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Pe3zume

OBaa cTyaWja TW HCTpaXKyBallle OCHOBHUTE ayIIH-
TUBHA OOpa0OTKM Ha 3By4HaTa aMIUTUTyIa Kaj
KWHECKUTE JIella CO TEHIKOTUH MPH YUTAHkE U CO
JjA3WYHU HapyIIyBama. [leTHaeceT nema co TemKo-
THH TIpH YUTame Ha KuHeckd jaswk (TY), merHa-
€CeT Jiella CO TEHIKOTUH IIPU YUTamke HAa KUHECKH
Ja3MK M CO CHCHU(UYHM ja3HYHH HAPYLIyBarba
(TY-CJH) n mecnaeceT BpcHUIM 3a KoHTpona (K)
Oea n30paHu O TOKATHUTE OCHOBHH YUIUIHIITA BO
Tajan. Tpure rpynu Oea cropeieHH, OCOOEHO
criopes; (poHOMOIIKAaTa CBECHOCT U CIIOPEN Pas3iii-
KyBamETO HA IIOYETOKOT Ha ayJUTHBHATA aMILIU-
Tyna. HamuTe npenMMuHapHU pe3ysiTaTH MOTBp-
JIja JleKa KOHTPOJHHUTE IPYIU MOKaKale 3Ha4u-
TEJTHO TMOA00pU pe3yNTaTH Ha CUTE (POHOJIOUIKH U
ayANTUBHU MEpema BO CIIOpenda co IBETE TPYIN
neua co TY. Ilpu mpeno3HaBambeTO Ha KUHECKHUTE
3Haiy, aenara co TU-CJH nokaxane 3Ha4UTETHO
nojyionM pesynraru on aeuara co TH. Hcto Taka,
JI0jIOBME /IO 3aKIy4OK JeKa KHHECKUTE Jiera CO
TY-CJH mokaxkyBaaT MOJIOIIN PE3YITATH BO OTHOC
Ha (hoHONOrMjaTa M TMOKaKyBaaT MOMayla CEH3U-
THBHOCT 32 TIOYECTOKOT HA aMIUIMTY/A Ha CIIOXKCH
3BYK BO criopeioa co KuHeckute aena co TH.
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Abstract

This study explored the fundamental auditory
processing of sound amplitude in Chinese
children with both reading and language
difficulties. Fifteen children with Chinese
reading difficulties (RD), fifteen children with
Chinese reading difficulties and specific
language impairments (RD-SLI), and sixteen
age-matched controls (CA) were recruited from
local primary schools in Taiwan. The three
groups were compared specifically on
phonological awareness and auditory amplitude
onset discrimination. Our preliminary results
confirmed that age-matched controls performed
significantly better on all of the phonological
and auditory measurements, compared to both
groups of children with RD. Children with RD-
SLI performed significantly worse than
children with RD in Chinese character
recognition. Also Chinese children with RD-
SLI were found to be poorer in phonological
performance and to be more insensitive to
complex sound amplitude onset, compared
with Chinese children with RD.

Agpeca 3a KOpPECTIOHACHIIH]ja:

Kcuao-Jlan BAHI”

WuctuTyT 32 cienyjanna exykanyja, HannonaneH
PEeIOBEH YHUBEP3UTET BO TajBaH,

162, Xenunr uct poyn cexiu 1, Tajnej, Tajpan
E-momrra: hlw36@ntnu.edu.tw

Corresponding address:

Hsiao-Lan WANG

Department of Special Education, National Taiwan
Normal University,

162, Heping East Road Section 1, Taipei, Taiwan
E-mail: hiw36@ntnu.edu.tw

HEDEKTOJIOLIKA TEOPUJA U ITIPAKTHKA 2017; 18(1-2):109-125
DOI: 10.19057/jser.2017.22

109



@

WORLD EXPERIENCE AND CURRENT EVENTS

3akimydynBMe Jeka ciiabaTa ayIWTHBHA JTHC-
KpUMUHAIIMja Ha MMOYETOKOT Ha aMIUIUTYaTa
Ha 3BYKOT MOXe Jla OHJie OJ] CYIITHHCKO 3Ha-
YCHE 32 KapaKTepU3UPahe Ha KWHECKHUTE JIela
CO TCIIKOTHH TPH YUTAETO U CO ja3UYHU Ha-
pylLIyBama.

Knyunu 360poeu: mewxkomuu npu yumarve
(TH), cneyuguunu jasuunu Hapyuysarsa
(CJH), ¢ononowxa obpabomka, ayoumuena
nepyenyuja Ha aMUIUMYOd, NPENno3HABAFbEe
KUHECKU 3HAYU, KUHECKO-MAHOAPUHCKU.

Bosed

Cropen moMHWHaAHTHaTa TEOpHja 3a pasBOjHA
JHCTIeKCcHja, TemkoTuure npu untame (TH)
HAjuecTo ce Mpeau3BHKaHHW OJ HapylleHaTa
(oHOJIOMIKA 3aCTaNlEHOCT, Ae(UINUT HA OCHOB-
HaTa CBECHOCT 3a (oHonoruja. GoHOIOMKUTE
neduuuTH ce 3a0enexaHu v Kaj Aeua co npoo-
JIeMU BO YCHHOT T'OBOp, MO3HATH KAaKO CIICLH-
(uuno jasmuno mapymyBame (CJH). CJH e
YIITE €IHO Pa3BOjHO HApYUIyBame INTO TPH-
MapHO Cc€ KapaKTepusupa CO TEIIKOTHU TPH
€KCIPECUBHUOT U PELENTUBHUOT YCTEH T'OBOP
W TIOKpaj HoOpMaliHaTa HeBepOalHa HHTEIUT CH-
LYja, 1 HeMa JIOKa3MW 3a CETUIIHU WU HEBPO-
nomky HapymryBama (1). Mako CJH tunmdaao
ce KapakTepu3upa co Ie(UIUT BO YCHHUOT I'O-
BOp, TosieM mporeHT of nenara co CJH gecro
ce CoO4yBaaT co MPOOJIEMH BO YUTAKETO (2—
4). Ox opyra cTpaHa, ce YMHHU JeKa HEKOH Jie-
na co TY npBUYHO MOXKE Ja UMaaT HapylLleH
yCTE€H TOBOp, HO TOAOLHAa MaHU(eCcTUpaaT
cnenu(puIHO HApYITyBame NpU YUTame (5—7).
OBOj BHCOK CTElleH Ha KOMOpOWAHTET Oelie
YTBpAGH M BO KHHECKHTE HCTPaKyBamba.
Wong, Kidd, Ho u Au (8) ucnutysane 30 xu-
HeCKH jaema co mperxonHa aujaroza CJH u
chatune aeka nuciekcujara u CJH ce Bo eneH
KOHTHHYYM M JIeKa Kaj ABETE Pa3BOjHH Hapy-
LIyBakba MOXE [a I0CTOjaT HEKOM CIMYHH
neduuut. Toa MOXe J1a BKITydyBa CHpOMaIll-
Ha QoHoNomKa 00paboTKa, 3HAeHEe Ha BOKa-
Oyrnapotr u Mopdoinomka cBecHoct (8). Crio-
pen Toa, UCTpaXKyBamaTa CyrepupaaT Ha MOX-
HOCT 3a CITMYHa MPUYHMHA [TOBp3aHa CO HHUBHA-
Ta (POHOIIOIIKA CITA0OCT.

HeonamHua, crymuure mocouwja nexka CHUpO-
MalllHaTa ayIUTHBHA YyBCTBUTEIHOCT HA MPO-
30/MjaTa Ha TOBOPOT (CBECHOCTa 3a pHTaM,

We concluded that poor  auditory
discrimination of sound amplitude onset might
be fundamental to characterize Chinese
children with reading difficulties and language
impairments.

Keywords: Reading Difficulties (RD), Specific
Language Impairments (SLI), Phonological
Processing, Auditory Amplitude Perception,
Chinese  character recognition, Chinese
Mandarin

Introduction

The predominant theory of developmental
dyslexia posits that most reading difficulties
(RD) are caused by impaired phonological
representations, a core deficit in phonological
awareness. Phonological deficits have also
been observed in children with oral language
problems, referred to as specific language
impairment  (SLI). SLI s another
developmental disorder primarily characterized
by difficulties in expressive and receptive oral
language despite normal non-verbal
intelligence and no evidence of sensory or
neurological impairments (1). Although SLI is
typically hallmarked by oral language deficits,
a large percentage of children with SLI often
experience problems in reading (2—4). On the
other hand, it appears that some children with
RD may initially have impaired oral language
function but later manifest themselves as a
specific reading impairment (5—7). This high
co-morbidity has been found also in Chinese
research. Wong, Kidd, Ho, & Au (8) studied 30
Chinese children with a prior diagnosis of SLI
and found that dyslexia and SLI are on a
continuum and the two developmental
disorders may share some similar deficits.
These may include poor phonological
processing, vocabulary knowledge, and
morphological awareness (8). Accordingly,
research has suggested that there could be a
similar underlying cause associated with their
phonological weakness.
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TEMTIIO, TOH H aKIIEHT Ha ja3WKOT) MOXKe J1a J0-
BeJle 10 MaHu(ecTalyja Ha HETOYHA JIEKCHUKa
3aCTaneHoCT, Koja Ha KpajoT MOXe Ja JOBee
JIo IpoOJIeMH CO YUTARkETO WK CO ja3uKoT (9,
10). [Ipo3omuukara CBECHOCT ce OJHECYBa Ha
KOMITOHEHTH Ha (DOHOJIONIKATa CBECHOCT BO
TOBOPHHUOT ja3uK, MpETCTaBeHa MNpeKy MaHu-
MyJanyjata Ha JUHTBHCTUYKOTO H3pa3yBambe,
TOHOT, puTaMoT 1 uHTOHanujaTa (11). [Ipome-
HHUTE BO MPO30JHjaTa HA FTOBOPOT HyAAT Bpel-
HU ayJUTHBHA WHpopMayu 3a (HOHOJIOIIKH-
Te, JICKCHYKUTE W TpaMaTHukuTe kKomosu (12).
Bo anrmuckuor jasuk, 300poT mpo3onuja
00WYHO ce OJIHEeCYBa Ha IlleMaTa Ha WCTaKHa-
tute cnorosu (13). Bo cropenba co ucrakna-
TUTE CJIOTOBH BO aHTIIMCKHUTE 300POBH, KHHEC-
KHTE 3HAI[M MMAaaT Pa3uvHu (PU3UYKU aTpH-
Oytu. KuHecknoT e jasuk Oa3upaH Ha TOHOT.
KuHeckute 3HaNM ce cOCTOjaT Of €AHOCIONKHH
300pOBH MOBP3aHU CO MPO30JHjaTa Ha 300pOT
Bp3 OCHOBa Ha TOHCKa ImeMa. Mcrto Taka,
CIIPOTHMBHO Ha MOJIENIOT Ha HarjacyBame BO
aHTJIUCKUOT ja3uK, TOHCKaTa WH(pOopMairja BO
KHHECKHOT ja3WK € PeIeBaHTHA 32 JIEKCUIKUTE
meu (14-16).

