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ABSTRACT

This study aimed to develop an AI-TPACK-based Physical Al curriculum and to
analyze the resulting changes in pre-service teachers' Al-convergence teaching
competencies. Based on the ADDIE model, a five-stage AI-TPACK curriculum
spanning 15 weeks and 45 sessions was developed and applied to 18 students
enrolled in a college of education, and the data were analyzed using descriptive
statistics and the Wilcoxon signed-rank test. Overall teaching competency
improved significantly (Z=-3.73, p<.001, r=.88), and the design, implementation,
and evaluation subdomains all showed significant gains with large effect sizes
(r=.77-.88). In addition, an AT-TPACK component mapping of the lesson products
confirmed that the pre-service teachers could link Physical AT with subject content
to design and implement Al-convergence lessons. This study is significant in that
it extends the AI-TPACK model in two ways—conceptually, into a Physical Al cycle
that links sensor input, data interpretation, Al judgment, and physical output; and
in instructional-design terms, by incorporating the selection of board-, module-,
and robot-type tools and the linking of sensors and actuators to subject content—
and in that it demonstrates the applicability of a Physical Al curriculum for pre-
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Table 1. General Characteristics of Participants

Category n (%)
Male 9 (50.0%)
Gender

Female 9 (50.0%)

st 8 (44.4%)

2nd 7 (38.9%)

Grade

3rd 1 (5.6%)

4th 2 (11.1%)

Experience with Yes 2(11.1%)
Physical Computing No 16 (88.9%)
Computer 2 (11.1%)

English 2 (11.1%)

German Language 2 (11.1%)

Home Economics 2 (11.1%)

Major Art 1(5.6%)
Chinese Language 1 (5.6%)

Early Childhood 1 (5.6%)

Earth Science 1 (5.6%)

Environmental Education 1 (5.6%)
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Category n (%)
Geography 1 (5.6%)
History 1 (5.6%)
Major Mathematics 1 (5.6%)
Physical Education 1 (5.6%)
Special Education 1 (5.6%)

Note. “Education” was omitted from some major label.
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Table 2. Research Activities across the ADDIE Phases of Curriculum
Development

Phase Research Activities

- Literature review on physical Al, Al education,

A and physical computing for pre—service teachers
(Analysis) | — Analysis of the 2022 Revised National Curriculum
— Learner needs analysis

- Establishment of learning objectives
D - Selection of instructional tools

(Design) - Design of a 15-week AI-TPACK-based program
= Selection of assessment instruments
— Development of the instructional program and
D materials
(Development) | — Preliminary review and revision of instructional

materials

- Pre—test of AI-Convergence teaching competency
- Implementation of the program
— Post—test and satisfaction survey

I
(Implementation)

— Analysis of changes in AI-Convergence teaching
E competency

(Evaluation) | — Analysis of satisfaction survey results

- Post—implementation expert review of curriculum
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I et
Table 3. Results of the Content Validity Expert Review (I-CVI)
Round 1 Round 2
Category Item
Mean | I-CVI | Mean | [-CVI
Objectives & Learner 1 3.83 1.00 3.83 1.00
Suitability 2 | 383 | 100 | 383 | 100
3 3.83 1.00 3.83 1.00
Structural Coherence 4 3.67 1.00 3.67 1.00
5 3.50 1.00 3.50 1.00
Content & 6 | 317 | 100 | 317 | 1.00
Tool Selection 7 | 367 | 100 | 367 | 1.00
8 3.67 1.00 3.83 1.00
Implementation & "9 5 00 | 067 | 367 | 100
ssessment
10 3.67 1.00 3.67 1.00
S-CVI/Ave - 0.97 - 1.00
3424 57
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Table 4. Structure of Al Convergence Education Teaching Competency

Scale
No. of . Cronbach’s
Category Ttems Description p
Desi Al convergence lesson
esign . >
10 planning and curriculum 931
Competency desi
esign
Implementation 7 Instructional facilitation and 913
Competency learner support using Al ’
Evaluation Assessment and feedback in
6 : 910
Competency Al convergence learning
Total 23 Al convergence teaching 963
competency
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Table 5. Structure of the Learner Satisfaction Questionnaire

Category Items Description
Course L2, Course planning and clarity of instruction
Organization 3,8 p g y
Teachmg & 4.3, Instructional support and interaction
Interaction 6,7
ELeargln% 10, 11 Perceived learning and understanding
xperience
Theory-Practice | 12, 13, Integration of theory and practice
Integration 14 g Y p
Overall 9 Overall recommendation and satisfaction

Satisfaction
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Table 6. AI-TPACK-Based Physical Al Curriculum for Pre—service Teachers
Stage Week Contents Tools & Platforms AI-TPACK Phase

Stage 1. Understanding

AT & Physical Al

Orientation; Al technology and Al-based edutech

1 (AL physical Al and generative Al concepts; intro to - 1,2

Al programming)

Stage 2.

