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Thinking beyond diagnostic labels: Multidimensional Assessment and
Digital Intervention for Childhood Auditory and Spoken Language

Processing Difficulties
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A new comprehensive framework for assessing auditory and
spoken language processing functions in young children with
developmental disorders associated with audition, cognition,
and spoken language, based on Medwetsky’s Spoken Language
Processing Mechanisms
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Background & Aim

The assessment of auditory functions in young children should
reflect a series of skills to prepare for the understanding of
spoken language. My team proposes a hew comprehensive
framework based on Medwetsky’s Spoken Language Processing
Mechanism (2009, 2011, 2024), with new modifications, for
assessing a hierarchy of auditory and spoken language
processing functions in young children using auditory behavioural
testing techniques reflecting the functional integrity of the
auditory neural system from peripheral level of hair cells level and
all the way up to the auditory cortex.

Methodology

This hierarchy of assessments would help identify point/s of
breakdown in the hierarchy from (1) acoustic signal transduction,
(2) speech and non-speech sound detection, sound
discrimination, (3) phonological awareness and spoken word
recognition, (4) attention allocation to degraded signals, (5)
selective attention to signals with masking or contralateral
competition, (6) auditory-linguistic integration, (7) sequencing of
auditory words/ sentences.

Results
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Listening Picture Identification Test (DiALoPaDL) in Cantonese,
Arabic, English, and possibly in Maltese which serves levels (4) &
(5) in the hierarchy. | will also present a new Cantonese
phoneme sound discrimination and identification assessment
and intervention online platform for young children with
phonological awareness difficulties, which serves levels (3) & (4)
in the hierarchy.

Discussion & Implications

The assessment of the early stages of spoken language
processing should include speech-sound detection,
discrimination, and recognition in quiet, competing, and noisy
listening environments. Speech-language pathologists and
audiologists are equally responsible for thoroughly assessing
every child with communication difficulties in various stages of
spoken language processing. The time for both disciplines to
work together to solve this clinical research gap is long overdue.
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Childhood learning disabilities, language disorders and RESBTER. E=ERELEERIEER — HE EENERNZE
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We will discuss the definitions of these developmental disorders ﬁ{FﬁH%#E}E‘E (FEmEm2 i =t M) 5 EH& (DSM-5) . (EEIp&EE

related to (1) language and literacy, (2) speech discrimination and
recognition under challenging listening conditions, and (3)
cognition including working memory and attention, from DSM-5
and ICD-11, and position statements.

It’s surprising that some of these disorders are not operationally
defined. Even professionals in the same discipline define these
terms differently. We will discuss if those definitions have been
helping or hindering the screening, diagnostic, intervention and
educational services for children and adolescents with special
needs in speech, language and literacy, hearing, communication,
cognition, and learning.

Rather than providing ill-defined diagnostic labels, we call
professionals to holistically present children’s performance

profiles in the domains of peripheral hearing and vision functions,

phoneme discrimination & word recognition, auditory and visual
working memory and attention span, nonverbal intelligence,
phonological-orthographic awareness, spoken language
production and comprehension, reading and writing. Such a
profile would be instrumental in informing intervention planning.
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The Directed-Attention Low-Pass Filtered Spoken Word
Dichotic Listening Picture Identification Test (DiALoPaDL)
reveals how young and older Cantonese-speaking children
develop hemispheric laterality for spoken language
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Background

This study is part of a groundbreaking cross-language central
auditory processing assessment tool that incorporates low-pass
filtered (LPF) spoken-word recognition testing into a dichotic
listening (DL) testing protocol. Combining LRF and DL will be a
breakthrough in the central auditory processing literature,
especially in identifying young children with abnormal
hemispheric laterality in spoken language processing from 3
years onward. Abnormal hemispheric laterality for spoken
language processing in young children, including
disproportionally large right ear advantage, in other words, left ear
disadvantage, is a clinical marker for language-learning disorders.
This project will provide a theoretical foundation and a clinical
solution for early intervention for young children at risk for
spoken-language developmental difficulties.

Aim

This project proposed an unprecedented method that uses low-
pass filtered speech recognition performance to quantify
hemispheric laterality via an innovative series of newly developed
outcome measures in directed-attention dichotic-listening tasks.
These outcomes will be obtained from over 400 3- to 13-year-olds
in Hong Kong, The United Arab Emirates, Australia, and Malta.

