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ABSTRACT

This exploratory qualitative study aimed to investigate the specific practices and the
necessity of cultivating Al utilization capabilities and digital competencies among science
teachers. The research involved interviews and focus group interviews with nine science
teachers in secondary schools who incorporated Al and digital tools in their science classes.
This study revealed that science teachers' need for Al literacy and digital competence can
be categorized into the following key motivations: personal curiosity, a sense of fulfillment

'.) as educators, a passion for enhancing student engagement in lessons, and the evaluation
heck for of students' evolving competencies from a trans-disciplinary perspective. Furthermore, the
| Updates study identified several implementation measures, including the utilization of Al tools for
visualization, comprehension of Al tool principles at an accessible level, employment of
a OPEN ACCESS computer languages for statistical data processing and visualization, adoption of platforms
Brain, Digital, & Learning for identifying information sources and sharing information, utilization of diverse sensors
2023, Vol. 13, No. 3, 245-263. while assessing their advantages and disadvantages, and the design of interdisciplinary
https://doi.org/10.31216/BDL.20230015 science inquiry lessons that leverage the capabilities of Al tools and digital resources.
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Introduction
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Materials and Methods

Participants
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Table 1. Background of participants

Major School Grade Career (year) Experience with Al literacy and digital competencies
A Physics Middle 27 Author of books on teaching with Al, developer of JAVA programs for science education
B Physics High 10 Leading teachers in Al and STEAM
C  Chemistry High 17 Master degree of Al convergence graduate school, leading teacher of Al convergence education
D Earthscience  Middle 7 Author of Al-enabled education books, astronomy research using big data
E  Chemistry Middle 13 Director of Al Data Literacy and Intelligent Science Lab Model School, and SW-AI Camp Instructor
F  Biology High 24 STEAM+ Al program developer, author of "Keeping Up with K-STEAM”
G Biology Middle 28 Teacher trainer of AI-Microscope Project, and content develper of Intelligent Science Lab ON
H  Chemistry High 19 Developer of data-driven exploration program, and operator of research school for 'Application of
Intelligent Information Technology'
I  Biology High 26 Teachers and program developers of Al and Software 'R' courses

Brain, Digital, & Learning. 2023 Vol. 13 No. 3 248



Analysis of the Necessity of Al Utilization and Digital Competencies and Use Cases for Science Teachers

Data Collection and Questionnaire
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Table 2. The questionnaire provided to research participants
Category Questionnaire content
Why Al and digital tools can be used Why I'm interested in new forms of science instruction

in science classrooms How has the new form of science instruction impacted my professional development as a teacher?
‘What is the impact of a new form of science instruction on students?

Specific ways to use Al and digital ~ What science lessons have I taught using digital and Al tools?

tools in the classroom How can this new form of science instruction be scaled to other units or school grades?
‘What skills do teachers need and how can they be developed for new forms of science instruction?
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Results

1. Why did Science Teachers Need Al and Digital Competence?
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Table 3. Coding and categorizing analysis content

Secondary Code Tertiary Code
Personal curiosity about computers, coding Personal fulfillment, interest

Personal inclination to take on new challenges

Sharing information with fellow teachers and teacher organizations

Improving Teaching and Learning Passionate about improving instruction

Desire to improve course materials

Classes with active student participation

Unable to Measure Students for Future Skills Measure new competencies for students
Improving students' digital skills

Changing competencies needed

Learning precise concepts Learn about the nature of science and its accuracy
Cultivate the academic nature of science

Helps structure knowledge

Solving real-world, socially connected problems Teaching Skills for Changing Scientific Inquiry
Measuring and modeling things we can't observe with senses

Development of scientific instruments

Disseminating Intelligent Science Labs Social and national climate emphasizing advanced science education
Included in the 2022 Revised Science Curriculum

A social climate that emphasizes Al

A. Personal Interest and Teaching Satisfaction
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B. A Preference for Student-Led Instruction and a Passion for Improving Teaching
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Table 4. Coding and categorizing analysis content

Secondary Code

Tertiary Code

Use Al tools to interpret data and make predictions

Use Al tools for information representation

Discover and utilize emerging tools

Learn about machine learning courses

Teacher’s metacognition

Learn advanced Al principles

Learn basic Al principles

Understanding computer languages

Data processing with Python, R, or Excel

Text coding for DIY sensors

Ability to utilize platforms for sharing data and information
Utilize sources of public data