Bo ¢oHeTckuTe CTyAMH, aKyCTHYHHUTE Kapak-
TEPUCTHKH Ha TOHOBUTE OTKpwie neka FO,
BPEMETPACHETO M aMIUINTyJaTa MOXKaT Jaa
conpkaT (hOHETCKa Kopesaluja U MeplenTHB-
HU 3HAIM 32 JIEKCHYKH TOH, cO QyHIaMeHTa-
Ha ¢peKBeHNHja, HajuecTo HajBakHa. Cemaxk,
MTOCTOjaT JOKa3W INTO ja MOKaXyBaaT aMILIH-
TyJaTa M HEj3MHATa TMEpLENTHBHA PEICBaHT-
HOCT 3a mepreniyja Ha ToH (17). Ha mpumep,
Chuang, Hiki, Sone u Nimura (18) mocouwnja
JIeKa TOHOT 4 WMa HajrojieMa CEBKYITHa aMII-
JUTYyna, ToJAeKa TOHOT 3 uMa HajHucka. Mcro
Taka, CaMHTe KOHTYPH Ha aMIUIHTY/aTa MOXe
Jla ce UCKOPUCTAT KaKO TMEepIENTHBHHA 3HAITH.
Kopucrejku crumynatop Ha OydaBa BO Kope-
Jan@ja co CHUTHaM, Koj TM orcTpaHyBa FO u
(opMaHTHATa CTPYKTypa Ha MPUPOIHHOT TO-
BOp, HO ja 3aJpxyBa MH(OpMaIHjaTa 32 aMIl-
mutyaara, Whalen u Xu (19) mokaxane neka
MOXE J1a ce MICHTHU(PHUKYBaaT CUTE CyOjeKTH,
OCBEH O3HAKHTE HA TOHOT 1, O]l KOHTYpHUTE Ha
amruiatynata. OOUYHUTE CITyIIATENN MPABHII-
HO MOaT TOYHO J1a pa3nukyBaaT 70%-80% ox
MaHIapPUHCKO-KMHECKATE TOHOBU TOTIHPAjKH
ce caMo Ha JIOJDKMHATa Ha CAMOTJIACKUTE W Ha
3aTBOpPEHUTE 3HAIM Ha amruutygara (19),

Recently, studies have proposed that poor
auditory sensitivity of speech prosody (the
awareness of the rhythm, tempo, tone and
stress of the language) may lead to the
manifestation of inaccurate lexical
representations, which could ultimately result
in reading or language problems (9,10).
Prosodic awareness refers to a component of
phonological awareness in spoken language
represented by the manipulation of linguistic
stress, tone, rhythm, and intonation (11).
Variations in speech prosody offer valuable
auditory information to phonological, lexical
and grammatical codes (12). In English, word
prosody usually refers to the stress pattern of
syllables (13). In comparison to the salient
stress of English words, Chinese characters
present different physical attributes. Chinese is
a tonal based language. Chinese characters
consist of monosyllables affiliated with word
prosody by virtue of the tonal pattern. Also,
contrary to the stress pattern in English, tonal
information in Chinese is relevant for lexical
purposes (14-16).

In phonetic studies, acoustic characteristics of
tones have found that FO, duration, and
amplitude may all constitute phonetic
correlates and perceptual cues for lexical tone,
with fundamental frequency typically being the
most important. There is some evidence,
however, showing amplitude and its perceptual
relevance in tone perception (17). For example,
Chuang, Hiki, Sone, and Nimura (18) indicated
that Tone 4 has the highest overall amplitude
while Tone 3 has the lowest. Also, amplitude
contours alone can be utilized as perceptual
cues. Using signal-correlated noise stimuli,
which removes FO and formant structure of
natural speech but retains amplitude
information, Whalen and Xu (19) showed that
subjects were able to identify all but Tone 1
tokens from the amplitude contours alone.
Normal listeners can correctly distinguish 70%-
80% of Mandarin Chinese tones by simply
relying on vowel duration and amplitude
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ocobeHo Bo MupHa coctojba. Kora ce couyBa-
HU CaMO 3HalUTe Ha OpaHOBHIHA 3aTBOpEHA
aMIUIUTY1a, MPENO3HAaBAKkETO HA TOHOT AYpH
U TIPUIOHECYBA 3a NPENO3HABAKE HA KHHECKH
300p u peuennna (11%) (20). Kuo, Rosen u
Faulkner (21) mokaxkaa Jgexa BO OTCYCTBO Ha
SKCIUTMIIMTHO (QyHAaMeHTanHa (peKBeHLH]a,
KoMOWHaIjaTa Ha TIPUBPEMCHO KOJHUpamke Ha
FO u 3aTBopeHara amMIinTy1a MOXKar Aa qanaT
3HAYUTENHN MPUIOHECH BO MPENO3HABAEHETO
Ha TOHOT. bemie moTBpAeHO neka MaHIApUH-
CKHOT TOH BO KOHTypaTa Ha aMIUIUTYyaTa € BO
Kopenanuja co koutypara FO u moxe na npu-
JIOHece TpeJl ce 3a JUCKPUMHUHAIMja Ha TOH 3
u ToH 4 (19,20). 3aroa mak, YyBCTBOTO 3a
nepleniyja Ha 3HAIMTE Ha MOJyJanuja Ha
aMIUIMTYy1aTa MOXe Ja ce MOBp3e CO Pa3BOjOT
Ha NPENO3HABAKETO HA JICKCMYKUOT TOH Kaj
JIeTla CO TeIIKOTHH MIPH YUTameTo (22), Kako U
Kaj IMIa co KoxJeapHu UMILTaHTH (23).
AKyMynupaHUTE J[dOKa3d cyrepupaar [eka
OCHOBHATa ayAWTHBHA YyBCTBUTEIHOCT MOXKE
Ja BiMjae Ha oOpaboTkara Ha (HOHOJIOIIKATA
3acTaneHoCT Kaj naenara (24-26): 3a HEKOro
MOXE Ja € 3auydyBadKH INTO ayAWTHBHATA
00paboTKa pelieBaHTHA 3a MPO30jujaTa Ha To-
BOPOT Ha MajuuH ja3uK MOXeE J1a MPEAU3BHKA
nepunut Ha (oHoNOmKa 00paboTKa Kaj Ie-
[[aTa CO TEIIKOTHU BO YUTAHETO WIIH CO ja3uy-
HU HapyuryBama (27). Ha npumep, ctynun 3a
Pa3BojOT Ha JHCIEKCHjaTa Ha aHTJICKH ja3uK
ja TIOKa)XyBaaT TecHaTa BpCKa MOMery aymIu-
TUBHATa AMCKPHMHUHAIMja HA TIOYETOKOT Ha
aMIUIUTyAaTa, (OHOJOUIKATa CBECHOCT U YH-
TamkeTo Kaj aeuara (24, 26, 28-30). Wang u
ap. (22), ucto Taka cyrepupaie Jieka HHIUBHU-
IOyalHUTE Pa3iIMKH BO YYBCTBOTO 32 3HALIUTE
Ha aMIUIMTYyJaTa Ha 3BYKOT MOXKaT 3HauYMTe-
HO J1a ja IpeABUAAT YHUKATHATa BapHjaHca BO
MO3HABAKETO HAa KMHECKUOT ja3uk. Co oriex
Ha Toa INTO Kaj JOCTa TrojeM Opoj nema co
IIPEYKH BO YUTAKETO MOXKE Ja Ce jaBaT Ipo-
Oonemu co (QyHKIMjaTa Ha ja3UKOT, CTYAWUUTE
cyrepupaar aeka auciekcujata u CJH moxe
Jla UMaaT CIMYHU CEeH30pHM aepuumtH (2, 5,
8, 31). 3aToa HHE ce COMHEBaMeE JieKa 3HAUH-
TEeJIHATa ayIUTHBHA HEUyBCTBUTEIHOCT Ha I1O-
YyeTHaTa aMIUIUTya Ha 3ByKOT MOXe Aa Ouze
MIpUYMHA 32 MaHU(ECTaIja Ha TEIIKOTHH BO
YUTAHETO U ja3UYHU HAPYIIyBama Kaj KHHEC-
KHTE JIeTia.

envelope cues (19), especially in the quiet
condition. When only amplitude waveform
envelope cues were preserved, tone recognition
even contributed to Chinese word and sentence
recognition (11%) (20). Kuo, Rosen, and
Faulkner (21) demonstrated that in the absence
of explicit fundamental frequency, the
combination of temporal coding of FO and
amplitude envelope could show substantial
contributions to tone recognition. The
Mandarin tone in amplitude contour was
confirmed to correlate with the FO contour and
contributed primarily to Tone 3 and Tone 4
discrimination (19,20). It is therefore that the
perceptual sensitivity to amplitude-modulation
cues might be related to the development of
lexical tone recognition in children with
reading disabilities (22) and also individuals
with cochlear implants (23).

