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[Abstract]

As digital social interactions become more prevalent, adults with Autism Spectrum Disorder (ASD)
often struggle with interpreting implicit meanings in text-based messages conversations. This study
employed a Design-Based Research (DBR) methodology to develop and refine a ChatGPT-based social
mentor chatbot that supports digital communication for adults with ASD. The development proceeded
through two iterative design cycles, focusing on prompt engineering to enhance the chatbot’s contextual
sensitivity and social appropriateness. Usability feedback from both cycles informed the final design,

resulting in a more usable and applicable tool for real-world messenger-based interactions.
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1.2 Research trends in supporting digital social
communication for individuals with ASD
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2. Prompt engineering for customized Al Support

2.1 Concepts and mechanisms of prompt engineering
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2.2 Prompt engineering strategies for ASD chatbot
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III. First Formative Iteration
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Fig. 1. Design—Based Research process in this study
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Table 1. Summary of the participations
Group ID Gender Age Occupation
E1 Male Early Electrical technician
30s
Earl Designer at
E2 | Female Y| KoDDI-certified
30s
workplace
Tx E3 Non— Early Job seeker
binary 30s
E4 Female Late Job seeker
20s
Late .
E5 Male 205 E-sports trainee
Early
C1 Male 20s College student
2 Male Early | Staff at a welfare
30s center
c3 Male Early | Software tester at an
30s IT company
Cx C4 | Female E3a0rsly Webtoon designer
Early
C5 Male 20s College student
Employee at
c6 | Male | 22 | KoDDI-certified
20s
workplace

Note. Tx=Treatment Group; Cx=Control Group

*E5 withdrew after the first usability test due to personal reasons and
did not participate in the second usability test.
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Table 2. Summary of the first formative iteration
Step Description
e Review of prior studies; field
Analysis needs analysis through
stakeholder interviews
* Design of chatbot functions and
. prompts
Design * Design of scenarios for chatbot
usability test
Implementation & | ¢ First usability test
Evaluation * Feedback collection & analysis
1. Analysis
MR Al Bast £ 752 ASD 49 TGAKE "
A AmHER] Fofola A OAASS AR FH
s U QARAHJIERE ol =&si3len, uH
APATE A AESH] HEAES Bl =54

7153t 7 274 Table 30 AJAJalCt

Table 3. Key design features and supporting evidence
for the initial chatbot

Area Design feature Supported by
e Interpret the interlocutor’s
intention & conversational | ¢ [6]
context
¢ Recommend appropriate
. i just
Function expressions & adju§ . [5]
user responses to fit
context
e Reflect user-specific tone * (131, 114,
) . [15], [16],
via personalized prompts
¢ Integrate with messenger
platforms (e.g., KakaoTalk) [6], [16],
Structure ¢ Real-time interaction [17]
conversation structure
ot =54 7|55 7IE AFoA FH 245 A
8] 485t B AP oYY Ree mes
of AAIER]ct. Table 40] 1 71E9] ASDRIE 95t A

2 ATSY ¥ AP A
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Table 4. Comparison of chatbot features

Table 5. Interface & functions of the initial chatbot

Neuro
Sl | TS | Tenes | DGR
Feature in this
[15] [16] lator stud
1171 Y
Intent
. . O O O O
interpretation
Suggestions
of .
. AN O O O
appropriate
expressions
Compatibility
with
common
messenger y y y o
platforms &
real-time
context
reflection
Digital social
context AT O AT O
specificity
Personalizati
on to user X X O O
traits

Note. O =full supported; A =partially supported; X =not supported.
" =basic advice: " =workplace context; " =retrospectively entered.
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2. Design

2.1 Structure and interface of the initial chatbot
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W, oIQl g2 PRI Aol Tt YR BH
S mAG|of 3= AJQ17] ASD AF8AIQ] AlR]A EAJL ub
Astol, A ehIQl 2T ShHoE FAl/EEA A

o MerstzE ohi,

oo} A1gAle] A
q. o]: o] S _LLE._U. EJ 7;
StHoM= 717ER. 5 Tiets AiAIsto] ojujAz frE
& Qe 715 @A "lAE V18t gjat QIFTo] A S A|
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Screen & Key functions

Customization

155 - il 2

Speechwise.shop (]

Onboarding

Speechwise.shop (]

Social Mentor
Custom Settings

Do you need ta use polite language?

