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Development of an Al Social Robot Maker Education
Program Based on Social-Emotional Learning(SEL)
Utilizing Affective Computing
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ABSTRACT

This study developed an AI social robot maker education program based
on Social-Emotional Learning(SEL) and Affective Computing, and analyzed
its educational effectiveness. The program was designed using a project-
based learning approach that integrates the Data-AI-Robot framework. It
was structured to enable learners to sequentially experience the process
of collecting and analyzing data, designing and developing AT models, and
making robots. To evaluate its educational effectiveness, a 12-session program
was implemented with 200 second-year middle school students in Seoul. As a
result, Al literacy improved significantly with a very large effect size(p<.001),

R R Rlmi=l i R N and creative problem-solving skills also showed statistically significant
DR AR growth(p<.001). Also, social-emotional competencies showed positive changes

tEUSY StRnfihetn AFRE USSR us in all sub-domains. These results suggest that the Al robot maker education
(AR program, developed by incorporating learners’ emotions and social-emotional

=27 2025103 18Y aspects, is effective in developing not only technical competencies but also
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Figure 1. Research Model of the Al Social Robot Maker Education
Program

2. o] &4 v 7

2.1 Affective Computing@} At3] % 41845 (SEL)

Affective Computing(#/3 AFH) AFE7F A7t
BAE A4, A, Z2star ofof ®¥h3E 4~ Q&

7e& dtste Bokz, A7 M A FoAtEste
FE A2E 7 % %EE SHH9]. o] 7l&2
Ao, 28 253
kel B E%*é

/\]-q A A

rlo
_>|i;f'~._—‘_.'~

oo my

A7) ) 7)ole 4
A3t efele] HAE olast

al
= 3 o}_ olgFe &1oF
3|
2]

rlo oN

_I_4
OE _10||
o
%)
LT.1

2
2 o

2
y0

>~
Dl
J°_1'

rr r[o )
r_l

E g

ﬂJ

ol
oL
& a

£
il
A
O}.. oA,
o

T 102 o

e
ey
N
@H)

41 o o kN
l_
Rl
i)
ox
1o
o
pond
N
AR

I~

30 o i Lo T

m oY ox > rr
oo = oo my 2L

}‘;l ox rift

Jggél?l_ﬂ‘iu\}iﬁ

o Oﬂ
N

o

4y
39
o oty

_10]! ﬂ.]lO

2ondk ook gy 2
ol
a
o,
ol
ot U rfo
-l} f2 o =% ok
iy lo

& 4y o rH
L do & B ox

oy £

ok 1
_0|L

nE o
)

>

N

>

1o

N

N

ofr
ol
k1
1
it
%
oz o
>,
N
rr
in}
N
st

il
oX

o

M HRES 22T AMRIFMEE(SEL) 7| Al 28 2R H0|7 B] T2 sy



THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 28, Issue 5, 2025

N
>

S
o
oo 2 o

ol

olr

=

Mo oz

24
O omy o

ol

ol

=

™Y oofr

N
2
ﬂl?l'.
H
k1
)
10 3@
&L
—
&2
H
ol fgl‘
o 2
»oE
o lo
of 1> o

H 1o o 1o

N
A%
ox

re o 4

i ok

&

H1

f
El
0%
$O ik
)

)
—
I~

,ﬂ
— 2
A
o
K

)
ox
4H
o
ro
okl
D
olr
1o
&
2
i
H
e
ol
ol
rlr
N
>

fu
=
L
i
>,
fol gy
2
>
14 rlo
o
ol
rr
(0 e
.
LU{o
S
s
ol
1o
>
toie

2 &4 4ol
ZItH15]. =3k 9127
2] 7o) " e Aol =9

N
2
st
o *
o 2
=
>
ox ofy
ko
e
Lo
=)
n
N
N

o xo
o

o
op
lo ot

Lo
=
st

=1

jﬁl il
-]
9 !
o 2
olr
Hz
ox

2
f
re
4
rlr
&
afo
)
Sy
Ho
2
R
oy

AL Wjo]7} L8 AZAS(AD 7143 o] B&L

AR WA YT WA o7, 7ol wgol vla] FolH
A 829, Al 7] oJs 5 && 59, AFE ALY,
Z}7] %

257 283 Alo et FA-A BEE ol o
% 16, 17].
Al 24 25 Ho]# W82 Al vo]# nL-of 74

2 7
Y 48 22 S §Ustol, 7147 ojapmnt ofy
e shgntel ARl M e B0l FAAIE Ae
BEe o A ol 2w, AT 44 22e o7}
o) Ab8ld BEAEE FUSL, ABIHNA A ol
7)ojsu], A AHET ol ob5o| xRk AF] AL
FE o anHollthls, 19]. S5, Fojwol= 2re
sha7te] Zujot BUEES Eolt o foluld oy e &