El=1—§
A=

AR ERWMERNBEES PREEEET M TEN—20, A LEIL
RIBIERE (low-pass filtered, LPF) MBI NEEEZ RS
B (dichotic listening, DL) SEIERFEHFH,
FHREREEEEERNNEES, 2 TIRESEEN R SURTH
—IERE, THEWRHEREE =KE, TOERESEES | HIR KM
FIKAICETE LR,

YROBESRENAKISCFIRAMUES, BFAEESELA, ALE
PR FREEBAR, BENEESSEERNRKAER. A5TEEA
BNEEsSRAMRARINSRFIHNN, REIERER LGRS

o

EL:Y

AAERE—ERITREN A ZE, ERMBRKESIRIRER, 28
—ARIBFEIERAENAERAE, RS IR NEERMNIEES
8 RIEFER BRI

BLERSGKRATE. MhA¥eERE. RNLXEEM, Bid 400
ZEHBNT 3 E 13 RARE,
EEMNGERABEZEN—EEREE, BUSrRERRE SN
ERBEREAEES, UWEREAFTREERERBENEENCHEEE
H#MRBRERZENRER,




This new set of outcome measures is generated by a theoretical
model that uncovers how typically developing children auditorily
process spoken language and how children with central auditory
processing deficits deviate from their typically developing peers.
An international cross-language, time-efficient, and easy-to-
administer central auditory processing assessment Directed-
Attention Low-Pass Filtered Spoken Word Dichotic Listening
Picture Identification Test (DiALoPaDL) — will offer an
unprecedented window to identify abnormal hemispheric
laterality for spoken language processing in young children. In this
presentation, we will present and discuss test results from with
suspected or confirmed language or literacy disorders, and their
age-matched healthy controls.

Method

In DiALoPaDL, monosyllabic words were identified with initial
fricatives or affricates as minimal-pair contrasts. Two auditory
stimuli carrying that contrast were presented simultaneously to
two separate channels via insert headphones. This test
innovatively incorporated the low pass filtered (LP) speech stimuli
at 1000 Hz, and the unfiltered speech stimuli in the opposite
channels. The directed listening test condition requires the
participant to focus on a target channel using cartoon figures
“piggy” or “kitten” displayed on screen as the visual anchor, not
requiring any prior knowledge of “left” and “right”. In the EASY
listening condition, the unfiltered stimuli were presented to the
target channel and the LP ones to the to-be-neglected opposite
ear channel, letting the participants to focus on the target
channel easily. Whereas in the HARD listening condition, the LP
stimuli were presented to the target channel and the unfiltered
stimuli to the to-be-neglected opposite channel. This posted
additional challenges for participants to identify the degraded
targets as they may be unable able to hold their attention to the
target side and shift to the opposite side; °

Results
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Neurotypical adults outperformed early primary and secondary
school students in overall accuracy. The TD students, compared
with their TD peers, showed a significantly larger decline in
performance when the speech signal was degraded and were
much more likely to respond to stimuli from the opposite ear
under the EASY listening conditions. More data will be reported
on the comparison between the TD and the group with language
and literacy disorders.

Discussion/ implications

These findings suggest that key aspects of auditory selective
attention and top-down cognitive control are still developing
during the early secondary school years. Although TD students
could manage the EASY listening condition adequately, they
became less able to maintain focus and suppress competing
auditory information in the more challenging HARD listening
condition. This pattern is consistent with the continued
maturation of the corpus callosum and related cognitive control
networks during adolescence.
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Within-participant binaural redundancy, binaural squelch,
head-shadow, and spatial release from masking of preschool
cochlear implantees with and without bimodal hearing aid
fitting
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Aims

Our understanding of within-participant speech recognition-in-
noise binaural benefits in preschool cochlear implantees is poor
because age-appropriate and sensitive test materials are
unavailable. This study is one of the world’s very first studies that
offer an intra-participant statistical check on bimodally-fitted
(CIHA) preschool implantees’ binaural squelch (BS), binaural
redundancy (BR), head shadow (HS), and spatial release from
masking (SRM).

