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[Abstract]

Early childhood is a critical period for the early detection and intervention of developmental delays; however, home-based
observation and existing developmental screening tools rely on caregivers’ subjective judgement, thereby limiting continuous
developmental tracking. This study aimed to design an integrated developmental observation service using a social robot and a
mobile application, thereby linking continuous home-based observation with professional referral beyond single-point developmental
screening. The system design was based on five core service elements derived from theoretical review and user requirements
identified through surveys and in-depth interviews. The robot observes and records developmental behaviors through play-based
interactions designed with reference to standardized developmental criteria, and the data are visualized in mobile app reports to
show developmental changes over time. A prototype usability test and expert interviews were used to validate the system

applicability and feasibility.
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Table 1. Types, key functions, and interaction structures of developmental support services

Category Case name Key features How to interact
— Plush-like physical form — Sensor—based tactile interaction
Woobo — Al emotional feedback — Screen—integrated facial expression
— Dedicated parent app — Al=driven verbal dialogue
Home—based robotic services Miko — Embedded conversational Al — Active verbal interaction through
— Personalized learning dialogue conversational Al
LiKU — Emotional companion and play—based | — Primarily verbal and non-verbal
learning for children interaction
_ . " — In—game voice guidance
) ) Dubupang _ Perlsqnallzed ;ognltlve tech — Interaction with friendly character
Mobile game apps for infants and Individually tailored developmental tasks designs
children - -
Otsimo — Onboarding developmental assessment - Ga”?e progression guided by tests and
auditory feedback
Kiumni ~ Age~based developmental checklist - Delivery of appropriate information and
iumi provision ; . X
. checklist reminders to caregivers
) — Community—based support features
Parent-oriented developmental -
checklist apps — Developmental checklists and summary
Baby reports — Delivery of appropriate information and
Time — Management of basic childcare checklist reminders to caregivers
information
. A 24 BTk ‘Woobo & Al 7]¥h 74 v =miyl B 5248 2l
P B ez Bl W R AY 5 RS wele] Juz
Pz 0" )k ol W A9 Aulae] Ty S AYPTh Miko'= Dfoke] Tule A dee) whe
EAT} IAZ £Ealar, An|As AA e wAlEas) Ab 2y thake} gy ZU=E A FEh, BREAE oA =
A B4 AASAT o2 el Aholele] Auag WA R AR 9 IEA Ao} 7, S B A sk 2
3 dEm g FAoR A f8S AAs o Y AFs Aedk LKU'= 24, 34, 83 o5 283
Ae o] nHM EEE ol e x9e] @A aayt AAA gt FolY S FRIEE Algskal, Rkl sl
o] 71k A58 RER} Y Lol oF AAHow A 712 A7 E Ao 7)5E AT
T 7] wZolvh WA AR fe 788 2R 7N A WA, wukd off 7|9k M| 2= g EskE I e B
ool mulel 9 vk W X1 Muag pRea, Fo A A VIS Vs $As vt TS BeAte) )
7155 ¥ 12 A3l 9 ZANE nEo# ofol it Q1 glol Zdstd W IAE AlFshH, ‘Otsimo’ & 27| <&
g Ao gk vl 7 2@ T B, @ Ho] ywk BT GrleA I AdelE sold & A3e Sk Al E Al
A Ag @ e B goly 7)E @ BaA)l 3= 48) Algit), Bk dhd AT aE il '7)9-n] = LR A
o} Wt o)A} WA o]F Tk 22| FAoA WAEl= AR AT ~EZE A F3taL, ‘BabyTime' 2 g A2 2Jol 2 AA}
A BA2 ugsle], 6 AF 7@ AA= xas oA v} 5 FEE S AR B V)5S I AlEdich
A A QA4 ©ESA o|F V|FoR 7 a9 7|5 WA Ak, Al FER AR ATE R
548 394 (0, A, X)Z H| - EMFIATHFE 2). HAE 23 7| e R Bukd s 2 E 7|9
718 2H Mu|ais o] Wel Lol ogofe] olo] & o Ui B3} o] 7k AE A SHeA ES B
PE WSS Bo) de PP Az BESE A th S EEskE WY AR} A W WA Zalx,
B 2. U A Mu|ac] A 75 55 alg 24
Table 2. Analysis of core functional fulfilment in developmental support services
Robot Game Checklist
Name Woobo Miko LiKU Dubupang Otsimo Kiumi BabyTime
Developmental
) A A A
observation o @) O @)
Play—based interaction O A O A A X X
Developmental data
logging O O O O O @) O
Caregiver feedback O O O O O O O
Expert referral X X A A A A A
http://dx.doi.org/10.9728/dcs.2026.27.9.2533 2536
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Table 3. Survey period and demographic information of the
population

Survey period and demographic information of the
population

2025.10.28.~2025.10.31.