Understanding TPACK

Al-convergence education and TPACK-based instructional

2 design (overview, Al ethics, generative—Al edutech theory & | Generative—Al edutech 1,2,3

practice, TPACK-based design)

(1) Al Programming
Practice & Projects

Al programming I: Al concepts and principles, basics of Al Teachable Machine

3 programming (AT Classification) 1.2

4 Al programming II: Al-based problem solvin Enery AL, Computer 1,2
prog 8 P 5 Vision, NLP, etc. '

5 Al programming III Entry AL padlet 1,2,3,4

. subject—integrated Al project (shared via Padlet)
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Stage Week Contents Tools & Platforms AI-TPACK Phase
6 Introduction to physical-Al-based Al-convergence education B 123
and sharing of exemplary cases ”
7 Physical Al project I (board—type): basic Al practice micro:bit 1,2
. Physical Al project IT (module—type): practice based on vibe | Arduino with sensors
) P}_1y51cal AI. i 8 coding and actuators 12
Practice & Projects
9 Physical Al/Robot project Iiloflrt(igft*type)- robot motion and pingpong robot 12
10 Physical Al/Robot project IV: subject—integrated physical Al Physical Al tools, 1234
project (shared via Padlet) padlet o
1 Analysis and sharing of Al-convergence lesson cases 34
(humanities & social studies) ’
%i%:rjation & Experience | 12 Analysis and sharing 'of AI*conve}rgenge lesson cases (natural 34
of TPACK Lessons sciences & engineering) Selected
13 Analysis and sharing of Al-convergence lesson cases Al or physical Al 34
(arts & physical education) tools, padlet ’
Stage 4.
Design & Practice 14 Designing and sharing Al-convergence lessons 45
of TPACK Lessons
Stage 5.
Evaluation & Reflection 15 | Feedback on designed Al-convergence lessons and reflection padlet 4,5
of TPACK Lessons

1

Aol A ZHESE WS aHg o] ol nx]= it
E BAst7ol A, S =T AR EE gelstr] 95l
U2 d#4d #4291 Cronbach’s a A|45 AFEsIITh 1
A}, AA Al 8328 149 3] Cronbach’s as A
887, AFF 87022 e om, & k9] J oA = .80
oo & Qlxlo], B SHEFE= AP-ALE HA BF
2 WA S SHESIITH AAIgE A= Table 73

WS Hgol W2 Al §FAS w4 HigtE

Qs AFH-AFE A 4of sl Wilcoxon B2
9 AHe AT A4 A3t MA Al S w4
M=3.68, SD=.42)Er} AbS A4 (M=4.39,
SD=.46)7} =7 Uetton, o2|gh Afol= FAH R
oJ5tItHZ=-3.73, p<.001). 3+9] A 24 A}, AA
2H(7=-3.73, p<.001), A& AZH(7=-3.27, p=.001), F7} A
F(Z=-3.46, p=.001) oA AP 4o Bl ARE 4
7t BAXOE FoloHAl FFE U EoF A w4yt
7k 5k9] el a3 7](r)= .77~.882 HE UEHGO
™, Cohen(1988)¢] 7]l wpet =& & &1+37](r=.50)
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Table 7. Reliability of Al Convergence Education Teaching
Competency Scale (N=18)

_ Cronbach’s «
Domain
Pre—test Post—test

Design competency .893 .872
Implementation 895 875

competency : :
Evaluation 891 878

competency

Total .887 .870

Table 8. Wilcoxon Signed—Rank Test Results for Al Convergence
Education Teaching Competency (N=18)

Category M SD Z p r

Pre | 3.57 50
Post | 4.39 A7

-3.73 | .000 .88

Design

Pre 3.78 .40
Post | 4.34 .50

-3.27 | .001 77

Implementation

Pre 3.76 A7
Post | 4.44 .50

Evaluation -3.46 | .001 .82

Pre 3.68 42
Total -3.73 | .000 .88
Post | 4.39 46
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Table 9. Learner Satisfaction Score by Category
Category Items Mean Score

Course Organization 1,2,3,8 4.83
Teaching & Interaction 4,5,6,7 4.83
Learning Experience 10, 11 4717
Theory—Practice Integration 12, 13, 14 4.82
Opverall Satisfaction 9 4.84
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Figure 3. Example of an AI-TPACK-Based AI-Convergence Lesson
Product
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Figure 4. Example of an AI-TPACK-Based Physical Al Convergence
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Figure 5. Example of an AI-TPACK-Based Physical Al Lesson
Product (Instructional Materials)

Table 10. Example of an AI-TPACK-Based Physical Al Lesson

TK, PCK, TCK, TPK, TPACK)Z 7|&2 2 A5t} o]
o 7142 A)(TK)-& Al =78 ofua}l m]z]A Al =3to] 2
= 22)9} 38 7l=Aof Tt o]s S x3tsl= Ao T HoF
ch tE AFEE(ES Ioh '3 gAY ©) o) oy Axte
Table 129} 7o, o] = st=o] 2 Holgh Lj&2 B2 30
AIA 5}

Table 12. AI-TPACK-Based Mapping of a Representative Lesson

Product
Component Implementation in the Product
K Science unit "Space Exploration” ([9Sci15-04]);
significance and usefulness of exploration
Gamified, experience— and inquiry—based learning
PK structure: Introduction (need for exploration) —