Population

The Mandarin Spoken Word-Picture IDentification Test tested
Thirty-three Mandarin-speaking preschoolers aged 3.5 to 6.6 with
CIHA - Adaptive [MAPID-A] (Yuen, Qiu, Mou, & Xi, 2019), which
yielded an adaptive signal-to-noise ratio for 50% correct scores
(aSNR-50%) as the outcome measure.

Methods

Participants were tested in two aided conditions: (1) Cl-only and
(2) CIHA. Speech stimuli were always presented from 0° azimuth,
and a speech-spectrum weighted noise from a) 0° azimuth, b) the

Cl side at 90° azimuth, and (c) the hearing aid side at 90° azimuth.

Within a participant, if the mean difference of aSNR-50% scores
from two test conditions exceeded the 95% critical difference
level (95% CD), the binaural benefit was deemed significantly
different.
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Results. Intra-participant comparison results revealed that 39%,
55%, and 55% of participants exhibited statistically significant
improvement from Cl-only to CIHA for BR, SQ, and HS,
respectively, and 82% of them gained at least one or more
binaural benefits, but 15% did not show any binaural benefit at
all. 42% of them showed SRM from 0° to the HA side, whereas
only 6% showed SRM from 0° to the Cl side. Interestingly, one
outlier performed worse in CIHA than Cl-only in BS.
Interpretation. The binaural benefits of adding a hearing aid on
the contralateral side for monaurally implanted preschoolers vary
across individuals. Most of them showed clear benefits. Some did
not show any at all or even with binaural interference. Rather than
inferring from group results, testing binaural benefits for
individual preschool implantees in the clinical setting is crucial to
ensure CIHA outperforms Cl-only. Or refitting one or both devices
would be deemed necessary to maximise binaural outcomes.
Conclusion. This is one of the world’s first paediatric cochlea
implant studies, which exhaustively revealed individualised CIHA
binaural benefits using the validated, reliable speech recognition-
in-noise MAPID-A test tailored for preschool children. This intra-
participant investigation revealed significant performance
variability across participants. Compared with past studies,
which mainly offer group results, this study's individualised
statistical performance outcomes offer much clearer evidence-
based practice directions on device fitting and aural
rehabilitation.
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Within-participant spatial release from masking and ear
advantage in normal-hearing adolescents with and without
language-learning disorders
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Aims

Past studies on spatial release of masking (SRM) and ear
advantage (EA) mainly reported group results but rarely individual
ones, especially in providing error estimates. This project aims to
develop atesting and analysis regime to determine the presence
of within-participant SRM and EA, a promising method for
assessing individualised central auditory processing or listening
performance.

Population. Thirty adolescents aged 10-15 (ADOLE) and 30 adults
(ADULT) aged 19-28 were tested by the CANtonese Dlsyllabic
Word Identification Test in Noise-Adaptive (CANDIWIT-N-A),
which yielded adaptive signal-to-noise ratio for 50% correct
scores (aSNR-50%) as the outcome measure for three noise
direction conditions (front, left and right). In contrast, the speech
direction was fixed to the front. A third group of participants
(ADOLE-LD) who are age-matched with ADOLE with language-
learning disorders is under recruitment and testing.

Methods. The difficulty level of 120 disyllabic-word test items of
CANDIWIT-N-A was homogenised by aligning individual items’
performance to signal-to-noise ratio (SNR) functions obtained
from another 26 normal-hearing participants. Each test item’s
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absolute intensity level was adjusted to match its 50% correct
pointin the function to the grand mean SNR-50% point of all
items to complete the homogenisation. Ninety-eight test items
were selected for the adaptive testing procedures to obtain the
aSNR-50% outcome measure.

Speech stimuli were always presented from the front, and a
speech-spectrum weighted noise from three test conditions: (1)
Noise Front, F, (2) Noise Left, L, and (3) Noise Right, R. Pairwise
comparisons were conducted among the three test conditions to
reveal intra-participant SRM (i.e., Rvs. Fand L vs. F) and ear
advantage (i.e., L vs. R). The standard error of the difference
between the mean aSNR-50% obtained from two test conditions
(SED) was calculated from their respective SEs. The SEs were
inflated twice to account for the potential lack of independence
among adaptive testing excursion midpoints. A 95% critical
difference (95% CD) was calculated from the SED. If the absolute
difference of the two mean aSNR-50% exceeds the 95% CD, the
two conditions were deemed significantly different for the
participant.

