-

View metadata, citation and similar papers at core.ac.uk brought to you byj‘: CORE

Reading without meaning : the case of Cantonese

Ll developmental hyperlexia

Author(s) Wong, Wai-ming; 00O

Wong, W. [0 0O0]. (2013). Reading without meaning : the case of
Citation Cantonese developmental hyperlexia. (Thesis). University of
Hong Kong, Pokfulam, Hong Kong SAR.

Issued Date | 2013

URL http://hdl.handle.net/10722/238549

The author retains all proprietary rights, (such as patent rights)
and the right to use in future works.; This work is licensed under
a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License.

Rights



https://core.ac.uk/display/80971062?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Running head: THE CASE OF CANTONESE DEVELOPMENTAL HYPERLEXIA

Reading without Meaning:

The Case of Cantonese Developmental Hyperlexia

Wong Wai Ming

A dissertation submitted in partial fulfillment of the requirements for the Bachelor of Science

(Speech and Hearing Sciences), The University of Hong Kong, June 30, 2013.



THE CASE OF CANTONESE DEVELOPMENTAL HYPERLEXIA 2

Abstract
This study addressed the issue of whether oral reading of Chinese is mediated by semantics in
children with hyperlexia. A Cantonese child with hyperlexia (C.C.H.), 19 chronological
age-matched (CA), and 19 mental age-matched (MA) controls were assessed on their
semantic knowledge and oral reading of words and characters. Despite having an
underdeveloped lexical-semantic system, the oral reading scores of words and single
characters of C.C.H. was comparable to his CAand MA controls.  He showed better oral
reading of the words he knew than those he did not and significantly poorer reading of
bisyllabic words containing homographic heterophonic characters, of which correct
pronunciation could only be disambiguated by the word context. Importantly, similar to his
CA and MA peers, low-frequency, low-imageability and irregular characters, which required
more semantic support for phonological retrieval, were named poorer during character
reading.  The observations support the Parallel Distributed Processing model of reading
(PDP: Plaut, McLelland, Seidenberg, & Patterson, 1996), which argues that successful oral
reading in Chinese hyperlexia is semantically associated.

Key words: Cantonese developmental hyperlexia; Parallel Distributed Processing model
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Reading without Meaning: The Case of Cantonese Developmental Hyperlexia

Reading and comprehension are thought to be two inseparable processes; it is believed
that children learn the sound and meaning of a word at the same time. However, evidence
from ‘reading without meaning’ abilities of children with hyperlexia challenges this view.
‘Reading without meaning’ refers to the ability to read words without understanding of those
words. Hyperlexia is a disorder characterized by the development of advanced oral reading
ability despite cognitive, social and language impairments (Silberberg & Silberberg, 1967).
Children with hyperlexia were reported to be able to read at a very young age before any
formal instruction, possess a strong preoccupation with reading and is generally associated
with other developmental disorders, most often autistic spectrum disorder and intellectual
disability (Aram, 1997; Siegel, 1993). The ‘reading without meaning’ pattern of hyperlexia
is of particular interest in the debate of whether reading and semantics are developmentally
independent and for its implications for models of reading. Reading models such as the Dual
Route Cascaded model and the Parallel Distributed Processing model have tried to explain
how reading can be achieved without modulation to meaning.

Oral reading and semantics can be two independent processes in the Dual Route
Cascaded model of reading (DRC model: Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001).
The model delineated two primary routes in oral reading. One is the lexical-semantic route,
which links the orthographic input lexicon to the phonological output lexicon via semantics.
Another is the non-lexical route, which decodes unfamiliar regular words and non-words by
grapheme-phoneme conversion (GPC) rule.  Athird direct lexical route has been proposed
to account for the reading pattern of individuals with semantic impairment.  This route maps
between orthography and phonology bypassing semantics and enables reading without

understanding of word meaning. Both the non-lexical route and the direct lexical route can
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be considered as the non-semantic route. However, the presence of a non-lexical route is
controversial in Chinese as Chinese characters do not carry any information of the phoneme
nor tone, the GPC rule in alphabetic languages is not applicable in Chinese. Nevertheless,
there could be still some clues to help oral reading. Over 80% of the Chinese characters are
phonetic compounds, which contain components that provide clues to the sound of the
character (phonetic radical) and the meaning of the character (semantic radical). The
phonetic radical of a regular phonetic compound provides reliable cue to the pronunciation of
the whole character (e.g., the phonetic H: others, /kei4/%is a reliable sound cue for fi chess,
/kei4/), while the phonetic radical of irregular ones cannot (e.g., the phonetic E< people,
/man4/ cannot provide a sound cue for i sleep, /min4/). As most of the phonetic radicals
are existing characters with their own meanings in Chinese, assembling pronunciation from
phonetic radicals was arguably a lexical process instead of being non-lexical (Law, Wong, &
Chiu, 2005). Given the impossibility of non-lexical reading in Chinese, Law et al. (2005) and
Weekes, Chen, and Yin (1997) argue that reading of Chinese characters is dependent on the
direct lexical route in case of semantic deficits. They found adults with semantic deficits
achieved successful oral reading regardless of character frequency, regularity and
imageability. Such insensitivity to psycholinguistic variables could not be a result of semantic
mediation but demonstrated oral reading via the direct lexical route.

Studies of developmental hyperlexia showing dissociations between semantics and oral
reading also lend support to the presence of a direct lexical route. Siegel (1984) and Aram,
Rose, and Horowitz (1984) had showed that this dissociation was evident early in childhood
by demonstrating the ability of children with hyperlexia to read English words without
comprehension. However, almost all words read correctly without comprehension were

regular words. It is argued that the findings of these studies are not sufficient to support the
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presence of a direct lexical route as successful oral reading of regular English words can be
explained by the use of GPC rule. A more recent study from Castle et al. (2010) reported
that two children with hyperlexia read high-imageability irregular English words as accurate
as their age-matched controls even with an impaired semantic system. Su, To, & Weekes
(2011) also reported accurate reading of high-imageability Chinese characters in a child with
hyperlexia. These studies concluded that intact reading in children with hyperlexia was
achieved via the use of direct lexical route given that irregular words do not follow GPC rules
and non-lexical processing is arguably absent in Chinese. However, unlike adult aphasic
studies, the effects of psycholinguistic variables of frequency, imageability and regularity
were not fully investigated in children studies, and especially the effects of imageability.
Given that the two children studies only included words that are highly imageable, it is still
unclear whether reading of low-imageability words could be read equally well via the direct
lexical route. If reading of low-imageability words is impaired, the direct lexical route alone
will be inadequate in explaining such sensitivity to imageability effect.

Opposing prediction from the Parallel Distributed Processing model (PDP: Plaut,
McLelland, Seidenberg, & Patterson, 1996) believes that semantics plays a role in oral
reading of irregular words, particularly those low in frequency and low in imageability.

Two pathways work in connections.  The phonological pathway links orthography to
phonology via the interconnections between orthographic and phonological units, which
supports reading of high-frequency and regular characters. The semantic pathway maps
between orthography and phonology via semantics, which supports reading of low-frequency
irregular characters. Therefore, semantic deficit cannot leave reading of low-frequency
irregular characters intact. The effects are expected to be more exaggerated for low-

imageability characters because they have fewer number of semantic features than high-
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imageability ones for phonological activation (Plaut & Shallice, 1993). Therefore,
regularity effects (i.e., better reading of regular than irregular characters), frequency effects
(i.e., better reading of high-frequency than low-frequency characters) and imageability effects
(i.e., better reading of high-imageability than low-imageability characters) will be evident in
the reading performance of an individual with semantic deficit given that the integrity of the
semantic memory predicts oral reading accuracy.

Evidence of association between semantics and reading of particular types of words, i.e.,
low-frequency, low-imageability and irregular words, in adults with comprehension loss has
been explained using the PDP model (Weekes, 2000; Weekes & Chen, 1999). Another line
of evidence supporting the need of semantic information during reading come from the
reading out of context errors of adults with semantic deficits in reading homographic
heterophones, which refers to orthographically identical characters that have more than one
pronunciation depending on different intraword contexts, e.g., {££/] (convenient, /bin6 lei6/)
and {E'H (cheap, /pin4 ji4/) (Law, 2004). However, studies of developmental hyperlexia
have not investigated these psycholinguistic factors and homographic heterophones in
reading as in the study of Castle et al. (2010) and Su et al. (2011).

