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AAC Symbol Combination Abilities
in School-Age Children by Working Memory Skills

Sangeun Shin'’
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Purpose: This study investigated the effects of verbal and non-verbal working memory
abilities on AAC symbol combination performance in typically developing school-aged
children, to provide evidence for effective AAC interventions for children with complex
communication needs.

Methods: A total of 32 typically developing school-aged children participated and were
divided into two groups based on their verbal and non-verbal working memory abilities. The
Symbolic Communication Level Assessment of the AAC-Symbol Assessment Tool
(AAC-SAT) was used as the experimental task, measuring accuracy and response time
under three conditions: single-symbol selection, semantic symbol combination, and
grammatical symbol combination. The task performance was collected and analyzed using the
AAC-SAT automatic performance analysis program. Statistical methods included two-way
ANOVA and Bonferroni post-hoc tests.

Results: The study found no significant differences in accuracy between the two groups
regarding verbal and non-verbal working memory abilities. However, accuracy significantly
decreased as the complexity of symbol combinations increased, showing similar trends in
both verbal and nonverbal working memory. In terms of response time, both verbal and
non-verbal working memory abilities were affected by group differences and the complexity
of symbol combinations. Verbal working memory showed significant differences in response
time between groups, with the high-working-memory group responding faster. This was
also observed in nonverbal working memory. Additionally, both types of working memory
revealed significant differences in response times across single-word, semantic symbol
combinations, and syntactic symbol combinations, with response times increasing as
complexity grew.

Conclusions : As the complexity of symbol combinations significantly impacts both accuracy
and response time, the need for AAC intervention strategies to reduce cognitive load for
children with relatively lower working memory ability was discussed.

Keywords: Working memory, augmentative and alternative communication (AAC), symbol
combination, school-aged children
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Q1ojd AA7|Yo] =2 Yo W2 Yot 7H9] AF, wsds,
8- 74 o33 HAKReceptive and Expressive Vocabulary
Test: REVT, Kim et al., 2009)2] Ajol= f2JokA] QUtHTable 1).
TR 2 HAdold A47|Ye] HisiM: F At 7 AEAE
A B4 Aol Q= AR YehthTable 2).

Table 1. Participants’ demographic characteristics in high and
low verbal working memory groups

High verbal Low verbal

WM WM ?or U p

(n=13) (1229)
(S;zb:female) £9 63 2764 .09
Age (month) (9979845) (1906 175% 56.000 .867
Education (year) ( 2604% ( 18733 45.000 327
REVT-e (11044607‘; (11010475 52000 664
REVT-r (19134649) (19311242) 46000 403
Ef%;pcar\l/ of (17 131381) (112? 3576) 000™ €001
I S8 PR aw

Note. Values are presented as mean (SD).

WM=working memory; REVT-e, r=Receptive and Expressive
Vocabulary Test-expressive, receptive (Kim et al, 2009);
K-WISC-V=Korean Wechsler Intelligence Scale for Children-5th
edition (Kwak & Jang, 2019).

™ p<.001

Table 2. Participants’ demographic characteristics in high and
low non-verbal working memory groups

High Low
non-verbal  non-verbal 9
WM WM S
(n=11) (n=14)
Sex . .
(male:female) 74 & 465 495
99.64 101.36
Age (month) (10.60) (7.35) 71.000 741
. 2.18 2.14
Education (year) (60 (60 75.000 .900
_ 97.64 103.76
REVT-e 11.77) (11.75) 51.000 154
_ 91.73 93.93
REVT-r (11.98) (9.69) 65.500 528
Digit span of 48.45 56.86
K—WISC-V (24.99) (22.51) 60.000 343
Picture span of 34.55 81.93
K—WISC-V (12.69) (9.23) 000" 001

Note. Values are presented as mean (SD).

WM=working memory; REVT-e, r=Receptive and Expressive
Vocabulary Test-expressive, receptive (Kim et al, 2009);
K-WISC-V=Korean Wechsler Intelligence Scale for Children-5th
edition (Kwak & Jang, 2019).

“p(.001
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Note. A=The test interface, showing task complexity options
including a single word level, a semantic word combination level,
and a grammatical word combination level; B=Examples of symbol
combinations displayed in the AAC-SAT for assessing matching
and combination skills.
Figure 1. Examples of the symbol combination test
in the AAC-SAT.
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Uﬂ*lXH A ef ‘&0101] sfFohs S oA BAIsks A7t
A% % 99lz 2ok S 179 olgel HolSu Tgsiglet
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7145 7Rk0] Table 30 A=l 9.