Since accumulated evidence has suggested the
underlying auditory sensitivity may influence
the processing of phonological representations
in children (24-26), some may wonder that
auditory processing relevant to speech prosody
of his/her native language may cause
phonological processing deficits in children
with reading difficulties or specific language
impairments (27). For example, studies of
developmental dyslexia in English indicated a
close relationship auditory
discrimination of amplitude envelope onset,
phonological awareness, and reading in
children (24, 26, 28-30). Wang et al. (22), also
suggested that individual
sensitivity to the sound amplitude cues could
significantly predict unique variance in
Chinese language attainment. Given that quite
a number of children with reading difficulties
may experience problems with language
function, studies suggested that dyslexia and
SLI may have similar sensory deficits (2, 5, 8,
31). We therefore suspect a significant auditory
insensitivity of sound amplitude onset may
underlie the manifestation of reading and
language impairments in Chinese children too.

between

differences in
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OBaa cTyauja UMaile 3a [eji Ja UCIUTa Jaju
MOCTOjaT ACUIIUTH HA ayAUTHUBHA MIEPIETITH-
ja Kaj KHHECKUTE Jiela CO TEIIKOTUU BO YHTa-
BETO U CcO jasuyHu HapymryBama (TY - CJH).
Bo cryamjara ke ce copenat 9 — 12-rogumram
kuHecku gerna co TU u CJH ycormacenn BO
OJIHOC Ha XPOHOJIOIIKATa BO3PACT, Jiela CO TH-
mdeH pas3Boj u nena co camo TU. [pernocra-
ByBaMe JleKa ClIa0uTe YHUTaTelauTe co U 0e3
CJH ke Oupar 3HaYMTENTHO MOCHabu Kaj 3aja-
yuTe 32 AWCKpUMHUHAIMja HA TOYETOKOT Ha
aMIUTATy1aTa BO Cropenda cO YHTATENNUTE CO
TunudeH pa3Boj. OceeH Toa, nemara co TU-
CJH Mmo3ke fa moKaxkar 1eMa Ha MHOTY TELKU
JIedUIUTH TIPH 334aYUTe 32 ayJUTHBHA JTUCK-
pUMHUHAIIHja BO criopeada co Aerara camo co
TU. Pesynrature MoKe Oa ja MOCOYAT Bax-
HOCTa Ha 3HAIUTE HA aMIUIUTYyJaTa Ha 3BYKOT
3a Ja3MKOT M Ha Pa3BOjOT HA YUTAHETO, OCO0e-
HO BO KOHTEKCT Ha KUHECKO-MaHIaPHHCKHOT.

Memodonoeuja
YyecHuyu

Hue ro cmpoBemoBMe oBa MNpEeTMMHHAPHO
HCTPaXXyBame CO YETUPUECET U IIECT YIEeCHH-
Ka, Jteria Ha Bo3pact nomery 9 u 11 rogusam BO
HEKOJIKY OCHOBHHM yumimimita Ha Tajmej, Taj-
BaH, BKJIY4yBajKu 15 Jema co TEMIKOTHH BO
ynrtamwero (TU-rpyma) u 15 nena co KoMOUHU-
pann TYU u cnenuduyHu ja3uyHU HApPYIIyBa-
wma (TU-CJH rpyna). Tue mokaxkaa cyhuiiieH-
TEH HEyCleX INPH YUTameTO U 3a0CTaHyBaa
JIBE TOOWHM 3aJ TUIHYHHUTE YUTATEIN TPU
CTaHIapIHa eBajBalMja OJf CTpaHa Ha YyYH-
JUTITHATE TICUXO0JI03H U Acedekronosn (32). 3a
nenata Bo rpymara TU-CJH, Tne umaa momoi-
HuTenHa u3jaBa 3a CJH on HUBHHTE NOKamHH
00pa3oBHU MHCTUTYLUH U Jloroneau. Tue Oea
BKI[y4€HU BO HCTPaXXyBamkETO OHWIEjKH IIOC-
turHaa pe3ynarat mox 1,5 CJl Ha aBe wim 1mo-
BeKe CTaHJApJHU MPOLECHH Ha PEICTITHBHHOT
u excrnpecuBHUOT ToBop. lllecHaecer moGpo-
BOJIHO TIpWjaBeHU Jena Ha ucta Bo3pacT (K-
rpyna) oA JIOKAIHWTE YYWIWIITa y9eCTByBaa
BO HCTPaXYyBamkeTO KaKO0 KOHTPOJHA TpyIa.
Huxoj ox HUB Hemanie Ipyrd HEBPOJIOIIKH
WIN TICUXMjaTPUCKH HapylryBama. [loOueHa e
MUCMEHA COTJIACHOCT O]l CHUTE POAWTENH WU

The present study was designed to investigate
whether there are auditory perception deficits
in Chinese children with reading and language
difficulties (RD-SLI). The study will compare
nine- to twelve-years-old Chinese children with
RD and SLI relative to chronological age
matched, typically developing children and
children with RD-only. We hypothesized that
poor readers with and without SLI would be
significantly worse on sound amplitude onset
discrimination tasks, compared to typically
developing readers. Further, children with RD-
SLI might show profound pattern of deficits on
the auditory discrimination tasks, compared
with children with RD-only. The results may
imply the importance of sound amplitude cues
to language and to reading development,
particularly in the context of Chinese
Mandarin.

Methods
Participants

We have conducted this preliminary study with
forty-six participants from 9- to 11-year-old
children in several primary schools of Taipei
City, Taiwan, including 15 children with reading
difficulties (RD group) and 15 children with
combined RD and
impairments (RD-SLI group). They have

specific ~ language
demonstrated sufficient reading failure and been
behind the normal readers for two years with the
standard evaluation by school psychologists and
special education teachers (32). For children in
the RD-SLI group, they had an additional
statement of SLI from their local education
authority and speech-language therapists. They
were included in the study because they scored
below 1.5 SDs on two or more standard
assessments of receptive and expressive

language. Sixteen voluntary age-matched
children (CA group) from local schools
participated in the study as controls. None of
them had any other neurological or psychiatric

disorder. The written consent forms were
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Jena 3a a ce ocurypame jAeka ja pasOupaar
IpoleAypara Ha UCTpaxyBamero. OBa uUcTpa-
KyBame Oerre omobpeHo o ETHIKHOT KOMU-
TETOT 3a WCTpaxyBame Npu HaruoHamHHOT
yauBep3ureT Bo Tajsan (NTU-REC 06p.
201306EM020).

HuBoTo Ha ynTame Ha Aenara Oelie UCITUTAHO
0 MaT Ha TECT 32 NMPENOo3HaBamhEe Ha KHHECKU-
TE 3HAIM, & HUBHUTE (DOHOJIOMIKY BEIITHHH 32
JeKoaupame Oea U3MEPeHH CO HallaTta camMoc-
TOJHO MW3ajHUpaHa OecMUCIIeHa 3a/1a4ya 3a Yu-
Tame CJIOoroBU. JleTammTe 3a oBHE MepkH Oea
OIWIIIAHK Ha CIIETHHUOB HAYMH: KOSPHUIIUEHTOT
Ha uHTenureHuuja kaj nenara (IQ) u passojot
Ha PEYHHUKOT Oea OIICHETH CO KOPHCTEHE Ha
cKkpareHaTa BekciepoBa ckana 3a MHTEIHTEH-
myja kaj nera (WISC) u Peabody-tectoT co
CJIMKH 32 BOKaOyJap -KuHecka Bepsuja (33).
KapakrepucTukure Ha y4eCHUIUTE ce NaleHH
Bo Tabena 1. Eqnonacouna AHOBA moxaxy-
Ba JieKa MOCTOM 3HAYUTeNIHA TPyITHa pa3inKa
IIPU MIpeTo3HaBamke Ha KWHECKuTe 3Halw, F (2,
43) = 10,258, p<0.001. ITocnemoBaTeaHOTO
CriopeyBamke Ha MPENo3HaBameTO Ha KWHEC-
KUTE 3HAIlM MOKaXKyBa Jeka nenara co TY u
TY-CJH mane 3Ha4UTETHO 1MOCTA0U pe3yiaTaTu
otkoiky K-nmeuara. U neuara co TH u genara
co TY-CJH umane ciu4HM 3HAUYUTEITHU TEII-
KOTHM BO TIPENO3HABAKHETO HA KHUHECKUTE
3HAIIH.

Mepku

CkpameHa Bexcrnieposa ckarna 3a uHmesnueeHyuja
3a 1a ja npollcHMMEe MHTEIUTCHIM]jaTa, HUE ja
KoprucTeBMe BekcnepoBara ckaja 3a WHTEIH-
TeHIIHja 3a Jella, TPeTo KuHecko n3nanue (34),
CKpaTeHa BO YETHUPHU IIOTTECTOBH: PEYHHK,
CIIMYHOCT, J¥3ajH Ha OJIOKOBU U YpEIyBambe
ciuka. Bo oBaa crynuja, nponenkara Ha [Q Ha
cekoe nere on TajBaH e mpecMeTaHa 1O CIIe-
HaBa popmyna (35):

1Q = 44,6 + (1,49 x peunuk) + (1,46 x ciuu-
HoCT) + (1,48 X m3Benba Ha Omjok) + (1,15 x
YpEIyBamkE CIIUKA).

