbours in Chinese
than alphabetic languages could be activated in lexical orthographic representations
(from Mo, 2023, see Figure 8). Also, several trained words could activate many

untrained words, because there are only five basic strokes in Chinese (i.e., —, |,
), »,and 2) (Liu et al., 2016), so although different radical combinations are

based on the five strokes, the number of radical combinations is still much more
limited than the number of 26-letter combinations. Correspondingly, there are more
similarities between trained and untrained words in Chinese than alphabetic

languages, thus higher accuracy percentage being obtained. For example, ‘&' as
a trained character may activate the writing of the following untrained characters’
. % B, HE' ,duetothesimilar ‘» as the same radical at the bottom

position of these characters.
Secondly, not all participants in Study 3 have spelling difficulties, so this could

mean that participants without spelling difficulties have relatively good spelling, which
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may mean that it is easier to activate more untrained words due to their better
storage in the orthographic lexicon than for participants with spelling difficulty.
Thirdly, the training duration of WWT in this study (nine hours) is longer than four
hours of Roncoli and Masterson (2016) and two hours of Sage and Ellis (2006) so
this may have led to greater generalisation effects. Thus, these differences from
previous studies may have led to the greater generalisation levels observed.

The qualitative spelling error analyses revealed that different types of spelling
errors were made before and after WWT. Before WWT, more orthographic errors
(especially involving deletion) and ‘no responses’ were made, while after WWT,
participants still made the greatest number of orthographic errors, with addition
errors accounting for the largest proportion of the orthographic errors and a reduction
in the number of ‘no responses’. The results are in line with those from Study 2.1b,
where it was observed that poorer adult spellers made larger percentages of deletion
orthographic errors, while better spellers made a larger percentage of addition
orthographic errors. This change could be due to improved VAS function following
WWT, so that more detailed orthographic representations could be formed, or else
retention of the written form for output was improved.

Regarding RQ4 “What is the poor readers’ pattern of responses across array
positions in the global report task, the partial report task, v1b accuracy and v1b
correct RTs?”, the prediction was that compared with participants without reading
difficulty, poor readers with poor VAS may show lower performance across positions
in nearly all VAS tasks. Also, patterns of responses of poor readers in VAS should
be different from the ones of readers without reading difficulties.

Results were in line with the prediction. Comparisons of position accuracy

between participants without reading difficulty and the poor readers/spellers with
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poor VAS revealed that the participants with poor reading and VAS had lower
position accuracy across nearly all positions in all VAS measures than participants
without reading difficulties. There were also different patterns in VAS tasks for the
participants with deficits in reading and VAS.

For children, patterns in global report, partial report, v1b correct RTs were
significantly different from those of the TD children. Unlike the TD children
(discussed in Study 1c, Chapter 2), poor child readers did not show a left-right
asymmetry and a leftward letter advantage in global report, but showed a
symmetrical trend with the highest accuracy in the centre position. At the same time,
poor child readers’ pattern in partial report did not show a ‘w-shape’ as reported in
Study 1c. Poor child readers’ accuracy in Positions 2 and 3 were significantly lower
than those of the TD children. They appeared to process the centre array items well
in partial report, which may be due to less influence of visual crowding from
neighbouring array items (as discussed in Study 1c). V1b correct RTs at Positions 3
and 4 were also significantly different from the pattern for the TD children. Their V1b
correct RTs at Position 3 were signficantly shorter than those of the TD children, but
their V1b correct RTs at Position 4 were significantly slower than those of the TD
children.

For adults, the pattern of v1b correct RTs of the poor readers with VAS deficits
was significantly different from that of the skilled readers, especially in Positions 1, 2
and 4. The pattern of v1b correct RTs did not show a ‘v’ shape, as found in Study 1c,
because the shortest RTs were at the centre and final positions. Similarly, in the v1b
task, the pattern of the poor adult readers was different from that of the skilled

readers. These findings for the children and adults are in line with those of existing
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studies mentioned in Chapter 1 of Prado et al. (2007), Valdois et al. (2003), Valdois
et al. (2011), Zhao et al. (2018b) and indicate atypical attention allocation.
4.7 Conclusion

This study involved examining the effectiveness of three types of intervention in
relation to improvement in reading fluency and VAS in Mandarin-speaking children
and adults with difficulties in VAS and reading/spelling.

The case series analyses showed the improvement of reading fluency and VAS in
individual cases. In the case series analyses, not every intervention was observed to
be effective for every participant, but every participant benefited from at least one
intervention in terms of reading fluency. Discrepant results in reading and VAS of
several cases could be due to poor RAN skills. All participants had difficulties in at
least one of the VAS measures. Half of them had poor RAN skills (poor RAN: Child
3, Child 4, Adult 1, Adult 2 and Adult 3), which may suggest shared underlying
processes between RAN and VAS, as discussed in Study 1 and previous studies
(Chen et al., 2019; Moll et al., 2009; Nielsen & Juul, 2016; Stainthorp et al., 2010;
Van Den Boer et al., 2014; Ziegler et al., 2010).

The group analyses revealed greater improvement for the VAS-based
interventions, in relation to silent reading fluency, global report and v1b correct RTs,
than the non-VAS-based intervention. The types of interventions showed different
effectiveness for groups with different deficits in the improvement of reading fluency
and VAS. For example, WWT showed better effects in silent sentence reading
fluency for the VPD group than the VO group. V1BT showed better effects in global
report for the VO group than the VPD group.

The analyses revealed improvement following training in reading fluency of every

case, irrespective of participants’ age and deficit group. Relatively, more participants
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showed improvement in global and partial report following WWT than after V1BT,
while relatively more participants showed improvement in v1b accuracy and correct
RTs following VABT than WWT.

Results for spelling at post-test with WWT showed generalisation to untrained
items in all the participants in Study 3. Qualitative analysis of the spelling errors
showed a change in the types of errors made (less deletion errors and more addition
errors) which may indicate a change in the visual attentional window after WWT.

In summary, the VAS-based interventions were associated with significant
improvement in reading fluency and VAS, and the improvement was significantly
better than that observed with the non-VAS-based intervention. After WWT
generalisation effects to untrained characters occurred. Poor readers with VAS
deficits showed different patterns in the VAS tasks from the participants without
reading difficulties, suggesting atypical attention allocation.

Limitations

There are some limitations of Study 3 that need to be considered. The study
involved comparing the effectiveness of three intervention types. Although it was
important to include the three the total duration of the study was long (eight months,
including wash-out and retesting periods). Some children reported fatigue during the
interventions, especially the third one. The training time for the adults was variable,
due to their different work schedules. Thus the effectiveness of intervention may
have been detrimentally affected due to lack of time spent on training, but it is not
possible to ascertain this.

Secondly, there are no established phonological training programmes available
for speakers of Chinese, unlike English such as Hatcher’s Sound Linkage

programme that is only available in English. The phonological training employed was
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from a Master’s dissertation study conducted in China, so the comparison of
intervention types could be better if more standardised phonological training were
used. Thirdly, the reading tasks employed in Study 3 were oral word reading and
silent sentence reading, without the oral sentence and silent word tasks, because no
poor readers with difficulties in oral sentence or silent word performance were found,
except Child 2 who had low scores in oral sentence reading fluency. Thus, although
the effectiveness of VAS-based interventions in silent reading was significant, it is
not possible to know whether it was because the VAS-based interventions benefited
sentence-level reading, or benefited silent mode reading rather than oral reading. It
will therefore be informative to explore this issue in future studies. Finally, unlike
WWT, that involved interactive communication with the experimenter, V1BT was
conducted via computer, tablets, or phones by participants in a self-paced way. Such
differences may have affected engagement/effectiveness in V1BT.

For future research, it will be important to record the amount of time spent
engaged in the tasks. It will also be informative to conduct a replication with larger
samples of participants and with training that involves different types of attention

processing to contrast results.
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Chapter 5: General discussion and implications

So far, much research is over-reliant on English, together with a handful of
Western European languages, to study reading development. An appreciation of the
specifics of the particular language (or languages) and orthography (or
orthographies) a child is learning to read within the broader context of global
linguistic, orthographic, and cultural diversity is crucial not only for a deeper
understanding of learning to read a specific language but for a truly global non-
ethnocentric science of reading (e.g., Share, 2025). Share (2025) emphasises the
importance of the end-goal of reading fluency. He claims a universal 3-stage
progression from pre-readers to skilled readers from analytic-type reading in novices
to the build-up of morphemic then whole-word reading, which must become very
efficient in order to read fluently and be able to understand text. According to this,
unlike alphabetic languages, Chinese, as a logographic language with characteristics
of the highest level of visual complexity and no grapheme-phoneme
correspondence, was investigated in this research. As mentioned in Chapter 3, Su
and Samuels (2010) indicated the developmental trend of processing Chinese
characters from an analytical to a global mode. The findings of my research support
the theory put forward by Share (2025) and Su and Samuels (2010) for this
developmental progression in reading and also in spelling.

The literature review in Chapter 1 revealed the importance of VAS in literacy
across languages regardless of the VAS paradigms used, in particular for Chinese
due to its higher visual complexity through cross-sectional and intervention studies.
However, the existing cross-sectional studies investigating the relationship between
Chinese and VAS did not provide a comprehensive picture due to various reasons,

including participant samples from only a single age group, use of one type of VAS



277

paradigm, and/or one type of reading task. The existing intervention studies in VAS
with Chinese participants with reading difficulties were also subject to limitations,
such as the employment of a range of types of VAS-focused exercises, which meant
that it was not possible to ascertain which type of training was effective. In addition
the intervention studies did not utilise control training programmes, the training has
been conducted with children only, or detailed background testing of participants was
not carried out. This thesis sought to address these issues and to increase our
understanding of the role of VAS in Chinese reading and spelling.

5.1 Implications for theory

Study 1 exploring the unique prediction of VAS to reading fluency of children and
adults, revealing the importance of orthographic processing in Chinese literacy. The
development trend of VAS with age growth suggests the increasing significance of
global not the analytical processing in literacy acquisition.

Study 2 as the spelling research found the poor adult spellers accompanying with
poor VAS, suggesting the overlapped of VAS based on the Multitrace Memory Model
and orthographic working memory based on the Dual-Route Model.

VAS-based interventions showed significant improvements in reading and VAS of
participants with poor literacy skills and VAS, which supports the causal relation
between VAS and reading fluency. Some participants with VAS deficits but intact PA
were found, which suggested the independence between VAS and PA according to
the Dual-Route Model.