The two models of reading make different predictions on the reading pattern of
individuals with semantic impairment. The DRC model predicts oral reading can be intact
irrespective of character frequency, regularity and imageability, while the PDP model predicts
poor oral reading of low-frequency, irregular and low-imageability characters in case of
impaired semantics. Given the reports from previous studies, it is still inconclusive to
understand whether oral reading of children with hyperlexia is dependent on semantic
information due to several reasons: (a) most of the literatures investigating the relationship

between semantics and oral reading were based on adults with brain injuries or semantic



THE CASE OF CANTONESE DEVELOPMENTAL HYPERLEXIA 7

dementia. However, disruption in the mature semantic system in adults may have a different
effect in reading compared with a developing semantic system in children (David, 1984). (b)
Children studies usually assumed no semantic involvement in oral reading whenever there is
semantic deficit, and explained any successful oral reading using non-semantic reading routes.
Therefore, the amount of lexical-semantic knowledge required for correct word reading,
frequency effect, regularity effect and especially imageability effect were usually not
considered. (c) Few developmental studies have contrasted reading and semantic
development of hyperlexic individuals with their age-matched and mental age-matched peers
to establish a reference for fair comparison. Given the paucity of information, in this study

we aim to examine the semantic contribution to reading in greater detail by investigating
whether oral reading is semantically mediated in children with hyperlexia.

Given the aim of this study, individual with hyperlexia is expected to show good oral
reading ability despite an underdeveloped semantic system. It is hypothesized that if oral
reading is not semantically mediated in hyperlexics, then the hypelexic individual will show
intact character reading irrespective of their frequency, imageability and regularity features.
Homographic heterophones will be read correctly without taking the intraword context into
consideration. A pattern of dissociation between oral reading and semantics would support
the postulation of a direct-lexical route in the DRC model. On the contrary, if oral reading
is semantically mediated, then characters that typically need more semantic support (i.e.,
low-frequency, irregular, low-imageability characters) for phonological activation is expected
to be more impaired than those require less support. Homographic heterophones cannot be
read correctly without understanding the intraword context. This pattern of association

between oral reading and semantics would lend support to the PDP model.
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Method

Participants

C.C.H. is a Cantonese-speaking boy aged 8 years and 11 months with a non-verbal 1Q
age of 7.5 years based on the Ravens Colored Progressive Matrices (Raven, Raven, & Court,
1998). He studied in Primary 3 in a special school for mild-moderate intellectual disability
in Hong Kong. He was diagnosed with Autistic Spectrum Disorder and mild intellectual
disability. No other sensory impairment was reported. He could comprehend 4-element
commands and was able to use 2-element utterances. Teachers reported poor social skills.

C.C.H. was selected for this study according to the criteria of (a) advance oral reading

ability, and (b) inferior verbal comprehension ability (Nation, 1999). Parents reported other
features of developmental hyperlexia described in the literature (Aram, 1997), including
character reading skills emerged at the same age as his first word at 4 years and 6 months
with no prior formal instruction and a pre-occupation for lyrics that appeared on television.

Two control groups of normally-developing individuals were recruited from a local
mainstream primary school. Nineteen Grade Two students (Mag = 7.58 years, SD = 0.23
years; 15 females, 4 males) matched in non-verbal 1Q age with C.C.H. were selected into the
mental age (MA) control group.  Another nineteen Grade Three students (Mage = 8.51 years,
SD = 0.26 years, 8 females, 11 males) matched in chronological age with C.C.H. were
selected into the chronological age (CA) control group. All participants received education
in Hong Kong since Grade One and reported to have normal vision and hearing.

An additional 35 native Cantonese speaking university students aged from 21-27 (Mage =
22.5 years, SD = 1.44 years; 15 male; 20 female) with normal vision and hearing were
recruited to provide imageability ratings of the characters in the Hong Kong Graded

Character Naming Test (HKGCNT; Leung, Lai, & Kwan, 2008)
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Materials

Intelligence test. Ravens colored progressive matrices (RCPM; Raven et al., 1998) was
a standardized test used to measure the children’s non-verbal intelligence. The test
comprised three sets of 12 items, each item consists of a target matrix with one missing part.
Children were asked to select the part that best completes the matrix from six alternatives.
The test was scored referenced to the norms for children in Taiwan (Raven et al., 1998).

Picture-picture matching test. The test was a 23-item picture to picture matching
semantic relatedness test. Three line drawings were presented on a computer screen with
the target item (e.g., f& - chair) positioned above the other two distractor pictures (e.g., &
table vs.g& clock). The distractor drawings were positioned below the target picture, with
one to the left and the other to the right. Children were asked to select from the two
distractors the picture that was related in meaning to the target picture (i.e., {Z table).
Items were selected from the Pyramid and Palm Trees Test (PPTT: Howard & Patterson, 1992)
and the Birmingham Object Recognition Battery (Riddoch & Humphreys, 1993; see
Appendix A) according to the criteria that (a) the items were identified by Cantonese adults
with more than 75% correct (Law & Yeung, 2010), and (b) the written words of the items
were taught in Primary one (P1) to Primary three (P3). For two PPTT items with the
unrelated distractor words not learned by P3, the unrelated distractor was replaced by another
item from the same semantic category using pictures in the PPTT set (i.e., ZE%&] carrot was
used to replace 3£ onion and {2 nun was used to replace i+ mayor).

Word-word matching test. The test was a 23-item written word to written word
matching semantic relatedness test (see Appendix A), which was the written word version of
the picture-picture matching test. Presentation layout and instructions to select the

semantically related target were identical to the picture-picture matching test, except the three
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pictures on the computer screen were replaced with three written words.

Spoken word comprehension test. The test contained 65 forced choice spoken
word-picture matching items from standardized Hong Kong Cantonese Receptive Vocabulary
Test (HKCRVT: Lee, Lee, & Cheung, 1996). Four pictures were presented on a computer
screen. Upon the presentation of the spoken word, the children were asked to select the
target picture (e.g., H. car, /cel/) that matched the presented spoken word amongst a
semantic distractor picture (an object semantically related to the target, e.g., fiff boat,

/syun4/ ), a phonological distractor picture (an object phonologically similar to the target, e.g.,
3 umbrella, /zel/) and an unrelated distractor picture (an object that is neither phonologically
nor semantically related to the target, e.g., HE#% eye glasses, /ngan3 geng2/).

Written word comprehension test. The test contained 65 forced choice written
word-picture matching items using the written forms of the targets from HKCRVT (see
Appendix B). A written word was placed at the centre of a computer screen surrounded by a
target picture, a semantic distractor, a phonological distractor and an unrelated distractor
picture. Children were asked to select the target picture that matched the written word.

Word reading test. The test comprised 65 written forms of the targets in the
standardized HKCRVT (Lee et al., 1996). Presentation of the words was randomized for
each participant. The children were required to read aloud the words appeared on the
computer screen. The score of this task was used to make a direct comparison with the
HKCRVT word- picture matching scores to examine the pattern of reading without meaning.

Contextual word reading test. This test comprised of 40 bisyllabic words that were
paired to have 20 target characters, see Appendix C. Each of the 20 target characters were
homographic heterophonic characters that differed in tone between the two bisyllabic words

(e.g., B more, /gang3 gaal/, B 4 change, /gangl goi2/). The items were selected from
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the Lexical Items with English Explanations for Fundamental Chinese Learning in Hong
Kong Schools (Hong Kong, China, 2009) based on the criteria that they were taught in
Primary 1 to Primary 3 in local schools. Half of the target characters appeared in the first
character and the other half appeared in the second character. Presentation of the words to
be read aloud was randomized for each child.  The children were asked to read aloud the
individual word presented on the computer screen.