@ ves O No
‘When answering questions in a wark, task, or job=
related context using Informal language, | can better
provide mentaring support.

1. To accept a suggestion:
*Is Monday at 4 PM on Zaom okay?"

Please select a conversation context:

EW .
Woerk, Office, Job
o ALY ]
Friends, Family, Daily

2. To decline a suggestion:
“Is Monday at 4 PM on Zom okay?"

3. To ask out of curiosity:
Is Monday at 4 PM on Zoom okay?"

User tone customization
for prompt adaptation

Select conversation type:
formal or informal

Main

Speschwise.shop e =} Speechwise.shop

Social Mentor | K. Social Mentor ~ C

“A full makeover-" is originally used to
mean “full-body plastic surgery”, but
here it's used metaphorically.

In response to the message “This is 8
total makeover. | should've checked
more carafully- | really appreciate how.
much you've improved everything”.

A nice reply would be: “No need to
mention it. | just hope it helps.

Final check: refs and tables.
What does it mean?

It might seund a bit too blunt. so
“A full makeover-" is originally used to here's a softer version:
mean “full-body plastic surgery”, but
hera it's used metaphorically.
In response to the message “This is @
total makeover. | should've checked
more carefully-- | really appreciate how
much you've improved everything™.

“As a final step, please double-check
the reference numbers and typos :)°

This way, it sounds more natural and
comes across &s a friendly reminder.
Does this version work for you, or
would you like to try a different
wording?

A nice reply would be: “No need to
mention it. | just hope it helps.”

Screenshot upload(KakaoTalk) &
text-based interaction

2.2 Functions and prompts of the initial chatbot
2 =2olME 71e "EEA TIM &, AA Aed ©
224 ‘ChatGPT'S T-Esto] AL&3IAC £7] AL
Flutter =235 &850 i0SQ} Android €7 2%
oA -5 7Hsd=S L5t 20, OpenAl®] ChatGPT
dak i vle) YEg

APIZ AFESIRICE A% e

oD 5l Opendie) 719718 4% E25 Playground
gsfo] ZEIE A oly AFL WBAHOE 43}
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Table 6. Configuration of ChatGPT API

#Role Role prompting

You are a social mentor for social media communication. Your role is to assist adults with autism

spectrum disorder (ASD) in interpreting the implied intentions behind KakaoTalk messages and help

them respond in a way that is less direct and more appropriate to the conversational context,

especially based on the latest message from the conversation partner.  Variable-based prompting
Instruction prompting

#Constraint (excerpt)
11. If the conversation partner uses slang, metaphors, abbreviations, or emoticons, interpret them
first, and then include a brief, natural empathic expression in the suggested reply—such as laughter

or backchanneling. Output formatting constraints
Examples: 1), “Thanks!”, “That’s funny!”, “Cheering you on!”)

Few-shot prompting

Fig. 2. Examples of prompts

2.3 Initial usability scenarios

o] A8 B7he ASD 4olo] AR ZE tx
tist o] olatas 2H) ol S Woksh] §lsh 4
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o] 27 |3 23 WA|(F2E)S FIATH Table 7).

Parameter Value .
Model chatGPT-4o-latest Table 7. Scenario tasks
Temperature 1.0 Code Category Sample task description
Top_p 1.0 T1 Discourse Adjusting formality
Max tokens 2048 management Maintaining topic
12 Context Interpreting humor
E35t Aol Jolst 7| vrdstgict ‘ORE AA ot understanding Interpreting metaphors
AolA AFR} 5'_}\]7(40] that }\%]_L]( H]Z AR o] T 3 Communicative Interpreting implied meaning
intentions Refusing politely
5 /\= = xIA] uﬂ/\ rTE=2 oladg shict
2}‘0 o oleel= ARl i Ee _H__' I g T4 Nonverbal Reading emotional cues
H3lo] TEDEO A}= drdE]o] AEO] FA Sodof At communication from emoticons
GG
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ExO

