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The effects of an augmented reality (AR)-based application intervention on

verb vocabulary acquisition in children with autism spectrum disorder
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This study examined the effects of an Augmented Reality (AR)-based language intervention on verb acquisition, task engagement,
generalization, and maintenance in children with Autism Spectrum Disorder (ASD). Three children with ASD participated in a
multiple-baseline across participants design. The intervention included an AR application, most-to-least prompting, and reinforcement with
picture cards, delivered twice weekly for 10-minute sessions. Each session presented 20 daily-life verbs in random order, and responses were
recorded. Task engagement was measured using 10-second whole-interval recording, and treatment fidelity was monitored by trained
observers. All participants showed improved verb acquisition and engagement during intervention compared to baseline, and these gains were
maintained in generalization and maintenance phases. The AR application’s audiovisual features enhanced attention, while the prompting
strategy supported independent verbal responses. Findings suggest that AR-based interventions can serve as effective tools for supporting

language development in children with ASD.
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<Table 1> Basic Background Information of the Child Participants

Mg gtk Fel obEel tE W
A% ASKPRES, SELSI $)8 EUNZ AWA BE 9 gE N, A3 B3 thy) A B £
g 47 BHe AojBE Aol U /%A B

Folzol W@ 71848, A B}

Child Sex Age (Years; Months) Diagnosis CARS PRES SELSI Remarks
4 years 8 months ASD 22 months / Attempts simple word-level sentences;
A Male 37.5 42-month level
(Born Mar 2020) (with ID) 20 months some mand and tact responses possible
7 years 9 months 25 months / Word-level utterances;
B Female ASD 43 32-month level
(Born Feb 2017) 21 months difficulty generalizing tacts
7 years 3 months 20 months / Noun-based tacts;
C Male ASD 35 34-month level
(Born Aug 2017) 18 months limited verb production
* CARS: Childhood Autism Rating Scale
* SELSI: Sequenced Language Scale for Infants
* PRES: Preschool Receptive-Expressive Language Scale
<Table 2> Behavioral Characteristics of Participants
Category Child A Child B Child C

Spontaneous Verbal

Expression

Can express short, simple
sentences spontaneously in familiar
contexts.

Repeats learned expressions in

similar familiar situations.

Displays challenging behaviors
when desired activity or object is
unavailable.

Repetitively uses expressions learned

in familiar situations.

Does not respond or shows
minimal reaction to caregiver’s
verbal or behavioral cues.

Rarely initiates verbal expression.

Requests and

Demands

Responds immediately to verbal
prompts.
More responses are elicited than

spontaneous utterances.

Clearly requests desired items or
activities.

As prompts are repeated, verbal
expression increases in intensity and

becomes more specific.

Actively responds to preferred
individuals’ questions, with high
verbal engagement.

Covers face with hands when

prompted.

Response to Questions

Answers appropriately with single
words when the question is
understood.

Echoes (echolalia) when meaning is

not understood.

Provides brief responses in words if
the question is understood.

If not understood, shows no
response Or engages in repetitive

refusal behavior.

Answers with single words.
Waits for prompts or guidance

when unsure.

Attention

If task difficulty increases,
attention decreases and previous
activities are repeatedly mentioned.
Shows distraction and hyperactivity
when over-immersed in specific

activities.

High concentration during preferred
activities (e.g., favorite toys).

Shows less interest in non-preferred
activities.

Refuses tasks or shows decreased

concentration when overloaded.

Maintains concentration and
performs tasks smoothly, with
minimal distraction.

Easily distracted when task
difficulty increases.

Performs tasks slowly and shows
decreased initiative when required

to maintain performance.
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<Table 2> Behavioral Characteristics of Participants

St AHAHEHZ o5 A 07 &

Sof ojxle

(continued)

Category Child A

Child B

Child C

¢ Shows hypersensitive and avoidant
responses to loud sounds or
o changes in environment.
Sensory Characteristics ) ) )
¢ Displays sensory-seeking behaviors
such as teeth grinding or physical

contact/movement during activities.