These findings can help better understand multielement parallel processing in
Chinese literacy in terms of position pattern of attention allocation, predictive roles,
developmental trend and its influence on literacy and VAS. At the same time, the

results of this research are in line with prior research in Chinese (Huang et al., 2019;
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Ren et al., 2023; Zhao et al., 2018a, 2018b; Zhao et al., 2019) and alphabetic
languages across transparencies (Arabic: Awadh et al., 2022; English: Roncoli &
Masterson, 2016; Dutch: Van Den Boer et al., 2015; French: Awadh et al., 2016;
Bosse et al., 2007; Bosse & Valdois, 2009; Lallier et al., 2014; Lobier et al., 2013;
Zoubrinetzky et al., 2019; Greek: Niolaki & Masterson, 2013; Niolaki et al., 2020). It
means the findings in the current research provides the theoretical evidence of VAS
in the Multitrace Memory Model and supports the common role of VAS across
languages, which thus would build a solid theoretical foundation to conduct
interventions according to language processing models to dyslexics and
dysgraphics.
5.2 Clinical and Educational Implications

As noted at the beginning of the chapter, the field of reading research has been
largely dominated by studies with alphabetic writing systems from a handful of
western European languages (e.g., Coltheart, 1981; Démonet et al., 2004; Nicolson
et al., 2011; Shaywitz, 1998). The research has involved, in addition to the study of
literacy acquisition, the identification of reading and spelling difficulties and
intervention programmes to ameliorate the difficulties. For example, many UK
schools have implemented early interventions to provide reading support for children
whose reading is behind expected levels. Due to the recognition of phonological
deficits, many specialised books with systematic phonological awareness activities,
such as a series of P.A.T books by Jo Wilson and flashcards, have been published
and widely used for behavioural interventions. However, due to the late start of
research on reading in China, little relevant research has been conducted. So far,
several researchers in Hong Kong have started to focus on exploring literacy

processes and reasons for literacy difficulties in Chinese children (mainly in
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Cantonese and traditional Chinese scripts) (e.g., Chung & Ho, 2010; Law et al.,
2005; Law & Leung, 2000; McBride et al., 2018). Accordingly, there are some
specialised institutions, such as the Dyslexia Association of Hong Kong, that provide
diagnoses and interventions in Hong Kong. At the same time, literacy assessments
developed by Ho et al. (2007) are specialised for Hong Kong children, namely The
Hong Kong test of specific learning difficulties in reading and writing for primary
school students-[HKT-P (I1)].

However, none of these facilities exist in Mainland China. In Mainland China,
Mandarin and simplified Chinese characters are used, which are largely different
from Cantonese and traditional Chinese scripts used in Hong Kong in terms of
complexity and pronunciation. As mentioned in Chapter 1, simplified Chinese
characters are supported with the pinyin system in early instruction, but traditional
Chinese characters are memorised through rote repetition. There are more strokes
and radicals of traditional Chinese characters than simplified ones. Thus, the above
professional assessments and interventions from Hong Kong focusing on Cantonese
and traditional Chinese cannot be used in Mainland China. Rose (2006, 2009) noted
that early literacy intervention could improve the prospect of improvement for
children with reading difficulty.

In light of the importance of VAS in Chinese literacy of Mandarin-speaking
children found in my research, VAS-based training projects thus could be considered
in clinical interventions. Activities targeting multiple simultaneous processing could
be used in primary schools to improve early literacy, such as in the format of games
used by Valdois et al. (2025). The results of intervention studies in Study 3 indicated
the better effects of VAS-based interventions than the phonological intervention in

VAS and silent reading fluency. More importantly, every participant in Study 3
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showed improvement in reading at least after one VAS-based intervention. At the
same time, this action could ameliorate the disorder in VAS and literacy of children.
Unlike phonological training requiring interactive responses between the
experimenter and participants, VAS-based training, especially as VABT (10-20 mins),
could be conducted by participants in the software at their own pace, which
increases the possibility of conducting this intervention in children’s study life at
school or home. VAS-based interventions could be used in children’s daily practice
at a young age without any cost, which would be beneficial to their future reading.
On the other hand, nearly all interventions have been aimed at children regardless
of language (Jones, 2013; Niolaki & Masterson, 2013; Niolaki et al., 2020; Roncoli &
Masterson, 2016; Ren et al., 2023; Valdois et al., 2014; Valdois et al., 2024; Zhao et
al., 2019; Zoubrinetzky et al., 2019). Adults with reading difficulties are usually less
focused. Compared with Mandarin-speaking children, VAS plays a more critical role
in the literacy of Mandarin-speaking adults based on results in Study 1b and Study
2b. This shows the expectation to effectiveness of VAS interventions to Mandarin-
speaking adults. Correspondingly, one of the most important findings in this research
was to show no significant differences in improvement in reading fluency and VAS
between children and adults. Thus, VAS-based interventions could also be
implemented in adults with reading difficulties and achieve the improvements. Adults
could even be trained by themselves according to their available time. At the same
time, the long-term effects of reading fluency and VAS were maintained after
interventions, suggesting a good sustainability of VAS training in clinical applications.
Finally, compared with phonological training (the non-VAS training used in
Chapter 4), VAS training showed the effects on participants’ reading not only with

VAS deficits but also with phonological deficit.
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5.3 Benefits, Limitations and Possibility for Future Research

The studies in this thesis included cross-sectional studies on the reading and
spelling of 56 children and 58 adults using Mandarin and simplified Chinese and an
intervention study to investigate the effectiveness of VAS-based and non-VAS-based
training in children and adults with VAS deficits and reading or spelling difficulties.
The benefits and limitations of the research are discussed next.

In terms of benefits, compared with previous research, the cross-sectional studies
include more literacy-related variables, including not only age, nonverbal ability, PA,
and RAN but also vocabulary, verbal short-term memory, visual short-term memory
and single character identification. In this case, the influence of VAS could be
rigorously examined after partialling out the effect of variables for children and
adults. Secondly, various tasks for reading and VAS were used. As discussed in
Chapter 2, there have been no studies that included various VAS measures in one
study, except for Chan and Yeung (2020). Different VAS paradigms were used and
all VAS variables including reaction times were included. At the same time,
compared with nearly all prior studies that only focused on one type of reading
(except for Huang et al., 2019), multiple types of reading fluency in this research
were used, such as word and sentence reading in oral and silent modes.

Thirdly, various participants speaking Chinese were recruited. Chinese, has an
opaque writing system, with very high visual complexity. Researchers have argued
that VAS is expected to play a more primary role in this language. Different from
most existing VAS studies that only involved children, adults were also investigated.
As for the intervention study, the participants not only had VAS deficits but also PA

deficits. The comparison group for each adult in Study 3 was different according to
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their age group. More conditions were considered than all existing VAS intervention
studies.

Fourthly, most data were collected online due to the influence of COVID-19, which
was different from the traditional way of collecting data face-to-face. However, the
results of visual attention patterns of different VAS variables were found to be
reliable and similar to those in prior studies (e.g., for global and partial report: Awadh
et al. 2016; for v1b correct RTs and d prime: Huang et al., 2019), suggesting the
effectiveness and potentiality of online data collection as a new trend.

Finally, multiple and comprehensive research methods were used to make sure
the convincing of findings. In the analyses of reading, composite scores were
considered, which may provide greater statistical power, as reported by Serlin and
Mailloux (1999). The analyses covered both quantitative and qualitative analyses.
Spelling studies involved participant-based analyses, item-based analyses and
qualitative spelling error analyses. The intervention study included case series
analyses with weighted statistics), group analyses and qualitative spelling error
analyses.

In terms of the limitations of this research, the sample size of all studies could be
increased. The sample size for the intervention study was not enough to conduct
post-hoc tests under the mixed ANOVA analysis. Moreover, there are no
professional institutions and assessments specialised for literacy difficulty in
simplified Chinese. If these become available it will be important to include them in
future studies so that samples of participants can be compared across studies in a
precise way. Furthermore, although the adults were from different places and had
varied socioeconomic status, education levels and ages, child participants were from

a single school grade from one location. However, the use of a national curriculum
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and consistent literacy teaching materials across a number of provinces (including
the one from which the study participants were drawn) mean that the results are
likely generalisable to a wider population of Mandarin-speaking children in the
targeted age range. In a future study, data for older (and younger) children and
adults should be collected to examine potential developmental trends.

The association between VAS and RAN was found in correlation analyses in
Study 1 and in Study 3 in the case profiles before intervention. Some researchers
have also noted the association (e.g., Antzaka et al., 2018; Chan et al., 2020;
Stainthorp et al., 2010). It will be informative to conduct a study to further explore the
relationship between RAN and VAS. The research could also address the issue of
potential overlap between orthographic working memory and VAS, since, as noted at
several points in the thesis the two theoretical constructs seem to overlap in function
a great deal.

A future study for spelling could include additional constructs, such as a measure
of orthographic knowledge since this variable has also been associated with spelling
in Mandarin-speaking children (e.g., Liu & Liu, 2020). Different types of characters,
such as homophones and homographs, can also be employed.

For interventions, neuroimaging techniques such as fMRI, fNIRS and EEG could
be considered to detect potential neuroanatomical change with interventions.
Furthermore, there was no control group for the intervention study, so a waiting list
control group (participants with literacy difficulty) could be added in future.

In closing | return to the discussion at the start of this chapter, where | noted that
much of the research on reading has been over-reliant on English and a handful of
other alphabetic languages. As Share (2004, 2025) points out, this is a strange state

of affairs, in light of the fact that most children around the world learn to read in
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nonalphabetic writing systems (such as abjads for Arabic, syllabic systems for
Japanese Kana). Also, among the languages that use the Roman alphabet, English
is the most opaque (Seymour et al., 2003), and therefore is an outlier. Many authors
have argued that data from different writing systems is needed in order to make
theories of reading applicable to more than a narrow range of alphabetic languages
including English. Although the situation has begun to change, for example with
special issues of journals such as Reading Research Quarterly, there is still a great
need for cross-language investigation of components of reading and spelling. The
current studies aimed to contribute to this endeavour. Research such as this is
important, not only for theory development, but also for understanding underlying

reasons for reading and spelling difficulties, and for effective literacy instruction.
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Appendix A

Post Hoc Test of D Prime of Children and Adults

Children p Adult p
Section 1 2 53 1 2 .26
3 .99 3 .65
4 .99 4 .23
2 3 37 2 3 .91
4 37 4 1.00
3 4 1.00 3 4 .87
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Hierarchical Regression Analyses with Oral Reading Fluency as the Dependent

Variables in Study 1a

Oral word reading fluency

Oral sentence reading fluency

Step AR? AF B t Tol  VIF AR? AF B t Tol  VIF
1 Nonverbal Abil. 0.00 0.05 -0.03 -0.21  1.00 1.00 0.02 0.71 0.13 0.84 1.00 1.00
2 0.59***  10.04 0.59***  10.63

Vocabulary 0.04 030 0.88 1.14 0.12 1.08 0.88 1.14

PA 0.05 044 090 1.11 -0.04 -0.31 090 1.1

RAN comp -0.72** 626 0.88 1.14 -0.71***  -6.33 0.88 1.14

MA -0.01 -0.08 0.86 1.16 0.24* 213 086 1.16

Char. Ident 0.14 125 095 1.06 0.05 049 095 1.06

3 VAS report comp 0.02 2.08 0.17 144 080 127 0.07 785 031 280 079 1.27
Silent word reading fluency Silent sentence reading fluency

Step AR? AF B t Tol  VIF AR? AF B t Tol  VIF
1 Nonverbal Abil. 0.07+ 2.84 0.26+ 169 1.00 1.00 0.03 1.13 0.16 1.06 1.00 1.00
2 0.16 1.45 0.21+ 2.13

Vocabulary -0.05 -0.30 0.89 1.12 0.04 028 088 1.14

PA -0.05 -0.33 0.88 1.14 -0.18 -1.21 089 1.12

RAN comp -0.06 -0.36 0.87 1.15 -0.35*  -2.33 0.90 1.12

MA -0.07 -041 079 1.26 0.34* 220 084 1.20

Char. Ident 0.38* 253 096 1.05 -0.06 -042 094 1.06

3 V1b comp 0.00 0.00 -0.01 -003 091 111 011* 649 -0.36* -255 0.88 1.14

Note:. Nonverbal Abil.: nonverbal ability, PA: phonological awareness, RAN comp: RAN composite z scores, MA:
morphological awareness, Char. Ident.: character identification, VAS report comp: composite scores in the global
and partial report tasks, V1b comp: visual 1-back composite z scores of errors and correct reaction times.