Results. Significant SRMR (L outperforms F) was found in 83% of
participants in ADULT and 93% in ADOLE. Significant SRML (R
outperforms F) was found in 80% of participants in ADULT and
67% in ADOLE. No participants in either group yielded negative
SRM. Right EA (L outperforms R) was found in 7% of participants
in ADULT and 33% in ADOLE. Left EA (R outperforms L) was found
in 7% of participants in ADULT and 33% in ADOLE. Preliminary
results from ADOLE-LD will be provided.

Interpretation. SRMR of ADOLE have reached ADULT level.
However, SRML of ADOLE has not yet reached the ADULT level,
which can be explained by the fact that 24% more participants in
ADOLE than ADULT have significant REA (L outperforms R). In L,
noise presented to the left ear creates a head shadow and better
SNR for the right ear than the left one and vice versain R. In
ADOLE, the masked signal received from the left shadow was not
processed as efficiently as from the right shadow. Conversely, the
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R and L auditory processing pathways were equally efficient in
ADULT. The discrepancies in these results suggested that the
corpus callosum in ADOLE has not yet fully matured to the adult
form. If ADOLE-LD underperforms ADOLE, central auditory
processing deficits in the language-learning disordered
population would be possible.

Conclusion. CANDIWIT-N-A reliably detected subtle within-
participant statistically significant SRM. CANDIWIT-N-A also
revealed asymmetrical auditory processing pathways between
the two ears - right ear advantage (REA), in adolescents but not
adults, suggesting that adolescents’ auditory neural pathway for
speech-recognition-in-noise had not yet reached adult level.
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Discrimination and identification of syllable-final Cantonese
stop consonants in pre-primary and early primary schoolers
with and without language and literacy difficulties
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Background

Children with language and developmental language disorders
(DLD) have been shown to process auditory information less
efficiently than typically developing (TD) peers, who often exhibit
weaker performance in phoneme identification and rely more on
semantic cues than fine auditory-phonological details. This study
investigates young Cantonese-speaking children's ability to

discriminate and identify the syllable-final stops /-p/, /-t/, and/-k/,

which are unreleased, unaspirated, and voiceless. The ability to
discriminate and identify syllabic final contrast reflects how
competent listeners can perceive the subtle differences in
formant transitions from the preceding vowel to the closure of the
place of articulation. Cantonese final stops are unreleased and
without burst noise, so the formant transition cues are even more
limited than their syllabic initial counterparts. There is a potential
to use the subtle acoustic contrasts to assess children’s auditory
and phonological processing for spoken language development.
Aim

The objective of this study is to compare how Cantonese-
speaking children with and without developmental language
disorder (DLD) perceive unreleased final stops, /-p, -t, -k/, in
monosyllabic words, using both discrimination andidentification
tasks, and to characterise which final stop contrasts and error
patterns are most vulnerable.

Method

A dedicated iOS-based application was developed to offer a
game-based computerized testing for the participants. The final
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stops are carried by monosyllabic words which are with minimal
pair contrasts with one another. That means except for the final
stop difference, in each carrier, all other phonemes and the
lexical tone are the same, e.g. in one carrier the three members
are - /tshap3/ “plug”, /tshat3/ “wipe”, and /tshak3/ “book”. In the
discrimination task, the sound files of two members were played
sequentially, and the participants were asked to respond whether
the two members were the same or different, using “O0”, or “X0O”
as the visual response options on the touch screen monitor. All
possible pairings were tested including different presentation
orders of the same two members, and two repetitions of the same
member. In the identification test, the target member was played,
and then then all three members was played one by one
accompanying by the pictures representing them.

Results. TD and DLD children differed in the distribution of their
misidentifications across final-stop contrasts, even though their
total error rates were similar. These findings support the view that
differences between TD and DLD children may be more evident in
the fine structure of error patterns than in global accuracy
measures alone, particularly for contrasts that rely on subtle
vowel-consonant formant transitions, as is the case for
unreleased Cantonese final stops.