£ AT Farh B eH20]. olo] £ ATl 2
2 m2 Yol /K5 FoiolE 2R SutulUs B

43to], S5t 2 Al 248 22 AA-7HY 5 9
L= 53t

E Ao A Aokl Al 24 25 Ho]H W82 T
A E 7149k 4% (Project-Based Learning, PBL) TS
g8, g5a7t A Yol Fro g Fojste s A
Alsteict. PBL2 50l E4 FAY £AE elst,
o] & sfdst7] Y3t HEE 554 E Y5t E 1/
HetE Hor o oo Z2AE L8 24| o2
A sl A gt 5o AAY S ZEeH21]. whakA,

Jo 2

30

2 =
152 Ho] AR ol 714 52 AEHS A|2slo] &

& 5712 Al B BA| oA 5L WU 5 9
of, & 7o) mgH Baet BT

2.3 tloJE-Al-2 X Hlo]7] Z2AE

= oA AR HlolB-AT-2 5% HlojA Z2AE=
ZQl A Ao Hoje] ZRAE Al ZZHE 2
® ZRAES AH, HFHO 2 HloJE-Al-2X H|o]#
ZRHES £IYshe T SHAR A o2tk DA
A A eaksol HoleE #3245 Al 24
= A e AIE BRe eshs e TAA R
Aot A o8 o8 e HojH ZRHES £
RERs

o
1=

[m

=
2

2

>

rlr

}l

O
gt

N
)
r
lo
oy
ox
fin)
m 2L

ol
ol
Q
n}
o,
o
o
N>
a3 ﬁ
2 T
o H
£
it o
ilo
H—l
i
ol
K/}
l
Ju
ot
ol
38,
fu)
o,

Al TE2AE dAofAME Al 28
dstot, o] @A oA £ HolHE &
E 27 Al 29S sh&otm, 2ol & 2] (NLP
STT(Speech-to-Text)2t TTS(Text-to-Speech)S &
of g Aol gh= Al ARS 7HEst=E Skt o
e 5ol EAE2 A1Y] Yot sk S AGstal

AT & 24 side ddet

2% TR HolH-Al- 2% tlo]7] mzAEoA: o
o8, AL 22 7142 §Ysto] ZRAES B4t o
A5 g Pastel Z1Ee 2R AW s
o) 24, Al of3} L 2§, 22 steelo] BHE 5L 5
Fa02 AgATE 0|2 53l FIH BA 812 FFL A
Fotel, ZRAE S0 840 ABE Fojskaict

3. A3 =

3197 di

B A= Mg 2 A F3u 25Hd 87) shF MY 200
He oz we =2 Hasich APy
2PE SYSS o Zea g UF9 Ho|E
H 3 - B A517] 9l5to] 2B E t-testS A AT