Character reading test. Hong Kong Graded Character Naming Test (HKGCNT; Leung
et al., 2008) was administered to test the children’s single character oral reading ability.
HKGCNT Grade 2 was administered to C.C.H. and the MA control, whereas HKGCNT
Grade 3 was administered to C.C.H. and the CA control.  Children were asked to read aloud
the character that appeared on the screen one at a time. The items to be read aloud for each
grade consists of 150 single Chinese characters of varying grade appropriate frequency levels,
character complexity and regularity, see Appendix D. Mean imageability ratings of the
characters (ranging from 1 to 5 with increasing numbers reflecting greater difficulty to
imagine a pictorial representation of the character) was independently collected from the
university students as shown in Appendix D. The first half of the characters with the highest
imageability rating was group as high imageability (Grade 3, M =3.78, SD =0.95, Range:
2.67-5.00; Grade 2, M = 3.63, SD = 1.12, Range: 2.67-4.81), whereas the second half of the
characters with the lowest imageability rating was grouped as low imageability (Grade 3, M =
1.83, SD =0.93, Range:1.14-2.67; Grade 2, M = 1.93, SD = 1.02, Range:1.24-2.62 ).
Procedure

C.C.H. was assessed over a 2-week period. He completed the non-verbal 1Q (RCPM),
character reading (HKGCNT) and comprehension measures (HKCRVT) in the first session

for screening purpose, he then completed the remaining tests in the second session. The
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control children finished all the tests in a single session. Total testing period lasted for 1.5
hr for each child. Order of test administration was randomized using repeated Latin Squares
design. Tests were carried out in the classrooms of the children’s schools.  All the tests
were computerized using E-Prime 2.0 and administered on a laptop.  Any reading responses
given were recorded for accuracy by the experimenter, and a record of vocal responses were
stored for later checking. For the intelligence test and semantic tests, the experimenter
entered C.C.H.’s response onto the computer. The control participants were instructed to
enter their response (i.e., the selected picture number) onto the computer themselves. The
imageability rating questionnaires were carried out in the Prince Philip Dental Hospital.
Scoring for oral reading tests

The number of correct items was scored and self-correction was included as a correct
response. In the rare instances when children offered two responses, they were asked to
decide on the final answer.  For the word reading tests, an item was regarded as correct only
when both characters in a word was read correctly. The response of the children was first
scored on site, and later re-scored by another judge, the investigator, based on the audio
recording. Inter-rater reliability was good for the oral reading tasks of HKCRVT (Pearson’s
correlation = .96, p <.0001), homographic heterophones (Pearson’s correlation = .82, p
<.0001) and HKGCNT (Pearson’s correlation = .96, p <.0001). Therefore, only the scores
from the investigator were reported.

Results

The results section is organized in a way to address the role of semantics in oral reading

of children with hyperlexia by examining a) whether word oral reading can be independent of

meaning and b) whether character oral reading is affected by psycholinguistic variables.
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Overall Performance

Table 1.
Mean Performance Scores of C.C.H. and the Control Groups on a range of reading and semantic tasks
Max
Test C.C.H. MA Control CA Control
Score
Age (year; month) 8;11 7;7**(2.76 m) 8;6(3.12m)
Intelligence RCPM 26 28.4 (4.66) 30.2 (3.63) 36
Semantic (i) Picture-picture matching 16 20.3 (1.95) * 21.4 (1.30) *** 23
Relatedness (ii) Word-word matching 16 20.2 (1.42) **  21.4 (0.96) *** 23

(i) Spoken word-picture

matching (HKCRVT)
(ii) Written word-picture
matching (HKCRVT)

54 62.6 (1.95) *** 63.2 (1.46) *** 65
Comprehension
55 62.2 (2.01) **  61.2 (3.88) 65

Word (i) HKCRVT written words 60 60.4 (3.23) 61.7 (2.54) 65
Reading (ii) Homographic heterophones 19 30.0 (4.19) * 33.6 (2.83) *** 40
Character (i) HKGCNT Grade 2 108  113.1(18.78) 150
Reading (ii) HKGCNT Grade 3 99 114.1(13.28) 150

Note. MA, mental age- matched; CA, chronological age- matched, RCPM, Ravens Colored Progressive
Matrices; HKCRVT, Hong Kong Cantonese Receptive Vocabulary Test; HKGCNT, Hong Kong
Graded Character Naming Test; Standard deviations are given in parentheses.

*p <.05. **p < .01. *** p <.001.

Table 1 displays the scores for the semantic relatedness tasks and the word-picture
matching tasks of C.C.H. and the control groups. The scores were compared statistically
using the modified t test of Crawford and Howell (1998) to show whether there was a
significant difference between the scores of C.C.H. and the control groups. The result
confirmed that C.C.H. showed a highly significant impairment relative to the MA and CA
controls in all semantic tests, word-word matching, MA: t(18) = -2.86, p = .005; CA: t(18) =
-5.45, p <.001, picture-picture matching, MA: t(18) =-2.16, p = .045; CA: t(18) = -4.06, p
=.001, spoken word-picture matching, MA: t(18) =-4.31, p <.001; CA: t(18) = -6.12, p
<.001, and written word—picture matching, MA: t(18) = -3.47, p = .003, except that C.C.H.

did not significantly differ from the CA control in the written word-picture matching task, t
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(18) =-1.55, p =.14. The lack of significant difference between C.C.H. and the CA control
in the written word- picture matching task was due to the extremely low score of a CA
control participant, who performed 3.37 z- score (48/65) below the mean. These results
together indicate that C.C.H. showed a significantly poorer performance on comprehension
and semantic tests in both visual and auditory modalities than the controls. On the other
hand, C.C.H. showed comparable oral reading performance to MA and CA controls on the
HKCRVT written words, MA, t(18) =- .11, p =.91; CA, (18) = - .65, p = .26, and HKGCNT
characters, MA, t(18) = - .26, p = .80; CA, t(18) =- 1.11, p = .28, see Table 1. For oral
reading of bi-syllabic words containing homographic heterophones, C.C.H. however
performed significantly poorer than the MA controls, t(18) = -2.55, p = .02, and CA controls,
t(18) = -5.02, p <.001. Overall, C.C.H. was impaired in semantic and comprehension tasks,
but his oral reading skills were comparable to the controls except in the reading of
homographic heterophones, which suggest a ‘reading without meaning’ pattern.
Word Reading and Comprehension

Oral reading and comprehension of HKCRVT words. In this section | move to
examine into more detail the relationship between reading abilities and comprehension

abilities by first comparing the reading score and the comprehension score of HKCRVT.
Table 2.
Difference in Performance between Oral Reading and Comprehension on HKCRVT

Oral reading minus spoken comprehension  Oral reading minus reading comprehension

C.C.H. 6 5
MA -2.26 (3.51)* -1.79 (2.76)*
CA 0.53 (4.27)* -1.47 (3.06)

Note. HKCRVT, Hong Kong Cantonese Receptive Vocabulary Test; MA, mental age
matched control; CA, chronological age matched control; Standard deviations are given in
parentheses.*p < .05 in comparison to C.C.H.’s performance.

Table 2 shows the difference of scores between HKCRVT word-picture matching and

word oral reading task. A positive score indicates better oral reading skills than
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comprehension skills, whereas a negative score indicates better comprehension skills than

oral reading skills. Table 2 shows that C.C.H. had better oral reading performance than the
two comprehension tasks. On the other hand, the MA and CA controls showed an opposite
pattern of better comprehension performance than oral reading, although the difference
between oral reading and spoken comprehension was small for the CA control.  Analysis
using modified t test confirmed that C.C.H. showed a significantly greater difference between
oral reading and spoken comprehension scores compared to the CA control, t(18) = 2.38, p
=.029, and MA control, t(18) = 2.29, p =.034. C.C.H. also showed a significantly greater
difference between oral reading and reading comprehension than the MA control, t(18) = 2.40,
p =.028, and a marginally greater difference compared to the CA control, t(18) =2.06, p= .054.
These analyses showed that C.C.H. was able to read aloud more words than he could
comprehend in written or spoken form.  An opposite pattern was evident for the control

groups, they were able to comprehend more words than the ones they could read aloud.

Table 3.
Comparison between Oral Reading of Known words and Unknown words in the HKCRVT test
Spoken word-picture matching Written word-picture matching
Known words Unknown words Known words Unknown words

N Correctly read N Correctly read N  Correctly read N  Correctly read

C.CH. 54  52(96.3%) 11 8(72.7 %) 55 53.0(96.4%) 10 7 (70 %)
MA  62.6 58.1(92.8%) 2.4 2.3 (95.8 %) 61.1 58.4 (956 %) 2.8 2 (71.4%)
CA  63.2 60 (94.9%) 1.8 1.6 (88.9 %) 62.2 58.8 (94.5%) 3.9 3.2(82.1%)

Note. HKCRVT, Hong Kong Cantonese Receptive VVocabulary Test; MA, Mental age matched control;
CA, Chronological age matched control; Percentage scores are given in parentheses.