ﬂpenosHasa/-be Ha KuHeckume 3Hayu

Bo oBaa Mepka 3a npernio3HaBame Ha 3HAIINTE,
ocmmciieHa of ctpaHa Ha Huang (36), on nme-
narta ce Oaparie Ja 4yMTaaT Harjac cepuja of

obtained from all the parents and children to
ensure their understanding about the procedure
of this study. This study was approved by the
Research Ethics Committee at National Taiwan
University (NTU-REC No.: 201306EM020).
Children’s reading level was examined by the
Chinese Character Recognition Test and their
phonological decoding skill was measured by
ourself-designed nonsense syllable reading task.
The details of these measures were described as
following. Children’s intelligence quotient (IQ)
and vocabulary development were assessed
using the Abbreviated Wechsler Intelligence
Scale for Children (WISC), and the Peabody
Picture Vocabulary Test-Chinese version (33).
Participants’ characteristics are listed in Table 1.
The one way ANOVAs show that there was a
significant group difference in Chinese character
recognition, F (2, 43) = 10.258, p < 0.001. The
post hoc comparisons for Chinese Character
Recognition showed that RD and RD-SLI
children performed significantly more poorly
than CA children. Both RD children and RD-
SLI children had similar significant difficulties
in Chinese character recognition.

Measures

Abbreviated Wechsler Intelligence Scale

To estimate IQ, we used the Wechsler
Intelligence Scale for Children, Third Chinese
Edition (34) abbreviated it in four subtests:
Vocabulary, Similarity, Block Design and
Picture Arrangement. In this study, IQ estimate
for each Taiwanese child was produced by the
following formula (35):

IQ = 44.6 + (1.49 x Vocabulary) + (1.46 x
Similarity) + (1.48 x Block Design) + (1.15 x
Picture Arrangement).

Chinese Character Recognition

In this character recognition measure devised
by Huang (36), children were asked to read a
series of 200 words aloud that got
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200 360pa, uuja (peKBeHIHja POTPECUBHO Ce
HamajyBalle BO IedareHara Bepauja. Cure
3HAIM CE€ MPENICBAaHTHU BO TOTJie] HA THUIIHY-
Hata opTorpa)cKka yCOTJIacCeHOCT (BHCTHHCKH
3Hanm). beme ob0jaBeHa TOYHOCTA Ha OATOBO-
pute Ha neniata. Kponbaxosara o Ha 0BOj TeCT
usHecysaie 0,99 (36).

®oHorowka ceecHocm

Tecm 3a ceecnocma 3a mowu. Vmame 4yetupu
MIPaKTUIHN TPOOH M JBAECET M YETUPH TPOO-
HH TecTHpama. CeKoj TeCT COApIKele YeTHPH
pasnuuHu ciora (Ha mpumep, /xaul/, /peil/,
/pPa3/, Nlinl/). Tlomery 24 ucnuTyBama, AeceT
O]l HUB cojipykea OecMmHCIeHH cioroBu. Jlena-
Ta Tpebaiie aa ro u30epaTr CIOroT CO YyJleH
TOH MITO TO CIyIIHAa OJX AJAMHHHCTPATOPOT
(1a ipumep, /p"a3/). JlobuBaa Mo eleH MOeH
ako oxroopat ToyHo. KoeduimeHTor Ha BHa-
TpelllHa KOH3UCTCHTHOCT Ha OBOj TeCT Oele
0,63 (KponbaxoBa o).

Tecm 3a ceecHocma 3a NOYEMOK U puma.
CanyHO Kako Kaj TECTOT 3a CBECHOCTA 3a TOH,
on merata ce Oaparre aa u3depar dyaeH CIIor
KOJIITO UMaIllle pa3iiieH MOYeTeH WM KpacH
3BYK 3a pas3iiika ol Apyrute Tpu ciora. Ha
npumMep, /pand/ e oAroBop Ha craBKara /nid/,
/pand/, /naud/, bunejku Toa MpPETCTaByBa pas-
JUYeH NOoYeTeH 3BYK. MMalue yetupu mpak-
TUYHU NPOOHM U TpHeceT MPOOHU TeCTHpama.
Bo pamkure Ha npoOHHTE TeCTHpama, I0JIO-
BUHA 0]] MpoduTe Oea MHUIMjaTHU TeCTOBH 3a
YyZIHU CETMEHTH, a OcTaHaTuTe Oea QpuHaIHU.
Mery 30 mpoOHHU TecTHpama, BO ACCET O]l HUB
ce Kopuctea becmucienn ciorosu. Kponbaxo-
BaTa 0. Ha OBOj TECT MPOLIEHETA BO BHATPEIIHA
KOH3UCTEHTHOCT u3HecyBauie 0,69.

AydumugHa nepuenuuja Ha amnnumyoda

AyIUTHBHUTE CTUMYJIH C€ YHCTH TOHOBHU Mpe-
3CHTHpAHU OWHAYpATHO MPEKY CIYIIATK{d Ha
75 dB SPL. UyBcTBUTEIHOCTA HA CIYLIAIKUTE
U JIaNTOIIOT ce KanuOpupaHu 3a aa ce obe30e-
JIM JIeKa KBAJIUTETOT Ha 3BYKOT U BOJNYMEHOT
ce KOH3HCTEHTHH BO cute o0jekTH. TecToBuTe
ce JIEMOHCTPHUPAHU MPEKY KOMIIjyTepHU3UPaAHH
NporpaMu o UPTaHW (UIMOBH 3a Jela, KOH
Oune ajganTupaHu oA cTpaHa Ha Wang u ap
(22). OyHKIHjaTa HA ayIUTHBHA TIPOIICHKA Ha
mparotT KOpuCTU aJaliTUBHA IOCTAaIllKa Ha CKa-

progressively lower in printed word frequency.
All characters are irrelevant in meaning with
typical orthographic correspondences (real
characters). The accuracy of children’s
response was reported. The Cronbach’s o of
this test was 0.99 (36).

Phonological Awareness
Tone awareness test. There were four practice

trials and twenty-four testing trials. Each trial
contained four different syllables (e.g. /xaul/,
/peil/, / pMa3/, /linl/). Among the 24 testing
trials, ten of them were nonsense syllables.
Children were required to select the syllable
with the odd tone they heard from the
administrator (e.g./ p"a3/). One point was given
if they answered correctly. The coefficient of
internal consistency of this test was 0.63
(Cronbach’s ).

Onset and rime awareness test. Similar to the
tone awareness test, children were required to
choose the odd syllable which had a distinct
initial or final sound from the other three
syllables. For example, /pand/ is the answer in
the item /ni4/, /pand/, /naud/ because it presents
a different initial sound. There were four
practice trials and thirty testing trials. Within
the testing trials, half of the trials were initial
oddity tests and the rest were final ones.
Among the 30 testing trials, ten of them used
nonsense syllables. The Cronbach’s a of this
test estimated in internal consistency was 0.69.

Auditory Amplitude Perception
The auditory stimuli were pure tones presented

binaurally via headphones at 75 dB SPL.
Earphone sensitivity and the laptop were
calibrated to ensure the sound quality and
volume were consistent across all facilities.
The tests were demonstrated by a computerized
child-friendly cartoon programs, which was
adapted from Wang et al (22). The auditory
threshold estimation function used an adaptive
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muna (37) co komOMHUpaHa MocTamka 2 Ha-
noiy, 1 Harope u 3 Hanony, 1 Harope. [Tparor
Ha OJATOBOpDHUTE Ha Jenara Oele NpecMeTaH
ABTOMATCK{ CO TOMOIN Ha JIANTOM. AKO Tpa-
TOT HE c€ MOCTUTHE, eKCIICpUMCEHTAIIHATA 3a-
nada 3aBpiryBa co 40 obuau, Bo ciydyaj Aena-
Ta J1a ro 3aryoar BHUMaHHeTo. OTTyKa Bpe/l-
HocTa Ha mparoT o 40 Oeme MakcMMaaHaTa
MokHa BpenaHocT. [lomaTonuTte Omie BKIOIIe-
HU cO TpOOHUT-QYHKIHMja 3a Jla ce JOCTHTHE
MaKCHUMaJTHaTa MPOICHKa Ha BEPOjaTHOCTa Ha
Jerara co ayAuTHBHA dyBCTBUTENHOCT. OBa
HU OBO3MOJKH Jia 'O MIPOICHUME ITPAroT IITO ja
ollpa3dyBa ayJWTHUBHATa YYBCTBUTEIHOCT Ha
moenuHernoT co oxomy 79% tounoct (37).
JlBaTa ekcriepuMeHTaIHH T1U3ajHa Oea BMETHA-
™M BO crymmjara (Ha mpumep, AXB u 2IFC
JTUCKPUMUHAIIH]Q).