o] SHYE2 15t HE ntoM B2 =2z

1

24
o
L]
om
o
I

[J

ot
=
o
02
x
1o
o>

(SEL) 7|8t Al AM 2R H|0|7] mS T2 34 L

35



THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 28, Issue 5, 2025

tigh A= Sle 4 sid 8522 ofofA)A] 2t He & 3.2.2 o)A ZANEY HAA =4
Qisto], 2 AtollM 7Hde wg m2aje] aubde 2 old mrsiAE =X 140]1 o|atA 9(2014)9] %
o B 4S5 = e A7 T o= skl o)y BEAs|Z Tt 7AF E7(CPSPL)'S %1-%6}0}1’4—
3 & St A B 2 84, otoltlel 44, 49
3.2 AT =7 A%, 49, 45 % 250 57 o s 2 307} 29
22 F4ur), 57 oIS H=g Moz gules
3.2.1 Al &3 A] AAF =3 AAE QT AXF o] oo] 7F TS 319~ 5778 A
AL 2lElRiA] 542 ofsl 179, °o19+(2022)9 ‘= A5HA et om, Cronbach’s aE 73~.830.8 F& st
SIS 91t AT HE2A] HAF =5 B8 5} th22]. e Btk HAF =19 W-&2 Table 29+ 2t
Y e ABASl AR e, ofsl, A A, &
A 6]-]7%) glo|g &g /\]} 2R % £79] 67H S o Table 2. Definition of CPSPI Sub—Factors
oAyl = 307l B3lo Al A gAHAE L= 7]dt :
*1““}' ) 30 H Y =2 ‘?‘ OHD:L 5 =} E’] i —|EE ’] pu Stage Defimition Col:r(jq;ltlerrelgies
o7 SHl=EE AT HAF =79 Cronbach’s a .
- = Identifying new problems Sensitivity to
L % o] ojoi ~ =0 A =2 ) p Y
= A 970, 5+ Y9E 861~.9392 H2> AFEE H Problem in complex situations problems,
ot AAF T3] W82 Table 17} 72t} Identification & | and analyzing them from |analytical thinking,
Analysis multiple perspectives to | divergent thinking,
ultiple persp geni g
define the problem clearly persistence
Table 1. Contents of artificial intelligence literacy test tool for middle Generating creative and Originality
school students i . diverse ideas by connecting | fluency, flexibility,
ea Generation . . RASREAT q
Factor Definition Objective Varlous perspectives IMaginative anc
and observations associative thinking
Social Understanding the ;nlén\f;ion employment Evaluating possible ideas, | Critical thinking,
impact of | societal and ethical Al ethics Planning for | selecting optimal solutions, | evaluation, strategic
Al implications of Al AR Implementation |and developing concrete and| planning, decision—
P - Societal impact of Al PG
p feasible plans for execution | making, realism
Understanding the - Perception | _ . . o
Under— |classification, definition,| - Represent— | %earm‘n'g . Executing thg planned Respoqmblhty,
. > . : nteraction . ideas with persistence and commitment,
standing | characteristics, and ation — Sensor Implementation transforming them info confidence. risk—
of AI | principle of Al to solve | — Reasoning | Agent cactical (%utcomes takine
problems using Al - Search & p &
 Abstract Sharing results with others, | Communication
Execution| Planning and managing | Problem definition Persuasion & receiving feedback, and skills, open—
plan with problem=solving _E © et' ¢ | Communication |  refining ideas through mindedness,
Al processes using Al xecution pian communication expressiveness
— Project managing
Competency to — Ideate
Problem | (980 B Solutions |~ uvomation 2 Aol Ae pEet maaio] shsate] FojA £
‘igg/lufl preparing data, selecting| — Evaluation A2y el nx= 9FE dSst7] A8l did =+
models, ?nd evaluating | — Comrr;umcatlon and = MAS}AC) o] T3 Fol A Ay IHA MEFS mu)
performance cooperation N B . -
T — @ 4 glol, BAE Belshn b2 ek mashs 2
nderstanding data . - o ~
Competence in - Finding data of|A ZFe]/ido] WAl ZRAE 7|9k 8h5(PBL)I #
exploring, interpreting, | — Interpreting data Shs] sl =S Ao 2 5 s e
1.?ata and managing data - Data synthesis det. Eo, SeYE tde® o ol A Aol
HErASY | for Al-based problem | - Evaluating data 225 v} Qlo], A Aol vl FH5AS o]l AlE
solving - Managing data = = e
- Data handling /g ErEof 7o Zlo = wbsilth
Understanding
Al misformation, diversity, | — Bias in Al 3 B ury
Fairness bias in Al, and Al - Al fairness 3.3 =4 ¥
fairness B e Al A4 25 vjo]7] @8 2o 547}
o] AT e A], o) EAlsiAH B AR A A =] 1
L opursl 39 maJalo] shA i _ _
B AFole AU g mR2 sl BeAel ALY yu ogapg gzbgoR BAs] ) 3 2 Y 24
Ej2iAl ol BlAlk 9HE A4S Aol A PR o waso
A A5 B = ATO g o|s}ju 1= = =
AAstlct 2 = Al 7H_E. o sfj #rt OME}_IZH oFd B AMoj| A= 2003 o] sHYS tAto 2 AT 2]E]2]A]
S8 B wjd s 22 AdH g7 gt 4 9} o] s Aol tigt APH-ALE HAALS AlAskL
H 3} A al — - =3 - —
o A7 343 weeh B AU BN D gomw st 63120 BAS HEotol 2% H2Y
=5 ZahA) tiAbo] AA A AT Azto] ATHA B _ _ _
o€ Fey el A =y S del T o aEge ASSI WY 242 3099 shye o
S} o o] . - — _
2ol 7lo1g 2o 2 AEsH. o2 HtE ANkl mg Z2ao| shAte] HA
21214 Zof| 03 FFS FAlshe ol FE&EHUoH,
24 AR S 288 ARIFHAMEHE(SEL) 7IH Al A8 22 H0|7] ng T2 L 36



THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 28, Issue 5, 2025

4108 =273 AA

B2 o] AT A4 28 wo]# w8 TEI82 ADDIE
REgE 7|Rte 2 HAAEAT[24]. 2 AFolA= i =
P2 A Eoto] DAEE ws T2 WS AA KR s
Shal, wa-ghE ks ¥ grh EE Aokl ZEIOH
o aidE AEotAt Sl & Ao S 2O
A 3472 Table 33 2T},

Table 3. Program Design Stages and Research Content

S

92 AR A 8eteich & 18 ns

1224 2 =,

ool Ef-Al- 2% uﬂc] A TEAME

Z2AE J7] fojg] TRAE Al TZAE B

=
A, Hlo|8-Al- 28 ZZAE0| 5HAZ o] Lol L) &
A ot w2

E SAE AR S E

FA|<F

o) [e]
FQ 5

Table 49} Zrom =
=9 Table 5%} 2t}

Table 4. Lesson Plan for the Educational Program

Stage
(Period)

Topic

Key Activities

1
(Period
1

Project
Initiation

- Motivation and engagement
— Analysis of problem situation
— Sharing project goals
— Team building and role assignment

2
(Period
2-3)

Data
Project

- Understanding data analysis
- [My Emotion Data Analysis Report]
® 15-day mood tracker
@ Creating an emotion database
® Data visualization using Entry
@ Analysis of emotion data
® Problem—solving using data analysis

3
(Period
4-5)

Al Project

- Understanding basic Al concepts
(classification algorithms, NLP)

— [Making an AT Social Chatbot
for Emotion Recognition and Empathy]
@ Collecting emotional text data
@ Training an Al classification model
® Loading an NLP model
@ Programming a Al social chatbot
® Evaluating Al chatbot

(Period
6-7)

Robot
Project

- Understanding basic robot concepts (robots,
social robots, humanoid robots)

- [Building an AI Robot

for Emotion Recognition and Empathy Using

Facial Expressions]
@ Creating an emotion image dataset
@ Training an Al image classification model
® Programming empathy responses (comments
and movements)

@ Evaluating Al robot

(Period
8-12)

Data—
Al-Robot
Project
(AT Social
Robot
Maker
Activities)

[AI Social Robot Maker Activities]
@ (Tinkering)
Discussing ethical issues
in Al robot development
@ (Making)
Designing and developing Al social robots
. Data—AI-Robot project
® (Sharing)
Organizing and Presenting portfolio
@ (Improving)
Improving outcomes based on evaluation