® Repetitively moves arms or
engages in continuous motion.
¢ Seeks sensory enjoyment through

activities like car rides.

* Seeks sensory feedback through
body movement.
* Requests physical contact but only

in front of caregivers.

¢ Can perform basic touches when
the app is opened, but has
Tablet Operation Skills difficulty initiating or operating

the app independently.

* Generally understands how to use
the app, but operation is

inaccurate or unskilled.

* Lacks tablet manipulation skills
and cannot independently execute
the app.

* Frequently asks others to turn on

the app.
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Orat-m AR Application

Interactive AR Content Activated by Touch

Immersive Learning Experience through AR
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<Figure 1> An example of AR content and customized language intervention session management
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Step Key Features of the AR Application

Start Screen

Learning Screen:

“Putting on a Backpack”

Feedback Screen

OF R YPXEJO, T @y Ay

<Figure 2> AR-based learning tool
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<Table 3> Example of AR-Based Verb Vocabulary Intervention Procedures

Intervention Step

Objective

Fidelity Items

YES/NO

1. Attention Cueing

Securing the child's attention

The researcher sat facing or next to the child to prepare for interactive

engagement.

2. Reinforcer Selection

Enhancing the child's motivation

The researcher presented preferred activity picture exchange cards to the child
and said, “Let’s study first, and then you can choose what you want to do,

okay?” After the child selected a card, the intervention began.

3. Tablet Use Instruction

Explaining how to use the
AR application; providing

anticipatory reinforcement

1. The researcher shows the tablet to the child and explains how to use it.
“[Child’s name}, let me show you first. When you touch the screen like this,
a picture appears —let’s try to say what this character is doing.”

The researcher touches the application and models the response by saying,
“Clap hands.”

2. If the child gives a correct response, the reinforcement screen (e.g.,

fireworks animation) within the application is displayed.

4. Encouraging Independent

Learning

Promoting Independent

Performance

The researcher encouraged the child to independently interact with the
application by saying,

“Now it’s your turn, {Child’s Name}.”

If independent performance was difficult, partial physical prompts or verbal

cues were provided to support the child in touching the application screen.

5. Reinforcement Provided for

Correct Responses

Reinforcement upon

Correct Responses

When the child touched the application screen, the researcher asked,

“What is this character doing, [Child’s Name}?” and waited for 5 seconds.

If a correct response was given within 5 seconds, the researcher immediately
provided praise (e.g., “That’s right! Good job!”) while displaying the

reinforcement screen (e.g., fireworks animation) within the application.

6. Prompting Provided
Following Incorrect
Responses

(Error Correction)

Systematic Prompts Were
Delivered in Response to

Incorrect or No Responses

1. If the child shows no response or an incorrect response within 5 seconds, a
most-to-least prompting hierarchy is implemented to correct the error.

2. First prompt (Full verbal prompt):

“Say it with me. Clap hands.”

3. Second prompt (Partial verbal prompt):

The therapist provides the initial syllable, e.g., “Cl -.”

4. Third prompt (Visual prompt):

The therapist visually models the mouth shape of the target word to provide
a visual cue.

5. Fourth prompt (Independent response):

The therapist presents only the question without any additional prompts,

allowing the child the opportunity to produce the target word independently.

7. Procedure When Errors

Persist Despite Prompting

Procedure for Continued

Errors Despite Prompting

If the child continues to make incorrect or no responses despite prompting,
the therapist provides neutral feedback by saying,
“Okay, this character is clapping hands. Let’s try the next one,” and moves

on to the next item.

8. Reinforcement Provided

After the Session

Reinforcement Provided

After the Entire Session

At the end of the session, the child removes the reinforcement card that was
selected and attached to the Velcro board at the beginning of the session and
hands it to the researcher.