* p<.1, *p<.05; **p<.01; ***p<.001
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Items in the Spelling to Dictation Task with Printed Word Frequencies and Teachers’

Familiarity Ratings

=
@
3
[/}

=2
o
3
@
N

Q
o
)
c

=

o

[0]

]
=

= 1

T

I MM R A EF E IR ESRFA KW E BN

o o
& S

Frequency
English
4.63
3.22
4.88
5.95
4.32
5.27
3.94
4.19
5.51
5.81
414
4.89
5.97
5.66
3.30
5.38
4.34
4.64
5.27
4.58
5.77
4.70
5.05
5.36
5.93
4.71
5.24
4.48
5.49
4.10

Frequency Familiarity

Chinese

4.2
3.26
4.5
4.73
4.82
5.48
4.71
4.79
5.21
4.85
4.06
4.57
6
5.19
4.13
5.58
5.06
4.54
4.26
5
5.48
4.01
5.03
5.52
4.45
3.76
5.28
2.9
5.1
4.24

ltems
ratings
4.8 £ (silence)
4.8 iR (silver)
X (sky)
B (soap)
4.8 E (summer)

S = (temple)

S {5 (trust)

S B (turtle)

S = (wife)

S = (word)

S A (worm)

4.8 W% (council)

S HEK (cricket)

S FIED (footprint)

5 BRA& (friend)

S £ (garden)
4.8 XA (genius
4.8 =R (hospital
4.4 MEJX| (hurricane)
4.6 Higsk (magnet

5 12255 (noise)

S JFRIT (nuisance)

5 0 (peace)

5 B2 (pride)

5 [AJRR (question)
4.6 7348 (sponge

5 BZE (story)
4.6 2%, (vapor)

S EFH(carnival)
4.6 E#E (comet)

Frequency
English
5.26
5.22
5.34
418
5.00
4.32
4.95
3.87
4.96
5.41
417
4.45
3.81
3.38
5.42
5.18
4.29
4.86
3.95
3.89
5.18
3.73
4.66
4.52
517
4.01
5.39
3.57
3.73
3.25

Frequency
Chinese
4.07
4.21
5.43
1.95
4.25
3.84
4.76
4.07
4.22
5.54
4.83
413
2.49
4.55
5.65
4.95
4.37
4.92
3.85
4.11
3.94
3.45
3.23
213
5.72
3.94
5.64
3.41
2.35
4.49

Familiarity
ratings
4.8
4.8
5
4.2
4.8
4.4
5
4.8
4.4

4.2

4.8

(S04 NS BN |

3.8

4.6
4.8

4.8

4.6

4.2
4.2
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Appendix D

Hierarchical Regression Analyses with Spelling Accuracy as the Dependent
Variable in Study 2a

Spelling accuracy

Step AR ? AF B t Tol VIF
1 Nonverbal Abil. 0.01 0.30 0.08 0.55 1.00 1.00
2 0.55*** 7.79
VerbalBack STM 0.14 1.05 0.69 145
VisualSeq STM -0.05 -0.32 0.60 1.68
PA 0.33* 246 066 1.53
RAN picture -0.28* -243 0.87 1.15
MA 0.29* 233 0.77 1.30
Char. Ident. 0.34** 3.00 0.93 1.07
3 Global 0.05* 510 0.27* 226 0.75 1.33

Note:. Nonverbal Abil.: nonverbal ability, VerbalBack STM: verbal digit backward short-term memory, VisualSeq
STM: visual sequential short-term memory,PA: phonological awareness, RAN picture: RAN picture task, MA:
morphological awareness, Char. Ident.: character identification, Global: global report

*p<.05; **p<.01; ***p<.001.



Appendix E

Actual Spelling Errors of the Children

pTT— e o B o 7o v T T T i
1 # (beast) " . blank N3
\%;3 . sho ¥
2 % (blame) N N 5
e i mu | ma ma ma
e
5| f (dsen) > B
B |E %
6 # (dog)
7 4t (drain) blank H%!
B olophan) .
9 (family)
1T
2| % (ghosh quy 7
SR RETT)
[N AT
15 (melon)
16 (money) S o i oy r 3 oy
. D M | & AL il
T F e A fljl‘ ; { @\ 7)1}’ _
T || [ | [ [ | [mr [mf [
) = Z ) = / hi 1
¥ (0 B [§ AL b | [pr [ |
20 | & (pipe) = k=) v ]
e (B 4in @
21 3 (place) —
22 # (pool) /a\
2
e - \
= {room) [
T
i
26 | % (race) g %: ‘g/
27 7 (river) _
= | B Gan /ﬁ {1 “’W hdnq 41]’
25 | % (sea) blank
30 ) (seal) lank
T (soal) l YI‘ n \/)'” E‘TS
31 # (silence] !
(silence) P
32| 48 (siver) -, g7 : 7
yin | 7n o 1l
ERET
Gl T — —— _ S R
240 W 249 g 3 200 | 2440 | & i)
o T 7 /E Tk
3% | % (tomple) [ -y =+ Blank N
- |Gl 7 e hi 5) N
37 3 (trust)
fad 2 (turtle)
» (wite 5 = = =0 =
- 2 & % (B |F | Pi Sl |
40 ¥ (word)
41| ®(worm)
42 Y& (council Y Y i N N i
8 couneh Y\ hui X, v | Yih | v
S| ik (ke | " f
= o | @ i b |
| w9 (oowrn yﬁ@ Uin J n ( E%l; /“‘-
45 | gz (tiend)
4 | 2@ (garden) i? @
L FA (genius)
& | (rospital) VI ‘U E Yuan
49 — 7 \— - . — blank .
e |B|E B B |B E |E |W (B 2 |B B, B
% — 7 y - = 7 T 7 77 y =
R e (i el |l | 9 Zl | chi g |4 Ue | g | chi | cf a
T 7 ] B e 9, ik (4 flank Y 7o &
zou | i 200 Yo, j}g *ﬁ Zao | 3% 750 " T%
2 | s i 2 {44 A
(nisance) N M4 fan -
S| 1% (poace) A
o
5| o e h oo %L /,Z,,g hec k
s | @ ] 7
| T [ |
% | 68 (sponge) i f'nig’\n ﬁ F{J ml'é’ﬂ 1 idn midn
57| a5 (story) g_ E, %_
% | e (vapor) "Z‘ 7}‘}‘ 7 1how NZi wl Z;r ] i) b, Zhen 2 g
# 1 | & N | |k 2N
blank = i _
e — o E = R A
= i CIRIEREE ) Jo | | % [de 3 AR
© | 4 (comen }1 " # b # }lglf $ihg /’-5 het | Wi }u) i A g o hue hol,

324



51 T6wyh 17wg. T8lgl 19sjq 20znx 21syb 22wzh 2311 24yzy 25wz, 26! 27cxy 28wch
1 & (beast) ) blank blank Blank o
8 N
2 %5 (blame) ul{) (%J 771.( IT(\I
3 £ (colour) —
4 H (day)
5  (deer) 3 R
K 23
6 7 (dog) ﬁﬁ
7 F (drain) 57
N
0 & (clephant)
L] & (family)
10 # (father)
T # (four)
72 & (ghost) % W
2 )
(8 % (hand)
1 % (light)
5 T (melon).
16 % (money) ﬁ’j i Z B
2 A 7l
7 R (monkey) {Ii ni I
A ] 1%
18 # (mystery) %) Ny S Y 1 3 AL =
~e || BE K| R 3 mi | BE # %k
19 A (nose) q [z} 'u A %
it ] 5 Vi b’
20 # (pipe) ey s i
pipe) G 1 i) %{&n
21 & (place)
2| e (oo A hi
23 7 (rain) -
2 B (road)
25 % (room)
26 % (race) '» u
27 59 (rive —
e — o g ——— —
47 v ) Pém s han S
£  (soa) ( A
30 ED (seal) blank /
I 97
31  (slence) blank blank
32 18 (siiver) blank
3 X (sky)
34 2 (soap) AN Zdo 1‘2, A 4 [=]
: = |2 |e
3 B (summer) Y\)a
36 % (temple) blank Dank QI 5*\ % \v‘\ 5) S ]\
37 & (trus
38 o blank 4
8 (turtle) k..g‘ U aul
Eg & (wite) 57 o T (r T
2 |4 |F NG 7] l 7
o F (word)
“ & (worm) f
2 W& (counci) 7l U h 7; \’ i ut L
43 IR (cricket) bén Z]aﬂ
44 B9ED (footprint) ! U
7 Wl n
4 A (friend) -
4 %8 (garden) }EJ
o R (genius)
48 B (hospital) ﬂ % ?A/ .
7 4/9\0
49 S8R, (hurricane) E, =2 ! 5 N _)Uv B E = \ 5 — =
= - = | = . B J% BE|E |B
E i (magnet) 7 / i 1 1 CiER { J V te )| i
cl cl q ¢l cl | O% |l thi a1l | €l cl el |[<a
T 2o |1 o BN | e [ (e B |k
z " y 3 7
E A (nuisance) ‘QQ LS mﬁ,/m md f‘m i@
8 0 (peace)
o 33 (pride) > 0y =
% % héo ‘)[\5 2\
5 28 (question) J‘B]
= 7 7 >
T E A midn miéan mint F i
57 3 (story) m 3; )7
= (R 28 |0 | | |y | [ B | E |7
o Mo : -
E - > T ] > g = =
Bt carnival) id Na Tt /‘:ﬁ ))3 Jlg v‘); ﬁp )4 | }]h (178
E3 ] = T 0y N 5 ] 3 ] 1 X S
1R (come) = 2 huw hy) e 0] hgi E< hil hual hil | hud hy
Zy Z = i -
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291j1 30zjx 31hzb 32gjw 33cwhy 34sch 35xmh 36zhz 37In 38shxt 39lyx 40wsm 41lhy 42cyt
1 £ (beast) blank ( blank ‘3’7
\ 9
2 £ (blame) blank blank
3 £ (colour) y
K
4 B (day) ﬂ
5 | (deer) > blank < blank
JE 2 i 9 i
6 ¥ (dog) é
4
7| #i (drain) blank
8 £ (elephant) blank
9 famil 3
R (family) ){3'(
10 | # (father)
1 % (1l >
# (flour) ;/4/[] )
12 | R (ghost) ,‘;& %" blank @
i
2
13 | ¥ (hand)
14 X (light) blank
15 | I (melon) blank
16 | 4 (money) blank @ blank
17 | #& (monkey) D) blank blank V)
18 | & (mystery) \ v:k 7 ' ‘*, ] . blank /Z%
iﬁ P dﬁ “®© Ay M. i =
19 | M (nose) & = (U blank 2 a
§ 7 é 5 A % i = |3
Yl /4 . P
20 | 1 (pipe) 'g,j ,’;' blank blank blank
(57}
21 | i (place)
22 | it (pool) blank fa blank =] blank
=}
R E
23 | & (rain) blank
24 | g (road) l / ) blank
25 | g (room) ) blank blank
26 | # (race) 35 Blank 3 ) 1 blank blank
& ||
% L
27 | s (river) ¥
28 | g (sail) /=" )= blank .{
7 | - gl
7 |
29 | ¥ (sea) blank
30 | £ (seal) 3.,4 ) " blank L/ 7 blank
-t U &
31 | # (silence) (/{? blank
g1
32 | 48 (siver) blank /;/g
w
33 | X (sky) blank
34 | & (soap) ? blank x = blank blank blank blank
152} i | HB
35 | B (summer) blank g
36 \ 2, blank blank
F (temple) 5) 5 * [ S\\ f& ﬂq jan lan
T J
37 | 5 (wust) blank
38 | & (turtle) ‘? blank
i
39 | 2 (wite) % % blank blank % Blank
40 | = (word) ,r; ] blank
5
41| & (worm) - blank
42 | & (council) blank blank
43 | 4Bk (cricket) blank
44 | B9ED (footprint) 1;—] blank Yi / 7 g’/ blank [_, .
l ¢ & b |
45 | B (friend) blank
46 | 78 (garden) blank
47 | ®A (genius) blank
48 | B (hospital) blank
49 | B8R (hurricane) = 7 blank iy blank = — blank = n
E |E aal E | & o
50 | gk (magnet) / blank 9“7(’0 blank [ | blank D
¢ ! Ph | chi i¥
{ 3
51 | s (noise) blank Sy blank blank 2 blank X blank =) blank
L% ank Y 19ax S5 | blank®
52 | i (nuisance) ﬁ ﬁ tf/, blank blank blank
2 74
53 | ¥ (peace) =
54 | 2 (pride) blank blank blank
i ? ;
3
55 | (38 (question) % Z blank
i ‘Al
56 | %4 (sponge) /Ft? [ / blank blank 7 h‘
el =,
g
57| # (story) blank blank
58 | 78 (vapor) blank 2)\5#7 /'f blank blank %‘ﬁ blank
59 | meEse(camival) 5(4 > 2 7 w j blank T >
4 M-y A bint (£ | =
) ALINGLIY | bE %
60 | 2 (comet) g blank ] T blank H TF
= 4 Ve, 7,
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@@=