An item specific analysis of HKCRVT words was conducted to verify whether known
words (i.e., words correctly matched with the corresponding pictures in the word-picture
matching tasks) were read better than unknown words (i.e., words incorrectly identified with
the corresponding pictures in the word-picture matching tasks).  This may suggest whether

C.C.H.’s ability to read was related to the corresponding semantic knowledge.
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Table 3 shows that both C.C.H. and the control groups were generally able to read aloud
a greater proportion of words they knew the meaning of than ones that were unknown words
in both spoken and written word- picture matching tasks. Fisher’s Exact test confirmed that
the difference between known and unknown words determined by both spoken and written
word- picture matching tasks was significant only for C.C.H. (Spoken, p = .031; Written, p
=.023), but not the MA control (Spoken, p = 1; Written, p =.22) nor the CA control (Spoken,
p = 1; Written, p =.23).  The results showed that C.C.H. was able to read aloud more
accurately the words he knew than ones he did not know. While for the control groups,
known words did not show a significant advantage in oral reading.

Oral reading and comprehension of homographic heterophones. Reading of
bi-syllabic words containing homographic heterophones was investigated to examine if

correct reading of these words required comprehension of intraword context.
Table 4.
Analysis of Errors on Homographic Heterophones Reading Task of C.C.H. and the Control Groups

Error Type C.C.H. MA Control CA Control

Total bi-syllabic word error 21 10.0 (4.19)* 7.40 (2.83)***

Total homographic heterophonic character error 20 9.32 (3.71)* 6.00 (2.56)***
ROC errors 15 7.42 (1.98)** 5.11 (2.00)***
Visual errors 1 0.21 (0.42) 0.00 (0.00) ?
Word-related errors 1 0.16 (0.37) 0.21 (0.71)
Others 3 0.00 (0.00) ® 0.11 (0.32)***
Did not know 0 0.16 (0.71) 2.06 (0.47)***

Note. MA, Mental age matched; CA, Chronological age matched; ROC, Reading out of Context;
Standard deviations are given in parentheses; ® t test was unable to run due to zero value.
*p <.05. **p < .01. *** p < .001.

As reported in the Overall Performance section, C.C.H. read aloud bisyllabic words
containing homographic heterophones significantly poorer than both controls. Table 4
shows that a majority of the errors came from the homographic heterophonic characters for

all participants. Modified t test showed that C.C.H. made more homographic heterophonic
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character errors than MA controls, t(18) = 2.81, p =.012 and CA controls, t(18) = 5.33, p
<.001. The homographic heterophonic character errors were categorized into ROC (reading
out of context) errors, where the error differs from the target character in tone but is still a

legitimate alternative pronunciation of the character, e.g., #EE< refugee, /naané man4/ >

/naan4 man4/ as in RH difficult problem /naan4 tai4/; visual errors (e.g., B%E construction
/hingl gin3/ - /jyu5 gin3/ as in Ed/# is a non-word); word-related errors (e.g., f##& praise,
Icingl zaan3/ > #&E praise, /zaan3 soeng2/); others (e.g., Efj[l even more, /geng3 gaal/ =
/bai3 gaal/where Ffj[ is a non-word ) and did not know. The comparison across groups
showed that C.C.H. made significantly more ROC errors than the controls, MA, t(18) =3.73,
p=.002; CA, t(18) =4.8, p < .001, and more errors that were categorized as others than the
CA control, t(18) = 8.80, p <. 001. However, C.C.H. made significantly less did not know
response than the CA control, t(18) = -4.27, p <. 001.
Character Reading and Semantic Mediation
The above analyses showed that despite better oral reading of HKCRVT words than the

corresponding comprehension performance, C.C.H.’s reading of known words was better
when compared to unknown words.  His reading of homographic heterophones was worse
than the controls and more reading of out context errors was demonstrated. In this latter
section, the issue of whether there is semantic mediation for character reading is addressed.

Effects of psycholinguistic variables. As hypothesized in the introduction, if semantics
is not necessary for oral reading, psycholinguistic features of frequency, regularity and
imageability will not affect oral reading performance. On the other hand, if semantics is
required, characters that require more semantic information for phonological activation (i.e.,
low-frequency, irregular, low-imageability characters) will be particularly difficult for C.C.H.

To examine these psycholinguistic effects on character reading, error scores were selected for
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analyses rather than accuracy scores to link closer to the later Error Pattern Analysis section.

Table 5.

Percentage of Oral Reading Errors across Frequency, Imageability and Regularity of C.C.H. and the

Control Groups on Hong Kong Graded Character Naming Test

C.C.H. MA Control C.C.H. CA Control
% M SD df F n2p % M SD df F ny2p
Frequency 2,36 82 .82 <.001*** 1.34,24 103 .85 .001**
High 100 3.79 5.0 122 451 35
Mid 23.6 268 175 308 240 97
Low 53.3 452 184 59.2 434 154
Imageability 1,18 7.7.30 .01* 1,18 30.9 .63 <.001***
High 253 218 115 280 171 7.0
Low 30.7 275 149 400 308 112
Regularity 1,18 0.1.01 .78 1,18 29.6 .62 <.001***
Regular 29.4  29.9 17.2 200 232 125
Irregular 40.9 26.6 14.1 508 31.6 10.4

Note. MA, Mental age matched; CA, Chronological age matched.

*p < .05. **p < .01. ***p < .001.

Frequency (High-, medium-, low-frequency) X Imageability (high- , low-imageability)

X Regularity (regular, irregular) repeated-measures three-way analysis of variance (ANOVA)

was conducted on the percentage error score of HKGCNT Grade 2 of the MA control and

Grade 3 of the CA control.

Mauchly’s test indicated the assumption of sphericity had been

violate for the main effect of frequency for CA control, 5* (2) - 11.73, p = .003, therefore

degrees of freedom were corrected using Greenhouse-Geisser estimates of sphericity (g =.67).

Table 5 shows that for both control groups, there was significant main effect of character

frequency, with more errors made when reading low-frequency characters compared to

medium frequency characters, MA, F(1, 18) = 45.7, p <.001, n,2=.72; CA, F(1, 18) = 91.81,

p <.001, n,% .84, and high frequency characters, MA, F(1, 18) = 125.1, p <.001, n,2= .87,

CA, F(1, 18) = 121.88, p <.001, n,2= .87. A significant main effect of imageability was also

found for both control groups, with more errors for characters that were low in imageability
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than high in imageability. Interestingly, significant main effect of regularity was found only
in the CA control, with more errors made on irregular than regular characters, but not for the
MA control, who showed comparable number of errors in irregular and regular characters.

Within-subject item-specific analysis using the unstandardized difference test of
Crawford and Garthwaite (2005) examined whether the magnitude of difference between
C.C.H.’s error scores on frequency, imageability and regularity differed significantly from the
controls. Result showed that C.C.H. did not differ from both control groups in the main
effect of frequency, both showed more errors in low- than medium-frequency characters, MA,
t(18)=1.10, p = .29 ; CA, t(18) = 1.01, p = .30, and medium- than high-frequency characters,
MA, t(18) = .66, p =.52; CA, t(18) = .11, p=.91. C.C.H. also did not differ from both
control groups in the main effect of imageability, both showed more errors in low- than
high-imageability characters, MA, t(18) = .061, p = .95; CA, t(18) = .28, p=.78. However,
significant regularity effect was found for C.C.H. when compared to the CA control, t(18) =
2.33, p =.032, and marginally for the MA control, t(18) = 1.96, p = .065, suggesting that
C.C.H. demonstrated more errors on irregular than regular characters, and the difference was
more pronounced when compared to the CA control group. Generally, C.C.H. demonstrated
effects of imageability and frequency at similar magnitude to his CA and MA controls, and
larger regularity effect than both control groups.

Between- subject analysis using modified t test compared C.C.H.’s error score for each
character type with the controls. Results showed that C.C.H. made significantly more errors
in irregular- high imageability- high frequency characters (11.1%) and irregular-high
imageability-medium frequency characters (58.3%) than the MA control (M = 1.16%, SD =
3.47),1(18) = 2.80, p =.012, and CA controls (M = 23.74%, SD = 12.5), t(18)= 2.69, p

=.015, respectively. All other comparisons between C.C.H. and the control groups were not
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significant (all p’s > .05, see Appendix E).
Error pattern analysis. In the above analyses, the psycholinguistic factors were found
to affect oral reading accuracy. The error pattern analysis in this section may have the

potential to reveal the oral reading strategies of C.C.H.