112519, Google®] Prompt Engineering
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A&E]QCHFigure 2). AR, A Fof
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gEatgich. Al WAR A

prompting)& 5ol &2 o= oo}, o]z A,
UG B2d AY 5 AEo] osfslr] o2 IAIE A
ARl FPol= AAlstA. AR, £ A AlgHOutput
formatting constraints)S E3f 2o 30X} o|uy’, ‘4
o EEEQY S0z THEEE A#g 9t U
Bl(Variable-based prompting)
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Mo o o

42 &8st T2 n8(Few-shot prompting)g =3l A
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3. Implementation and Evaluation
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of wh=A A 9 avp 240 282 7100 7tol=5
o NIF g2 Ad=fstltt

Table 8. Experimental design across iterations

12t Tx 04 X 0
Cx 04 X2 0z

o Tx 04 X 0, + SUS
Cx 04 Xo—Xi 0, + SUS

Note. Tx = Treatment group, Cx=Control group: O=0bservation(test),
X =Intervention, X;—X: =delayed chatbot use

A9 75t AAE 43 Ak Al 299 &

=
AR 4o

A" ATEAo| yEe Agstol
Jamovi 2.4.02 E5f 7|&EA ¥ ZEAREA(ANCOVA)
oz BAFMECE 2ZF HAEOAY: SUS (System

Usability Scale) =211} &7, SART UlollA] 7to]
L5 AL 0|59} A4 ALE o]99] YAE HF H|wsh
o:] KHEJ /\H:HK% _9_)_}/\-10 u,}o]——}_,_x} |:H% 7—178

(paired Hest)% éﬂﬁi A5t

L
}0:]1:)f Sk Bl

Bof SEloIT. B Bae

3.1 Quantitative analysis

1RF AL Wl E & 102368719 AluRle A
E9 279 £ 7} P2)] BF F4s UL Al
AT 49 AED LEIIGCE 870 Aluele FAE
£ TR T £ Y A1), T3QIA4E O)F), T4
BIRAOT SAE) Foiol W 8E Ggsision,

UAEE AR 43 90.1%, B1BA N 97.3SICH

I BT AN E ARUES 2.30(SD-
0.68)0|A] 2.934(SD=0.15)C.2, EXATL 2.40”(SD+=
0.46)011 A 2.438(SD=0.34)0.8 W5}s}9

395 % e 3 s} 93 D5old SR 3
ol it AP A A 2457 W Kgshlol
AMet 2402 Uedch BRARA An BAA YR(F
=8.97, p<.01), B]ZAIA A=HF=21.4, p<.01
A R AT 82 Aol B0 Roplsion
WE AR| ALgo] LRI AR OAAE 23
ol 349 2102 ekt Table 9)

|~>

Table 9. ANCOVA results for formal and informal
conversation scenarios
Type Source SS df MS F
Covariate | 03 | 1 | ge3 | 2290
(Pre)
Formal G oup 024 | 1 | 024 | 897"
Residual 0.22 8 0.02
Covariate | g 0 | 1 | ga1 | 113"
(Pre)
Informal Group 0.78 1 0.78 21.4™
Residual 0.29 8 0.03
Note. S5=Sum of Squares, MS=Mean Square, df=degrees of freedom
"p<.05, "p< .01, p<.001

3.2 Qualitative analysis
AL s ojol 9

A A EYH R Vs EE
off Bt gt vhe-g Wit BHH, SART Jlol=
B g3 g AFRsY ol&st malo) ojEs) st
9] 520] oJMEK]= 727} )it} Table 102 Al
ok &todrto] AR ALR A5 FPIQE SuF ojAo|ct

Table 10. Pre- and post-chatbot user responses (T3)

KakaoTalk response

iti . . ..
Sendiien + interview insight

Research assistant
(Z

Oh, is that so? | understand. Then, after 9 PM,
we also need someone to help check volunteer
registrations and handle the logistics...

2% 6:08

Participant 1

Pre )

Yes
2% 6:09

“It wasn’t like ‘Could you help me?’—just ‘I
need this.” It didn’t feel like a request.”

