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Purpose : This study explored the validity and reliability of a new comprehensive assessment
tool, Infant-Toddler Developmental Scales for Auditory Communication (IT-DSAC), which
was developed to assess the developmental stages in listening, language, speech, and
communication in infants and toddlers with hearing impairments.

Methods : Nineteen infants and toddlers (11 boys and 8 girls, mean age 23 months) with
hearing difficulties participated in this study. Two certified speech-language pathologists
(SLPs) with degrees and over 20 years of clinical experience answered the survey for
content validity. Three certified SLPs, who specialized in aural rehabilitation, separately
assessed the participants to obtain inter-rater reliability and criterion validity. Criterion
validity was derived by comparing the Infant-Toddler Meaningful Auditory Integration Scale
(IT-MAIS), the Sequenced Language Scale for Infants (SELSI), and the Stark’s Babbling
Scales test results to those of corresponding IT-DSAC domains. Additionally, the
relationship between hearing thresholds and IT-DSAC scores were analyzed. For reliability,
all the participants were assessed twice within a month to avoid any maturation effects.
Intraclass Correlation Coefficient (ICC) was used for inter-rater reliability.

Results: The Content validity results for age appropriateness and domain appropriateness
were 91.5% and 95.9%, respectively. All IT-DSAC domains showed statistically significant
criterion validity (p{.01) and good and satisfying inter-rater reliability (ICC).70). The
hearing thresholds of the participants correlated with the scores of Sound Response,
Listening Skills, Receptive and Expressive Language, and Speech Production, but not with the
scores of Oral Motor, Social Interaction, and Cognitive Communication.

Conclusions : IT-DSAC was designed to monitor progress in listening, language, speech, and
communication, and this assessment tool was found to be a reliable and valid test.
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Table 2. Contents and item numbers of IT-DSAC

3. 424

o] IT-DSACY| E& &3l
BAsIHoH, 2+ o
TR e 2] HMEger =E3I

&7 BdZx IT-DSAC et 7189 M=+ At 4
g 2ol D3l HEAE At AAETE 7ol AEAE &
Z3199tt. IT-MAISE IT-DSACY] £7|(audition) G0l a5t
£ Ag¥ks 9 E771e Hlwskyla, SELSIY 48 ¥ EdA
o A4+E IT-DSACY & % mElo] A4S H|msilth
Stark -§0] HEE H(speech) 99 TikE 4 L5 A+
o} vlwott. HHAXLL IT-DSAC 87HK] FH9] AAE4te]
e foi& A FSHYLE AwHESIth

HARARE AEes AR 8 F B9 AAREC] 22 o
Jfotoll dish AlB3t IT-DSAC HAREZZE Frft A2 dX]s}
A5 Eslglen, o 98 Fll A¥AS(ntraclass
correlation coefficient: ICC)E ARESIATE ICC Zif= o]¥Y
u(two-way random modelZ ©l-gste] AALGIGY Het
SEE AEsith vgds B83A YY3(The Dutch
committee on tests and testing: COTAN)o| w24 1CC Zx}t
7} 0.70 olstd "= AFe EFE, 0.70~0.802 AFx FE,
0.80 oY mwt AFE £807 343 HVan Haaften et
al., 2019).

B4 ZZa:L [BM SPSS(Statistical Package for the
Social Sciences) version 26 ARESFITE.

Dimension Domains Contents n
SR Sound detection, localization, pattern perception 18

Audition
LS Speech recognition, sound and speech discrimination, listening in noise 20
L RL Understanding speech and sound pattern, word and phrase comprehension 36

anguage
EL Expression using gestures, vocalization, jargon, words, and sentences 36
s b SP Vocalization, babbling, jargon, word, and sentence production 40

peec
OM Body posture, oral movement, food texture and types, feeding related behaviors 36
SI Behaviors related to social interactions 48
Communication

C Behaviors related to visual cognition and functional communication 46
Total 280

Note. SR=sound response; LS=listening skills; RL=receptive language: EL=expressive language:; SP=speech production; OM=oral motor;

SI=social interaction; CC=cognitive communication.
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IT-DSACY] A% EIE=E =&t 23, Ze J9olA 85%
ool BExE H@‘E‘r AF B=s 53] £2HHSR), AR
A AeAES), AAH AMEFCO) oM A 97.2%,
94.8%, 96.9%% Ui A UERTHET A% = 91.5%
B 86.1%~97.2%), ¥ E=e tH-22 FHolA 90% o1
o 2 HYEE HYL ARA J2AES)e A AtiE
(CO FgodE= 100%9] EF=ES HAH(Ed I9 EHI=
95.9%, Hl 88.9%~100%). Hvt & EIF=e 93.7%= UERH
. Table 32 7 Y98 HPE HLE HolEr /Ed 316
% s Bg=rt 90%7t <+ e SH °§ q, 9 T FE

o

20 YR0 GNAS

2. IT-DSACS| A HZ=

IT-DSACT 7]&e] HZPgol Ffots tido=R ARgEo] 2
RS A BAE APIARYoR EXs &4 BT
T2 ARSIt B4 43 1T-DSACY AA 9953} 712 4
AHEILS] AT BE JYolA BAZHCE JovlstA U
ERTHp (01). ABEAe H=E Yehle A0 #
T BE F904 03 o9 FHI ¥FH AFIAE B
gk ool @AM 0.7 ol At FH AFWAE EHo =
2 &7 BEEE Y.