Utilize source platforms for data analysis

Understanding the advantages and disadvantages of sensors
Tools for collecting data

Identify the purpose of using digital tools as classroom aids
Design and conduct a project lesson

Identify needed inquiry features

Share experiences with new inquiry lessons

Guide inquiry to emphasize student autonomy

Utilize various Al tools for prediction and information visualization

Understand the principles of Al

Use computer languages for data statistical processing and data visualization

Identify sources of information and use platforms for information sharing

Utilize various sensors and understand their advantages and disadvantages

Ability to design convergent inquiry lessons that take into account the affordance of Al tools and
digital tools

A. Interpret Data, Make Predictions, and Visualize Information

AT HolAb o) ST £ S

A EH IFA] 5 =75 o[BS slAsHA U Hlo B & vigo.2 mi2j

£ ol &3l R g F3H 0 2 Aztstehs B 431 USlth AT HolAks2 7 s gl 84 ks
Sh 22220] 01| S T LE 2o} £Qof] -85} 99U} oS So] WAFAS} WALE, WA G= IEE]E o]

8510 Q17to] A 7Hs3t /g ot A 2:dst H = £ of| &5 U Teachable machine®©| L Orange 3 5=

E_'
o 851o] lo]E| & sl Afah 4912 Halsl ik EE Telm, 1, B 52 BHSo] R of] AEA s
£78 o] g3lo] ulH 77to] BEgshySo] W2 AlZk Qlol) ETH O R ABE A|ZHEHY 4 YIS 4
Brain, Digital, & Learning. 2023 Vol. 13 No. 3 255



Shin, Eom, & Lee

2 45T Itk AL ofele EFE AT 1] FeJlol & HOE RE AT Folht AFAS
270) WEojx|7] g 4918 Aot gk Stlck, Q1B A S £ At wisfe] St
13he 2 AVt 2 a7} Lo B2 AN B G SFOIMEH HRE A3E 4 glofor
S, Q1A E7E BET 9ol MHEH A SYS A of2lat Hgo] YAHBE Y2 ABAS E
72 =Sttt olelgo] glo] AMACE 40| B8 4 U2 oloplskich 5 UAY mretel
A 7 B39 £52 M2E E7E FotehE Foig glo] of2le] 7% UelE welsky e
ol 4 92 B wHol stk ALk 1] S AEA AL A8As, A
AmEgofu} o ZeAlol e Ll BT olefat E 70| 2 35U YA
92 324 70| BRshok shgick ol A7 FolxtEel Fol B A A Yo 15

o :
A] 27101 315 717 0] e Qlo] i ohZ Ao S HEaA oL ol 2AoR S Thers ma
3ol E5 T B8 4 Y 58 L 71E 4 ATk oloplsigict

B. Learning about Al Principles

HE AT Folzbe 8F WS gizitielo] ulet 2fek WA Q13 A52 A% 7HE XA FrEks <l
ZA5-0] Ygof| tisfAlE osistaL Qlojok dokal AFsgich ey 1 3ol tislAl s A Frojzte]
o7do] mj- FRt=| =, Y= oA AateiA A2 E o] 4= Jlojof St AFoIRl L, Y=
7128} A ol ARt ol sl = okl A 75l o™ of xjol= F5{ A 2] AT 7145% A oA
olafiafiof Hh= FA-2 Yoon et al. (2021)2F Lee (2022)2] GLol| A= &Helgt 4= Qi) o] 2 45 A o]
A9 olf= ZF el EAJo] 1L, QIEA 5] Alet ] A e A E watol] A3t 742&, s0
A5k wj7hA] B2 A A S-S BE WA E dotok ghth= 212 =2of| BHA] a2 A1 453l WA, 4l
sar A1 shEaioF Shtal A 2kehe At FojakE2 Tstolehs witke] E44 I3 Al6= o & "yt

z2 Y lojg E8oh= B At EolUAL o B2 7|2 Bk & O A2 HE/HAl e ol A
olaffstaL lojof Sl G-I