Stage Research Content
Review of — Analysis of Al-convergence
Previous education, Al robot maker education,
Studies SEL, and affective computing
- Review of the 2015 and 2022
Curriculum revised curriculum on vision, key
Analysis competencies, and technology
education
Need for education based on
AT advancements and real-life
Needs and S
. applications of Al robots
Analysis Learner . . A
. High student interest in prior [oT—
Analysis .
making classes
Need for SEL in post—COVID-19
Environmental Use of technology lab
Analysis Tablets and PCs for students
Design of project—based lessons
aligned with [97]7}04-04]
Task Analysis Including stages of data analysis,
programming, and robot creation for
making Al social robot
Students can develop Al literacy,
creative problem solving, and SEL
Learning competencies by analyzing emotional
Objectives data, developing Al social robot, and
solving problems through collaborative
communication.
. Instructional Structured lessons using a PBL
Design Model framework and a step—by—step Data—
AT-Robot maker project.
Assessment Use of Al Literacy Assessment for
Tools middle school students and CPSPL
. Designed based on experience and
Teaching . . : .
. interest in physical computing and the
Strategies
Entry block coding program
Development of lesson plans,
Materials worksheets, PPTs, and programming
Develop- codes.
ment
Assessment Preparation of pre— and post—tests
Tools P p p )
Program Application of the developed program
Impleme- Execution with real-time feedback.
ntation Instructional Reflection of student feedback for
Improvement lesson improvements.
A Effectivencss Pre-post tests and qualitative analysis
Evaluation Analysis to assess program impact and identify
4 improvements.
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Table 5. SEL Activities by Project Stage

Project SEL-related SEL Description
Stage Activities Competency P
Social Anglyzmg
B . social issues and
Exploring the Awareness . .
O exploring solutions
problem situation
Project | — Team building and Self— Recognizing and
Initiation role assignment A recording personal
5 wareness :
~ Writing a mood emotions
tracker Relation Collaborative
ship Skills | problem—solving
Self— Identifying emotion
_ . patterns and
Analyzing Awareness managing st
emotion data anaging Stress
Data |- Sharing experiences Self- Data—driven
Project and know—how problem—solving for
. Management . .
for emotional negative emotions
management Relation Collaborative
ship Skills problem—solving
Learning emotion
Self- management and
- Training Management | communication
an Al model using strategies
Al emotional text data Desianing Al
Proi - Developing . . sng A
roject . Social interactions with
an Al Social Chatbot
Awareness empathy and
for empathy and . .
. emotion expression
emotion management
Relation Collaborative
ship Skills | problem—solving
Learning emotion
- Controlling Self- recognition and
humanoid hardware | Awareness expression using
and designing facial expressions
Robot movements Designing
. - Developing . : .
Project Social interactive
an Al robot that -
. . Awareness behaviors
classify emotion and :
X . for social robots
empathizes with
facial expressions Relation Collaborative
ship Skills | problem—solving
Setting personal
Self- and group goals,
Management | fostering problem—
Data-Al-| ~ Discussing Al solving confidence
ethical issues - ,
Robot i . Exploring AT's
Designing and Responsi L5
Maker . . > | social impact and
. developing Al social | ble Decision . :
Project . making ethical
robots Making decid
ecisions
Relation Collaborative
ship Skills | problem—solving
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Figure 2. Project Initiation Teaching—Learning Outcome (1):
Idea Generation
(How Al social robots can be used for problem-solving)

ol
>

U]—Z]ul—oi t}S x}A| Q] dlole] ZR2AEE &) st
Z]’Eoﬂ}” L= EEH?—] (Mood Tracker) Z]—/\E’] l:lo]-]ﬂ o ?_H—H

|

atgich & EdiAE At Aol w2 4 S B
o 2 (Paul Ekman)2] 7| 74 5ol wat 7|8, &

) %%—; {?\B—]%, "IE"E:]%’.Q.E. %_L—E—'é}—ﬂ) O]%- ﬂ;L]E 5161
HE2 BUSES TSIt T, AT 4L B
o2 HofatL, 7]3o] e Zers 7 &shEs St
shgate) £= =7 24 AuHE-2 Fig. 39 2t

rol

[0

T =11 3] Daily Mood Tracker —
T - [
3 [ " P
Lad dery armger | Bosress | Dot
a 1 1 ]
g ===
[ W] .|
) = . - 3
-y o ] F
7 Fy . :"J-
i
SESES=s
EI T 1A 1
B o Pl
[ =]
SES'ESEEE
y N [ e I T |