Survey period

Caregivers of infants and children aged 0-36

Target months: 67 respondents
Infants and 0-6 months: 32.8% / 7-12 months: 13.4% /
children age 13-24 months: 25.4% / 25-36 months: 28.4%
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Table 4. Survey questions for developmental support service
design for infants and children

Survey Questions

Developmental | 1 How concerned are you about your child’s
awareness & development?
Monitqring 5 How do you usually monitor your child’s
practices development?
Information 3 Where do you mainly get information about
access & your child’s development?
Format 4 | Which format do you find easiest to
preferences understand for developmental information?
i 5 What challenges have you faced when
Information looking for developmental information?
trust & Search
difficulties g |How much do you trust the developmental
information you find?
} Would you be willing to use a service that
Serylce 7 | provides age—based developmental
adOEt'o” & checkups for your child?
ey - -
considerations | g What is the most important fag:tor whgn
using a developmental screening service?
AS el tigk Q1A F FHE A, wd AR S R
A% e, AR AFE 0 AR g ofel g, Als 8
ojgF gl 112 919 v 71| ®IF= FASIITHAE 4)
4-2 MBZN ET
I 59 AW AFE BH, FHARY] giFES 2 o
2 WS HolARE A Hre JIEY, ARUYE, SNS
E 5. Yol Lk X|of| chgt ESA} ol 2 o MEZALZDL
OOoF

Table 5. Summary of caregiver survey on infants and children
developmental support needs and perceptions

Survey Results

Very concerned (59.7%), Concerned (23.9%), Neutral
(13.4%), Slightly concerned (3%), Not concerned (0%)

Internet search (35.8%), Growth charts/age—based
guidelines (34.3%), Pediatric consultation (14.9%), Asking
parent communities (4.5%), Other (10.5%)

Parent communities (49.3%), SNS (20.9%), Government
/public websites (11.9%), Pediatric clinic/Public health
center (11.9%), Family/acquaintances (3%), Other (3%)

Visualized formats (e.g., graphs/summary tables) (41.8%),
Short videos/card news (34.3%), Text/list-based articles
(13.4%), Expert voice/explanation videos (10.4%)

Lack of trustworthy evidence (62.7%), Too much information
leading to confusion (62.7%), Lack of expert—provided
guidance (34.3%), Difficulty finding age—appropriate
information (20.9%), Not knowing where to start (14.9%)

Highly trust (4.5%), Trust (46.3%), Neutral (47.8%), Distrust
(1.5%), Strongly distrust (0%)

Very willing (52.2%), Willing (38.8%), Neutral (7.5%), Not
willing (0%), Not willing at all (1.5%)

Reliable evidence with professional involvement (62.7%),
Low financial burden (19.4%),
Sustainable routine structure (10.4%), Other (7.5%)

http://www.dcs.or.kr
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Table 6. Profile of in-depth interview participants

Participant Position Institution type Age group

A Childcare Integrated childcare Mix Ages
teacher center

B Principal Integrated childcare 2-4 years
center

c Childcare Integrated childcare 2-5 years
teacher center

D Principal Integrated childcare 3-7 years
center

E Childcare Integrated childcare 2.5 years
teacher center

E Childcare Integrated childcare 3-5 years
teacher center

http://dx.doi.org/10.9728/dcs.2026.27.9.2533
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Table 7. In-depth interview findings

Classification Key finding Insight

Developmental
differences are most
Developmental | noticeable during natural
delay discovery | play and daily routines

than structured
assessment settings.

Natural, play—based
observation is
essential for
developmental delay
discovery.

Continuous data
accumulation and
visualization improve
judgment accuracy.

Judgment of Developmental delay is
developmental mainly judged through
delay long—term observation.

Visualized
developmental
observation data with
peer comparison

Parents initially deny
Parents' developmental delay but
perceptions and | become more receptive

attitudes with objective data and
) supports parental
peer comparison.
acceptance.
Sapderaresions | moraed
Standardized ) platform is needed to
judgment, but parents .
assessment & e . link assessment
face difficulty choosing . .
referral results with daily

appropriate treatment

S observation data.
institutions.

One-to—one and
peer—inclusive play
should be included in
developmental
support services.

Interaction—-based and
Developmental | peer—inclusive play are
delay most effective for
intervention children with
developmental delay
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Table 8. Functional design overview of the robot

Feature | Description
Beam Projector
/ RGB-D Camera
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o 4

The robot displays 12 facial expressions and
responds to touch and tilting to support emotional

interaction.
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@.9
Emotional * @J ° L4 ® )
interaction ._ . PR

v @8 0,0 6,0

® 1@ @¢~ 9.9 D}\ﬁ

Spatial An IR-based floor touch projection system extends

interaction | infants’ and children’s physical movements into

system spatial play interaction.