Development (simulation experience) -
Closure (discussion of scientific usefulness)

Understands and applies the functions and input—
TK data—AI-output principles of Entry,
the Al image classification model, and micro:bit

Concretizes the abstract concept of space
exploration through a "spacecraft control"

Product (Instructional Plan) PCK simulation and signal-delay implementation,
letting learners experience the exploration process
Category Description indirectly
Subject / Unit | Middle School Science II / Space Exploration TCK Applies Al image classification to "identifying target
Lesson Topic | Space Exploration Process Using Al and micro:bit planets”, linking science content with Al technology
Achievement [9Sci15-04] Students can investigate the TPK ([(st_eslml)cro.blt input (A/beléttons) a}nd Oljtpué
Jard significance of space exploration and its impact on isplay) to organize gamiticd, experience™ an
Standar humanity, and recognize the usefulness of science. inquiry—based learning
Tools Used | Entry, Al image classification model, micro:bit Rzigugéutrﬁz i?he S?E;CZIE :?3 lc;iatrl;)l; ¢ S‘}; g;i)trciigte;{t
u y uctu u
Spacecraft control using micro:bit input devices: TPACK — data interpretation — Al judgment — physical
Physical Al | identification of target planets based on Al image output”, realizing an integrated form that combines
Elements classification; representation of exploration status subject content, teaching strategies, and

through display output

Introduction: Students identify the significance
of space exploration and the need for space
exploration technology.

Development: Students experience an “Al space
probe” simulation using Entry and Micro:bit,
and explore the judgment and control processes
required in space exploration.

Closure: Students discuss the difficulties of space
exploration and the usefulness of science and
technology based on their activity experience.

Main Activities

Table 11. Physical Al in Representative Lesson Products

Stage Implementation in the Product

Controls the spacecraft via input from the micro:bit

Sensor Input A and B buttons

AT and physical Al tools

"’371] LERLE AT 7] &0 2L
EOLQOE Q}“Q_E]}AD

HE m>~
>
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3 oa-H 4 2 4% Y
A7 3120 Al

4As T AW 5 eS Holze

2
=

wr Rl
mlm-|

: e : 5. 48
Data The Al image—classification model recognizes and
Interoretation extracts features from the planet image card a
P learner presents to the camera
L o & o s 35 o
Classifies the image as "Mars" — "communication 2 A= oflElaAte] Al S WY s
Al Judgment | authentication success"; otherwise — "not a Mars 5] AI-TPACK 7]¥F o] Al &8 W34S ADDIE &
image" and prompts a retr - _
T SRR A o] w2} 155453442 sl i, ol & A eist o]
Asteroid collisions during navigation reduce 15103 ° °
Physical Output | durability; planet=specific signal delays (ex., 2 s for Aol A Hgato] wgA FE EASIITH w2 <l
Jupiter) execute code 2 seconds after button input = ;(] L ol m]z]Z Al 0|3, TPACK ©]3ll, TPACK 4% 2+
2l 49, TPACK %1 A7 9 A3, TPACK 4+ H7F 2
2) AI'-TPACK Q4H BA *3’3:_—4 C’rﬂli FEeH, HEY/HEY /2R AE
B oo }%gg AI-TPACK A QA(CK, PK,  AFE =7 Al =75 Hds &8¢ 4 s 7id
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Appendix 1. AI-TPACK Model Adapted for Physical Al-Integrated Education

Understanding of Al and Physical Al Undamsiznding ol Exoeliiseerl;zzig?s”l%rll{jCK D zind Praclice of ngsiﬁiido%lﬁ\rfg}(
e 4 TPACK £ TPACK Lessons E
lesson lesson
- Introducing Al concepts and - Presenting Al- and - Guiding the selection | Providing feedback
principles - Introducing TPACK | physical Al-based lesson | of lesson topics for Al on lesson gdesi N
- Explaining physical Al based on concepts and cases integration teachin ract%cé
Instructor’ | physical computing components - Demonstrating how - Supporting and r(;g'eit ’
task - Presenting the sensor —data — Al - - Explaining Al Al tools and physical lesson design and outcgmtles
output structure and physical Al as outputs are used in microteaching - Guidine reflection
* Providing hands—on activities using instructional resources | lessons - Supporting project andurevisgion
board-, module—, and robot—-type tools » Guiding lesson analysis | implementation
- Understanding Al and physical Al |- Underst‘andmg - Observing and * Designing Al- - Evaluating lesson
concepts TPACK concepts and . . integrated lessons o
Pre- ; . . . oo analyzing Al-integrated . . plans and teaching
. - Exploring the interaction of sensors, | their application to using physical Al tools -
service . . .| lesson cases : practices
, | Al tools, and physical outputs Al-integrated teaching IR - Implementing L
teachers o . L o - Participating in Al- - Revising lessons
- Experiencing physical Al activities |- Identifying Al . . lesson plans through .
task ; B . i . and physical Al-based . o based on instructor
using board—, module—, and robot and physical Al as o microteaching or
: . lesson activities . and peer feedback
type tools instructional resources projects
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