¥

43cp 44dzz 45T 46songxt | 47xer 48ghw 4920 50lxq | Sizs 529y 53zsy 5awyb S5wmx S65xy
1| # (beast) blank #NA e =0 Blank
& z
2 55 (blame) [
=
3 | & (coloun)
4 | & (day) =
5 JE (deer) blank ]
B # 3
& | #(dog) ,?‘
7 it (drain) blank
8 & (elephant) i
8 | & (family) #NA
10 | % (father)
R IEXXT) 1’6
12 | R (ghost) A ‘-‘ blank
13 | 5 (hand)
141 3 (ight) 7/
4]
15 | i (melon) b
|/ 4
16 | % (money) ?t\
17 | & (monkey) A ,i 7 = ]; W
e N % )}f A% |
18 | g (mystery) z % i} #f y, W, ;* [I¥ XS - 5, P
i , Y Y F ;
L = 2 2 L‘ s f J
19 | ® (nose) (? blank ﬁ z blank 5 ? blank blank
i " |3
20 | % (pipe) blank *’;i 1&)
21 | % (place) é(l:l -
4
22 | 3 (pool) \_Lv 1 y »,
i & g =
23 | 7§ (rain)
24 | B4 (road)
25 | g% (room)
26 * (race) Blank* ‘;ﬁ.‘
)
27 | 53 (river) —
28 | gy (sail) ﬁ? D= N7 blank e =
| 48 ued a7
29 | 5 (sea)
30 | £ (seal) {p /, 7 ; /
i / { b/ { ]
31 | # (silence) +*_
"
32 | 4 (siver)
33 | E(sky)
34 | 8 (soap) = ;{i g )’2 blank 'Li
A7/ :
7 7
35 | & (summer) é g
%
36 & (temple) blank
37| & usy 2]
T
38 | (turtle) blank % (,'
=
39 | & (wite) % blank ) 2 blank
=
Z
40 | = (word)
41| @ (worm)
42 | W (council) 1 -
(7
43 | iRk (cricket)
44 | ggep (tootprint) blank 3 / ) | ’ KE blank !ﬂ blank
45 | g (friend) %
b i e
46 | 7m (garden)
47 | % (genius) | /
48 | EpR (hospital) ;i F
49 | g (hurricane) blank blank 5 = E blank % [0
L ié K E ? (ZPY B
50 | g (magnet) blank | blank blank blank \A’ﬂ’/’ @g blank
¥ -
51 W (noise) blank blank blank blank (‘,”ﬂ blank blank blank W blank
o o
blank
52 | gi#R (nuisance) blank blank blank blank
53 | 1% (peace) blank
54| e (pride) — = blank =
pride ,% {
i | @ =
55 | i3 (question) t %
1
56 | ¥ Z blank
B4 (sponge) B %Q .‘k\g ﬁ, n
2 f L
57| a (story) ] %
58 | e (vapor) blank blank A= J2)= B ,a blank
= é =
59 | meEse(carnival) — blank VAT 5 == %
0 3 %’ /‘( ’Z Y.'
blank "
60 | W (comet) blank blank
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Appendix F

Actual Spelling Errors of the Adults

Poor adults Tsgh 2idg 3ml axe Sam 6dxs Tiyz 8hi 9im 10pdx Atz 12x5 T3imt Tdoy
1 & (beast) \ % :B’
% f i
2 E (blame) !
3  (colour)
4 B (day)
5 R (deer) ﬁ
£ (dog)
(drain)
elephant)
family)
10 father)
11 flour)
12 R (ghost) 'i !
1 (hand)
1 ¢ (light)
1 (melon)
1 (money)
|
17 % (monkey) ]
- £ J 1&
18 i (mystery) E )\l * ﬂ >
& | P %
/|
19 W (nose) ﬁ E ; % g
20 & (pipe) ,%
(place)
# (pool)
(rain)
(road)
25 (room)
%6 (race) ‘27 i
27 T (river)
28 7 (sail)
29 | s (sea)
30 (seal)
31 # (silence) @
32 4R (silver) %
33 X (sky)
34 | 8 (soap) blank %
35 B (summer)
36  (temple)
37 18 (trust)
38 18 (turtle) blank
39 # (wife)
40 F (word)
41 2 (worm)
42 W& (council) blank blank blank blank blank blank
43 #RIR (cricket) Blank blank blank Blank
blank blank
blank_
44 BIED (footprint)
45 | B (friend) blank
46 ek (garden)
47| % (genius)
48 BB (hospital) E
49 B8R, | ] blank (
(hurricane) e 5
50 BBk (magnet) blank ﬁt blank blank
51 W (noise) T blank E blank A blank H
3 7 7 r
. “blank
52 Rt Blank
blank
(nuisance)
53 | F0F (peace)
54 B3 (pride) blank
55 | il (question)
56 | 1 (sponge) H blank ‘ ﬁ
57 B (story)
58 7&S, (vapor) blank T . blank =
\ ,. &l 30
k P ¢ z %70
59 Blank
B Blark = 2 f
(camival) l Dliank n L]
blank
60 HE (comet) g .# blank g g I blank ﬁ g blank 1 ]
Cablank 12 AU blank - %//
| blank blank blank
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16ss T6lys TTyw 18jhy Towy 20pdx 21hih 22ww 23bb 24zjy 25hy 261 27wx
1 # (beast) )\é ?
B
2 £ (blame)
3 & (colour)
4 E (day)
5 & (deer) Kﬂf
ko)
6 #) (dog)
7 # (drain)
8 & (elephant)
9 & (family)
10| (rather)
11| 3 (flou)
12 2 (ghost)
13| (hand)
14 % (light)
15 JI-(melon) A,
16 | 4 (money) _
7 ke ] y Z ]
W e | B R | [B%
18| it (mystery) ‘!g zl \! I! ' '.\\\%\:/
Ai v
i ? IR b i % :
20  (pipe) %
21 3 (place)
22 7 (pool)
23| @ (rain)
24 B (road)
25 % (room)
26 # (race)
27 59 (river)
28 A (sail)
29 7 (sea)
30 £0 (seal)
31 # (silence)
32 18 (silver)
33 | FEsky)
34 2 (soap) %
35 B (summer) blank
36 2% (temple) ?
37 18 (trust)
38 | B (urtie)
39  (wife) blank {% ﬁ
40 < (word)
41 | = (worm)
42 | %2 (counci) blank blank blank
43| 4K (cricket) blank
44 | B9ED (footprint)
45 A% (friend)
46 7 (garden)
47| R (genius) .
48 [EE% (hospital)
49| 4R (huricane) ﬂ!' Blank } ﬂ m % Blank =
50 [ gk (magnet) 4L
51 [ w# (noise) 5 iz blank blank blank
52 | il (nuisance)
53 0¥ (peace)
54 | &8 (pride) ﬁ
55 {8 (question)
56 | 4 (sponge) % ;rq! m E
1
57 | &% (story) -
58 7= (vapor) -\‘." blank N ‘%V: . blank blank blank = % \: r
\ }l . { ‘
e 4
59 FEF 1 (camival) 1 * % :‘I::: %
. Phiank el E
blank blank
] - ey
60 | 2 (comet) 33, ,ﬁ ;g ]&‘ blank I ﬁ' ,3 blank g
U { ! (&4 Sblank el ="
- M blank blank
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Betier adults

ifn

3

aiyr

Sshx

62ty

Twdw

8pp

Swwy

10grg

12ime

13zwb

T4t

#E (comet)