@ Research assistant

Okay, then we will need someone to help
check volunteer registrations and assist with
logistics after 9PM...
2% 7:08

&y Participant 1
=

| think | can help with the registration, but it
might be difficult to manage the logistics.

Post

2% 713

“It helped me realize that what I thought
and what they meant might be different. I
usually focus on the last sentence, but

this helped me see the full context.”
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s F AUl HAES VHAMsHE o EEE0
Table 11. User feedback
Aspect Topic Feedback/Request
T f . .
one o Replies felt unnatural and didn’t
suggested , .
) reflect users’ speaking style
replies
Chatbot Response Responses were too slow,
speed causing distraction
. Difficult to copy text: preferred
Usability )
app over web version
Difficult Hard to respond when context
. ; was unclear or no reply was
situations .
given
. Perceived All partners seemed female,
Scenario .
gender of which made some users
partners uncomfortable
Digital Struggled with abbreviations
language and unclear emojis

IV. Second Formative Iteration

Table 12&= 44
X-AA-A3-Bto] B2 wet Ak 23 AR
SSOAE Aolxt 5 190]

ASD 491 1092 o2 JpHE Aol AHg WS

e AA
AAlsfsich

Table 12. Summary of the second formative iteration

o] 2jx|1, xto] FMst Twio] o] AjgAte] T}
2] LARIChs ojZo] tha A7|=l 9k,

oje} |, 2N T HIAE EHAF A] AHA YX|7} UX]
oot Bato] ojzigo] girk: 71&A BAPH AlHEglo
o, ‘H2 7P Al o] FrElE 0F 502 Qls) Y 7]
vh LERCHe Q) 7)5t Ago] Basiths o)k AAlg
oirt. mat o] FA gwie wrt el pRs) A

gole 2230 @. @. ®) WAlol ATHY Holete

ARtz Qloict.

g ARl e FAE ERoAE 4
AlEo|uf s7H8 oA

Zro| 2= 0|5

oot Qi et
Ariote] chetala] A

Alsto] stEl W Qrp Qlom,

RN = A2l eto] w Q%3 yrgo] g
Ko] Yepgict.
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2. Design
2.1 Structure and interface of the revised chatbot
12} AF8 B2} A1}, 71E AeEolA pxs A5

=) ‘R’ ey 49 e BAg s1ze) A

-1 0>
UL, UL oot BeE dere A, 1%, UHe
A428 itz Aol St 450 v} uet

AUHO2 ME 4 Q=g Sc,

2.2 Functions and prompts of the revised chatbot
SAE] FAE o otk An JiM ‘TR H;ﬂ’g Bt AR
AL e ule, A 99 AA] A Sof 50 SR
Fago|=rt olfofFT. Fa T|=A I ARFE
Table 131} Ztt,

Table 13. Key technical improvements of the

Step Description revised chatbot
Analysis . R.eflecting”on findings from the w—
first usability test Category Description
* Designing chatbot structure and Format Redeveloped as an Android app
interface Response Optimized code and server for faster
Design » Designing of chatbot functions Speed replies in multi-turn conversations

and prompts
¢ Creating scenarios for chatbot
usability testing
Implementation & | ¢ Refining the final version of the
Evaluation chatbot based on findings

1. Analysis

1RF 8ol M9 AR B7F 2}, AR S8Y A,
2 g¥iel BxpaA g, | 7|9 QEjmo]A9] FaA
2439, Aelon) ol A 2T 25 50 §
Aol 2ols|gict. S cislt 38 ol ojold A9

N
n

2 4

r_,d r{u
lo

(¢}

Implemented tone profiling via
KakaoTalk chat export (.txt); added
file upload and name input interface

Customization

Suggested Displayed as button-style options;
Replies enabled auto-copy on click
. Added confirmation alert to prevent
Exit error .
handlin unintended app closure when
9 pressing the back button
73 A3 SR A2 59 ge 5UT ngx
< OpenAl Playgroundof|A] Alsiar 74 ik Abzs}
Sck A2 velslel, 9 A10] Yol o) Hoiet 5
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AS BYsh7] ¢lall, AHEAPE A= ESH 7PEe % tie
HU7](txt) HlojElE —Er*—*ﬁﬁ O|E|E AHE, =& oI,

Table 14. Comparison of the customization screen

Initial chatbot Revised chatbot

Custom Settings

Custom Settings

Introduce yourself to get more personalized replies.