3amaya 3a MOYETOKOT HAa aMIUIMTY/AA CO eTHa
pamria. 3a cexoj obum Oca MPEe3CHTUPAHHU TPU
YUCTH TOHA U KOPECHOHIMPAaa CO TPU CIIUKH
on upranu ¢unmoBu. Of menara Gemie moOa-
paHO J1a ro OTKpHjaT MPTAaHUOT (UM IITO
MPOW3BEN 3BYK PAa3IU4YCH OJI CTaHIAPIHUTE
npe3eHTHpanu 1pTanu ¢puamMou (AXB-mapa-
qurma). CTaHIapJHUOT 3BYK BO OBaa 3ajaya
Oente ToH Ha 500 Hz u umarme mouetok ox 15
ms. JInHeapHUOT Naj Ha TIOYSTOKOT Ha aMILIHU-
Tynata Oellle JIoTapuTaMCKU MPOMEHeT ox 15
Ha 300 ms. Cure 40 ayIWTHBHH CTHMYJIH
coJipkea (PUKCHO CEBKYITHO BPEMETpackke O]
800 ms u nuHeapHo Bpeme Ha nag ox 50 ms.
3ajaya 32 MOYETOKOT Ha aMIUIUTYJa CO JIBE
pamnu. Bo oBaa 3amaua, jenara ciymiaa elieH
map 3BYIM TPE3eHTHUPAaHW O] CTpaHa Ha JIBE
ciuku on uptad ¢punam (2IFC nmapagurma). On
nerara Oere modapaHo fa To ofdepar 3BYKOT
CO peJaTUBHO MOOCTap MOYETOK (BapujaHTa 15
- 300 ms Bpeme Ha pacT), BO cropeada co
craggapaor (cragmapa 300 ms). Ctumymnure
ce 6asupaa Ha 3570 MS nmonr cuHycompaieH
Hocau ox 500 Hz. Cekoja BapujaHTa Ha CTH-
MyJI € aMIUTUTYTHO MOIyJIMpaHa Ha 11abodn-
Ha o 50% u compxu 2,5 MUKIyCH Ha MOZyJIa-
nvja. YetnpueceT CTUMYINHM CO Pa3IUYHHU II0-
yetonu Ha amrtutyau (15 -300 ms), ce cozna-
JICHW BO PAMKHTE Ha CEKOj UKITyC Ha MOJIyJIa-
uuja. [loueTonnTe Ha aMIUIMTYy/AaTa ce MEHY-
Baa I0 JIorapuTaMcKka ckaja. Bpemero Ha ma-
0T Ha 3BYKOT Oelre Oap>KyBaHO KOHCTAHTHO
Ha 350 ms.

staircase procedure (37) with a combined 2-
down 1-up and 3-down 1-up procedure and the
threshold of
calculated automatically by the laptop. If the
threshold was not reached, the experimental
task ended with 40 trials, in case children lost
the attention. Hence the threshold value of 40
was the maximum possible value. Data were fit
with a probit function to capture the maximum

children’s responses was

likelihood estimation of children auditory
sensitivity. This allowed us to estimate the
threshold that reflects an individual’s auditory
sensitivity at about 79% correct percentage
(37). Two experimental designs were adopted
in the study (e.g., AXB and 2IFC
discriminations).

One-ramp amplitude onset task. For each trial,
three pure tones were
corresponded with three cartoon pictures.
Children were asked to detect the cartoon

presented and

which produced a distinct sound from the
standard one presented by the middle cartoon
(AXB paradigm). The standard sound in this
task was a tone at 500 Hz and had a 15ms
onset. The linear amplitude onset slope then
changed from 15 to 300 ms logarithmically. All
40 auditory stimuli contained a fixed overall
duration of 800 ms and a 50 ms linear fall time.
Two-ramp amplitude onset task. In this task,
children heard a pair of sounds presented by
two cartoon pictures (2IFC paradigm). The
children were required to choose the sound
with a relatively sharper onset (variant 15-300
ms rise time) compared to the standard
(standard 300 ms). The stimuli were based on a
3570 ms long sinusoidal 500 Hz carrier. Each
variant stimulus was amplitude modulated at
50 % depth and contained 2.5 modulation
cycles. Forty stimuli with different amplitude
onsets (15-300 ms) within each modulation
cycle were created. The amplitude onsets
changed in a logarithmic scale. Sound fall time
was kept constant at 350 ms.
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Tabena 1. [eckpunmueHa cmamucmuyka aHanusa Ha
go3pacma, IQ, PPVT u pacno3Hasare Ha KuHeckume 3Hayu

Table 1. Descriptive statistics analyses for age, IQ, PPVT, and
Chinese characters recognition

B - TU-CJH /
Ml\/elspfea / | K/CA (n=16) T4 /RD (n=15) RD-SLI (a=15) »
Y M(SD) Min Max M(SD) | Min Max M(SD) | Min | Max

Bospact 111.20
(vecen)/ Age | 1220 1 106,00 | 12000 | 11293 | 106.00 | 123.00 | (1052 | P20 | 133.00 0.788'

(4.44) (4.99)
(month)

97.02

102.85 102.41 113. 85.0 |
1Q (663 | 8862 | 11220 | (L8 | 9095 (13.22 131.00 0.178
PZCHO“?C??H’Z 21831 52.67° 39.00°
Ha HHeCkIT : 52.00 | 125.00 | (23.94 | 12.00 | 92.00 | (28.86 | 0.00 | 99.00 0.000
3HaLHu / (20.53)
Chine -Recog

3aGerenika: * = 3HAYMTEITHO ce pa3TuKyBa of K; ° = 3uauntenno ce pastukysa ox TU; © = 3HAYMTENIHO Ce Pa3iIHMKyBa 01
TY-CJH; ' Meroznor Brown-Forsythe 6un ynorpeGen 3a ma ce MOTUMUKyBaaT BPEIHOCTHTE 33 HEEJHAKBATA BapHjaHCA.
[Tpeno3H. KMHECKH 3HALY - IPETCTaByBa MEPEH-E Ha IPETIO3HABAKETO Ha KUHECKU 3HALI.

Note. * = significantly different than CA. ® = significantly different than RD. © = significantly different than RD-SLI.
Brown-Forsythe method was used to modify the values for unequal variance. Chine-Recog means the measurement of

Chinese character recognition.

Pe3ynmamu

3a mpoBepka Ha IpETIIOCTaBKaTa 3a HOpMal-
HOCT, IPBHOT YEKOP € MPOBEPKa Ha MOAATOLH-
Te 3a 46 y4ecHHKa OJ TpyIuTe MpeKy Kopuc-
TemkE Ha JWjarpaM, Kako ¥ cO IMOMOII Ha Mep-
KUTe Ha KOe(UIMEHT Ha eKCIeC M Koehu-
IIMEHT Ha acuMeTpuja. bea MueHTHUPUKYBaHH
HEKOJIKY OTCTalyBama, BKIydyBajku 2 K Bo
ceecta 3a ToH u 1 TU-CJH Bo moyeTokoT Ha
aMIUTUTylaTa CO JIBE€ paMIiid. bea u3BpiieHH
€IHOHACOYHH MeTylpeAMETHN aHAIN3H Ha Ba-
pujancata (ANOVAs) co llledpeoBror meToxn
3a MoBeKeKpaTHa criopea0a moMery TpuTe rpy-
mu (TY, TY-CJH u K). Mertonort ['ejmc-Xayen
Oecmre mpugaTeH 3a MOCT XOK Cropeada Kora
BapujaHcute Oea xereporeHH. Anda - HUBOTO
3a cute TectoBu Oemre 0,05. Co men ga ce moc-
TaBar nedummrHTe Ha 00pabOTKAa HAa TPYITHO
HUBO 3a (DOHOJIOIIKA W ayJUTHBHH 3a/1ayH,
NPETCTaBUBME CKaTep AMjarpaM 3a MpecMeTy-
Bamke Ha AeuIUTUTE HA 00paboTKa Ha Tpyn-
HO HHMBO IpecMeTanu cropesi Ramus, Pidgeon,
& Frith, (38) u Corriveau, Pasquini u Doswa-
mi (39). [erckure HMBOa Ha mepdopMaHCH
KOHU C€ TOJT 5-THOT TMEPIEeHTHI Ha TUIIHYHATA
pas3BojHA Tpyna ce CMeTaaT KaKo ayJUTHBHH
win  QoHoNOWKH aAehuUIUTH Ha 00paboTka
(Bunu ciuka 1 u 2).

CnopedbeHama 2pyna 3a (hOHOMOWKa ceecm

CpeHUOT pe3yiaTaT Ha BPEIHOCTA M CTaH-
JapaHaTa JeBujanuja 3a cuTe (HOHOJIOMIKY 3a-
Jaun O6ea wiycTpupaHd Bo Tabena 2. EqHoHa-

Results

For checking the assumption of normality, the
first step was screening data for 46 participants
by groups using box plot, as well as measures
of kurtosis and skewness. Several outliers were
identified, including 2 CA in tone awareness
and 1 RD-SLI in two-ramp amplitude onset.
One-way  between-subjects  analyses  of
variance (ANOV As) with Scheffé method were
conducted for a multiple comparison across the
three groups (RD, RD-SLI, and CA). Games-
Howell method was adopted for post hoc
comparison when the
heterogeneous. Alpha level for all tests was
0.05. To establish the group-level processing
deficits for the phonological and auditory tasks,
we presented scatter plots for calculating the
group-level processing deficits computed
following by Ramus, Pidgeon, & Frith (38),
and Corriveau, Pasquini, & Doswami (39).
Children’s performance levels falling below the
5™ percentile of typically developmental group
were assumed as auditory or phonological
processing deficits (see Figure 1 & 2).

variances  were

Group comparison for phonological awareness

The mean score and the standard deviation for
all phonological tasks were illustrated in Table
2. One-way ANOVAs were applied to examine
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counara AHOBA Oemie npumeHera 3a Jia ce
WCIIUTAAT Pa3IUKUTE ITOMery TPpyIHUTe, OJHOC-
HO BO CBECTa 3a TOH, 32 ITOYETOK U 32 puMa BO
HalllMOT TPHUMEPOK. 3HAYajHU pasiukKu Oea
[IPOHAjACHU BO 3a/1a4aTa 3a CBECTa 3a TOH.