i

=
1 & (beast) E jl
2 2 (blame)
3 £ (coloun)
4 H (day)
5 & (deer)
6 £ (dog)
7 #§ (drain)
8 # (elephant)
s & (family)
10 # (father)
1" # (flour) _
i i3 i
13 F (hand)
14 £ (light)
15 1 (melon)
16 4 (money)
17 #& (monkey) K
18 B (mystery) 8\7
19 B (nose) % } % %’
\
20 E (pipe)
21 i# (place)
22 3 (pool)
23 B (rain)
24 B (road)
25 2 (ro0m)
26 # (race) i
27 ] (river)
28 £ (sail)
29 15 (sea)
30 ED (seal)
31 # (silence)
32 48 (silver)
33 X (sky)
34 2 (soap)
35 B (summer)
36 % (temple)
37 {8 (trust)
38 B (turtle) 12
3 2 (wife) %’
40 % (word)
41 & (worm)
42 %2 (council)
s I (cricket)
“ B9ED (footprint)
45 B (friend)
46 (garden)
47 XA (genius)
a8 EEFS (hospital)
49 B8R (hurricane) E‘E
50 ik (magnet) gt Q L)
51 W (noise) blank
52 RS (nuisance)
5 0¥ (peace)
54 E% (pride)
55 {388 (question)
56 94 (sponge)
57 0 (story) .
| 1 7 4
oS Z ‘/(L— J 4 %/ £ZU Y R0 3 7
W Z d ) Vv 7
B} Przry— 5
60 blank q
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1520y 16my A7chl 18ann 19cuiy 20ckw 21zck 22Ih 232yn 24iht 25cdy 26hzh 27iyh 28jm
1 # (beast) %
2 £ (blame)
3 & (colour)
4 B (day)
5 1B (deer)
§ %) (dog)
7 # (drain)
8 % (elephant)
9 R (family)
10 # (father)
1" 3 (flour)
12 9-(ghost) .
13 F (hand)
14 ¥ (light)
15 JIL (melon)
16 4 (money)
17 # (monkey)
|
18 it (mystery) *
19 B (nose) B
%
20 # (pipe)
21 3 (place)
22 % (pool)
23  (rain)
24 B (road)
25 5 (room)
26 % (race)
27 5 (river)
28 A (sail)
29 # (sea)
30 £) (seal)
31 # (silence)
32 18 (silver)
33 X (sky)
34 S (soap) blank
35 B (summer)
36 % (temple)
37 1& (trust)
38 8 (turtle)
39  (wife)
40 = (word)
41 & (worm)
42 £ (council)
43 HRER (cricket)
44 BIED (footprint)
45 B (friend)
46 725 (garden)
47 X7 (genius)
48 R (hospital)
49 B8R (hurricane) m \ |
, 1
50 Bk (magnet)
51 BT (noise)
52 R
53 I (peace)
54 £ (pride)
55 /E)E (question)
56 %44 (sponge) ' I ﬁ_
57 W (story)
58 %S (vapor) "i! '* '(L f.s &‘
blank i'ﬁu L Y
59 B 4F 46 (carnival)
i g

HE (comet)

laez)




29wty 30zl 31
1 £ (beast)
2 £ -(blame)
3 & (colour)
4 H-(day)
5 FE (deer)
6 ) (dog)
7 #E (drain)
8 R (elephant)
9 K (family)
10 # (father)
11 # (flour)
12 R -(ghost)
13 ¥ (hand)
14 # (light)
15 JIL-(melon)
16 4 (money)
17 % (monkey)
18 i (mystery)
19 B (nose) g
[
20 # (pipe)
21 iy (place)
22 7 (pool)
23 = (rain)
24 B% (road)
25 & (room)
26 & (race)
27 39 (river)
28 it (sail)
29 7§ (sea)
30 £ (seal)
31 ## (silence)
32 4R (silver)
3 % (sky)
34 5 (soap)
35 B (summer)
36 3 (temple)
37 {5 (trust)
38 £ (turtle)
39 # (wife)
40 = (word)
41 = (worm)
42 & (council) %
43 HREK (cricket)
44 BPED (footprint)
45 A% (friend)
46 722 (garden)
47 KA (genius)
48 =Rz (hospital)
49 B8, (hurricane)
50 B¢k (magnet) zq
51 blank

BRE (noise)
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52 FRf (nuisance)

53 FISE (peace)

54 B8 (pride)

55 j2)l (question)

56 7§48 (sponge)

57 U (story)

58 7=, (vapor) Z//L) blank %

59 B %5 (carnival) i | '
™

60 HE (comet) ?

~l

52 FFFYA (nuisance)

53 I (peace)

54 3 (pride)

55 {a)# (question)

56 #48 (sponge)

57 B (story)

58 7%= (vapor) @J blank /2-
. ﬂ,

59 B 4E(carnival) i |
L4

60 #HE (comet)

"
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Appendix G

Intervention Phases of All Participants
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Children

Intervention type Intervention time Frequency Duration

WWT 45 mins per session Twice a week 90 mins

V1BT 15-20 mins per session  Five times a week  75-100 mins

NVT 45 mins per session Twice a week 90 mins
Order of interventions

Child 1 XMH WWT+V1BT+NVT

Child 2 SONGXT VIBT+NVT+WWT

Child 3 GHW NVT+WWT+V1BT

Child 4 QJW WWT+V1BT+NVT

Child 5 SHANXT VIBT+NVT+WWT

Child 6 ZN NVT+WWT+V1BT

Adults

Intervention type Intervention time Frequency Duration

WWT 90 mins per session Once a week 90 mins

V1BT 15-20 mins per session  Five times a week  75-100 mins

NVT 90 mins per session Once a week 90 mins
Order of interventions

Adult 1 HL VIBT+NVT+WWT

Adult 2 LM WWT+V1BT+NVT

Adult 3 ZJF NVT+WWT+V1BT
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Appendix H
Influence of Order of Intervention and Time on Reading and VAS

Mixed ANOVA was used to test order of intervention and Time (pre, post
intervention 1, post wash-out 1, post intervention 2, post wash-out 2, post
intervention 3, the follow-up test) in terms of oral and silent reading fluency, as well
as VAS. The results showed that for oral and silent reading fluency, the main effect
of Order of Intervention was not significant (oral: F (2, 6) = 0.92, p=.45; silent: F (2,
5) =1.97, p=.23), but the main effect of Time in silent reading fluency was significant,
silent: F (6, 30) = 5.23, p=.00), but the main effect of Time in oral reading fluency
was not significant, oral: F (2.36, 14.18) = 3.25, p=.06. The interaction effects were
not significant, oral: F (4.73, 14.18) = 0.56, p=.72., silent: F (12, 30) = 1.04, p=.44.
The changes in oral word reading fluency and silent sentence reading fluency are

shown in Figure 25.
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Figure 25

Changes in Oral Word Reading Fluency and Silent Sentence Reading Fluency over

All Interventions
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The ANOVA results showed that for the global report, the effect of order of
intervention was not significant (F (2, 6) = 1.72, p=.26), but the main effect of Time
was significant (F (6, 36) = 4.19, p=.00). The interaction was not significant, F (12,
36) = 0.91, p=.54. For partial report, the main effect of Order of Intervention was not
significant, F (2, 6) = 2.39, p=.17), but the main effect of Time was significant, F
(2.24,13.42) = 8.42, p=.00). The interaction effects were not significant, F (4.47,
13.42) = 1.50, p=.26.

The changes in scores for global report and partial report during the whole project

were separately shown in Figure 26.
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Figure 26

Changes in Global Report and Partial Report over All Interventions
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80

o
~

S2101§

o
o

50

Follow-up test (after two
months)

Post intervention 3

Post wash-out 2

Post intervention 2

Post wash-out 1

Post intervention 1

Pre

Partial Report across Time

1

35

30

v
~

$2401§

o
~

15

Follow-up test (after two
months)

Post intervention 3

Post wash-out 2

Post intervention 2

Post wash-out 1

Post intervention 1

Pre



339

The results showed that for v1b accuracy, the effect of order of intervention was
not significant, F (2,5) < 1, p=.99), and the effect of time was also not significant, F
(6, 30) = 1.21, p=.33). The interaction was not significant, F (12, 30) = 0.50, p=.90.
As for the v1b correct RTs, the main effect of order of intervention was not
significant, F (2, 5) = 1.36, p=.34). The main effect of time was significant, F (1.84,
9.18) = 13.03, p=.00). The interaction effect was not significant, F (3.67, 9.18) =
2.90, p=.09.

The changes in v1b accuracy and v1b correct RTs are shown in Figure 27.
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Figure 27

Changes in Visual 1-Back Accuracy and Correct Reaction Times over All

Interventions
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Overall, the order of intervention did not influence the intervention effectiveness
but there was an effect of time, except for oral word reading fluency and v1b

accuracy.



a. children’s guardians

CONSENT FORM FOR CHILDREN’S PARENTS/GUARDIANS
Please complete this form after you have read the Information Sheet and/or listened to an
ion about the N

Title of Study: Two types of training for visual attention span in Chinese-speaking children with
reading difficulties aged ten to twelve years

Department: Department of Psychology and Human Development

Name and Contact Details of the Researcher(s): Tianyi WANG

Name and Contact Details of the Principal Researcher: Jackie Masterson; Liory Fern-Pollak

This study has been approved by the UCL Research Ethics Committee: Project ID number:

Thank you for considering taking part in this research. The person organising the research must
explain the project to you before you agree to let your child take part. If you have any questions
arising from the Information Sheet or explanation already given to you, please ask the researcher
before you decide whether to join in. You will be given a copy of this Consent Form to keep and refer
to at any time.

I confirm that | that by ti each box below | am consenting to this
element of the study. | understand that it will be that unti initi boxes means
that | DO NOT consent to that part of the study. | understand that by not giving consent for any
one element that my child may be deemed ineligible for the study.

Appendix |
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Consent Forms for Children’s Guardians and Adults

Item Potential consent item
number

Tick
Box

| understand the direct/indirect benefits of my child’s participation.

9. [ I understand that the data will not be made to any cor ial organi

but is solely the responsibility of the researcher(s) undertaking this study.

10. [ I understand that my child and | will not benefit financially from this study or from any
possible outcome it may result in in the future.

11.| I understand that my child will not be compensated for the portion of time spent in the
study (if applicable) or fully compensated if my child and | choose to withdraw.

12.| I agree that my child’s anonymised research data may be used by others for future
research. [No one will be able to identify your child when this data is shared.]

13.| I understand that the information my child and | have submitted will be published as a
report and we wish to receive a copy of it. Yes/No

14.| | consent to my child’s and my sessions with the researcher being audio/video recorded
and understand that the recordings will be stored anonymously, using password-
protected software and will be used for training, quality control, audit and specific
research purposes.

To note: If you do not want your participation recorded you can still take part in the
study.

15.| | hereby confirm that my child and | understand the inclusion criteria as detailed in the
Information Sheet and explained to us by the researcher.

16.| | hereby confirm that:

(a) My child and | understand the exclusion criteria as detailed in the Information
Sheet and explained to us by the researcher; and
(b) My child does not fall under the exclusion criteria.

Item Potential consent item
number

Tick
Box

17.| I agree that my child’s GP may be contacted if any unexpected results are found in
relation to my child’s health.

1. | *I confirm that | have read and understood the Information Sheet for the above study. |
have had an opportunity to consider the information and what will be expected of my
child whose guardian is me. | have also had the opportunity to ask questions which
have been answered to my satisfaction and would like to let the child to take part in:
(Please tick one or more of the following)

-online assessments

-online interventions

N

*I understand that | will be able to withdraw data of my child at any time.

3. | *I consent let my child participate in the study although some his/her personal
information might be explored (Please see the details in the Consent for Child’s
Personal Information section at the end of the document)

4. | *l understand that all personal information will remain confidential and that all efforts will
be made to ensure my child’s information cannot be identified (unless you state
otherwise, because of the research design or except as required by law).

| understand that my child’s data gathered in this study will be stored anonymously and
securely. It will not be possible to identify my child in any publications.