The researcher checks it and says, “You did a great job today, [Child’s
Name]. Shall we do {reinforcer} now?” while providing the selected reinforcer

or allowing the child to engage in the chosen activity sufficiently.
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<Table 4> Social Validity Survey Results for the AR App-Based Verb Vocabulary Intervention

Item Question Content Mean Range

“I believe that the AR app-based verb vocabulary intervention conducted in this study was helpful in improving - 55
the child's verb vocabulary acquisition.” ’

1 believe that the intervention procedures (e.g., attention focusing, tablet usage instruction, correct and incorrect

response handling) were clear and easy to understand.

3 I believe this program was effective in supporting the child's acquisition of verb vocabulary. 5.0 5-5

I believe that the use of the AR app effectively increased the child's motivation and interest in learnin,
y

vocabulary.

5 I believe that the intervention method used in this study is more useful than other vocabulary learning methods. 5.0 5-5

I feel that the steps presented during the intervention process (11 steps in the first session, 10 steps from the

second session onward) were organically connected.

7 I would be willing to apply this program to other children or in other educational settings. 5.0 1-5

I believe that the resources required for the intervention (e.g., tablet, AR app) can be easily made available in

both educational and home settings

The intervention is expected to lead to improvements in the child's communication skills (specifically, the use of

verbs) in real-life situations.

0 I believe that the duration and frequency of the intervention were appropriate and did not place an excessive 0
1 5. 5-5
burden on the child

11 Overall, I feel that this intervention was effective and could be expanded for broader application 5.0 5-5

Open-ended: If you have any suggestions for improvement or additional comments regarding this program (e.g.,
12
intervention steps, implementation process), please write them below.

Overall average 4.85
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A AR 187004 F nSAR FAEND, 287 REE BEE A8 i WAz} AslHo] 10gAR A
ATk ol 18171004 Y Aol T FEE 7k ool A WA skw, A AL TA TAe
e} A Aol TSt AR et FUE Whe A BAAs) A2 B} SRAew B4 A

35 BFste, 4 dAe £ oRE o) Ee XEFHHA deyos V5she HoE IFHUH A
ZE A= A S GANR FES SAEAR ASelA Aletlon, olE Fal A s dRdA FA A
F=E SRSttt B4 A B FA SHASE 99.78%(HH: 99.35%-100.00)F S TES UEHIOH, ol&

- 20 -



B A7 BE ol obsolAl AAH el ddd Hatel e} A EEHASS AR

m |+ 23

1. AR 7|8t O{E2|A|0|H BX7} ASD Ot&2| AL O] &5

1) °Fs A9 FAF o3 &5 W3

ols AT 7I1ZA SANA F 33]7] B FAF 03] F5ES AT 2 H 15.00%(8H 10-20%)F UERF S
o, 8 o] FEd HIle FE0lEx] ekdth FA dAldAE F 118717 AAEYeH HE FIPES
57 75%(“% 15 80%)i F3tATh 37 27)de e Ao Hap Fvlste] SA SHERl= oF 80%

Baseli Int ti Generali Mainte
aseline ntervention tlon ERE X:Probe

«*

|
I
I
|
|
|
|
|
|
@ I
|
|
|
|
|
|
I
I

[
~
w

4 5 6 7 8 9 10 11 12 13 14|15 16|17 18 19 20

.00 ————

|
|
| —e
0 |le—e
% I
70 :x X
. !

Percentage of Verb
Vocabulary Acquisition(%)
&

N

i
I
I
I
I
I
I
I
I
%0 I
I
I
I
I
I
I
I
|

|
6 7 8 9 10 11 12 13 14|15 16 17 18 19 20

30
20

mv+k/_'

0

1 2 3 4 5
| I I
| I by
100 | R !. L ]
90 _———— I |
| | |
80 1 | |
I Ix xI
70 | | I
60 1 [ I
| I :
° | 2|
40 | I
| I
| I
| I
| I
| I
| |

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Session

<Figure 3> Chanages in Verb Vocabulary Acauisition Rates Accordina to AR-Based Intervention
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<Table 5> Mean and Range of Verb Vocabulary Acquisition Rates by Child During the Intervention Phase