Table 6.
Analysis of Oral Reading Errors of C.C.H. and the Control Groups on HKGCNT
Grade 2 Grade 3

C.C.H. MA Control C.C.H. CA Control
Error Type % % SD % % SD Example
Regularization 220 116 6.0 277 118 7.6 R 1jike/> 18 lje6l
Phonetic analogy 343 157 101 255 11.3* 52  fi /kul/> #h /gul/
Semantic analogy 0.0 24 3.3 00 1.5 2.0 fi5 /keid/> i /leond/
Logographeme analogy 4.9 5.0 41 21 22 24 & lok6/> JE /watl/
Visually related 9.8 22 26 43 0.5** 1.0 = fsikl/=> & /mou3/
Word-related 49 6.7 44 21 68 64 & [juke/> &L /gongl/
Semantic-related errors 0.0 4.6 46 0.0 5.7 6.5 & /kwaib/~> %5 /soengl/
Tonal 0.0 1.7 29 21 2.6 3.0 % [faan3/~> & /faand/
LARC 0.0 0.8 19 0.0 0.8 1.8 & [keid/> £ [lou3/
Did not know 0.0 226 264 0.0 355 285
Ambiguous 7.3 120 72 128 57 3.0 "y [sil/> HME Ikeid/
Others 195 150 82 234 106 83 f& Iwatl/-> /likl/

Total number of errors 410 36.9 19.3 470 359 133

Note. HKGCNT, Hong Kong Graded Character Naming Test; MA, Mental age matched; CA,
Chronological age matched; LARC, Legitimate Alternate Reading of Component.
*p <.05.** p<.01.

| adopted the error classification system of Ho and Bryant (1997) with the addition of
semantic analogy, logographeme analogy, LARC?® (Legitimate Alternate Reading of
Component), tonal, visually related and ambiguous errors. Table 6 shows the error
distribution of C.C.H. and the control groups in the HKGCNT reading task. The major
types of errors made by C.C.H. were (a) regularization error, where the sound of the phonetic
radical was used for the pronunciation of the whole character; (b) phonetic analogy error,

where the character was pronounced as another character that share the same phonetic
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component; and (c) visually related error, where the character was pronounced as another
character that shared similar orthography (see Appendix G, for the classification criteria of
the remaining error types). C.C.H. demonstrated a greater percentage of these three error
types than both control groups. Modified t test showed that C.C.H. did not demonstrate
significantly more regularization, t(18) = 1.70, p = .11, and phonetic analogy errors, t(18) =
1.80, p =.089, than the MA control, but marginally significant more regularization errors,
t(18) = 2.04, p = .056, and significantly more phonetic analogy errors, t(18) = 2.66, p = .016,
than the CA control.  Given that both regularization and phonetic analogy errors are
considered phonetic-related errors (Ho & Bryant, 1997), when both types of errors were
combined, C.C.H. (Grade 2, 56.1%; Grade 3, 53.2%) showed significantly more
phonetic-related errors than both the MA (M = 27.3%, SD = 11.7), t(18) =2.41, p = .027, and
CA controls (M = 23%, SD =11.8), t(18) = 2.49, p =.023. The percentage of the visually
related errors made by C.C.H. was also significantly greater than both the MA, t(18) = 2.85, p
=.01, and CA, t(18) = 3.70, p = .002, controls. No significant difference was found (all p’s
> .05) between C.C.H. and the control groups in other types of errors.

In general, the analysis showed that psycholinguistic variables affected C.C.H.’s oral
reading accuracy. Low-frequency, low-imageability and irregular characters were most
error prone and the error types were primarily phonetic and visually related errors.

Discussion
This study reported a case of Cantonese hyperlexia with semantic deficit but comparable
oral reading ability as the typically developing children in word and character reading. This
resembled the general reading pattern reported in other hyperlexic children (Castle et al.,
2010; Siegel, 1993; Su et al., 2011) and semantic dementia patients (Law et al., 2005; Weekes

etal., 1997). However, examining into more detail the reading performance and error
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pattern of C.C.H. showed that the previous view of hyperlexia was over-simplified. The
findings of this study are summarized into several key observations: (a) C.C.H. read more
words than he could comprehend and read known words more accurately than unknown
words; (b) Homographic heterophones could not be read as accurately as the controls, and
most were read out of context; (c) Psycholinguistic variables of frequency, regularity and
imageability affected oral reading; and (d) Phonetic and visually related errors characterized
the oral reading errors of C.C.H.. I now discuss the implications of these findings for
addressing the issue of whether reading is semantically mediated in children with hyperlexia.
The first finding showed that C.C.H. read more words than he could comprehend.
This pattern was consistent with other hyperlexia children studies (Aram et al., 1984; Castle
etal., 2010). Interestingly, after looking closer into the items, C.C.H. showed more accurate
reading of known words than unknown words. Semantic knowledge is believed to have
played a role in the reading process of C.C.H. to give such pattern of performance. This
finding was in contrast to the result of Castle et al. (2010), in which the two children with
hyperlexia, JY and AD, showed comparable reading ability of known and unknown words.
The use of a more stringent criterion for known words, which required an oral definition
score of 2 or above (max score =3) in Castle et al. (2010)’s study can account for the
discrepancy. It is suspected that an oral definition score of 1 had already demonstrated
some semantic knowledge of the word, given the limited expressive language of the two
children. When I carried out the Fisher’s Exact test again with an oral definition score of 1
or above as the criterion for known words, both JY and AD showed significantly better in
reading known than unknown words (Fisher’s Exact: p <.001). Using this less stringent
criterion then mirrored the pattern found in C.C.H.’s performance because oral definition task,

which required expressive language ability and no choices were available, was inherently
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more demanding than the word-picture matching task we used. Therefore, given that
C.C.H.’s reading performance was better for words he knew, it is argued that word reading
still relied on a certain degree of semantics despite an impoverished semantic system.

The second finding demonstrated that C.C.H. was impaired in reading of homographic
heterophones. These types of words were particularly impaired despite C.C.H.’s reading
ability of words and characters in HKCRVT and HKGCNT was as proficient as typically
developing readers. The result was consistent with the prediction according to the PDP
model that reading of homographic heterophones could not be read accurately with an
impaired semantic system and would result in Reading Out of Context errors. C.C.H. read a
majority of the target characters out of context, meaning that he read most of the words at a
single syllable level with a legitimate alternative pronunciation without considering the
intraword context. It is believed that the homographic heterophonic character will activate
the syllable units corresponding to the possible pronunciations of the character, e.g., %t will
activates both the phonological representations of the characters in %< (refugee, /naan6
man4/ and #i@H (difficult problem, /naan4 tai4/). The two phonological representations
will compete with each other for production. Without understanding of the intraword
context to resolve the conflict at the phonological output representation, ROC error resulted
(Law et al., 2005). Given the frequency effects in HKGCNT, I suspect the higher frequency
phonological representation will be selected as output due to the greater efficiency of
orthography to phonology conversion for high-frequency characters than low-frequency ones
(Plaut et al., 1996). This however would warrant further investigation as information on
frequency of exposure to the homographic heterophonic characters was lacking. It could
also be argued that C.C.H. may not be familiar to these words in a special school, where the

curriculum did not emphasize on literacy skills.  This might have possibly contributed to the
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poor performance in homographic heterophones, rather than due to an inability to read using
word context. Despite this potential confound, effort had been made on selecting words
from Grade 1 to Grade 3 in Hong Kong primary schools in order to make the word list as
familiar as possible. Furthermore, C.C.H.’s ability to read HKGCNT characters at a level of
typically developing children would be the best evidence that familiarity should not be a
constraint for his reading of homographic heterophones, but semantic knowledge was.

These two findings on word reading demonstrated that semantics played a key role in
word oral reading. The result was consistent with the literatures showing an association
between oral reading and semantics (Patterson et al., 1994; Weekes, 2000; Weekes & Chen,
1999). These studies also predicted the presence of regularity, frequency and imageability
effects on C.C.H.’s character oral reading. C.C.H.’s sensitivity to psycholinguistic variables
was contradictory to the predictions based on direct lexical route of the DRC model
(Coltheart et al., 2001), but was predicted in the PDP model (Plaut et al., 1996). As
delineated in the PDP model, with a poorer semantic system, the mapping between
orthography to phonology is still intact to support reading of regular characters. However,
irregular characters are more error prone as the mapping between orthography to phonology
of irregular characters requires input from semantics, especially the lower frequency ones
(Plaut et al., 1996). There were more errors in low-frequency characters as it takes a longer
time for semantic information to enter into the orthography to phonology conversion before
reaching a stable pattern of phonological activation (Plaut et al., 1996). The more errors in
low-imageability characters than high-imageability ones could be accounted for by their
difference in richness of semantic representations. Low-imageability characters were
associated with fewer sensory referents and fewer semantic features, hence they require more

input from the semantic system before settling into a stable phonological representation
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(Plaut & Shallice, 1993). The need for more semantic input for irregular, low-frequency and
low-imageability characters explained C.C.H.’s poorer reading of these characters.