18.| | have informed the researcher of any other research in which my child is currently
involved or has been involved in during the past 12 months.

19.[ I'am aware of who | should contact if | wish to lodge a complaint.

20.] | agree to let my child voluntarily take part in this study.

21.| | would be happy for the educational background and assessment results of my child
and | provide to be archived at UCL, IOE.

| understand that other authenticated researchers (Jackie Masterson and Liory Fern-
Pollak) will have access to my child’s anonymised data.

22.| | understand, as child’s parent/guardian, | can be present during the remote testing but
will not provide any input during the administration of the assessments, which will be
carried out by the researcher.

23.| Overseas Transfer of Data
| understand that my child’s personal data will be transferred to UCL, IOE, and the
necessary safeguards will be put in place IOE.

5. | *l understand that my child's information may be subject to review by responsible
individuals from the University for monitoring and audit purposes.

6. [ *I understand that my child's participation is voluntary and that my child and | are free to
withdraw at any time without giving a reason, without the care we receive or our legal
rights being affected.

| understand that if | decide to withdraw, any personal data my child and | have provided
up to that point will be deleted unless we agree otherwise.

7. | lunderstand the potential risks of my child’s participation and the support that will be
available to my child should | become distressed during the course of the research.

Data Protection Privacy Notice

The controller for this project will be University College London (UCL). The UCL Data Protection
Officer provides oversight of UCL activities involving the processing of personal data, and can be
contacted at data-protection@ucl.ac.uk

This ‘local’ privacy notice sets out the information that applies to this particular study. Further
information on how UCL uses participant information from research studies can be found in our
‘general” privacy notice for participants in research studies here.

The information that is required to be provided to participants under data protection legislation (GDPR
and DPA 2018) is provided across both the ‘local’ and ‘general’ privacy notices. The lawful
basis that will be used to process any personal data is: ‘Public task’ for personal data and
Research purposes’ for special category data. We will be collecting your child” s personal data
such as: age, gender, educational background.

Your child’ s personal data will be processed so long as it is required for the research project. If we
are able to anonymise or pseudonymise the personal data you provide we will undertake this and will
endeavour to minimise the processing of personal data wherever possible.

If you are concerned about how your child” s personal data is being processed, or if you would like to
contact us about your child” s rights, please contact UCL in the first instance at data-
protection@ucl.ac.uk.

UCL Data Protection: [J
Consent for Child’s Personal Information

If you would like us to use your child’s personal information for the research purposes, please tick
the appropriate box below.

* Yes, | understand my child’s following personal information will be used:
- name acronym [OJ

-age O

- gender O

- educational history O

* No, | would not like my child’s any personal information to be explored. O

If you would like your contact details to be retained so that you can be contacted in the future by
UCL researchers who would like to invite your child and you to participate in follow up studies to
this project, or in future studies of a similar nature, please tick the appropriate box below.

Yes, | would be happy to be contacted in this way I No, | would not like to be contacted O

Name of participant Date Signature

Researcher Date Signature



b. adults

CONSENT FORM FOR ADULTS

Please complete this form after you have read the Information Sheet and/or listened to an
explanation about the research.

Title of Study: Exploration of underlying linguistic and cognitive deficits (especially visual attention
span deficit) in Chinese-speaking adults aged 18 to 45 years

Department: Department of Psychology and Human Development

Name and Contact Details of the Researcher(s): Tianyi WANG (tian.wang.20@ucl.ac.uk)
Name and Contact Details of the Principal Researcher: Prof. Jackie Masterson
(j.masterson@ucl.ac.uk); Dr Liory Fern-Pollak (l.fern-pollak@ucl.ac.uk)

This study has been approved by the UCL Research Ethics Committee: Project ID number:

Thank you for considering taking part in this research. The person organising the research must
explain the project to you. If you have any questions arising from the Information Sheet or explanation
already given to you, please ask the researcher before you decide whether to join in. You will be
given a copy of this Consent Form to keep and refer to at any time.

I confirm that | understand that by tickingl/initialling each box below | am consenting to this
element of the study. | understand that it will be assumed that unticked/initialled boxes means
that 1 DO NOT consent to that part of the study. | understand that by not giving consent for
any one element that | may be deemed ineligible for the study.

Potential consent item

Tick
Box

.| I agree that my anonymised research data may be used by others for future research.

[No one will be able to identify me when this data is shared.]

.| I understand that the information | have submitted will be published as a report and |

wish to receive a copy of it. Yes/No

.| | consent to my sessions with the researcher being audio/video recorded and

understand that the recordings will be stored anonymously, using password-protected
software and will be used for training, quality control, audit and specific research
purposes.

To note: If you do not want your participation recorded you can still take part in the
study.

15,

| hereby confirm that | understand the inclusion criteria as detailed in the Information
Sheet and explained to me by the researcher.

.| | hereby confirm that:

(c) I understand the exclusion criteria as detailed in the Information Sheet and
explained to us by the researcher; and
(d) | do not fall under the exclusion criteria.

17.| | agree that my GP may be contacted if any unexpected results are found in relation to
my health.
18.[ I have informed the researcher of any other research in which | am currently involved or

Item Potential consent item Tick
number Box

1. | *I confirm that | have read and understood the Information Sheet for the above study. |
have had an opportunity to consider the information. | have also had the opportunity to
ask questions which have been answered to my satisfaction and would like to take part
in: (Please tick one or more of the following)

-online assessments

-online interventions

*| understand that | will be able to withdraw my data at any time.

[l

*| consent to participate in the study although some of my personal information might be
explored

4. | *l understand that all personal information will remain confidential and that all efforts will
be made to ensure my information cannot be identified (unless you state otherwise,
because of the research design or except as required by law).

| understand that my data gathered in this study will be stored anonymously and
securely. It will not be possible to identify myself in any publications.

5. | *lunderstand that my information may be subject to review by responsible individuals
from the University for monitoring and audit purposes.

6. | *l understand that my participation is voluntary and that | am free to withdraw at any time
without giving a reason, without the care we receive or our legal rights being affected.
| understand that if | decide to withdraw, any personal data | have provided up to that

point will be deleted unless | agree otherwise.

7. | Iunderstand the potential risks of my participation and the support that will be available
to me should | become distressed during the course of the research.

8. | I understand the direct/indirect benefits of my participation.

9. | I understand that the data will not be made available to any commercial organisations

but is solely the responsibility of the researcher(s) undertaking this study.

10.| I understand that | will not benefit financially from this study or from any possible
outcome it may result in in the future.

11.|  understand that | will not be compensated for the portion of time spent in the study (if

applicable) or fully compensated if | choose to withdraw.

has been involved in during the past 12 months.

19.| I am aware of who | should contact if | wish to lodge a complaint.
20.| I agree to voluntarily take part in this study.
21.| | would be happy for the educational background and assessment results | provide to be

archived at UCL, IOE.

| understand that other authenticated researchers (Prof. Jackie Masterson, Dr Liory
Fern-Pollak, and Tianyi WANG) will have access to my anonymised data.

22,

Overseas Transfer of Data
| understand that my personal data will be transferred to UCL, IOE, and the necessary
safeguards will be put in place IOE.

Data Protection Privacy Notice

The con(roller for this pro;ect will be Unlversny College London (UCL) The UCL Data Protection
of UCL i

fficer pi

involving the processing of personal data, and can be

conhamed at data- protectlon@ucl ac.uk

This ‘local”

privacy notice sets out the information that applies to this particular study. Further

information on how UCL uses participant information from research studies can be found in our
‘general’ privacy notice for participants in research studies here.

The information that is required to be provided to participants under data protection legislation (GDPR
and DPA 2018) is provided across both the ‘local’ and ‘general’ privacy notices. The lawful
basis that will be used to process any personal data is: ‘Public task’ for personal data and *
Research purposes’ for special category data. We will be collecting your personal data such as:
age, gender, educational background.

Your personal data will be processed so long as it is required for the research project. If we are able
to anonymise or pseudonymise the personal data you provide we will undertake this and will
endeavour to minimise the processing of personal data wherever possible.
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If you are concerned about how your personal data is being processed, or if you would like to contact
us about your rights, please contact UCL in the first instance at data-protection@ucl.ac.uk.

UCL Data Protection: (]

Consent for Personal Information

If you would like us to use your personal information for the research purposes, please tick
the appropriate box below.

*  Yes, | understand my following personal information will be used:

- pseudonym [

-age O

-gender (]
-educational history (]

*  No, | would not like any of my personal information to be explored. O

If you would like your contact details to be retained so that you can be contacted in the
future by UCL researchers who would like to invite you to participate in follow up studies
(e.g. interventions) to this project, or in future studies of a similar nature, please tick the
appropriate box below.

Yes, | would be happy to be contacted if the interventions take place in the future [J

No, | would not like to be contacted if the interventions take place in the future [J

This study is to know the relationship between a visual skill and your Chinese reading skill. If
you are selected as the further intervention participant and also happy to participate in the
interventions, it is necessary for you to know the aim of interventions that is to compare the
effects of two interventions. The Dyslexia Association of Hong Kong

(https://www.dyslexiahk.com/) will provide related information and support to these
studies.

Yes, | understand this. [J

Name of participant Date Signature

Researcher Date Signature
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Appendix J

Information Sheets for Children, Children’s Guardians and Adults

a. Children

INFORMATION SHRRT FOR CHILDREN

Hello! €€ My name is Tianyi. I study at UCL Institute of Education which

is a University in London. I want to learn more about children and their word
knowledge. I am interested in how much Chinese character knowledge

Chinese children aged 10 to 12 have.

I will give you an online test, and you need to open it via your computer or

iPad at home. When you open it, you will hear a sound of a word and see 4

pictures at the same time. The only thing you need to do is to choose one You may wish to talk with your parents about whether to take part in this

picture that can show the same meaning as word you heard. Don’t worry. study. If you decide not to take part, it is fine.

You will have several practices.

Please tick or color below: YES NO
Do you want to take part? [ ] [ J
May I write about you? [ ] [ ]

May I record your student ID, age, and gender?
I hope you can give us your age, gender, and student ID. Whichever picture

you choose will be kept safe. Nobody is going to know about your name or [ ] [ ]

your school.

Thank You! @&
When you do not want to do the test, you can stop it at any time. You can also

say ‘No’ if you no longer wish to take part in the project .
For more information, please visit this website: https://www.ucl.ac.uk/legal-

Feel free to ask me any questions you have, and [ will be happy to answer. services/privacy/ucl-general-research-participant-privacy-notice



b. Children’s guardians

Institute of Education

Two types of training for visual attention span in
Chinese-speaking children aged ten to twelve years
August 2021-Feburary 2022

Information sheet for parents/guardians

My name is Tianyi WANG, a PhD student in Department of Psychology and Human
Development, University College London (UCL), Institute of Education (IOE). My
supervisors are Prof, Jackie Masterson and Dr. Liory Fern-Pollak in UCL IOE. We
are inviting your child to take in part in my research project, ‘Visual 1-back training
and whole word training for a deficit of visual attention span in Chinese
developmental dyslexics aged ten to twelve years'. Visual attention span (also VAS)
refers to the number of visual elements that can be parallelly processed in a multi-
element array. As a main researcher in this project, | am responsible for carrying out
the and intervention. The IOE as the educational school of UCL is
ranked first in the world for education in the QS World University Rankings, and has
been so every year since 2014,

| very much hope that your child would like to take part. This information sheet will try
and answer any questions you might have about the project, but please do not
hesitate to contact me if there is anything else you would like to know.