Table 3. Mean percentages of accuracy scores by the
complexity of symbol combination in two verbal WM groups

High verbal WM Low verbal WM
Mean SD Mean SD
Single word 99.23 2.77) 100.00 (.00)

Semantic word

o 98.60 (5.04) 100.00 (.00)
combination

Grammatical word
combination

94.04 6.73) 86.67 9.27)

Note. WM=working memory.
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Aold 27199 5ol wE HZrzo e A 7+ 79
512 AkOH=1.595, p=.221), ARZY] BfAo] TS
AGLTt fofotAl Astels ZA0® UePRTH/~22.916, p<.001).
At xR BdY] A4oAE ade {8kt (#4.957,
p=.025, Table 4, Figure 2). AAZE EZAl0 digt ASA%
2y, 3 "ol 9uly APdER {ogt Aot §isley
(p=1.000), 724 AAZAHT oA =2 AY=E HIYT
(p€.001), & A xFlo] LA A ZSHT FErt 2o
ZAOF YUEgtHp=.001).

Table 4. Mixed two-way ANOVA result of percentages of
accuracy scores by the complexity of symbol combination in
two verbal WM groups

Sources SS df MS F J2)
Group 48.010 1 48.010  1.595 221
Combination 176673 1347 873724 22916 <.001
complexity
Group X
Combination ~ 254.545 1347 188977 4957  .025
complexity
Error 1027.105 26.939  38.127
"pK.05, " p<.001
—o— Low verbal
100 4 1(30 100 94.03 working memory
99.23 P — LAk
20 | 26.67 High verbal
' working memory
group

B
=]
L

Percentages of accuracy scores (%)
=] (1]
Q (=]
. .

o

T

Semantic  Grammatical
word word

combination combination

Single word

Figure 2. Percentages of accuracy scores
in two verbal working memory groups

| 71| SO M2 Fe

H]olo]z] zkel7|olof| it &= Zeko] A R3] Bt wlE
71&BAZRE Table 500 AAH Hie} Zct

Table 5. Mean percentages of accuracy scores by the
complexity of symbol combination in two non-verbal WM groups

High non-verbal WM  Low non-verbal WM

Mean SD Mean SD
Single word 99.29 2.67 100.00 .00
Semantic word 98.70 486 100.00 00
combination

Grammatical word

. 91.25 10.27 91.82 6.43
combination

Note. WM=working memory.



H|dod 21719 9] 58 T Fgro Aol M T+ &
OISIR] QYO /=.428, p=.520), XS] EdAo] 58
A7t GolotA AotEle AR YERFTHA~Z16.542, p<.001).
Adat AAxed 234 719 A48 aie Rolokx] ooith
(/=.029, p=.912, Table 6, Figure 3).

ARz B0 gt A EA 2y, @ dole oulg AR
24 {Ogt A7t Yo (p=1.000), T2 JHXFETt
LOI5H] =UTHpC.001). QA AR ZIRS LEA AR RGHHC)
A7t foloH] w2 AoE UERHTHp=.002).

Sk
=

Table 6. Mixed two-way ANOVA result of percentages of
accuracy scores by the complexity of symbol combination in
two non-verbal WM groups

Sources SS df MS F p

Group 13.679 1 13.679 428 .520
Combination 1) 576 1266 823772 16542 <001
complexity
Group X

Combination 1.840  1.266 1.454  .029 912
complexity

Error 1449.589 29.109  49.798
"p<.001
T 100 100 ==L ow non-verbal
%’ 100 4 N - 91.82 working memory
= e —
8 99.29 98.7 group
> 80 4 91.25 High non-verbal
; working memory
% 60 + group
e
=]
g 40 4
='+]
bi]
g 20
]
o
] T T 1
Single word  Semantic  Grammatical
word word

combination combination

Figure 3. Percentages of accuracy scores
in two non-verbal working memory groups
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Table 7. Mean response time (sec.) by the complexity of
symbol combination in two verbal WM groups

High verbal WM

Low verbal WM

Mean SD Mean SD
Single word 77 72 .88 .58
Semantic word 219 1.49 271 1.57
combination
Grammatical word 430 230 548 6

combination

Ling

sf27] OFS 9l AI7Io] 50| T2 AAC ABES 52

Qloja] Hg17jolo] o] whE wheAzte] Aol gt 7t
oIt zlo|E EPOm(/=4.797, p=.031), FAZES E4o] &
AgE wWeAel St AstEe Aom  Uehgd
(F=146 771, p< 001) At} AR xS B2 719] AFezkg

FO5IA] UHTH=2.548, p=.093, Table 8, Figure 4).
Z]Zc‘g— E@-}lgoﬂ tHo]— /K]— PG ﬂ_],]- o} 1:]-01‘—— ‘,]U]Z—] /K]—Z]chg—
Bt fololA B WA EAA(p.001), HEA X
Hox fofolA #UoH(p<.001), Ul At 128 A
REGHET} ¥hEAITt] Fol5kA AkTH(p<.001).

