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Objectives: The purpose of this study was to investigate the effect on the syntactic skills of
children with autism spectrum disorders when using an educational humanoid robot for a
story intervention. Methods: The subjects were 3 children with autism spectrum disorders.
They were the same chronological age and same grade in special education school. An ex-
perimental, multi probe design was used across subjects. A story intervention program
was loaded into the humanoid robot, called IROBI-Q’ The robot offered visual-auditory
stimulation. Results: First, story intervention using the humanoid robot partially improved
the children’s syntactic skills. The length of story (mean C-unit) and use of different cohe-
sive units increased, but the intervention was not effective in improving complex sentence
ratio and mean syntactic length (mean morphemes in C-unit). Second, syntactic skills in
narrative were generalized as demonstrated by other stimulations and another story as-
sessment. The assessment was implemented before and after intervention. The children
increased their length of story, mean morphemes in C-unit, and number of different cohe-
sive devices except for the complex sentence ratio. Third, syntactic skills were maintained

by the children. Conclusion: The results show a partially effective increase in the syntactic
skills of children with autism spectrum disorders. These findings imply the feasibility of a
humanoid robot as a language intervention tool.

Keywords: Humanoid robot, Autism spectrum disorder (ASD), Syntactic skills, Story inter-
vention, Human robot interaction (HRI)
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Table 1. Participants’ characteristics

Subject A Subject B Subject C
Chronological age (yr;mo) 13,1 12,7 1311
Gender Female Female Male
Nonverbal 10 (K-ABC) 70 66 54
Vocabulary age (yr;mo)
REVT-receptive 5610 5;11 8,010 8,6 6,60 6;11
REVT-expressive 4:0t04;6 8,010 8,6 6,60 6;11
Row score (KOSECT) 30 48 23
Verbal characteristics ~ Fast speech rate, Inaccurate artic- Enumeration, sub-
monotone, ulation, relat-  ject breakaway,
idiosyncratic, ed in specific  direct & delayed
stereotyped subject echolalia

K-ABC=Korean Kaufman Assessment Battery for Children (Moon & Byun, 1997);
REVT =Receptive & Expressive Vocabulary Test (Kim, Hong, Kim, Jang, & Lee, 2009);
Korean Sentence Comprehension Test (Pae, Lim, Lee, & Jang, 2004).
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YEEL 179] QAIAE St} (Kwon & Pae, 2006)
(Appendix 2).
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L 54 F7b9] E3} 3717k Uhehgeh §2) SAeIARE i ol
ATt obg C 4% 53 217), T ob Bl 6002 §74] N
r —&- ntervention effect
a3} A71E HYtH(Table 2, Figure 1). 20 |
16 F [
Olof7| SXHollM HH 7= 2ol H3} 2r
8 L
i obs =S Bt Aol(MSDof| e e B3l uln “,
O oFE 19 Aslsknis Bk 27 e 31 ol spied
O}E AA 7&]_?_ 7]_;]2_/3;] 1%_1’ ]o" %]ﬂ.?_{\?‘_go]ﬂ_ 4_250”/\_1 %_ZH %74] 1‘ z‘ ; 1‘1 ; e‘s 7‘ s‘: s; 1‘01‘11‘21‘311:1‘5151‘71‘81‘92;2‘12‘22‘3 2‘42‘52‘52‘72‘32‘93‘03‘13‘23‘33‘43‘53;3‘73‘33‘94‘0 ;14‘2
o] 5.39% Ayslo] 73t a vt 27|17} e, 2] Ao 591 Figure 1. Mean story length
Table 2. Mean (range) and effect size of story length (unit, average C-unit length)
Baseline Intervention Maintenance
Mean (range) Mean (range) IRD Mean (range) IRD
Subject A 444 (4.33-4.5) 10.04(3.50-18.33) 81** 15.44(14.67-16.33) 1.00%*
Subject B 2.63(2.00-3.5) 9.35(4.00-16.33) 60* 12.78(11.00-15.00) 60%
Subject C 4.60(3.50-6.0) 10.05(4.00-18.00) b4 17.00(16.33-17.67) 80%*

C-unit=communication unit; IRD =improvement rate difference.
Chance level (IRD =.50).
*Medium effect size (.50 < IRD<.70); **strong effect size (IRD>.70).
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Table 3. Mean (range) and effect size of syntactic length (unit, morphemes of C-unit length)