FAEE AmEY E7] 999 AERHSRIT IT-MAISE
62(K1, 29=17.09, p<.001), E7171&(93} IT-MAISE .77(R.,
©739.27, p(001)Y] 4FE B3tk o] Y9 4=8RA0RL)=
SELSIC] 4=89l0] H4=9} 93(A; 3)=228.53, p<{.001), FEHUo]
(ELy= SELSIS] mEAC] A4} 94(A1, 3)=233.79, p<.001)
g Bk T JH9 UARE(SP) Stark 8ol Hmet

9 A A R 52 Tefslel 2808808 Hsidr
T78(H1, 29742.301, p<001), FA2EOMZ Stark o] =
O 47(R1, 29=7.549, p{.01)9] A+ HAtKTable 4).
Table 3. Content validity of [T-DSAC
Dimension Audition Language Speech Communication Ave.
Domain SR LS LR SP OM SI cc
Age validity 97.2 87.5 87.5 88.9 93.1 94.8 96.9 91.5
Domain validity 97.2 92.5 91.7 98.6 88.9 100 100 95.9
Ave. 97.2 90.0 89.6 93.8 91.0 97.4 98.5 93.7

Note. SR=sound response; LS=listening skills; RL=receptive language: ElL=expressive language: SP=speech production; OM=oral motor;

SI=social interaction; CC=cognitive communication.

Table 4. Criterion validity between IT-DSAC and current listening, language, and speech tests for infants and toddlers

IT- Current Tests Std. error of the Adjusted 7 oo

DSAC estimate r square value
SR IT-MAIS 62" 62 37 17.09 .00™
LS IT-MAIS g7 77 .58 39.27 .00™
RL SELSI-R 93" 93 88 228.53 .00™
EL SELSI-E 94" 94 .89 233.79 .00
SP Stark’s Babbling Scale 78" 78 .60 42.301 00"
OM Stark’s Babbling Scale 47" 47 .19 7.549 017
Ave. .75

Note. SR=sound response; LS=listening skills; RL=receptive language; EL=expressive language; SP=speech production; OM=oral motor;

Sl=social interaction; CC=cognitive communication.
.01,  p<.001

Table 5. Relationship between hearing thresholds and IT-DSAC

Dimension Audition Language Speech Communication
(Domain)
Hearing Thresholds SR LS RL EL SP OM St cC
Rt. ear -.61" -33 -.16 -22 -36 -.01 -.05 025
Lt. ear -.55" -.53" -.46" -41 -.54" -23 -.28 -22
Better ear -.53" -48" -4 -38 -.52" -.19 -.25 -.19

Note. SR=sound response; LS=listening skills; RL=receptive language: El=expressive language; SP=speech production; OM=oral motor;

SI=social interaction; CC=cognitive communication.
<05, pL0o1,  pK.001
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Figure 2. Score distribution of the raters
in sub—domains of IT-DSAC

Table 6. Inter-rater reliability of IT-DSAC

Reliability ~ SR LS RL EL. S OM SI CC

Icc (1,3 .80" .87 .93 93" 92" 86" 75" 81"

Note. SR=sound response; LS=listening skills: RL=receptive
language: EL=expressive language; SP=speech production;
OM=oral motor; SI=social interaction; CC=cognitive
communication.

"p(.05, "pC.01, T p<.001

3. M3 gx|9} IT-DSACZIO] A
g} 99olso] ABR AHDX|9} IT-DSACS] 8714 819 9

79 s AmHESITE °EXR T 7‘43“%&0 99.5 dBeHL,
4% FA= 95.8dBeHL, ¢ Qo] 22 £ HYHLAZ 937
dBeHLoI3lth. B4 &4 Z3}, & #AY HE X = LEks
(tp9=-.55, p0D), E7VN&E  (g9=-52, pX.01), 7410101
(ras=-.46, pC01), EAANras=-.41, pC05), TAFE(res=-.
pC01) FAT BARCE FomRt JHHAE HAAY, ?7%-‘?—
ARRlA AR ARE, IAA SAkaE G| ARl Fofulet At
Ag 2& 4 AATh Bet FEo] HEEG U 5 ﬂh 4
Hh(rg5=-.61, p{001), ' A&(ra9=-.36, p{.05) F= oot
g Hyloy ol tE 9T ATEAE A %aﬂ‘:}. iy
ol Adglol HEo] £2% ko] A die S AY
Aot FARHl 22k (res=-.53, pX.01), €71 7I&(res=-48,
pCO1), 8 (ras=-.42, pC01), EAAN(ra9=-.38, p(01), T
AZ(r39=-.52, p{.01) BLoIME BAZCE Fomgt AFIAE,
474-_,5 /\}g;ﬂ %&xul o]x]x4 ‘,]/R]-/\E_,] 75101— 0_,]1:]0]- AY
TBAE 22 5= ¢tHTable 5).
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ICcE 5%6}01 IT-DSACO] tfigt %WXPJ AR s GotHgt
o 7P w2 AlFEE Hol ¥9L RL ¥9°& ICC 9328
E‘}E\J_(ICCQ, 3»=.93, p01), 7 L;% AEE HO JgLe
SI ¥9og ICC .754ATHICCq, 3=.75, p<.001). 871 3%
g wEoH 70 oJAtel %_go} AR A (P .858)
£ HYY, SIE Ae RE HYoA .80 o9l ICCE =
Metgod wig w2 *l?sll‘:— HoFgth A A=
ofj9] Table 63 Zow AR} 719 ob9] HAGY AL A
EIX= Figure 2014 AHE 4= 9l

1o

2 A7e el dRor £71, Ao, &, ARSI
é@ﬂi éx:l TES 4 s JdE HZoAAE UgH
AT E AFtalAt ool
IT DSAC— % | B9 A9k 7171, Qo] 99
s AET PEEOE, YAk

= A1 A AET IR QAREY] F 8714 oH9l o
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Appendix 1. Test procedure, scoring system, and example of IT-DSAC
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