Discussion

There is potential to use the discrimination and identification
tasks as a screening tool to early-identify children with
phonological awareness difficulties for the timely provision of
language assessment and intervention services.
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Background =

Dichotic listening is commonly used to examine hemispheric SEH IR D APMER S EREN A BSEEAMY,  W=EREmES
lateralisation for speech processing, typically showing a right ear AR EERAEES,
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ateralisation may differ across languages depending on language AEEECHAEFLEE MEEE RGeS R

experience and proficiency, and these effects may be further
shaped by autism spectrum disorder. This study therefore used a
new Cantonese-English monosyllabic dichotic listening test to
compare spoken-language lateralisation in Cantonese-speaking
children with high-functioning autism spectrum disorder (HFASD)
and their typically developing peers.

Aims

This study aimed to compare the extent of hemispheric
lateralisation for processing English and Cantonese target words
in each ear, while controlling for the effect of competing minimal-
pair distractor words presented to the opposite ear. A baseline-
corrected approach was used to estimate right ear advantage
even when the paired words differed in difficulty. The study also
examined whether children with HFASD showed a different
lateralisation pattern from typically developing children in
divided-attention and directed-attention listening conditions.

&,

Fit, ARIEA—EFTNERGE—AEE S EREAERE, [t
REBSIEEEBEERER: (high-functioning autism spectrum
disorder, HFASD) HVEREHTEMMAZEREEENELS /7 ER
BB

BH

APREEERSHEENGER SRR EELERABEANT, KK
FHANCNEE, BEERH EEKE&HR\A%%$W%W?$5
NTEENEE,

RIEECHTMNEE NG, HRIDIRBEERRENTEHELEE
B

KIRINRES HFASD READBUF R L IEE
R EENERHRIERIEE,

FE

SEERRIBGNT, HA




Method

An English monosyllabic word was presented to one ear and a
Cantonese monosyllabic word generated by the same male Al
speaker was simultaneously presented to the opposite ear. The
paired words formed minimal pairs that differed by substitution,
addition, or deletion of one phoneme, without crossing the
phonemic boundary of the other language. For example, /then/
(“living room” in Cantonese) was paired with /then/ (“ten” in
English). Right ear advantage was assessed under two
conditions: divided attention, in which participants freely recalled
words from either ear, and directed attention, in which they were
instructed to attend to one ear. These conditions were used to
determine whether the HFASD group showed atypical
hemispheric lateralisation for Cantonese and English speech
processing relative to their typically developing peers.

Results

The results suggested a language-asymmetric profile in the
HFASD group. In the divided-attention condition, participants
with ASD more often identified English than Cantonese when
both languages competed for attention. In the directed-attention
condition, they also performed better on English than on
Cantonese stimuli. Opposite-ear analysis further showed that
Cantonese was more vulnerable to intrusion when English served
as the competing stream. Together, these findings suggest that
English was the more accessible language in this auditory
competition setting, despite Cantonese being the participants’
first language.

Discussion

These findings suggest that bilingual exposure in ASD is better
understood as experience-sensitive rather than as a simple L1-
first developmental pattern. Recent reviews show that
bilingualism does not harm language or communication in
autistic children, and that outcomes depend more on exposure,
use, and context than on bilingualism itself. The English
advantage observed here may therefore reflect greater functional
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use and reinforcement of English in the participants’ daily lives,
rather than an inherent weakness in Cantonese. Overall, the
results support the view that bilingual language development in
ASD is shaped by communicative experience and task demands,
not by acquisition order alone.
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A new, computerised, Traditional-Chinese logographeme-
based orthographic awareness assessment and intervention
application for young Cantonese-speaking children with
language-learning difficulties.
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Background

An iPad iOS application was designed to offer an innovative
orthographic awareness assessment and intervention tool for
young Cantonese-speaking children. Over 3000 Traditional
Chinese characters classified as Key Stages 1 and 2 from The
Hong Kong Cantonese Lists for Primary Learning (Leung & Lee,
2002) were analysed into their logographeme constituents
according to Liu et al. (2009). In the application, participants are
provided with a list of constituent logographemes for each
Chinese character, and they finger-drag each logographeme to
the desired position in the character grid.