Baseline Intervention
Child Baseline Mean*=SD(Range) Intervention Mean=+SD(Range)
(Number of Sessions) (Number of Sessions)
A 3 15.00£5.00(10-20) 11 57.73%+21.38(15-80)
5 16.00%5.48(10-20) 9 60.56+21.99(25-90)
C 8 10.63£3.20(5-15) 5 61.25%27.74(10-90)

<Table 6> Tau-U and Percentage of Non-Overlapping Data (PND) for Verb Vocabulary Acquisition Rates by Child During the Intervention
Phase

Category Tau-U Variance Z P-Value 95% CI PND(%)
Child A 0.9091 0.2752 23355 0.0195 [0.3696,1.0000} 90.91
Child B 1.00 0.2104 3 0.0027 [0.3696,1.0000} 100
Child C 0.859%4 0.2357 2.8881 0.0039 [0.5448,1.0000} 85.94

90.91%% AN A o5 55 Wl ek A2 A= <Figure 3>l AAIF ] 1o, ool gk 742
ol W, WY, =A 3o BA FA= <Table 5>} <Table 6>A &RIT 4= 9)r}.

apa
2) o}& BY TA} o3 &5 W3}
olF BE 7124 TANA F 53)7] B¢ BAF 03] F5ES ST A HHS 16.00%(HH 10-20%) 2 ERS
on, 9 FFo FHI Wsle gRIEA {Uutt FA DA E F 937 IVE AAEHANCH BHE FHPES
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<Figure 4> Changes in Task Engagement Rates Following AR-Based Intervention

<Table 7> Mean and Range of Task Engagement Rates by Child During the Intervention Phase

Baseline Intervention
Child Baseline Mean=+SD(Range) Intervention Mean=*SD(Range)
(Number of Sessions) (Number of Sessions)
A 3 46.50%4.77(42.00-51.50) 11 100.00=0.00(100-100)
B 5 49.20+4.76(42-55) 9 91.94+6.86(78.72-100)
C 8 48.00£3.63(43-54) 5 97.10%4.13(90-100)
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<Table 8> Tau-U and Percentage of Non-Overlapping Data (PND) for Task Engagement Rates by Child During the Intervention Phase

Category Tau-U Variance zZ P-Value 95% CI PND(%)
Child A 1.00 0.7071 1.4142 0.1573 {0.3859,1.00001 100
Child B 1.00 0.7071 1.4142 0.1573 {0.3859,1.0000% 100
Child C 1.00 0.7071 1.4142 0.1573 {0.2843,1.0000} 100

2) ob& BE| Al Fo&2 W3t
ol B 7I&2Al GAIM F 53)7] 5% HAl o8

Arkz oz F3b g2 Fol&ol %1151912‘11 3]7]

&8 =A3 Ax HIFL 49.20%(8 9] 42-55%) 2 e
%okttt FA dAAE F 93] FoF

Hit 91.94%CH% 78.72-100%) 2 Fsdtdth. 7] I7IFH Z|2AEY & FoEo] FAHAUT. TawU &2
1.0000(95% CI {0.3859, 1.0000)2-Z AFZE| R 0™ PNDE 100%% A=A

3) okF c9] FA FHq-&9 Eﬁi}

ols ce= 71 BANA F 837 B A HAAES SHI A, P 48.00%(HH 43-54%)F LEFSTH
T FEd AWy og e %%*é Foll A A O R FAEHACH, AR Aol WE FET W3l gRlEA
Zdth. FA dAdAE F 537 T} B 97.10%CB ] 90-100%)F FstATE 7] 37| FE S22 Q1 ol
HREoH, o]F BE I7A 90% olds FASH AR FdE BATE TawU #ES 1.000095% CI
[0.2843, 1.0000h 2= AF=E U O™, PNDE 100%2 1= T