:lo

o

?~ bol'

Table 8. Mixed two-way ANOVA result of response time by the
complexity of symbol combination in two verbal WM groups

Sources SS df MS F D
Group 20697 1 20697 4797 .031
Combination ¢33 637 1627 389455 1467717 €001
complexity
Group X
Combination 10.999 1.627 6.760  2.548 .093
complexity
Error 341.058 128.532 2.653
"p<.05, 7 p(.001
€] 5':"8 —e—Low verbal

coe | V4 working memory

é /" group

rr / High verbal

E ¢ {/J 4.3 working memory

% 3 | 2.7}/ group

2 >

@ g

L2 P

g 0.88 welt

21|

0.77
0 T T 1
Single word ~ Semantic Grammatical

word word
combination combination

Figure 4. Mean response time
in two verbal working memory groups

4. HIQIOfR| E(ei7|of SHO| M2 HSARH

Hlolo}d] 7o) thet WG 1k AREYe Bl w
2 WISARES ATIR AT Table 99 AXIH Hhet ek

Table 9. Mean response time (sec.) by the complexity of
symbol combination in two non-verbal WM groups

High verbal WM Low verbal WM
Mean SD Mean SD
Single word .70 .48 1.00 1.05
Semantic word 2.08 1.40 2.65 1.46
combination
Grammatical word 428 2.30 543 264

combination

Note. WM=working memory.

Note. WM=working memory.
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H[lojd 247199] 5ol mE BRAIZEY Hole et 1t
FYIFAT(=T.675, p=.007), BAZZC] ExAo] FrieeE
HRAIZIl RYoHAl AskEls ALRE UERTHAZ157.649,
pC00Y). Hetdr Az B34 19 A4eAe ade /9
SHAl EUTH/=1.839, p=.171, Table 10, Figure 5). AAX
o Bl oigt AR 2, g ol 9 AR
Bt f9otA B2 WEAIE EYA(p(001), TEFH A
ZYETE FOoHA Ao (p<.001), 9uld XL
4 AAXPE GESAITo] Fo5tA ZkTH(p(.001).

Table 10. Mixed two-way ANOVA result of response time by
the complexity of symbol combination in two non-verbal WM
groups

Sources SS df MS F §2)
Group 30.800 1 30.800  7.675"  .007
Combination 33 441 1551 472980 157.649™ (001
complexity
Group X

Combination 8.554 1.551 5.516 1.839 171
complexity

Error 414.061 138.011  3.000
“pX.01, T pK.001

=]
|

5.43

—s—Low non-verbal
working memory
group

3]
L

IS
L

»—High non-verbal
working memory
group

8]
L

Mean response time (sec.)
w

[
L

0.7

[=]

T T |
Single word Semantic word Grammatical
combination word
combination

Figure 5. Mean response time
in two non-verbal working memory groups
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& Lindsay, 1991; Murray & Goldbart, 2009). ¥+ ZAz] oj
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7A%o] FRl=tk. o], xR E4n A 1 Aeag
o] fogt Zow yehy, THA XY oM Ao A
7190] w2 o] ATl Qojd zZYr|do] =2 ko
A Ueidth olggt 23 59 U 28 Folet st
T ou)d BARY d289 A ojErE EHA 84 T8
Sk AAloo] tiste] Aoy &Y 8L ¢ Wo] B8 §)
A =1, JA0] AgstA S Adcte Ho ¥ 71Ht=
ZZ& HoEtt st BESAIMel e Aot 4xe &
A4 71 A5AE ade flglou Aoy A7 sEol B
< oFFE°] B2 ofzEHT ]y, FHA XA o 11
HRSAIZRE Kol AR ueht AR B/l 57tds
E QXA Feo] ZEolglE Holglr) 9] §REAITY] Aol=
A XY 2ol & A= YEiET), ol W&oyt
oz} 7150l ALY 9| st A Bl Eoizl dols
7re] 9m|d 2HA BAE olsfety, S eAHoRE MEs|of
Sk IAolA Aol AY7|Yo] FFE £ A AARITH
%, 9|y, ZHFoR EZAo] U1t AMlE 1, IAE
FYcle B¢ ol GAFLE 7|gsill7] ATt S22 34
Z5)d S o wol "a=E P& 7H54dE AlARItHBaddeley,
1997, 2002).

gho] ol #7199 e Aol ojA Hekm A
X9 B 79 AsAE 53t gle AR ysht Jd 1+
H[Qlojd 2719 589 ZJol7p Fffo] HHE JFE FA=
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&5 HYET, ol ARt vlEAelAe] aeAll FHEA7}
HAEE A= t=2A 24837] 2o Hekth
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£ 29= Sl & A EEAl olsg Sl EE
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Q7] Wl&ol(Hughes et al., 1994; Ozonoff & Strayer, 2001),
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ot S 20] 9L Q- EHKercood et al., 2014; Otero et
al., 2014; Ozonoff & McEvoy, 1994).
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Appendix 1. List of stimulus words & messages included in the symbol combination task

ARAZZ Sz # AZo] BE
1 oF3
2 A8
3 o] 3 ey
4 ey
5 o}
6 RT-Zolsle
7 Jobui 2|43t
oo} wolzgt 8 APg-F
9 ] -gosh 8.
10 o A-LE-Fols Q.
11 Hup-7}-2tota.
12 of#-ofA-F 2
PHTS 483 Dojzg 13 of-71-FA-Zot
14 Aup-olA-24]-H 8
15 opih-7}-Aut-of A-FA-H 8.
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