A FofzfEo] F4ohs B Al ¥Ele] WE 2 HEANE 3215 2 E Yl lojof stk
A2 FEA0|3ltt. /1A 52 2ol tish <5sfioF ohe ool tisl] o= 47&—% 7= A
4 =t AR, 1 wAake] 4% 52 =017 flsiAlolth WAL i e g

oA B A2 L E SH5otE R, ofof Tt 7| & Agfo] WALRDH B & Z1& 4= Qloh st
& o, tAg o] Mame] Za1F xFE| o] QloB 2 WAL HA] F T Zlo] A o] & °]
ATHIL AFsHAT EA, WA w2 A Biskehe Qe Alsolu A Y =te] 2| 417 o
o A-go] 7Fs Xt 3HF 7R 9] /13 A5 EA-E E-8ohe A SHETtH jistehs Q1R
= theokA] & 7ol Atk st Rt °1+Zlhwl 7l+ Aol tish g5t Wish= o132
S £ o ¢A olalietal Wobso] ol &8 4= QIS A0 & o idatit. AR, mAake] QlEx

AE Ao HERRIAIE 7]& 4= ATkl T;L?B‘P%E}. ANIA s & A%, oAl
IE7P o chreh 4= e, 7% 9RlE B2 WAk 2219] w4 Shy FE 9ol ofE
o] 2 Sl

—_—

L

o

[©)

ro El
0

i)
o?i
5:

o

—

ol
=
N
—_

I ol o
D
ol

4 fo
e

Oll
p——
[¢]
—_

4

o

oF ofF
Ll—ﬂ_&mE
-
=2

1

N o Mo e U

|
o, ob

(L ofF
ri ol

rE m°

) A| SH&3llof 3=A] =2 4~ Qlct Axbd o g wA}
ol wlekel & 7197] 1At 71 elol i sl

tl\l r-llI ot ﬂll
r
"L oHr
[e]
i
LA

i)
%

o
i

ol:l

Brain, Digital, & Learning. 2023 Vol. 13 No. 3 256



Analysis of the Necessity of Al Utilization and Digital Competencies and Use Cases for Science Teachers

C. Learning Computer Languages for Data Statistical Processing and Data Visualization
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E. Utilize Data Sensors and Understand the Trade-offs
A oA e B apet gt =t 545 ek, gAY g B 1S J} ]
Hof| w2t o] & A %ol B8 4 Q= w4 85 5ol sttt AZbeint Ee U2 S
ZHYA "SR] Qlo B & Tkt TS ARG E AL R R ol EE P30l F 5}3}1 7ot
AT o2t F v Qe R ST @ Akg Z2AE Ea-2 X8t F ol
et AEtEA A E ARSSEAL o] A o] A& AStsiA| oetet 7]3)7} H ]l A
of, AR A] AA & o]-85te] WAl #7E SATA Y 2= AIME o] &sto] Feet B=4
“got7] = st o H, mlA] 57 A= Al S o] &5f QIAJol|A Dojuh= 2714 ‘%ﬂ =]
o= 5 TA2E ZZ1191 e Aol 2 &S 4= AUk wAFFe} 1= A5 Al
ZIegeh uff = + gl A 01?—4% A ,"44?—6 A
< et EEW Hho] g5 e 4= okl 5131 AL, W Rl o] SAl| == B ol
s 0:1‘l'l’7l' "”74 =9

&
=
H1

|€
[Ne
ox
—lﬂ rl

)
o

0

L
rr
ke
> Mo rr

kol

ro ol o N mn LL

S T o T
ut
al

P
n:
i
al

Qg
ox
illg
2
r&
>
i
)
&l'

=2
rlr

tN
52

ox P
A

p

ot
—C’.LE‘_‘
a anj
ﬂlﬂ
o

C

™
o2
ol
FfF
2z 2
2 K
It oo
O
ol [
n
_l‘-l
N
mou:l.]
o]
O.

o T %
Lo fL
N

= Kl
il
il
+oiﬁ
tr
T
X
__[n;LIIZ”.,
j_r;
—_l
DX‘Tlmlru
frs
Ei
“ﬁ”i
lﬂ
1)

L
;gl‘ﬁ
T g
o
o
o =2
T A
ollé,
ol
2 o
=5

SHAlIME
el *JJ/H%“P—‘:—# 9}2-‘35 °J°l~—"ﬂ*1 0:131 7H—r St Eﬂollﬂa L% *%—’F lonz

Il
oo
( r‘o

ool
8 H
0
_OI\I
FE
4 =
i)
ﬁrlr
. oX
o o
o[:ﬂllo
Tg
)
3
ol
%Eé
EL‘
.
i £
!_"L'
—1
P
o,
Ja%
_O'_‘ﬂ"
%
W
2
z
r-Ll
éi“{
I h
£
mz
Q;
s
o
1
zo d
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