In the above, lexical-semantic knowledge was found to be involved in oral reading of
C.C.H. However, the effects of semantic impairment on reading pathways were still unclear.
The error pattern of C.C.H. may provide a better understanding of his reading pathways.
8.89% (4/45), 31.1% (14/45) and 44.5% (20/45) of C.C.H.’s phonetic-related errors were
from irregular high-, medium- and low-frequency characters respectively. The PDP model
predicted a different pathway for irregular character of high frequency and low frequency.
The high-frequency irregular characters could be read via the phonological pathway, while
the low-frequency irregular characters should be read via the semantic pathway (Plaut et al.,
1996). It is believed that if reading proceeded via the semantic pathway, C.C.H.’s errors
on irregular characters would not be so prevalent in lower frequency characters. The
observation of more errors from irregular low-frequency characters suggests reliance on
reading via the phonological pathway without mediation from semantics. Computation of
phonological output from a character will activate both the pronunciation of the whole
character and the pronunciation of the phonetic radical. The two phonological
representations compete with each other for an irregular character (Plaut et al., 1996). The
radicals were usually of higher frequencies as they appeared as character components in
different characters repeatedly (Zhou & Marslen-Wilson, 1997) and the chance of having a
relatively higher frequency component was even greater for low-frequency characters.
Without constraint from semantics in the phonological pathway, the one reaches a stable
phonological representation faster (i.e., the higher frequency component) will be selected as
output, resulting in regularization errors as reported in previous hyperlexia studies (Aram,

1997; Aram, et al., 1984) and other studies involving adults with semantic deficits (Patterson



THE CASE OF CANTONESE DEVELOPMENTAL HYPERLEXIA 26

& Hodges, 1994; Weeks & Chen 1999). For phonetic analogy errors, the lower frequency
characters were more prone to error in a similar vein as the regularization errors, as the higher
frequency analogous character would be selected as output without input from semantics.

It could be argued that the regularization errors resulted from reading via the non-lexical
pathway (i.e. grapheme-to- phoneme conversion) as in the DRC model. However, all of the
phonetic radicals in this experiment were real characters with their own meanings, e.g., Ff
run, /paau2/, and whose phonetic radical, & bag, /baaul/, has different pronunciation and
meaning. In this regard, regularization of Chinese characters is considered as a lexical
process instead of non-lexical (Law, Weekes, Wong, & Chiu, 2009). This contrasts to the
use of non- lexical reading pathway to explain the regularization errors in English hyperlexia
studies (Aram, 1997; Aram et al., 1984). However, the present study cannot rule out the
possibility of non-lexical processing in hyperlexia, and warrants further investigation on
reading of pseudocharacters with non-freestanding radicals (i.e., sublexical units that cannot
exist as real characters). The ability to give plausible pronunciation of the characters
reflects knowledge of print to sound mapping derived from previous exposure to characters
that share the same phonetic radical. This would rule out the possibility of non-lexical
processing and confirm the lexical nature of Chinese character reading (Law et al., 2009).

The error patterns shed light on the reading strategies employed by C.C.H. to achieve
comparable reading performance to his age-matched peers. The presence of more visually
related errors than the controls showed the possibility of learning some characters
logographically (i.e., memorize the character as a whole without decomposing into
components) (Ho & Bryant, 1996). This suggests that C.C.H. read a small portion of the
characters based on rote memory. And the larger number of regularization and phonetic

analogy errors of C.C.H. reflects the use of regularity and analogy rules in oral reading,
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suggesting that he was aware of the function of the phonetic radicals in oral reading (Ho &
Bryant, 1997). C.C.H. used regularity rule more extensively than the typically developing
children resulting in a greater regularity effect. Use of regularity and analogy rule was
found to help second and third graders in Hong Kong read up to 60% the characters of their
grade correctly (Leung, 2010), which showed that a major portion of C.C.H.’s oral reading
could be explained by the use of these strategies. Development of these rules was believed
to emerge from exposure to a large amount of characters for typically developing children as
teachers in Hong Kong do not teach the rules explicitly (Ho & Bryant, 1997). C.C.H.’s
preoccupation for lyrics on television might have contributed to the larger print exposure.
Generating reading rules from print exposure was justifiable within the PDP framework in
which learning is shaped by the amount and frequency of word exposure (Plaut et al., 1996).

Although this study was based on a single case, it has elucidated important findings that
set it as the cornerstone for future studies. Future studies may examine children with
hyperlexia from a range of semantic abilities to study the effect of differing degree of
semantic knowledge on reading. Greater effects of character frequency, regularity and
imageability would be expected in children with more severe semantic deficit. This would
further support the role of semantics in oral reading. The presence of non-lexical processing
in children with hyperlexia will be also an area of interest as mentioned above.

The case of hyperlexia in this study showed that with an underdeveloped semantic
system, oral reading of unknown words, words that require understanding of the word context,
irregular, low-frequency, and low-imageability characters were at a disadvantage. This
association of lexical-semantic knowledge and oral reading lends support to the PDP model
that successful oral reading in Chinese hyperlexia is semantically associated despite having

an impoverished semantic system.
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Footnotes

1Phonetic transcriptions are given in jyutping, a Romanization system for Cantonese
developed by the Linguistic Society of Hong Kong. The number represents the tone of the
character.

2 Although significant interactions effects were found, they are only reported in
Appendix F given that the findings from the main effects were already sufficient to
understand the control’s character reading in relation to C.C.H.

$ LARC errors included the regularization errors (Law, 2004; Weekes & Chen, 1999) and
reading out of context errors (Law, 2004; Law et al., 2005) in a number of Chinese dyslexia

studies.



THE CASE OF CANTONESE DEVELOPMENTAL HYPERLEXIA 32

Appendix A

Word-word Matching Semantic Relatedness Test Items

MA Control CA Control

Trial No. Target Distractorl Distractor2 M SD M SD
Practice Trial 1 #f Fall F - - - -
Practice Trial 2 474k [E+ Frefse - - - -
Practice Trial 3 #7i Fall PHEZ - - - -

1 NE B 1) 63.16 0.50 84.2 0.37

2 il B A 73.68 0.45 94.7 0.23

3 FioE K 1 100.00 0.00 94.7 0.23

4 LR ¢ 5 100.00 0.00 100 0.00

5 fif 7 BER 94.74 0.23 100 0.00

6 KEE EREE EE 84.21 0.37 94.7 0.23

7 FE FI5 HHE 89.47 0.32 94.7 0.23

8 P 2 i 100.00 0.00 78.9 0.42

9 VN F=iH Fi 47.37 0.51 52.6 0.51

10 & 5 1 89.47 0.32 100 0.00

11 54 BE EHE 63.16 0.50 94.7 0.23

12 JINEE + Fall 89.47 0.32 100 0.00

13 HE IINFH- (E3e8 78.95 0.42 100 0.00

14 HElE= S = 94.74 0.23 100 0.00

15 E==A S ) Eig 73.68 0.45 84.2 0.38

16 F& 1~ s bl 100.00 0.00 94.7 0.23

17 Hi i<t =5 73.68 0.45 94.7 0.23

18 PEEZ 8T G 100.00 0.00 100 0.00

19 kE ERg Sl 84.21 037 947 0.23

20 = SHUEE 2 100.00 0.00 100 0.00

21 HEEH 4 it 100.00  0.00 100 0.00

22 piid [ g 100.00 0.00 100 0.00

23 Rz g ¥ 84.21 0.37 84.2 0.37

Note. MA, mental age matched; CA, Chronological age matched; Underlined items are the correct

answers
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Appendix B
HKCRVT Written word- Picture Matching Written Items
Trial No. Target Trial No. Target Trial No. Target
Practice Trial 1 % 21 X 44 TR
Practice Trial 2 22 = 45 AT
Practice Trial 3 #E 23 B 46 —f
1 £ 24 7K 5 47 —
2 Bfl 25 AT AN 48 ;A
3 fii 26 S 49 %
4 PR 27 v) 50 i
5 & 28 i 51 (55
6 4 29 174 52 A2
7 7] 30 M 53 LA
8 U 31 HEA 54 =S
9 % 32 i 55 s
10 N 33 ¥ 56 G
11 34 (5 57 B
12 Y 35 FRLffer il 58 i
13 A 36 SSt 59 17N
14 o) 37 & 60 TR
15 JHIER 38 El 61 SRR
16 ik 39 e 62 2E
17 HE 40 Sy 63 gl
18 L 41 S{siie 64 XH
19 e 42 THIER 65 5V
20 A 43 —f%