Bo mornex Ha cBecHOCTa 32 TOH, HUE OTKPHUB-
Me TpymHU paznmuku mery TU, TU-CJH u K-
rpymara, F (2, 32,76) = 11,82, p <0,001, n* =
0,357. Eneprujata (1 - B) kKoja ro ”HKOPIIOPH-
pa 3nauemero Ha 0,05 6eme 0,993 Ha BHCOKO
HuBo. I'pynata TU u rpynata TU-CJH nanoa
3HAYUTENTHO Tociabu pesynratu ox K-rpyrma-
Ta, HO HE MOCTOM 3Ha4yajHa pa3liuKa ToMery
rpynute TH u TY-CJH; HO, TouHOCTa Ha 3a1a-
yaTta Oelre HAaBUCTHHA IOHHCKA BO TpymaTa
TU-CJH. Kako mto ce riiega o ckatep auja-
rpaMoT Bo ciuka la, cure mema co TU-CJH
(100%) u menm ox nmemata co TY (66,67%) ce
o 50-THOT MEpIeHTH 32 KOHTPOJIa Ha Tep-
(opmaHCcHTE BO 3amadara 3a CBECTa 3a TOH;
nokpaj Toa, cure (100%) neuna co TU-CJH u 9
oxn 15 (60%) mena co TU 6ea mox S-THOT miep-
LIEHTUI 01 KoHTposHata K-rpymna.
YHuBapujaHTHaTa aHAIIM3a OTKPUBA JIeKa HUTY
BO OJHOC Ha cBecTa 3a moveTok (p = 0,089, n2
=(0,106), HUTY maK BO OJTHOC Ha CBECTa 3a PU-
Mma (p = 0,328, 2 = 0,050) HE ce mpoHajaeHH
3HAYajHU PA3IUKH IOMeTy TpyIuTe. AHAU3a-
Ta Ha eHeprujata 6eme 0,511 3a TecToBuTE 32
moveTok / puMa co 3HadajHoct Ha 0,05. [Huc-
TpuOynujata Ha nepGopMaHCUTE Ha Aenara BO
eKCIIepUMEHTallHA MepKa € TpUKakaHa Ha
ciukute 10 m 1B. Bo 3amauaTa 3a cBecrta 3a
noyetok (cnuka 10), neser oxn merHaeceT TY-
CJH nema (60%) u cemym on merHaecer TU
nena (53,33%) Gea mox 5-THOT MEPIEHTHI Ha
rpynara K; 3ropa Ha toa, 86,67% TY-CJH n
66,67% TU neuara Oea mox 50-THOT HepIicH-
ti. Kako auctpubynmja Ha cBecta 3a puma
Ha ciuka 1B, 46,67% TU-CJH nenara Oea mon
5-THOT MEPIEHTWT OJ KOHTpOJIHATa Tpyma H
66,67% nena Oea mon S50-THOT MEPIICHTHIL.
[Toxpaj Toa, 53,33% omuocuo 80% mena ox
rpynata TU-CJH 6ea mom 5-THOT, OZHOCHO
50-THOT TEPIEHTU HAa YYECHUIUTE O]l KOH-
TposiHaTa rpyna K.

Onuro 3emeHo, rpynara TU u rpymara TU-
CJH pnamoa 3HAYMTETHO TMOCHAOW pe3yiTaTH
on rpynata K Bo cure Mepku 3a (OHOJIOMIKA
cecT; nmpudbmmwkao 50% ox TU-gemara n TU-
CJH-nenara Gea Bo HUBHUTE TephOpMaHCH 3a
(hoHOOIIKA CBECT TOJ[ 5S-THOT MEPUEHTHI O]

the group differences respectively in tone
awareness and onset-rime awareness in our
sample. Significant differences were found in
the tone awareness task.

For tone awareness, we found group
differences among RD, RD-SLI, and CA
groups, F (2, 32.76) = 11.82, p < 0.001, n* =
0.357. The power (1 - P) incorporating
significance of 0.05 was 0.993 in the high
level. The RD group and RD-SLI group
performed significantly poorer than CA group,
but there was no significant difference between
RD group and RD-SLI group; however, the
task accuracy was indeed lower in the RD-SLI
group. As the scatter plot reported in Figure 1a,
all of the children with RD-SLI (100%) and
part of children with RD (66.67%) were below
the 50™ percentile of control performance in the
tone awareness task; in addition, all (100%)
children with RD-SLI and 9 of 15 (60%)
children with RD fell below the 5" percentile
of the CA control.

Univariate analyses revealed that neither onset
awareness (p = 0.089, n° = 0.106) nor rime
awareness (p = 0.328, 1° = 0.050) were not
found significant group differences. The power
analysis was 0.511 for onset/rime tests with
significance of 0.05. The distribution of
children’s performance in the experimental
measure was displayed in Figure 1b and lc. In
the onset awareness task (Fig. 1b), nine of
fifteen RD-SLI children (60%) and seven of
fifteen RD children (53.33%) fell below the 5"
percentile of the CA group; moreover, 86.67%
RD-SLI children and 66.67% RD children fell
below the 50™ percentile. As the distribution of
rime awareness in Figure 1c, 46.67% RD-SLI
children fell below the 5™ percentile of control
group and 66.67% children fell below the 50™
percentile. Additionally, 53.33% and 80%
children in RD-SLI group respectively fell
below the 5™ and 50" percentile of CA control
participants.

Overall, RD group and RD-SLI group
significantly performed lower than CA group
in all phonological awareness measures;
approximate 50% of RD children and RD-SLI
children fell below the 5th percentile of CA
control group in their phonological awareness
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KoHTponHaTa rpyna K. Ouurnenso, gemnara co
TY u nmenara co TU-CJH mMaa TEIIKOTHH BO
o0OpaboTkaTa Ha (oHOJOIIKUTE 3HANU. McTo
Taka, ce unHerne jeka merara co TU-CJH mo-
Kakaa IOBEKE TEMIKOTHH BO (HOHOJOIIKATA
CBECT OTKOJIKY aenara co TH.

Tabena 2. [lpoceunu nepgopmancu u cmanoapoua
Oesujayuja na eewmunume 3a pononrouika obpabomra

performance. Apparently, RD children and RD-
SLI children had difficulties in processing
phonological cues. Furthermore, it seemed that
RD-SLI children showed more difficulties than
RD children in phonological awareness.

Table 2. Mean performances and standard deviations on
the phonological processing skills

Mepka / Measure K/ CA (n=16) TY/RD (n=15) TY-CJH / RD-SLI (n=15) 7
P M(SD) | Min | Max | M(SD) | Min | Max | M(SD) | Min | Max
CaecHoct 3a ToH | 12.71% 8.67° 5.87% F(2,27.43)
/ Tone awareness | (2.87) 6.00 | 15.00 (4.55) 2.00 1 15.00 (2.56) 2.00 1 10.00 | i_y¢ 577
CBecHOCT 3a
6.56 5.33 4.87 F(2,43)

moyeTok / Ons t (2.10) 3.00 | 9.00 2.72) 1.00 | 9.00 (151 2.00 | 7.00 -2 562
awareness
CsecHocT 3a

. 6.19 5.40 5.00 F(2,43)
puma / Rime 2.07) 2.00 | 10.00 (2.64) 1.00 | 9.00 (1.93) 1.00 | 8.00 —1.143
awareness

3abenemka: * = 3HAYMTENHO ce pa3mKyBa on K; ® = 3paunrento ce pasmukyBa o I1U; © = 3HaUMTENHO ce pasIuKyBa o1
* ok Hokok
M4-CJH; =p<0,05; =p<0,01; =p<0,001; ! 3Haum mexa metomoT Brown-Forsythe 6mn ynotpeben 3a 1a ce Haromat

BPECIAHOCTUTE 3a HCC/THAKBAaTa BapI/IjaHLla.

Note. * = significantly different than CA. ® = significantly different than RD. ° = significantly different than RD-SLIL. " =p <

ook

0.05, " =p<0.01,
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cnopedba co KoHmponHama epyna 3a (a) ceecHocma 3a MOH,
(6) ceecHocma 3a no4emok, (8) ceecHocma 3a puma

=p < 0.001. ' means that Brown-Forsythe method was used to adjust the values for unequal variance.
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Figure 1. Scatter plots showing the distribution as compared to
CA controls for the (a) tone awareness, (b) onset awareness, (c)
rime awareness
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CnopedbeHama  epyna 3a  aydumugHama
nepuenuyuja Ha amninumydHa modynayuja

Bo tabena 3 e mpuxakaHa BpeHOCTa Ha IICH-
X0aKyCTHYHUTE MEPKH W PEe3yNTaTOT Ha CIIO-
pendenata rpyma. Kako u Bo ckarep nujarpa-
MOT OJi CIUKa 2, OBOj KPUTEPUYM 3a HHBOTO
Ha mepdOpMaHCHTE Ha Jelara mara Imom 5S-
THOT TmiepueHTW1 o K-rpymara u e yTBpICH
Kako nedummta 3a 06padoTka (38,39).
[locTojaT 3HAYUTENTHU pa3IMKH MOMEry Tpy-
IIUTE BO TMOYETOKOT aMIUTUTYJa CO eIHa paM-
na, ® (2, 43) = 3,480, p <0.05, n2 = 0,127.
AHanu3ara Ha €HeprujaTta BO OBOj TecT Oere
0,601 co 3nHaueme Ha 0,05. Cenak, IOCT XOK
cuposenennte llledeoBu TecToBH HEe TTOKaXY-
BaaT 3HAYUTEIHA pa3liuKa MOMery TPUTE Tpy-
. Opx npyra cTpaHa, TUCTpuOyIjaTa Ha CII.
2a ru mokaxyBa jgenara co TU u nmemnara co
TY-CJH Bo cmopenba co rpymara K 3a koH-
TPOJIa Ha MOYETOKOT HA aMILIUTYAaTa CO IHa
pamma; neset aena co TU (60%) u ocym nmema
co TU -CJH (53,33%) Gea Bo oBaa 3amaya o
5-THOT TIEPIEeHTWJ Ha y4YECHHWIINTE Ha KOH-
tponuata K. 73,33% on nmeuara on aBete rpy-
mu, TY-CJH u TY, mamuna mox 50-trot mep-
nenTun Ha K- rpymara.