Please explain the research to your child and discuss whether or not they want to
take part. | will also ask the children before the task and make it clear that they can
drop out if they wish with no negative consequences.

Who is carrying out the research?

Main Researcher: Tianyi WANG

Principal Investigators: Prof. Jackie Masterson; Dr Liory Fem-Pollak

In the context of COVID-19, what kind of safety measure we will do?

Solutions for hazard 1: Infection trar travelling to & from fieldwork

Members who are responsible for data collection will be asked to plan journeys
ahead and use direct routes. They will be asked to travel at ‘off peak’ times. Before
and after journey, hand sanitiser is encouraged to use. Face coverings are
encouraged to be wore during the journey and data collection, When travelling, they

need to try to in social distancing. The pay is also
encouraged.
Solutions for h d 2: fieldwork sites and shared areas

Members of research team will be asked to face away from other people whilst
passing them. The room for data collection will increase ventilation by opening
windows. Researchers and participants will be asked to use appropriate PPE for the
setting, including hand sanitisers and gloves (and possibly face coverings/masks) as
indicated by government guidance. PPE must not be shared. Ideally, all research
members and participants should wash their hands with soap and water for 20
seconds or more and more frequently than normal. Hand sanitiser will be used
where hand washing is not convenient. Try to avoid the direct contact between

people.

Solutions for hazard 3: heightened risk for vulnerable groups

All researchers have sensitive and comprehensive con tions with individuals
who may be at heightened risk. They must listen carefully to concemns, provide
support and consider adjustments. Adjustments may include undertaking lower-risk
tasks, limiting exposure (for example through reducing working times) and working
from home. All research participants, their parents and teachers will be told the
hazards and risks arising from their participation that may be relevant in the context
of the project.

Why are we doing this research?

About 30% Chinese children have reading difficulty from a visual perspective.
Moreover, children speaking Chinese language than ones speaking western
languages (such as English) are much easier to suffer from reading difficulty in terms
of VAS deficit. So, it is necessary to ameliorate this problem,

Research questions in this study is to know whether children with reading difficulty in
VAS will improve after interventions and even have a long-term improvement, and
whether the whole-word training (WWT) and visual 1-back training (V1BT) will have
different effects.

Why am | being invited to take part?

Assessment results of your child will contribute to this project, which will be collected
to test the reliability of further official assessment at the same age group. Your child
has been invited because he or she as a Chinese native speaker aged 10 to 12 have
eading difficulty and at the same time, he or she has accepted primary education in
China.

What will happen if | choose to take part?

If you agree to let your child take part in this study, your child will participate the
following online assessments and then trainings.

Assessment
« Standard Raven progressive test (26-38 mins)

Children need to select the most matching picture according to the logical
relationship of each question,
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+ Verbal short-term memory test (3-5 mins)

Children need to orally repeat numbers in sequence and in reverse order they heard
from the experimenters.

+  Arithmetic test (4-7 mins)
Children need to orally answer the experimenters’ questi

* Vocabulary test (about 21 mins)

Children need 1o see the pictures in the computer screen and select the most
matching picture according to the audio.

+ Phonological awareness (6-11 mins)

Children need to delete or combine some Pinyin syllables according to the question
requirement.

« Rapid automising naming test (about 5 mins)

Children need 1o see the computer screen and orally report the name of picture at
which the experimenter points as quickly as possible.

* Reading comprehension (10 mins)

Within 10 mins, children need to read two short passages and do the multiple-choice
questions.

« 45s-character reading test (45s)

Children need 1o orally read every character from left to right and from top to down
as quickly as possible.

+  45s- text reading test (45s)

Children need to orally read a whole passage from left to right and from top to down
as quickly as possible.

+ Single character reading (in the silent mode) (4-6 mins)

Children need to silently read single character from left to right and from top to down
and at the same time circle the pseudo-characters.

+ Sentence reading (in the silent mode) (9-10 mins)

Children need to judge whether the single sentence presented in the computer screen
makes sense through press the computer keys.

* Pseudo-character reading (4-6 mins)



Children need to read aloud the pseudo-character according to the radicals of
characters.,

Spelling dictation test (about 15-20 mins)

Children need to do the write down the characters they heard from the
experimenters.

According to question requirement, children need to combine several characters into

Morphological awareness (4-8 mins)

one character and orally report them.

Radical knowledge (about 10 mins)

Children need to select the most matching pictures according to the character
radicals they saw.

Child

Visual simultaneous memory (about 7 mins)

1 need to simult:

Arabic characters in different length are presented in the computer and then children

isly point out the Arabic characters in the correct order.

Visual sequential memory (about 10 mins)

need to select the Arabic characters in the correct order.

Visual 1-back task (2-5 mins)

Children need to judge whether the one symbol or character that appear later
presented in the symbol or character array that appeared before through pressing
different computer keys.

Global report task (about 6 mins)

Children need to orally report the characters they saw in the computer screen as
many as possible.

Partial report task (4-5 mins)

Children just need to orally report the characters with the underiine.

Training

.

Same procedure as visual 1-back task, but the character length of a presented array

Visual 1-back training (maybe 1 hour a week, lasting 4 weeks)

that children will see varies, that is from two characters to seven characters.

Whole-word training (WWT) (maybe 1 hour a week, lasting 4 weeks)

Children need to write down the Chinese character presented by the experimenter
every time. If they make mistakes, they will be required to write it again until they
have no mistakes.

* The phonological training (maybe 1 hour a week, lasting 4 weeks)
Children will have the oral Pinyin practice that will be conducted by the experimenter.
Will anyone know my child have been involved?

In addition to the main researcher and principal investigators, no one will know your
child's involvement. No personal data will be collected, except for your child's age
and gender. His or her real name will be replaced by the student ID or his/ her name
acronym. All personal data will be held securely and strictly confidential to the
researchers.

-Information that identifies your child will be kept separate from the anonymised data.
-All personal data in electronic form will be stored on a password-protected
computer, and any hardcopies will be kept in locked storage.

-The third-party systems for processing your child’s anonymous information, such as
Excel, PsychoPy, Pavlovia and SPSS, will be used to transfer and analyse the data.

Could there be problems for my child if he or she takes part?

There are no potential problems. If your child and you feel uncomfortable during the
assessments, you are entitied to stop at any point.

What will happen to the results of the research?

The collected data will be archived but no personal data will be shared with others
for any purposes. Your child's name will be anonymous, replaced by his or her
name/acronym or his/her student ID. All research data and records needed to
validate the research findings will be stored for ten years after the end of active data
collection based on the UCL I0E data management policy. Only the main researcher
and principal investigators could access to your child’s data. All individual information
such as your child’'s gender, age and grade, in electronic form will be stored on a
password-protected computer, and any hardcopies will be kept in locked storage.

Does my child have to take part?

It is entirely up to you whether or not you choose to let your child take part. We hope
that if you do choose to be involved then you will find it a valuable experience.

*1 reassure that if you choose not to let your child take part there will be no
negative repercussions for them. For example, it would not influence his or her
studying. Due to the context of COVID-19, all related people and stakeholders
will strictly follow the risk control measure.

Data Protection Privacy Notice
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The controller for this project will be University College London (UCL). The UCL Data
Protection Officer provides oversight of UCL activities involving the processing of
personal data, and can be contacted at data-protection@ucl.ac.uk

This ‘local’ privacy notice sets out the information that applies to this particular study.
Further information on how UCL uses participant information from research studies
can be found in our ‘general’ privacy notice for participants in research studies here.

The information that is required to be provided to participants under data protection
legislation (GDPR and DPA 2018) is provided across both the ‘local’ and ‘general’
privacy notices. The lawful basis that will be used to process any personal data is:
‘Public task’ for personal data and 'Research purposes’ for special category data. We
will be collecting your child's personal data such as: age, gender, educational
background.

Your child’s personal data will be processed so long as it is required for the research
project. If we are able to anonymise or pseudonymise the personal data you provide
we will undertake this, and will endeavour to minimise the processing of personal data
wherever possible.

If you are concerned about how your child's personal data is being processed, or if
you would like to contact us about your child's rights, please contact UCL in the first
instance at data-protection@ucl.ac.uk.

Contact for further information

My name: Tianyi WANG

WeChat: TTaixizao

Tel: +86 15195890350
If you have any further questions before you decide whether to take part, you can

reach me at tian.wang.20@ucl.ac.uk

If you would like to be involved, please complete the following consent form and
return to my WeChat or my email address tian.wang.20@ucl.ac.uk by [insert date].
This project has been reviewed and approved by the UCL IOE Research Ethics
Committee.

Thank you very much for taking the time to read this information sheet.



c. Adults

Institute of Education

Exploration of underlying linguistic and cognitive
deficits (especially visual attention span deficit) in
Chinese-speaking adults aged 18 to 45 years
March 2022-March 2023

My name is Tianyi WANG, a PhD student in Department of Psychology and Human
Development, University College London (UCL), Institute of Education (IOE). My
supervisors are Prof. Jackie Masterson and Dr. Liory Fern-Pollak in UCL IOE. We
are inviting you o take in part in my r h project, ‘Exploration of underlying
linguistic and cognitive deficits (especially visual attention span deficit) in Chinese-
speaking adults aged 18 to 45 years'. Visual attention span (also VAS) refers to the
number of visual el ts that can be parallelly processed in a multi-element array.
As a main researcher in this project, | am responsible for administering and scoring
the tasks. The IOE as the educational school of UCL is ranked first in the world for
education in the QS World University Rankings, and has been so every year since
2014,

I very much hope that you would like to take part. This information sheet will try and
answer any questions you might have about the project, but please do not hesitate to
contact me if there is anything else you would like to know.,

Who is carrying out the research?

Main Researcher: Tianyi WANG

Principal Investigators: Prof. Jackie Masterson; Dr Liory Fern-Pollak;
Why are we doing this research?

About 30% Chinese dyslexics have reading difficulty from a visual perspective.
Moreover, readers speaking Chinese language compared to those westemn
languages (such as English) are more likely to suffer !rom readmg difficulty in terms
of a VAS deficit. So, itis y to L this p

The research in this study aims to explore the relati shlp"‘ VAS and
Chinese reading of adults and whether adults with reading difficulty have a difficulty
in VAS.

Why am | being invited to take part?

You have been invited because you are a Chinese speaking adult (native speaker)
with and without reading difficulty.

What will happen if | choose to take part?

If you agree to take part in this study, you will participate in the following online
assessments,

Assessment
« Standard Raven progressive test (26-38 mins)

Participants need to select the most matching picture according to the logical
relationship of each question.

+ Vocabulary test (about 21 mins)

Participants need to see the pictures in the computer screen and select the most
matching picture according to the audio.