Do you need to use polite language?
@ Yes O No
When answering questions in a work, task, or job-

related context using informal language, | can better
provide mentoring support.

Upload KakaoTalk chat file
The chat file will be used to

your tone. Please upload an |  Please enter the

name you use on
KakaoTalk.

+ Username: | e.0., Alex

1. To accept a suggestion: [@ Upload file

*Is Monday at 4 PM on Zoom okay?"

2. To decline a suggestion:
*Is Monday at 4 PM on Zoom okay?"

& Conversation context (With whom, about what)

3. To ask out of curiosity:

Reaching out to a distant friend after af
*Is Monday at 4 PM on Zoom okay?"

Cancel

AAL WA A REEGT 2 SR B
S P2 AR, 22 A A Al ES

@slsickTable 15). o2 $Is) 28o] AT 2 54
Suo] <A AP BE_B B2 A

sk, 9 Wi 204 ol mpysh AlZRlog TEE

ra
Ao
>
2

I-HJ

Table 15. Comparison of the recommended reply
display

Initial chatbot Revised chatbot

Fine.

ISR Just saying “Fine." might feel a bit

100 short and abrupt, making it hard
for the other person to keep the

It might sound a bit too blunt, so
conversation going.

here's a softer version:
Your tone is simple and polite, so

let's keep that style but make it a bit
more natural.

“As a final step, please double-check
the reference numbers and typos 3"

This way, it sounds more natural and
comes across as a friendly reminder. Yeah, doing wel
Does this version work for you, or
would you like to try a different iE
wording? ’

Table 16. Two-stage prompt structure

Stage Main function Input Output
Analyze user KakaoTalk User tone
tone and style chat file profile
1 (e.g., casual tone | (.txt) via (e.g., formality
like “Thaaanks~ | ‘Customi-za | level, frequent
haha”) tion screen’ | expressions)
Suggest replies Screen.shot 2-3 chatbot-
. from live
matching the . generated
2 , chat via
user’s tone & ‘Main reply
context , suggestions
screen
R WA DA ALRARE 71 Eo A LR U7IGH
i BIAE fojHg PREolH Aso2 SEE 0]
U AHA P T YR AN AN
wilol w2} S AARITE of PR g4y mgay
(prompt  chaining)dt  AEFY _75_7,_ AFol(style
conditioning) 7|98 &85}, AFA} 1.90] WEZ GX]

=
ore RAEE ocke FlIsleE Al

S Tt Aol 2

Asoick. o, & WA O ng d
AW S A= Asp WSt 2A7} olo] A Ankg
Zrastst o
ek A 0] 143

= Table 1704 &Q1& 4~ 9Q)ct.

Table 17. Pseudocode examples of the two-stage
prompt chaining

Input: conversation_type € {formal, informal},
user_name, conversation_context, kakaoTalk_chats

if conversation_type == "formal" then
base_prompt < formal_prompt

else if conversation_type == "informal”
base_prompt < informal_prompt

then

# Stage 1
tone_result < analyze_tone(tone_prompt,
kakaoTalk_chats, user_name)

# Stage 2
response < analyze_response(base_prompt,
conversation_context, tone_result)

Output: response

EEJ-

20HA
(Type-structured response framework)s =45}
¥ gRg O 7P 39, @ SR, O SRR
Al 71F] f@o2 Rgalol AFLORM, ALGA} B

FEM02 Ol ololZ 4 U= slgict.