Figure 3. Project Initiation Teaching—Learning Outcome (2): Mood
Tracker

4.3.2 glo|g] Z2AE (2~32}A])
glolg] TRAE dAL st A &
olElE B8, ol e 24 A
7F

Eﬂ £ 4% —Er&’iﬂr. SEAES 159

24 AR S 288 ARIFHAMEHE(SEL) 7IH Al A8 22 H0|7] ng T2 L



Volume 28, Issue 5, 2025

THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION

e Uehbs 74 mhebal i, 1 9ozt o

oS G =S st
ol%, YUSI ES Fo 4 WG Y 3

=4 1

N

£ r_ﬂg
ro
[o
M
2
_O'l
kl il
ol
——

o ET; il
T N
2 i
o rlo
N
N,
ox
)
i)

2O oy K
ofm |1
olr

wo oo Ho
o
o
Lo
i)
ol
ol
Q
ol

o

D
=
|o
fru

il

ow rlo
|

fru

2

Il

o

o

f
*
o
1o

Mr 2 oo

&om
2
ok 2
2
i)

Gl
oy
32
)

B
N2
O,

>
—
s
0
N
N
2

o
1'm

o ofm
o = fo
2
N, o
ro K
N

EL,N.. %

R
N =
@ 0

Y2 |m

L

)

=2

>

rr

o

ox

in)

o

o

o2
ol
Sl
i
>
ot
o
32
)

[e]
9
o £33 7ol A4 selo] wAY
o
=

[ 4 it e mad

L e T

ITEFEERERFREY L

Figure 4. Data Project Teaching—Learning Outcome:
My Emotion Data Analysis Report
(1. Building a Database, 2. Visualizing and Analyzing Data (Line
Graph, Bar Chart, Pie Chart, Correlation Matrix),
3. Sharing Emotion Management Know—how)

4.3.3 Al Z2AE (4~52}A])

g 27)5tof
3% 5718 205w, ol wACIA BAG EAo|
chal cheget 71 Tl W olobr|sh: B5-S At
st
AR .

5 T a
E dolEE S5 AI7]aL, oAl HolHE R 2Es 5t
ACH ALEIAE Ff Bdls S-8oh Al B of 5 Aib=

2 Fig. 59+ 2t
o] dt&H 7Y BF mdof] NLP e 283}

AFEAre] 24 A(STT)S 7I9te 2 74
|

244 EH(TTS)S 53l ol 14 NES
Nl & sttt AT A4 HES 9F HAES

530 2% A4 HE=ot g9 Ay
i

S rlo

B o
qu my @

)

&

=]

u

2

[m

=2

>

Ir

N

X

iy

[>

|m

inj

o

o

[ru

for

ofo
It r_?ﬂ
i

2% %22 2IE40| AZE0| 200} FYHo2 SHUTREAS ¥I)

(21-2) 28 27 2%

HloIE] 2
20| 35 HOIES Ye

o

et 3@ol 2atE AR

i,

Figure 5. Al Project Teaching—Learning Outcome
: Al Text Classification Model

2oz uR|

F 2oz uR|
I
[ ot ol wete 2 24012 Stz §

28 3 3@ ticesol 2Rk 7120l Fo7ioF JOIOER]

- @ ©eEw A
E 418 2lof! 70| weat-ior RELIEE]]

ol 425 010 0128 WA et o

Figure 6. Al Project Teaching—Learning Outcome:
Al Social Chatbot

39



THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 28, Issue 5, 2025

434 28 T2AE (6~7x}A])
(2% Z2AE] DAl g5atE0] 219 7|2 7id

[, o] 5 Hig o2 AN 2H.S A2lsHe = gt

PRoM = A& Fo= Edste Ald= &

& *
a1 2 ZHA o)

fllo
ol
oL
>
ol

off ‘l>’ N
e
1

ol
=

“Lr‘
u
2
= qn
ST
o
ok OlOll
>
%9,
1
i
_O‘L

. l-g Y
[
g
(o
4o
BN £y
2
4
3
2

i B

o Q.
u
e
1o
o

Joi oo L
e & ro

ox 2
1o

)

ol

o

X,

ol

ok

38

o L

[o o

o = 1 19 <

)3
N
-
rlr
oy A

u
ol
=2
X
%o
e ofn

>

N
fu
i)

o |m oof M
i)
ox
o
ox
e
o]
ol

L2
[
fu
4
)
=)
_°|l',
2
P
oA
fu H
Loy

fu gt oy
et
4
fu o
b
Lo
It n¥
o 3@ o
3o ]y
o ;g.]: =) |m
<o £ N o
W Jo o%%hg kiU
o fu o &

)
b
M
U
o
=
Q
a3

ol
N

0.0l il gigte?
PESTEST TR
0.29002 24 oa g We?