1) °Fs A%] T4} o1F] 4‘——“—91 LI = ol

ols AY dutsl dAldAE A T8 5 78 SAA T 23]7]0 HA FAF oF
371X A2t 85%, 90%° THEC] 7IFEHAH, P 87.50%@4%’4 85-90)J Tk 71% ]
(39 10-20) FFoNA HlwF dASA FAEHAY, dtst GAlo A= Tl EC] FHEH EE
YERATE TauwU &2 10022 AEEHSY O™ PNDE 9091%2 RIFEAT FA dANE F 287|004 z+2t

90%, 95%2] FFaEC] ZIEHJ oW, HFE 9250%HEY 90-95ATF Tau-U S 1.000.E AHEHSHW PNDE
920.91%%2 FAFAT. BAF 013 F5F utst @ {A @A A= 7 obse] HE L WS <Table 9>09l

Tau-U ZF 2 PNDE <Table 10> Z+2F A A)8l5 Tt

<Table 9> Mean and Range of Verb Vocabulary Acquisition Rates by Child During the Generalization and Maintenance Phases

Baseline Generalization
Baseline Mean=+SD Generalization Maintenance Maintenance Mean=SD
Child (Number (Number
(Range) Mean=£SD(Range) (Sessions) (Range)
of Sessions) of Sessions)

A 3 15.00£5.00(10-20) 2 87.50%3.54(85-90) 2 92.50%3.54(90 - 95)
B 5 16.00%5.48(10-20) 2 90.00%0.00(90-90) 2 95.00£0.00(95 - 95)
C 8 10.63£3.89(5-15) 2 87.503.54(85-90) 2 100.000.00(100 - 100)
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<Table 10> Tau-U and Percentage of Non-overlapping Data (PND) for Verb Vocabulary Acquisition Rates by Child During the
Generalization and Maintenance Phases

Category Phase Tau-U Variance Z P-Value 95% CI PND(%)
Generalization 1.00 0.4082 2.4495 0.0143 {0.1998, 1.0000} 90.91
Child A
Maintenance 1.00 0.4082 2.4495 0.0143 {0.1998, 1.0000} 90.91
Generalization 1.00 0.3651 2.7386 0.0062 {0.2843, 1.00001 100
Child B
Maintenance 1.00 0.3651 2.7386 0.0062 0.2843, 1.00001 100
Generalization 1.00 0.3385 2.9542 0.0031 10.3365, 1.00001 85.94
Child C
Maintenance 1.00 0.3385 2.9542 0.0031 10.3365, 1.00001 85.94
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i
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<Table 11> Mean and Range of Task Engagement Rates by Child During the Generalization and Maintenance Phases

Baseline Generalization
Baseline Mean=+SD Generalization Maintenance Maintenance Mean=SD
Child (Number (Number
(Range) Mean=£SD(Range) (Sessions) (Range)
of Sessions) of Sessions)
A 3 46.50*4.77 5 100.00£0.00 5 100.00%0.00
(42.00-51.50) (100-100) (100-100)
B 49.20%4.76 5 92.94+2.13 5 96.88+2.45
5
(42-55) (91.43-94.44) (94.00-99.12)
c o 48.00*+3.63 5 100.00%0.00 5 100.00=0.00
(43-54) (100-100) (100-100)

<Table 12> Tau-U and Percentage of Non-overlapping Data (PND) for Task Engagement Rates by Child During the Generalization
and Maintenance Phases

Category Phase Tau-U Variance zZ P-Value 95% CI PND(%)
Generalization 1.00 0.4082 2.4495 0.0143 {0.1998, 1.00001 100
Child A
Maintenance 1.00 0.4564 2.1909 0.0285 {0.1054, 1.0000} 100
Generalization 1.00 0.3651 2.7386 0.0062 {0.2843, 1.0000} 100
Child B
Maintenance 1.00 0.3651 2.7386 0.0062 {0.2843, 1.0000} 100
Generalization 1.00 0.3651 2.7386 0.0062 {0.2843, 1.0000} 100
Child C
Maintenance 1.00 0.3885 2.9542 0.0031 {0.3365, 1.0000} 100
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