TEXEN=

93 7zt =P

O |
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2.3 Scenarios for usability test

A AURIQE 12 ALg 1A FoiatSo] of
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Table 18. Updated tasks for the revised scenario

No. Category Quest
T1 Discourse Adjusting formality
management Maintaining topic
Interpreting metaphors
Context P 9 P

T2 understanding Interpreting .digital language

(e.g., abbreviations, slang)
Interpreting implied meaning
Indirectly expressing a request
Reading others’ feelings/thoughts
via emojis & message tone

Communicative
intentions
Nonverbal
communication

T3

T4

3. Implementation and Evaluation
ORF AFRA W7t odA] AR mret JAA Wrt2 st
P B € 2% i SR Jlol=x
AHE 3 ARS Agstel £ w70 GulS ulLstAL
AT AT 25oA SUS 72 %‘/\lo}?‘i%

ﬂ

3.1 Quantitative analysis

12} AFRA otol £UsH 870 AlupRle HAES}
7o) 5% Wt ¥2E 102l et BF H4E o
A Ale) ONAE 49 270 AB2 2EIIACL A
Ab DR oA 98.8%, HlEA AolA
96.9% =2 0f-2 =Qit}
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AAISICHTable 19). 54141 Tzt
271 APA(M=2.63, SD=0.68)
.98, SD=0.05) 0.35"d 4455t §HH, =4
A A(M=2.43, SD=0.46) BT} AL
S(M=2.41, SD=0.37)0] 235]8] 4= Z4stct 18
U 5 ATl M-S ALES Tl A4t o] 4
53ol(M=2.99, SD=0.02) 7}o]E& ARg o|sHCch
0.58d o =orith &-2AREA 2}, AT 1t Afols &
Aoz RO|ulstthF=8.67, p=.022), AT W
OSEE tARoNE Ao gup} EAMo2 gojst
Z1o g sholL]oitit=-3.72, p=.014).

Table 19. ANCOVA results for formal and informal
revised conversation scenarios

Type Source SS df MS F
fFf’rVea)”ate 022 | 1| 022 | 333
Formal I oup 058 | 1 | 058 | 867
Residual 0.47 7 0.06
Covariate | 9 | 1 | 049 | 1601"
Informal (Pre)
Group 0.17 1 0.17 5.62
Residual 0.22 7 0.03
Note. "p< .05, “p<.01, ""p<.001
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Table 20. Pre- and post-chatbot user responses (T1)

Condition KakaoTalk with Interview transcript
Q Research assistant
Ah sorry! I've been in sleep mode since heading
home yesterday-completely knocked out as soon as
I got back. Just getting around to messaging now! |
6 Participant 2
Pre
You mean silent?
273 10:16
“I think he had set his phone to ‘manner
mode’ while working.”
@ Research assistant
Ah sorry! I've been in sleep mode since heading
home yesterday-completely knocked out as soon as
| got back. Just getting around to messaging now! o 11:08
Participant 2
Post Oh, that sounds rough. Are you feeling better now?
27 11:09
Researcher: “What did the chatbot say
‘sleep mode’ meant?”
Participant: “It means tired.”
4. Proposed final version of the chatbot

oPge) 5 x

R
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CHTable 21).

Table 21. Structure and functional overview of the

final chatbot

Module Key function
¢ Users select tone (e.g., formal, casual,
Onboarding fun) and desired traits (e.g., closeness,

politeness)

Customization

¢ System analyzes uploaded KakaoTalk
chats to detect tone patterns

e Tailored prompts are generated based
on user settings and chat context

Main

* OCR processes screenshots to interpret
conversation flow and suggest replies

¢ Intermediate feedback (e.g., “Thinking...”)
shown during processing

* Quick access enabled via app
integration with chat sharing
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Custom Settings

(7 Upload KakaoTalk chat file

The chat filo will b used to help the chatbot learn
your tone. Please upload an exported ,txt file,

B Upload file

@ Select your relationship.
Casual tone Close

& Select chatbot tone.
Direct Neutral Funny

Polite Romantic
@ How are you fesling right now?
®
2 4 6 1 2

& Additional information

There's a lot going on, 50 it’s hard to reply
quickly... Just got a message from a friend |
haven't heard from in a while.

Fig. 3. Final version of the customization screen

V. Discussion

1. From message to meaning: Designing a
context-aware chatbot for Users with ASD
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2. Supporting autistic self-expression without
masking: Rethinking effectiveness in social
chatbots
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