Bo mormex Ha BpemHOCTMTE Ha MEpKHTE Ha
nBe pammnu, bpayH-®opcajToBHOT MeTox Oerre
aZanTHpaH 3a HeeqHakBa BapujaHca. [locTojar
3HAYUTEITHU pa3IUKd TIOMEly TpYyIHTE BO
3amagaTta co ase pammy, F (2, 43) = 9,636, p
<0,001, n2 = 0,244. IlocTaByBajku TO 3Haue-
wero Ha 0,05, aHanm3ara Ha €HEpruja, HUCTO
Taka IMOKaka BO OBa MEPCHEC BUCOKO HUBO
(0,919). INoct xok cmopenbara MOKaka IeKa
nenata co TU-CJH naBaat 3HauMTenHo mocha-
6u pe3ynratu ox rpynara K u rpymara TUY, HO
Oemie 3a0enexaHa 3HAa4YajHAa pasiuKa Mery
rpynata K u rpynara TU (p = 0,622). Ox mpu-
Ka30T Ha AUCTpUOyIMjaTa Ha ciuka 20 ce rie-
nma nexa 100% mema co TU-CJH u 53,33% ne-
na co TY Gea mox 50-THOT mepueHTHI O KOH-
tponaute nena K. Iokpaj Toa, 12 ox 14 nmema
co TU-CJH (85,71%) u 8 ox 15 mema co TU
(53,33%) Oea mox KpuUTEpUYMOT OX S5-THOT
MIEPLECHTHII BO 3a/1a4aTta CO JBE PaMIIH.

Bo npunuun, Hag 53% ox nenata co TY u ox
nenara co TU-CJH 6ea Bo HamuTe ay TUTHBHU
MEpPKH TOJT 5-THOT MEepIeHTH Ha nepdopMaH-
cu on K-nenara. Iloseketo yuecuHuiu co TU u
yuecuun co TU-CJH ce nokakaa nmosyomu of
ydecHUIMTe 0J1 KoHTposiHaTa K Bo 3a7ayaTa 3a
[IOYETOK Ha aMIUINTYIa CO €lHA pamIia, UaKo

Group comparison for auditory perception of
amplitude modulation

Table 3 showed the value of the psychoacoustic
measures and the result of group comparison.
As the scatter plots in Fig. 2, this criterion of
children’s performance levels falling below the
5™ percentile of CA group were determined as
processing deficits (38,39).

There were  significant  between-group
differences in one-ramp amplitude onset, F (2,
43) = 3.480, p < 0.05, n* = 0.127. The power
analysis was 0.601 in this test with the
significance of .05. However, post hoc Sheffé
tests didn’t suggest any significant difference
in three groups. On the other hand, the
distribution of Fig. 2a showed RD children and
RD-SLI children as compared to CA control
for one-ramp amplitude onset; nine RD
children (60%) and eight RD-SLI children
(53.33%) fell below the 5" percentile of the CA
control participants in this task. Both 73.33%
of RD-SLI children and RD children fell below
the 50™ percentile of CA group.

For the values of two-ramp measurement,
Brown-Forsythe method was adapted for
unequal variance. There were significant group
differences in two-ramp task, F (2, 43) = 9.636,
p < 0.001, 0> = 0.244. While setting the
significance at 0.05, the power analysis also
showed high level (0.919) in this measurement.
Post hoc comparison showed that children with
RD-SLI performed significantly poorer than
CA group and RD group, but no significant
group difference was found between CA group
and RD group (p = 0.622). Checking the
distribution in Figure 2b, 100% children with
RD-SLI and 53.33% children with RD fell
below the 50" percentile of the CA control
children. Besides, 12 of 14 children with RD-
SLI (85.71%) and 8 of 15 children with RD
(53.33%) fell below the 5™ percentile criterion
in two-ramp task.

In general, over 53% of RD children and RD-
SLI children fell below the 5™ percentile of CA
children’s performance in our auditory
measures. Most RD participants and RD-SLI
participants performed worse than CA control
participants in one-ramp amplitude onset task;
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He MMOCTOM 3HayYajHa pa3nuka mery rpynara TU
u rpynata TU-CJH. Ilokpaj Toa, memara co
TU-CJH nmokaxaa 3HAYUTEITHO MMOCHPOMAIITHH
pesyararu of aeuara co TY u neuara K Bo 3a-
Jladara 3a IOYeTOK Ha aMIUIMTY/Ia CO JIBE paM-
nu. [Ipen ce, moBeke o MoOJOBUHA Ol AeLaTa
co TH wimm TY-CJH Gea mox 5-THOT meprieH-
TWJI - KPUTEPUYM Ha KOHTPOJIA BO JIBETE ayau-
THUBHU 33/1a4¥ 3a MOYETOK Ha aMIuutyna. [le-
nata co TU-CJH nokakaa mManky nocupomari-
HU PE3yJdTaTH 3a YyBCTBUTEIHOCT OJ Jierara
co TY Bo exHOcTaBHA 3ajaya co €JHA pamiia,
HO 3HayajHa pa3yinka Mely OBHE JIBE TPYITH CO
Pa3sBOjHHU TELIKOTHH Oellle MpUKakaHa BO KOM-
IUIeKCHATa 3ajlaya Ha aMIUIMTyJaTa co JBe
pammu. Bo cniopenda co rpynara TY u rpyma-
ta K, rpynara TY-CJH mnokaxxa moBeke Teml-
KOTHH BO 00paboOTKaTa Ha ayAWTHBHU 3HALH,
ocobeHO BO Toco(UCTHIMpaHaTa 3ajada Ha
aMIUTUTYIHA MOy Ialyja.

Tab6ena 3. poceyHama epedHocm Ha npazogume 00 40 u
cmaHdapdHa degujayuja Ha aydumusHama npoyeHka

although there was no significant difference
between RD group and RD-SLI group. In
addition, children with RD-SLI  were
significantly poorer than RD children and CA
children in two-ramp amplitude onset task.
Above all, more than half children with RD or
RD-SLI fell below the 5™ percentile criterion of
controls in both auditory amplitude onset tasks.
Children with RD-SLI showed slightly poorer
sensitivity than children with RD in the simple
one-ramp task, but significant difference
between those two developmental difficulties
groups was only shown in the complex two-
ramp amplitude task. Comparing with RD
group and CA group, RD-SLI group showed
more difficulties in processing auditory cues,
especially in a more sophisticated amplitude
modulation task.

Table 3. Average threshold values out of 40 and standard
deviations of auditory assessments

Mepka /| K/ CA (n=16) T4 /RD (n=15) TUY-CJH / RD-SLI (n=15) F(2.43)

Measure M(SD) | Min Max M(SD) | Min Max M(SD) Min Max ’

l-ramp AM | 11.25 4.00 |33.00 | 19.54 450 |36.40 | 2093 5.00 | 36.00 | F(2,43)
task (9.48) (10.99) (12.70) =3.480"

2-ramp AM | 1838° [ 6.00 | 36.00 | 22.07° | 7.00 [35.00 |31.54® |9.67 | 39.00 | F(2,35.199)
task (10.40) (11.46) (8.09) 1=9.636™"

3abenewxa: AM = aMIIIITYIHA MOy JAIlHja; ® = 3HAYMTENHO ce pasuKyBa o1 K; ° = sHaunrenno ce pasmukysa ox I14; ©
* ok sokok
= 3Ha4MTeNHO ce pazaukyBa ox [TU-CJH; =p <0,05; =p<0,01; =p<0,001;
! 3Haun gexa Meronor Brown-Forsythe 6un yrmoTpeGeH 3a a ce HATOAAT BPEAHOCTHTE 33 HECIHAKBATA BAPH]AHIIA.

Note. AM = amplitude modulation. ® = significantly different than CA. ® = significantly different than RD. © = significantly

Kok

different than RD-SLI. "= p < .05. ™ = p < 0.01.
the values for unequal variance.
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Cnuka 2. lllevama wmo ja nokaxysa Oucmpubyyujama 6o
cnopedba co KoHmponHama epyna 3a (a) 3adaya 3a
modynayuja Ha amniumyda co edHa pamna u (6) 3adaya 3a
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Figure 2. Scatter plots showing the distribution as compared to
CA controls for the (a) one-ramp amplitude modulation task and
(b) two-ramp modulation task
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Huckycuja

Knuan4ky raenaHo, TEMKOTHHUTE 38 YUTAkbE U
ja3WYHUTE HapyILIyBama YeCTONAaTH Ce I0jaBy-
Baar 3aenHo (31, 40). OBaa cryauja ce oiHECY-
Ba Ha MPUCYCTBOTO Ha MpoOieMH BO (OHO-
JIOUIKAaTa CBECHOCT M HETOBOPHHUTE ayAWTHBHU
po0aeMu Ha KMHECKHUTE JeLa CO TEUIKOTHH BO
YUTAKBETO W ja3MYHM HapyllyBama. Hekonky
cTyann Oea HACOYEHH KOH ayAWTHBHATa Mep-
Lennyja Kaj Aenara co KOMOPOUIHU TEIIKOTUH
[IPU YUTAE U ja3UYHU HapylnyBama. Co oryes
Ha HEJIOCTAaTOKOT Ha CTYIUH 33 MaHJapUHCKO-
KHHECKOTO HAaceJICHHE, 0Baa CTyMja UMaIle 3a
LeJT /1a ja UCIHUTA ayAWTHBHATA MEpLEeniuja 3a
00paboTKa BO BpCKa CO MPO30/HjaTa Ha TOBO-
POT Kaj KMHECKUTE Aela cO KOMOPOUIHU TPO-
OeMHu TpH YHUTAKETO W MpOOJIEeMH BO Opal-
HUOT ja3uk, IpeKy Mepeme 0coO0eHO Ha HUBHA-
Ta YyBCTBUTEIHOCT Ha ITOYETOKOT Ha aMIUINTY-
JaTa Ha 3BYK.