Mobile The mobile structure with a wheel base aligns with
structure & |infants’ and children’s eye level and supports
Development | play—based behavioral expression.
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Table 9. Content design based on the five core elements

Core elements Linked contents Expected outcome

— Robot: Direct
observation of the
infants and children by

Developmental the robot
observation | — Mobile:

Auto—collection of

developmental data

via interaction

— Continuous and
objective
observation of
developmental
behaviors in
everyday contexts

Developmental data

— Robot: Daily on infants and
Play—based conversation and children can be
interaction developmental play unobtrusively

collected through
everyday play.

via built=in projector

Robot: Automatic
accumulation of
developmental data
by the robot objective and

— Mobile: Manual input reliable datasets.
by caregivers for — Data accuracy is
behaviors not improved through
observable by the manual operation.
robot

Continuous data
collection builds

Developmental
data recording

— Mobile: Continuous
tracking and
structured recording
of each child's

Caregiver developmental history

feedback — Mobile: Peer-based

comparison data
provided alongside
individual
developmental trends.

Caregivers'
developmental
understanding is
enhanced.
Developmental
judgment becomes
possible based on
accumulated data.

Facilitation of early
consultation based
on accumulated
observational data
Smooth transition
from home
observation to
professional
support.

Mobile: Guidance on
counseling centers,
direct booking, and
organizing necessary
materials for
counseling

Expert referral
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E10. 2HIY Y ALSM HILEYAT 2|AE
Table 10. Mobile app usability testing task list

H12. ZHIYA Y AL EoL Aot
Table 12. Mobile app usability testing task results

Lz Eiauior Task | Success Rate (%) B:x&;'g:s (/s) Total Errors

1 Review and play Minjun’s video report.

P Check the monthly developmental report by domain and 1 100 36/40 4
review the fine motor skills (paper—folding) graph. 2 100 29 / 30 5
Schedule an appointment at Boda Child Development 3 86 67 / 90 8

3 gstnater for Dec 17 at 10 AM and review Minjun’s hand tremor 4 71 35 /30 3
Immediately after completing a play session with Minjun, 5 57 69 / 60 4

4 | set the evaluation for “Riding a tricycle” to “Able to Task Key observation and reflections

perform.”

Upload Minjun’s developmental diagnosis report dated

Video report review, developmental report review, and
1,2 | diagnostic report upload were completed without difficulty,

5 September 14, 2025. indicating that the overall information flow was appropriate.
Scheduling an appointment and organizing data were
= Ses= Ao AT B o= "l o 2 completed, but minor confusion occurred as the data
o Ele E_ _'ig AR = 4 A, & organization screen appeared after the reservation flow,
Q2 AR ézé?ﬂ'?\i‘:]' 3,5 | making it difficult for users to recognize its purpose and
R ol A L0219 WAL 1013 ELs o =X timing. The structure was reorganized to allow data
A, W e ARG A AR 1919 S SRl organization before reservation, improving hierarchy and
2 Al z+s}e} flow.
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Table 11. Profile of expert interview participants

Participant Affiliation / position Area of expertise

Childcare | OO Private Kindergarten | Early childhood education
expert / Kindergarten teacher (age 3-5)

Special education,
Developmental disability
assessment

Physical Al, UX design,

Developm | OO Elementary School /
ental Special education
expert teacher

Robot UX | OO University, Al Design

expert A Lab / Researcher Social robot usability
Robot UX 00 University /| gy otic UX/UI design, HMI
expert B Associate professor of design, GUI design
Al-based design ’
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Post—play evaluations were completed, but the Likert scale
criteria were unclear, making it difficult for users to
intuitively determine the appropriate response. Additional
criteria were added to improve response consistency.
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Table 13. Multi-perspective evaluation-based Improvements

Category Identified problems Improvements
Decreased data _ Numerllcal data
Data L introduction, source
o reliability due to e )
objectivity o ; clarification, and Likert
subjective expressions A e
scale criteria specification
e, | nasmonar
Guidance & .DD P developmentally
; guidance and unclear A . ;
Instruction ) appropriate voice guidance
emotion word .
! and text labeling
presentation
Generalized content | Setting performance range
Customized due to lack of user by user characteristics and
interaction characteristic refinement of interaction
consideration feedback
) Distraction caused by | Reducing visual complexity
Visual S
S complex background of robot projection
optimization ;
graphics backgrounds
Robot Limitations in safety ) S'Z.e. reductlon andl
. ) ; diversification of physical
hardware | and physical interaction . .
interaction elements
Ethical concern over
Robot infants & children's Careful design of service
interaction | perception of robot as | start and end experience
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