Note. HKCRVT, Hong Kong Cantonese Receptive Vocabulary Test
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Appendix C

Contextual Word Reading (Homographic Heterophone) Items

Number

Homographic Heterophone pair

© 00 N O O A W DN B

T T e T e e T e e
O© 00 N oo o0 A W N L, O

20

Hr_F /dei6 soeng6/
54y Idakl fan1/
FEfE /bo3 zung2/

EJE Idaap3 jing3/
HEAE /ziu3 soeng3/
Z2{H Isyu2 gaa3/
= /goul hing3/

& jingl dongl/
Z=8H [seoil jiud/
¥f& /deoi3 cing3/
BT Iwai6 liud/

1 /gang3 gaal/

g0 /zungl saml/
fZ## /dou3 zyun3/
= 5/wui2 jyund/
}ET-/daam3 zi2/
HHEEE [zyun2 bin3/

2% /naand hon3/

E¥Hr /cungd sanl/
E R, /hon3 gin3/

2 /soeng3 hok6/
431 [fan6 zi2/
fdifE /zung3 zik6/
J#E3% ljingl goil/
FHEE /soengl cyu3/
40 Igaa2 jyud!
§#H7E /hingl gin3/
‘&t /dong3 zoub/
3k fjiul koud/
fE:& /Icingl zaan3/
B Iwaid zyu2/
Hk /gangl goi2/
15 /zung3 duk6/
EE /dou2 mui4/
& B /wui6 gin3/
¥y /daaml saml/
&) /zyun3 dung6/
EEES /naan6 mand/
g & /cung5 loeng6/
E5F /honl sau2/

Note. Target characters are underlined.

34
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Table 1.

HKGCNT Grade 2 items with Imageability Ratings

Appendix D

Hong Kong Graded Character Naming Test (HKGCNT) ltems

35

Character Imageability Character Imageability Character Imageability Character Imageability Character Imageability

o]
i

4.81 (0.51)
3.90 (0.89)
1.48 (0.60)
1.62 (0.80)
2.52 (1.40)
2.57 (1.08)
3.81 (1.29)
1.86 (0.91)
3.19 (1.03)
1.43 (0.81)
4.24 (0.89)
1.48 (0.68)
1.86 (1.15)
2.33 (1.11)
1.57 (0.75)
1.86 (1.20)
252 (1.12)
4.24 (0.77)
4.38 (1.07)
1.67 (1.02)
2.62 (1.36)
4.10 (0.94)
4.05 (1.24)
1.67 (0.86)
1.90 (1.22)
3.95 (1.28)
4.29 (0.90)
3.38 (1.20)
2.19 (1.17)
1.71 (0.72)

2.24 (1.34)
4.48 (0.98)
1.62 (1.02)
1.43 (0.81)
2.76 (1.04)
1.81 (1.08)
1.43 (0.68)
4.1 (1.34)
4.38 (0.80)
3.05 (1.07)
3.33 (1.20)
3.33 (1.20)
4.10 (0.89)
3.62 (1.24)
2.38 (1.07)
1.57 (0.98)
1.81 (1.17)
3.57 (1.03)
3.19 (1.40)
1.81 (0.81)
1.57 (0.98)
3.81 (1.12)
2.29 (1.19)
2.33 (1.24)
2.38 (1.02)
1.95 (0.86)
3.24 (1.48)
2.14 (1.15)
2.19 (1.17)
4.1 (1.26)

fe

o o §& OB @

J&

1.71 (0.90)
4.38 (1.12)
2.52 (1.08)
2.43 (0.93)
3.52 (1.17)
4.52 (1.08)
2.00 (1.00)
4.00 (1.05)
1.62 (0.80)
3.29 (0.96)
3.00 (1.18)
1.81 (0.98)
2.00 (1.10)
2.67 (1.43)
4.81 (0.87)
2.86 (1.11)
2.76 (1.18)
252 (1.21)
2.48 (1.54)
4.00 (1.34)
2.57 (1.29)
2.76 (1.18)
3.71 (1.10)
2.43 (1.21)
2.57 (1.36)
2.67 (1.24)
1.76 (0.83)
2.38 (1.50)
4.52 (0.81)
2.81 (1.25)

i

TR I OHY &

ng;

il
1

2.71 (1.27)
3.81 (0.87)
3.43 (1.25)
2.10 (1.22)
4.52 (0.87)
3.33 (1.28)
3.57 (1.16)
4.10 (0.94)
3.48 (1.25)
1.52 (0.68)
1.43 (0.68)
2.14 (1.31)
2.29 (1.27)
1.24 (0.44)
1.29 (0.46)
2.43 (1.29)
3.76 (1.09)
3.19 (1.29)
4.00 (1.22)
4.43 (0.75)
1.95 (1.20)
2.67 (1.46)
3.86 (1.01)
1.52 (0.75)
2.86 (1.24)
2.71 (1.31)
2.38 (1.12)
4.76 (0.70)
2.10 (1.14)
1.38 (0.59)

fil
]
£29
fi
5
fii

i3
i

Az
n

il
BR

(1)

3.19 (1.03)
3.57 (1.29)
3.57 (1.63)
2.35 (1.50)
4.62 (0.92)
3.00 (1.22)
152 (0.68)
3.57 (1.16)
3.24 (1.22)
3.10 (1.22)
4.19 (1.12)
1.62 (0.67)
1.33 (0.58)
3.24 (1.14)
4.00 (1.10)
4.48 (0.87)
152 (0.81)
3.10 (1.41)
1.89 (1.15)
2.67 (1.15)
1.70 (1.08)
1.90 (1.04)
3.10 (1.34)
2.33 (1.35)
1.48 (0.87)
1.67 (0.91)
2.90 (1.26)
1.33 (0.91)
1.52 (1.03)
2.00 (1.18)

Note. Standard deviations are given in parentheses.
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Table 2.

HKGCNT Grade 3 Items with Imageability Ratings
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Character Imageability Character Imageability Character Imageability Character Imageability Character Imageability

B A EARDFEKFES

Ean)
Vit

Note. Standard deviations are given in parentheses.

3.24 (1.29)
3.29 (1.17)
3.14 (1.25)
1.43 (0.83)
1.65 (1.06)
2.19 (1.11)
2.71 (0.86)
3.67 (1.18)
2.71 (1.16)
3.00 (1.12)
1.86 (0.93)
2.10 (0.97)
3.19 (0.95)
1.38 (0.81)
1.52 (0.83)
3.10 (1.02)
2.62 (1.10)
4.14 (0.99)
1.29 (0.80)
2.52 (1.39)
2.95 (1.23)
2.19 (1.09)
4.90 (0.31)
1.57 (0.82)
3.62 (0.93)
2.95 (0.92)
3.81 (1.06)
4.81 (0.41)
4.90 (0.31)
1.19 (0.41)

Vvt

ES
%{
i
%
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N

FABEREE B R M@

Tt
et

B of ok OB GF B o @I

JIN

#

>
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il

.
i

o

1.29 (0.66)
1.90 (1.12)
4.90 (0.22)
1.43 (0.68)
1.33 (0.75)
2.62 (1.35)
4.14 (0.89)
1.86 (1.09)
2.81 (1.18)
2.43 (1.19)
3.57 (1.10)
3.33 (1.14)
3.19 (1.52)
4.33 (0.81)
1.76 (0.95)
2.67 (1.08)
2.00 (0.97)
1.14 (0.49)
3.19 (0.95)
2.19 (1.32)
3.62 (1.14)
1.86 (0.97)
1.24 (0.79)
2.76 (1.15)
3.05 (1.39)
1.24 (0.55)
2.24 (1.13)
2.00 (0.86)
2.67 (1.62)
3.19 (1.41)

—t=

G
=t
5

>
B

Hf ﬁ% ﬁn ﬁ ﬁ_ﬁr 'Eltllllk

dEH

\

o R W

38>
P=—n

n

=

o o =

4.57 (0.60)
2.14 (1.31)
1.71 (0.79)
4.19 (1.11)
3.00 (1.29)
1.24 (0.55)
4.95 (0.22)
1.90 (1.19)
4.76 (0.55)
1.67 (1.03)
2.19 (0.91)
1.76 (0.77)
4.95 (0.22)
3.33 (1.53)
2.90 (1.43)
2.67 (1.42)
1.38 (1.10)
4.90 (0.31)
3.14 (1.28)
3.90 (1.10)
2.19 (1.12)
2.90 (1.19)
1.43 (0.83)
2.48 (1.24)
1.62 (0.88)
4.05 (0.85)
4.38 (0.69)
1.33 (0.67)
2.24 (0.98)
4.43 (0.69)