=
el
ic
=
E
o
3
z
ol

7
M
i
|
-
|
of

Figure 7. Robot Project Teaching—Learning Outcome:
Instructional Materials and Block Programming of a Robot
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Table 6. Pre—Post Test Analysis Results on Al Literacy

Mean Std. Dev. | Bffect
Factor . t P
Pre Post Pre Post | Size
Social
impact of | 27.85 | 31.195 | 5.461 | 5.696 | 0.563 | =7.965 | 0.000
Al
Al
execution |13.765| 18.39 | 4.142 | 4.172 | 0.976 |-13.796| 0.000
plan
Problem

solving | 16.1 | 19.355 | 3.670 | 3.609 |0.804 |-11.366| 0.000
with Al

Under—
standing
of
Al

16.285| 21.755 | 4.968 | 4.985 |0.933 |-13.191| 0.000

Data

i 11.725| 15.075 | 3.386 | 3.170 | 0.886 |-12.529| 0.000
iteracy

Al ethics | 6.595 | 7.905 | 1.819 | 1.596 | 0.63 | =8.908 | 0.000

Overall
(AT 92.32 |113.675|19.446{20.981|0.971 | =13.73 | 0.000
Literacy)

Socit mpactot A
Al execution plan m
Problem solving with Al
Understanding of Al m
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Figure 13. Analysis of Al Literacy Improvement
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Table 7. Results of the Pre— and Post—Test Analysis
on Creative Problem—Solving Skills

Mean Std. Dev. | Effect
Pre Post | Pre | Post | Size

Factor

Problem
identification & | 29.495 |33.115| 6.259 | 6.936 | 0.626 |-8.847| 0.000
Analysis

Idea

. 24.695 | 27.41 | 4.867 | 5.797 | 0.554 | -7.840| 0.000
generation

Impleme-—
ntation 33.035 | 36.97 | 7.431 | 7.103 | 0.545 |-7.705| 0.000
planning

Execution | 1592 |17.135| 4.465 | 4.361 | 0.286 |—-4.045| 0.000

Persuasion &
Commun-— 22 23.51 | 4.936 | 5.520 | 0.332 |—4.696 | 0.000
ication
Overall
(Creative
Problem—
Solving)

125.84 137.85|22.637|24.236| 0.631 | -9.485| 0.000
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Figure 14. Analysis of Creative Problem—Solving Skills Improvement
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Table 8. Responses Related to Social-Emotional Competency and
Affective Computing (Translated)

Category | No. Response
“Writing the mood tracker allowed me to
reflect on my emotions and their causes,
Self- Y
4 improving my emotional control. Visualizing
Awareness Y
my mood patterns through graphs was
insightful.”
“Analyzing my daily mood tracker helped me
identify frequent emotions and their triggers.
21 | Creating an Al chatbot for emotional support
Self— made me realize how technology could provide
Management comfort.
“The mood tracker helped me recognize
24 | emotional patterns and actions I could take to
manage them effectively.”
“Practicing emotional empathy made me more
. 23 |aware of how others feel and the importance of
Social responding thoughtfully.”
Awareness - - -
2 Collaborating with my group ’l’ed to diverse
and creative ideas.
“Group activities were meaningful. Working as
1, |ateam expanded my knowledge, and building
Relationship an Al social robot with Alpha Mini showed me
Skills the potential of Al-driven solutions.”
7 “Completing the project as a team made the
process more efficient and rewarding.”
Responsible “Considering the needs of socially vulnerable
Decision— 5 groups helped me develop a more ethical
Making perspective on Al applications.”
“Seeing my coded and designed robot function
3 as intended was fulfilling. This experience
reinforced how even small things can provide
Responses emotional support.”
related to “T realized that Al (even in the form of a robot)
8
Affective could offer meaningful emotional support.”
Computing “Analyzing emotion data deepened my
13 understanding of how complex emotions can
be categorized and interpreted, which was
intellectually stimulating.”
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