Aim

This study examined the treatment efficacy of the logographeme-
based application designed to enhance orthographic awareness
skills in young Cantonese-speaking children with and without
specific learning difficulties (SpLD). We would like to investigate if
the character structures, i.e. the left-right versus and top-down,
affects the learning of unfamiliar characters. We also wanted to
investigate the outcome of this new logographeme-based training
application, in comparison to that from conventional paper-and-
pencil copying training

Method

Nineteen Cantonese-speaking children with confirmed or
suspected SpLD, and another 14 children with typical
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development participated in a 3-session intervention programme
sandwiched by two assessment sessions. All children were early
primary students aged from 7 years 1 month to 9 years 3 months.
In the intervention module, a hierarchy of training levels is
provided with increasing difficulty: (1) the character is displayed
with colour-coded logographemes with their colours matching
their respective list of constituent logographemes; (2) the
character is changed to a grey shadow; and (3) the character
shadow is removed, leaving just the character grid. There is an
option to provide distractor logographemes which are
orthographically similar to the target ones, aiming to heighten the
participants’ awareness to discriminate them. Another training
option is to pre-set a certain percentage, i.e., from 20-80%, of
logographemes displayed in the character grid to accommodate
participants with different performance and motivation levels.
The participant can listen to the spoken form of the character and
see the picture with a written sentence including the target
character.

In the assessment module, none of the cues in the intervention
module are provided except for the option of logographeme
distractors. Two attempts were allowed for moving each
logographeme to the construction frame of each character in the
iPad screen. The total score was calculated based on correct
placement of target logographeme. The character size shown on
screen was 280 x 280 points. If the logographeme was placed
within £30 points of its designated position in the character
frame, in both the horizontal and vertical dimensions, the
placement was deemed correct. Tracking children’s correct
positioning of logographemes within the character structure
reveals the participant's orthographic awareness. We will discuss
pilot intervention results for early primary students with
language-learning difficulties.

Results

Participants, both the clinical group and the typically developing
group demonstrated substantial improvement following the

ATEIEMAGHERABERAER, PEBHE =N AZERE. IERE
B ATNEE FEMNF TR 1IEAZEIRIMEA.
ENNEEA | -
1. MAEBEERPXFHINTEREE, TP RBGNECHEA
BRFETZERETEETNEE 2 ;
2. BHRXFERAINGIES
3. BBRHPXFRY, RREBHPLFE.
ARFRUIMATEFTERNEE, BETEFRAELTALEFETR
I, BReRs2HEEHRNTMIE.
FH—IEHISRIEE, LR EPXFTEPBTINTRBGE L, A
i 20% & 80%, MEATH/A%WEEK@%Ki
SHEETPRBZTLFHNERES, THEERESBEFFH

e TR

BlESY=E:

B A REBEGT.
TERHHRMATR, BT TREREHTEBGTEFRZIN, A2REN
NARAR R B4R 7o
SEEGREMAME, BEEFHBHZEZE Pad &5 tEEF
S BRERAEN
@AW$EE U RGN ETE.

FERRIIFR ST R/NA 280 x 280 Bh, WNRFAEBTE A SIFAE

W,%Ki&ﬁﬁﬁﬁiﬁﬁ%%iﬁ%ﬁm%%ﬁﬁw,@ﬁ%
ﬁ%ﬁﬁ
BHtRBAP L FAEBN ERMEFABHNERL JUBR2HEE

E/]_I—_E%/jﬂ_ff\;ﬁ
B metH R BRE S B8 RERNV/ N B4 ETHNAEEN NG
£,
R
FRARAA R A RANSHEEAN NBYEBRENE
P FEBRABBRENE éﬁ%TEEm%(@Pmmym)$i
FREGRBHERER, —HENLETERE (top-down, TD) HXX
%o

FIER LR, BTG EESREEP LT EAERIE,
lRETD FE BN EREL S EAAE LNBEER,




intervention. There was a significant effect of character structure,
with participants consistently exhibiting higher baseline and post-
test accuracy for left-right character structures (LR) than top-
down (TD) ones. Net gain comparisons indicated no statistically
significant difference in the magnitude of improvement between
LR and TD structures across both logographeme count and whole
character outcome measures. The intervention offered from this
new training application was as good as the traditional paper-
and-pencil intervention method.

Discussion

This new logographeme-based Chinese character orthographic
awareness intervention tool is effective for improving
orthographic awareness skills in children with early literacy
difficulties. The treatment yields uniform, generalized learning
benefits across different orthographic structures, successfully
overcoming baseline disparities in structural complexity. These
findings underscore the clinical utility of targeting sub-lexical
components while highlighting the facilitative role of holistic,
semantic character contexts in maximizing intervention
outcomes for children who struggles with Chinese character
learning.
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