Bo cormacHocT co MHOTY NIPETXOAHU HUCTPAXKYy-
Bamba, HAIIUTE PE3yJITaTh MOKaXKyBaat JAeKa Jie-
Hara co TEHIKOTHH BO YHTAWmETO, CO WIH 0e3
JIOTIOJIHUTEIIHU ja3WYHH MPOOJICeMHU, UMAJIe 3Ha-
YUTENHO Ci1abu ¢oHomomkn Mepku (4, 5).
OBHe HAaOAM Ce BO COTIACHOCT CO MPETXOAHOTO
HCTpaXXyBalke¢ Ha pa3BOjHATA JUCIEKCHja Kaj
Kunesute, HarmacyBajku ja xwumore3aTa 3a
(doHONMOWKN AePUIUTH Kaj Pa3TUYHH ja3UIH
(22). aTepecHo € Toa MITO €JHa HEeoJaMHell-
Ha KMHECKa CTyIuja IOKaXka JIeKa Jeuara co
TU-CJH wumane 3HauuTenHo monomm (HOHO-
nomky niepdopmancu of nerara co TY (41), a
TOa ce TOBTOPH M Kaj HAUIUTE PEe3yJNTaTH.
Chan4yHO ce TOKaka BO HCTPaXKYBamkeTO Ha
McArthur u Castles (42), nenara co TU-CJH
nMajie TOJIOIH PEe3yITaTH OTKOJKY Jeuara co
TY npu ¢oHomomka o6paboTKa Ha aHTIUCKH,
Ia IoHaTaMy cyrepupaar aeka geunarta co TU-
CJH moxe ma nmaat noTexxoK (HOHOJIOLIKH JIe-
dbunut ox nemata camo co TU (43,44).

Bo onHoc Ha QoHONOMIKATa CBECT, BO CIIOpE-
0a co HUBHMTE BPCHHMLIU Ha UCTA BO3PACT, KHU-
Heckute aena co TU u co mmm 0e3 CJH, moka-
aa 3HAYUTENHO cjada CBECT 3a JIEKCHYKUOT
ToH. Hamure pe3ynratd ru moanpxkaa mpet-
XOJHUTE HAOM JIeKa HapyllIeHaTa CBECT 3a TOH
Oemie 3a0enexirBa Kaj Jera co pa3BojHa JHc-
JIEKCHja W JIeTla CO ja3suYHHM HapyIlyBama Kaj
Kuneswure (45, 46). Pa3BojHO, 4yBCTBUTEIIHOC-
Ta Ha JIGKCHYKHOT TOH T 00jacHyBa MOCTUTHY-
BamarTa 3a YuTame U jasuk kaj Kunesute (19,

Discussion

Clinically, reading and language impairments
co-occurred often (31,40). The current study
concerns the presence of phonological
awareness and non-speech auditory problems
in Chinese children with reading and language
difficulties. There were few studies looking
into auditory perception of children with co-
morbid reading difficulties and specific
language impairments. Given the lack of
studies on Mandarin Chinese population, this
study aimed to examine auditory processing
perception related to speech prosody in
Chinese children with co-morbid reading and
oral language problems by measuring their
sensitivity to sound amplitude onset in
particular.

Consistent with many previous studies, our
results showed that children with reading
difficulties, with or without additional
language  problems, were significantly
impaired on phonological measures (4,5).
These findings are in line with prior research
of developmental dyslexia in Chinese,
stressing the phonological deficits hypothesis
across languages (22). Interestingly, a recent
Chinese study indicated that children with RD-
SLI had a significant worse phonological
performance than children with RD (41), and
this echoed to our results as well. A similar
report in McArthur and Castles (42) research,
RD-SLI children were found to have worse
performance than RD children in English
phonological processing, and further suggested
that children with RD-SLI may have severer
phonological deficit than children with RD-
only (43,44).

In respect of phonological awareness, relative
to their age-matched peers, Chinese children
with RD and with/without SLI showed
significant poor lexical tone awareness. Our
results support previous findings that impaired
tone awareness was notable in children with
developmental dyslexia and children with
specific language impairment in Chinese
(45,46). Developmentally, sensitivity to lexical
tone accounts for reading and language
attainment in Chinese (19,20). In our data,
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20). Cropen HammTe MOAATOIM, HE ITOCTOH
3HAUMTETHA pas3iauka momery merara co TU u
nerata co TU-CJH Bo ogHOC Ha cBecTa 3a TOH,
IITO YKaXKyBa Ha TOa JIeKa OJ] MepPOpMaHCUTE
Ha (h)OHOJIONIKATA CBECT CaMHU 110 ceOe He MOKe
Jla UICHTU(PHUKYBAAT TEHIKOTUU TPU YUTAHETO
¥ jasnuHu HapymryBama (40). Hekom npyrm
(hOHOJIOIIKY BEIITHHH MOXKE J]a C€ 3eMart Ipe-
BUJI 32 Ja C€ OJIECHU Au(epeHnjamHara qujar-
Ho3a. Ha mpumep, Oee 3abenexxano aeka ¢o-
HOJIOIIIKAaTa MEMOpHja, KaKo IITO € He300pOB-
HOTO MOBTOPYBame Ha KMHECKH, OeIie crope-
JIeHa CO TIeJT 1a ce MCIHUTAaaT OCHOBHUTE Ae(H-
Ty iomery TU u CJH (41). Meryroa, Bo o1-
HOC Ha HEOOpaOOTEeHHWTE CYpOBHU IMOJATOLH,
nenata co TU-CJH nemaie momana TOYHOCT BO
¢/IHa JICKCHYKa MIICHTU(HUKAIM]a, BO criopeada
co nmenara camo co THU. Moxebu Ou ce oTKpu-
Jie 3HAYMTEHN PA3NHKH IOMery JBETe TPYIIH,
JTIOKOJIKY Cc€ BKITydJaT IMOBeKe YUECHHIIH.

[IperxoqHuTe ayIUTUBHU HCTPaXKyBama IMOKa-
JKaa JieKa Jerara co KOMOPOWIHU IehUIUTH
MIPH YUTAKHETO U Ja3HKOT JlAJIe 3HAYUTEITHO TI0-
JIOIXA PE3yJITaTH OTKOJKY JellaTa camo CO
TEMKOTHH TIpH ynuTameTo (27, 39). Cnopen Ha-
IIATE IIOATONH, CO 3aJaduTe 3a IepIeninja
Ha ammuiutyzaa, u rpynara TH u rpynara TY-
CJH umaa 3HaYMTEIIHO TOJIOUIN PE3YJITATH O
rpynara K. Taka, HE4yBCTBUTEIIHOCTA Ha TIOYEC-
TOK Ha aMIUTHTyJa MOXeE Ja Oujac 3acTHUIKH
MEPLUENTHBEH MPOoOJieM W 3a JBETe TPYNH CO
TEMIKOTHU Tpu uuTameTo (5, 22, 28, 44).
IToBeke on monoBuHa ox genara co TU u gena
co TU-CJH Bo HammoT npuMepoK UMaje Telll-
KOTHH 332 OTKPHBaWke Ha MOAyJallHja Ha Iove-
TOKOT Ha aMIUIUTyJla CO €IHAa paMIia W JIBE
pamIu BO OHOC Ha THIHYHHUTE JIela BO Pa3Boj
criopesl KpuTepuyMoT Ha naeBwjaruu (38, 39).
Hue, ucro Taka, oTkpuBMme Aeka aeuara co TU
u CJH ce 3HauMTEIIHO MOCIA0U BO MEPIICIIIIH-
jara Ha TIOYETOK Ha aMIUIUTYJAa CO JBE PaMIIH,
BO criopeida co TUIMHYHHUTE Jelia BO pa3Boj M
netara camo co TY, mTo ykakyBa Ha Toa Jieka
nmerara co TU-CJH moke ma mmaar moBeke
TEIIKOTHH J1a HAIpaBaT pa3linKa Kora CUTHaJIH-
T€ Ha aMIUIUTyAara ce MoKomIuiekcHu. OBa
MOKE Jla c€ MOBp3e Co morpedara 3a momodpa
ayIMTUBHA TMEpIeIIdja WM MEXaHW3aM Ha
Y4eCTBOTO Ha paboTHaTa MeMopuja. [loTpedHO
€ TTOHATaMOIITHO HCTPaXXyBame 3a J1a Ce UCKITY-
yar (akTopure Ha MeMopHja. Hammre npemnn-
MUHApHU HAOJU UCTO Taka MOXE Ja JaaaT BO
nedekTonorujaTa UMIUIMKAIMja BO OJTHOC Ha

there was no significant difference between
children with RD and children with RD-SLI in
tone awareness, suggesting that performance
of phonological awareness alone may not be
able to identify reading difficulties and
specific language impairment (40). Some other
phonological skills may take into consideration
to facilitate the differential diagnosis. For
example, it has been reported that
phonological memory, such as non-word
repetition in Chinese, was compared to
examine the underlying deficits between RD
and SLI (41). However, regarding the raw
data, children with RD-SLI did have lower
accuracy in the lexical one identification,
compared to children with RD-only. Perhaps
the significant discrepancy between two
groups can be revealed once there are more
participants included.

Previous auditory studies have found that
children with co-morbid reading and language
deficits performed significantly worse than
children with only reading difficulties (27,39).
In our data, with the amplitude perception
tasks, both the RD and RD-SLI group
performed significantly worse than the CA
group. Thus, insensitivity to amplitude onset
might be a shared perceptual problem for both
reading difficulty groups (5,22,28,44). Over
half children with RD and children with RD-
SLI in our sample had difficulties for detecting
the modulation of the one-ramp and two-ramp
amplitude onset relative to typically
developmental children by the deviant
criterion (38,39). We also found that children
with RD and SLI were significantly more
impaired in two-ramp amplitude onset
perception, compared to typically developed
children and children with RD only,
suggesting that children with RD- SLI may
have more difficulties to discriminate
differences while the amplitude signals were
more complex. This might be related to a
requirement of better auditory perception
mechanism or an involvement of working
memory. Further study is necessary to rule out
memory factors. Our preliminary findings may
also give an implication regarding the
perceptual assessment and intervention for
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