+ Verbal short-term memory test (3-5 mins)

Participants need to orally repeat numbers in sequence and in reverse order they
heard from the experimenters.

« Arithmetic test (4-7 mins)
Participants need to orally answer the experimenters' questions.
+ Rapid automised naming test (about 5 mins)

Participants need to see the computer screen and orally report the name of picture at
which the experimenter points as quickly as possible.

« Oral character reading (about 3-5 mins)
Participants need to read single words/characters.
« Silent sentence reading (about 5 mins)

Participants need to judge whether the sentences presented on computer screen
make sense or not.

* Homophone reading (about 5-10 mins)
Participants need to identify words with the same pronunciation as other words.
«  Spelling dictation test (about 15-20 mins)

Participants need to do the write down the characters they heard from the
experimenters.

« Phonological awareness (6-11 mins)
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Participants need to delete some phoneme/Pinyin syllables according to the question
requirement.

+ Visual simultaneous memory (about 7 mins)

Participants need to simultaneously point out the Arabic characters in the correct
order.

+ Visual sequential memory (about 10 mins)

Arabic characters in different length are presented in the computer and then
participants need to select the Arabic characters in the correct order.

« Global report task (about 6 mins)
Participants need to orally report the characters they see on the computer screen.
« Partial report task (4-5 mins)

Participants just need to orally report one of the characters, indicated with the
underline.

+ Visual 1-back task (letters) (2-5 mins)

Participants need to judge whether a letter presented on the screen appeared in the
letter array that was presented before through pressing one of two computer keys.

« Visual 1-back task (symbols) (2-5 mins)

Participants need to judge whether an unfamiliar presented on the screen appeared
in the symbol array that was presented before through pressing one of two computer
keys.

Training for p

tial dyslexi
« Visual 1-back training (approx. 10-20 minutes every day, lasting 8 weeks)

Same procedure as visual 1-back task, but the character length of a presented array
that children will see varies, that is from two characters to seven characters.

* Whole-word training (WWT) (approx. 1 hour a week, lasting 8 weeks)
Participants need to write down the Chinese character presented by the
experimenter every time. If they make mistakes, they will be required to write it again
until they have no mistakes.

Will anyone know | have been involved?

In addition to the main researcher and principal investigators, no one will know of
your involvement. No personal data will be collected, except for your age,



educational background and gender. Your real name will be replaced by an
anonymised identifier (code name). All personal data will be held securely and
strictly confidential to the researchers.

-Information that identifies you will be kept separate from the anonymised data.

-All personal data in electronic form will be stored on a password-protected
computer, and any hardcopies will be kept in locked storage.

-The third-party systems for processing your anonymous information, such as Excel,
PsychoPy, Pavlovia and SPSS, will be used to transfer and analyse the data.

Could there be problems for me if | take part?

There are no potential problems. If you feel uncomfortable during the assessments,
you are entitled to stop at any point.

What will happen to the results of the research?

The collected data will be archived but no personal data will be shared with others
for any purposes. Your name will be anonymous, replaced by your name/acronym.
All research data and records needed to validate the research findings will be stored
for 10 years after the end of active data collection based on the UCL IOE data
management policy. Only the main researcher and principal investigators could
access to your data. All individual information such as your gender and age, in
electronic form will be stored on a password-protected computer, and any
hardcopies will be kept in locked storage.

Do | have to take part?

It is entirely up to you whether or not you choose to take part. We hope that if you do
choose to be involved then you will find it a valuable experience.

Data Protection Privacy Notice

The controller for this project will be University College London (UCL). The UCL Data
Protection Officer provides oversight of UCL activities involving the processing of
personal data, and can be contacted at data-protection@ucl.ac.uk

This ‘local’ privacy notice sets out the information that applies to this particular study.
Further information on how UCL uses participant information from research studies
can be found in our ‘general’ privacy notice for participants in research studies here.

The information that is required to be provided to participants under data protection
legislation (GDPR and DPA 2018) is provided across both the ‘local' and ‘general’
privacy notices. The lawful basis that will be used to process any personal data is:
‘Public task' for personal data and 'Research purposes’ for special category data. We
will be collecting your personal data for age, gender, educational background.

Your personal data will be processed so long as it is required for the research project.
We will pseudonymise the personal data you provide, and will endeavour to minimise
the processing of personal data wherever possible.
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If you are concerned about how your personal data is being processed, or if you would
like to contact us about your rights, please contact UCL in the first instance at data-
protection@ucl.ac.uk.

Contact for further information

My name: Tianyi WANG

WeChat: TTaixizao

Tel: +86 15195890350/ 4407765989231

If you have any further questions before you decide whether to take part, you can
reach me at tian.wang.20@ucl.ac.uk

If you would like to be involved, please complete the following consent form and
return to my WeChat or my email address tian.wang.20@ucl.ac.uk by [insert date].
This project has been reviewed and approved by the UCL IOE Research Ethics
Committee.

Thank you very much for taking the time to read this information sheet.



Institute of Education

Comparison of the effectiveness of two VAS-based training programs for Chinese adult
dyslexics

July 2022-July 2023
My name is Tianyi WANG, a PhD student in Department of Psychology and Human

Development, University College London (UCL), IOE, UCL's Faculty of Education and Society.

My supervisors are Prof. Jackie Masterson and Dr. Liory Fern-Pollak in UCL I0E. We are
inviting you to take in part in my research project. Our work focuses on Visual Attention
Span (or VAS). VAS refers to the number of items we can see at one glance. As a main
researcher in this project, | am responsible for istering and scoring the tasks. The I0E
as the educational school of UCL is ranked first in the world for education in the QS World
University Rankings, and has been so every year since 2014,

| very much hope that you would like to take part. This information sheet will try and
answer any questions you might have about the project, but please do not hesitate to
contact me if there is anything else you would like to know.

Who is carrying out the research?
Main Researcher: Tianyi WANG
Principal Investigators: Prof. Jackie Masterson; Dr Liory Fern-Pollak;

Why are we doing this research?
About 30% Chinese dyslexics have reading difficulty from a visual perspective. Moreover,
readers speaking Chinese language compared to those I (such as English)

are more likely to suffer from reading difficulty in terms of a VAS deficit. So, it is necessary
to ameliorate this problem.

The research in this study aims to explore the relationship b VAS and Chinese
reading of adults and whether adults with reading difficulty have a difficulty in VAS.

Why am | being invited to take part?
You have been invited because you are a Chinese speaking adult (native speaker) with
reading or spelling difficulty.

What will happen if | choose to take part?

If you agree to take part in this study, you will participate in the following online tasks over

three ions of approxi ly 35 each: nonverbal reasoning ability, vocabulary,

verbal memory, arithmetic, rapid nammg, reading (oral character and silent sentence),
deletion, visual seq ial memory, symbol report from arrays, judgement of

whether symbol appeared in array.

After that, you will be trained one non-VAS training (a phonological ing, approx.. 1.5

hour a week, six weeks) and two following VAS training. After completing one training, you

will be tested immediately and also have 3-week rest without training any interventions.

Once you finish all training, you will also be tested after two months.

* Visual 1-back training ( 10-20 mi

8 \2pp

x five days a week, six weeks)

Same procedure as visual 1-back task, but the character length of a presented array that
children will see varies, that is from two characters to seven characters.
e Whole-word training (WWT) (approx. 1.5 hour a week, six weeks)

Participants need to write down the Chinese character presented by the experimenter every
time. If they make mistakes, they will be required to write it again until they have no
mistakes.

* The phonological training (approx. 1.5 hour a week, six weeks)

Participants need to have oral Pinyin practice that will be conducted by the experimenters.

Will anyone know | have been involved?

Apart from the main researcher and principal investigators, no one will know of your
involvement. No personal data will be collected, except for your age, educational
background and gender. Your real name will be replaced by an anonymised identifier (code
name). All personal data will be held securely and strictly confidential to the researchers. At
the end of the project your anonymised data may be archived and shared with other
authenticated researchers.

-All personal data in electronic form will be stored on a p d d and
UCL software such as the RDSS, and any hardcopies will be kept in locked storage

-The third-party systems for processing your anonymous information, such as Excel,
PsychoPy, Paviovia and SPSS, will be used to transfer and analyse the data.

Could there be problems for me if | take part?

There are unlikely to be problems if you take part. If you feel uncomfortable during the

assessments, you are entitled to stop at any point. If you find the tasks really difficult | can

provide you with contact details of organisations that can support you. You can withdraw

from the study at any time and without needing to give a reason. If you have any questions,

you can email or have an online meeting with researchers.

This research will not involve any sensitive issues, but you are free to leave out any task item

or task that you do not wish to complete, also you are free to withdraw from taking part in

the study at any time and without giving reason.

If talung pan makes you feel anxious or distressed you should contact the researcher or
dyslexic institution for direction to relevant professionals (such as The Dyslexia

Assonallon of Hong Kong (https://www.dyslexiahk.com/).

What will happen to the Its of the r h?

The collected data will be archived but no personal data will be shared with others for any
purposes. All anonymised research data and records ded to validate the h
findings will be stored for 10 years after the end of active data collection, based on the UCL
I0E data management policy. Only the main researcher and principal investigators will have
access to your data, All individual information such as your gender and age, in electronic
form will be stored on a password-protected computer and UCL software such as the RDSS,
and any hardcopies will be kept in locked storage.

Do | have to take part?
Itis entirely up to you whether or not you choose to take part. We hope that if you do choose
to be involved then you will find it a valuable experience.
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Data Protection Privacy Notice

The controller for this project will be University College London (UCL). The UCL Data
Protection Officer provides oversight of UCL activities involving the processing of personal
data, and can be contacted at data-protection@ucl.ac.uk

This ‘local’ privacy notice sets out the information that applies to this particular study. Further
information on how UCL uses participant information from research studies can be found in
our ‘general’ privacy notice for participants in research studies here.

The information that is required to be provided to participants under data protection
legislation (GDPR and DPA 2018) is provided across both the ‘local’ and ‘general’ privacy
notices. The lawful basis that will be used to process any personal data is: ‘Public task’ for
personal data and ‘Research purposes’ for special category data. We will be collecting your
personal data for age, gender, educational background.

Your personal data will be processed so long as it is required for the research project. We will
pseudonymise the personal data you provide, and will endeavour to minimise the processing
of personal data wherever possible. The main researcher and principal investigators will
process and share your data and the data may also be shared with others for legitimate
research purposes. The results will be published.

If you are concerned about how your personal data is being processed, or if you would like to
contact us about your rights, please contact UCL in the first instance at data-
protection@ucl.ac.uk.

Contact for further information

My name: Tianyi WANG

WeChat: Ttaixizao

Tel: +86 15195890350/ 4407765989231

If you have any further questions before you decide whether to take part, you can reach me
at tian.wang.20@ucl.ac.uk

If you would like to be involved, please complete the following consent form and return to
my WeChat or my email address tian.wang.20@ucl.ac.uk by [insert date]. This project has
been reviewed and approved via the Department of Psychology and Human Development at
UCL IOE.

Thank you very much for taking the time to read this information sheet.