Baseline Intervention Maintenance
Mean (range) Mean (range) IRD Mean (range) IRD
Subject A 4.25(3.31-4.89) 5.39(4.29-6.61) T 5.91(5.89-5.93) 1%
Subject B 6.92 (6.00-7.86) 7.30(6.35-8.43) -20 6.21(6.02-6.35) -4
Subject C 5.24(4.33-6.33) 7.17(5.04-9.40) 33 6.76 (6.63-6.96) 26

C-unit=communication unit; IRD=improvement rate difference.
Chance level (IRD=.50).
*Medium effect size (.50 < IRD<.70); **strong effect size (IRD>.70).

Baseline Intervention Maintenance Table 4. Mean (range) and effect size of complex sentence ratio (%)
10 -
9 —&= Intervention effect Baseline Intervention Maintenance
g
7t Mean Mean Mean
6| S IRD IRD
sl (range) (range) (range)
;‘ N Subject A 40 (13-50) 35(14-61) -28 42(2955)  -33
2 Subject B 17 (0-25) 34(18-47) 37 41 (36-45) 60*
1+ - .
ol ubject A SubjectC  35(17-50)  45(3369) .06 53(47-66)  .80**
Ll S S e v | N
123 4°567 8 91011121314151617181920 21222324252627282930313233343536373839404142 |RD=imprOVBment rate diﬁerence
£ e Ieention ffect Chance level (IRD=50).
ntervention efrec . . .
= *Medium effect size (50<IRD <.70); **strong effect size (IRD>.70).
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5 9
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Figure 2. Mean syntactic length

Agloich 31718 5] 919 IRDE BBtk thEObE A |
o] A9 IRDE: 712 73 &3} 2718 Beick i b5 Be] 49 o \ L
IRDY= 20, T4} o} 5 C2) 49 IRDE 332 F3fe]) ol 915 of .

ok §40014 IRDE B4 oF5 AS |91 b5 B2} o5 Col 1 . ek
S| S 1] 551 h(Table 3, Figure 2). NN NN RN N
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Folico] S WEg ZHS 0|43 olob] FAVF AARF P o} 5] FREH

Table 5. Mean (range) and effect size of number of different cohesive devices

Baseline Intervention Maintenance

) g gy
Subject A 2(2-2) 348(1-7) T 5.67 (5-7) T
Subject B 18(1-2) 5.78(2-9) 89** 5.33(5-7) T
Subject C 3(2-3) 5.32(2-8) 44 7.67(5-10) 60*

IRD =improvement rate difference.
Chance level (IRD=.50).
*Medium effect size (.50 < IRD<.70); **strong effect size (IRD>.70).

&0l A Hato] S7FHA] QT Hi vleo] bt oFs
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9] HLIRD7} -.28, o} B2] 7% IRD7} .37, o} C&] 4% IRD
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QIthal 1 7] o th(Table 4, Figure 3).
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tersen et al., 2014; Spencer et al., 2013)2} YX|5}A] Sk=t}. TL}
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Appendix 2. 72 244 &

COMMUNICATION SCIENCES & DISORDERS

OAFAE Tl Mol MASEIRIS FHY ZAUR TE|D, Y S BUHE 2N B

(Loban, 1976).
. 0[0p7| Z0J= QJAAE TR (C-unit)E 7| 222 FiC},

o T
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2. iSRS Y% BATAIS 083 2YOR 01, W, ARIY| B, 24, A 50| Uc,

- g/ =27 o - L —0, =

=E20M thSER B2 2ALSHLIE 2712 -2 ETHKwon & Pae, 2006).

3. TEE2 YA, BAE, 2R A8E MeEE Bttt S20M 5

OAASHLIE 1702 2B HKwon & Pae, 2006).
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Kim (2014), Kwon & Pae (2006), Loban (1976), Nam & Ko (1993) &t=Z.
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Appendix 4, 221} 0[|0f7| T2 24

Select a story I

Turn over the card,
listen to the mixed story

Sequencing the story l

Listen to the story in order,
retelling the story

258 http://www.e-csd.org

l 4 cut story

I Select a story I

Turn over the card,
listen to the mixed story

I . Se't;uencin the t - l

Listen to the story in order,
retelling the story
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