<Ml E H N M SN xS

#t

B E<ENRND

4.14 (0.93)
4.90 (0.31)
2.95 (1.15)
2.05 (1.05)
3.86 (1.07)
2.19 (1.16)
1.52 (0.83)
1.86 (0.72)
3.24 (1.21)
1.43 (0.69)
3.76 (1.29)
2.14 (1.20)
1.71 (0.97)
3.43 (1.39)
2.86 (1.33)
2.00 (1.19)
1.52 (1.00)
1.86 (0.91)
5.00 (0.00)
2.14 (0.93)
3.81 (1.06)
4.90 (0.31)
5.00 (0.00)
1.48 (0.76)
3.10 (1.09)
2.62 (0.99)
4.86 (0.37)
1.33 (0.49)
2.24 (1.03)
3.24 (1.31)
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4.05 (1.34)
3.62 (1.57)
3.10 (1.27)
2.86 (1.19)
2.33 (1.27)
1.90 (1.19)
3.86 (1.21)
4.67 (0.47)
2.57 (1.31)
1.19 (0.41)
2.14 (0.88)
4.14 (1.11)
1.24 (0.44)
4.38 (0.75)
1.71 (0.91)
1.14 (0.37)
3.57 (1.14)
1.43 (0.00)
2.57 (1.14)
1.43 (0.83)
4.67 (0.55)
4.86 (0.67)
2.24 (1.13)
4.19 (0.95)
2.71 (1.34)
3.43 (1.19)
1.52 (0.89)
4.95 (0.22)
1.19 (0.41)
2.05 (0.72)
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Appendix E

Percentage of HKGCNT Oral Reading Errors of C.C.H. and the Control Groups

Grade 2 Character Grade 3 Character
C.C.H. MA Control C.C.H. CA Control
High frequency
Regular
High imageability 0.00 0.00 (0.00) 0.00 5.00 (10.47)
Low imageability ~ 50.00 14.47 (20.94) 0.00 0.00 (0.00)
Irregular
High imageability ~ 11.11 1.17 (3.47)* 11.11 3.89 (5.45)
Low imageability ~ 10.00 4.74 (6.97) 22.22 7.22 (11.03)
Medium frequency
Regular
High imageability ~ 14.29 33.08 (19.63) 12.50 15.63 (16.59)
Low imageability ~ 12.50 26.97 (24.64) 20.00 17.00 (15.29)
Irregular
High imageability ~ 46.67 31.58 (17.67) 58.33 24.58 (12.52)*
Low imageability ~ 30.00 21.58 (21.67) 38.46 37.69 (15.54)
Low frequency
Regular
High imageability ~ 25.00 34.21 (23.88) 42.86 27.86 (26.84)
Low imageability ~ 62.50 46.71 (21.19) 25.00 46.88 (17.61)
Irregular
High imageability ~ 58.33 37.72 (21.86) 75.00 46.88 (16.07)
Low imageability ~ g80.00 55.79 (21.43) 81.25 53.75 (18.74)

Note. HKGCNT, Hong Kong Graded Character Naming Test; MA, mental age matched; CA,

Chronological age matched; Standard deviations are given in parentheses; *p < .05



THE CASE OF CANTONESE DEVELOPMENTAL HYPERLEXIA 38

Appendix F

HKGCNT Oral Reading Interaction effects
The effect of frequency on the reading performance of the MA control was qualified by a
significant two-way interaction between frequency and imageability (F (2, 36) =32.23, p
<.01, np2=.642). The means of the MA control relevant to this interaction was shown
Appendix E to show that 1) frequency effect was present only for low imageability characters
but not present for high imageability characters in the medium- to low- frequency range. 2)
Imageability effect was observed in high- and low- frequency;, a slightly reverse imageability
effect was found in medium-frequency. This interpretation was confirmed by analysis of
simple effects corrected using a Bonferroni adjustment.  The results were all significant at p
<.001. For low imageability characters, there were more errors in low-frequency (M=
51.1%, SD= 4.6) than medium- frequency (M= 24.1%, SD= 5.1) and high- frequency
characters (M= 9.6%, SD=2.8). More errors were also found in medium- than high-
frequency. For high imageability characters, significantly more errors were present in low-
(M=36%, SD=4.5) and medium- frequency (M= 32.3%, SD= 4) than high frequency
characters (M= 0.6%, SD=0.4). The difference between low- and medium- frequency failed
to reach significance, p=.63. Effect of imageability was significant at the .05 significance
level among characters of each level of frequency, but the effect of imageability was reversed
for medium frequency characters, with more errors in high- (M=32.3%, SD=4) than low
imageability (M= 24.1% ,SD=5.1). For MA control, the important findings were 1)
Frequency effects were always strong; 2) regular characters were not at an advantage
comparing to irregular characters; 3) low imageability characters were more sensitive to
frequency factors, low frequency- low imageability characters were specifically more error-

prone; 4) imageability effect was generally found in high and low frequency characters.
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For the CA control, a significant two-way interaction between imageability and
frequency, F (2, 36) = 6.56, p =.004, np? = .27, regularity and frequency, F (2, 36) =4.81,
p=.014, 5p? = .21 were also found. These two interactions were qualified by a critical
three-way interaction between frequency, imageability, and regularity, F (1.42, 25.59) = 6.75,
p=.009, np? = .27, w* = .59. As Mauchly’s test indicated the assumption of sphericity had
been violated for the three-way interaction,y’(2) -8.87, p=.012, degrees of freedom were
corrected using Greenhouse-Geisser estimates of sphericity (e=.71). The means of the CA
control relevant to this interaction was shown Appendix E.  The three-way interaction
showed that the imageability and frequency interaction was significant in both regular, F (2,
36) = 7.48, p =.002, np? = .29, and irregular characters, F (2, 36) = 4.58, p =.017, 5p? = .20.
Regularity and frequency interaction was present only in high imageability, F (2, 36) = 5.54,
p =.008, np? = .24, but not in low imageability characters, F (2, 36) =5.90, p =.072, 5p?
=.25. Therefore, regularity effect was the same across frequencies for low imageability
characters. Post-hoc pairwise comparisons using Bonferroni adjusted alpha levels of .017
per test (.05/3) showed that 1) Imageability effect was found in low frequency- regular
characters, t (18) =-3.65, p=.002, and medium frequency - irregular characters, t (18) =-4.09,
p=.001; 2) For high imageability characters, regularity effect was only found in the low
frequency range, t (18) = -3.36, p=.004. For CA control, the important findings were 1)
Frequency effects were always strong; 2) low imageability characters were more error prone
than high imageability characters when they are in the lower frequency range regardless of
regularity; 3) irregular characters were more prone to error than regular characters at all
frequency levels of low imageability characters, but only at the low frequency range for high

imageability characters.
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Appendix G

HKGCNT Oral reading Errors Classification

Type of Error Description Example
Regularization The sound of the phonetic radical was & /jiké/ > 18 /je6/
(Phonetic used for the pronunciation of the whole

derivation) character

Analogy The character was pronounced as Phonetic analogy:

Visually related

Word-related

Semantic-related

Tonal

LARC

Did not know

Ambiguous

Others

another character that shared the same
phonetic, semantic component or
logographeme.

The character was pronounced as
another character that shared similar
orthography

The character was pronounced as the
other character in a word.

The character was pronounced as
another character having similar
meaning

The response differed from the target
only in tone

The pronunciation of one of the
logographemes was used as the
pronunciation of the whole character
The participant said they did not know
how to read the character

The error can be interpreted by a
number of error patterns

Errors other than the above categories

f Ikul/ 2> %5 /gul/
Semantic analogy:

fig /keid/ > fik /leond/
Logographeme analogy:
% Jok6/~> J& Iwatl/
= /sikl/=> #H /mou3/

7 ljuke/ - &l /gongl/, JAtGL
is a word meaning bathtub
f&/kwai6/~> %5 /soengl/, both

characters mean ‘box’
% [faan3/~> 1&/faand/

I [keid/=> £ /lou3d/

H Isil/> E/fH/keid/, which
can be an analogy error or over

regularization error.
feg Iwatl/-> /lik1l/

Note. HKGCNT, Hong Kong Graded Character Naming Test; LARC, Legitimate Alternate

Reading of Components



