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Definition
Basic ability of knowledge construction and communication
to collect, analyze, and use data and process it as information
for problem solving

; Values and
Knowledge Skills Attitudes
- Concept of Data - Collect
* Role of Data - Interpret : Relationship
- Type of Data - Reason - integration
- Structure of Data - Summarize g
. . - Continue
- Source of Data - Presentation. T ——
- Analysis Method of Data - Manage .
- Fairness

- Data Visualization - Process
- Data Pre—processing - Communicate
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<3t II-4> Matrix of different facets of data literacy and the features
of understanding and competencies associated with different levels of
data literacy for them (Gibson et al(2018))

calculations

Facets of data . . Intermediate  data | Advanced data
. Basic data literacy . .
literacy literacy literacy
. . . Understand
* Able o identify how to incorporate
e Know how to use | appropriate data to Hgorous data
instrumentation collect relative to C(;gllection and
and technology to | a biological sampling  methods
. collect and question and | Samping In
Collection and d h hes into  experimental
recording store data ypothesis design
e Able to collect and
record data * Know how to | Know how to
accurately using | enter data into a store manage
technology spreadsheet or mani’ ulate. or 8¢
database b ’
query a database
e Understand the
relationship| ® Know how to
between choose appropriate
c.on djé?ow how to calculations and a | mathematical tools
. biological question | for studies of
mathematical]| K h to | biological
. calculations now —how 1o | brologica
Calculation . Able  to use|d P D 1 v | systems
spreadsheets and mathematical tools | e Understand
D and technology to | how data are used
software to conduct c onduct|todevelop

e Able to describe
graphical and

tabular presentations
of data

. Understand
how to use data
and

analyses to argue
from evidence

calculations gquantitative
with biological | biological models
data
. Understand
* Know how to how to incorporate
analyze and dat lvsi
interpret data a da ana ystlst. tical
: .. an statistica
° Know how to EeSsng statistical methqu into
Analysis and desqrﬂ?e data with e Be able to expenmental
interpretation statistics . interpret results of design
e Able to describe L o Understand
. statistical . .
patterns in data test relative to a assumptions n
biological question a.nalysesAbl
or e to
hvbothesis compare results
yp among analyses
. Able to
e Able to explain | evaluate the
e Know how to use | the relationships | strengths and
technology to among limitations of their
construct tables and | data presented in | data and analyses
C . figures. figures and tables e Understand the
ommunication

relationship
between

their data and
other biological,
scientific or
societal issues

_12_



S B 7 e 2TTAS A ws 2] o] g3ttt
NEA T ¢ wFS A= dole HHHA Y 4 845 "
b= gFo o] 7]Eo] Hojof stuE uFdtgo] &85 = HolH
AFYH w5 g, H7F A5E Ests w7IA FHY Z=afle]
S3tH(AE7], 2021). o] AT e 1T 2} Wl &g
3 gste A Fge = e dHleolHAlEs ol &dto] w7IA FEle] Al
sl e g3 ZRIOAS st FAEdA AAR A L35
doly #yHA e FdS Frks] Baat gkt

. 98 agol A wolE e e A

et wSo A dolH BHEAE 7|27 8 ugAs <% O-5>
o} o] 571A GAIE TF F ArHGibson et al, 2018).

<X IO-5> "oy gy A &4 93 53 A(Gibson et al, 2018)

(D Identify specific data skills or concepts to teach.

l

@ Decide how to balance teaching the methods of data collection

with teaching methods of analysis.

l

@ Integrate these skills and concepts into their courses and

curricula.

l

@ Provide frequent opportunities for students to develop specific

skills and use of data technology to better communicate about data

_13_



| in science.
!

(® Provide multiple opportunities for students to use technology to

produce graphics that effectively communicate the information in
the data.
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Z3kal(Arends, 1998), o=’ ©-o] HAHNM HolHE &35kl s}

rlr
-4
oX,
N
1o
a2
o
-
i
o3

tlo] 8 4% (Science Data Literacy)S 715 4 & dlolg £, A4,
AY &4, 37he & F e 9% 2§ So|l AEHa JthQin, J¢,
2010)

oo A BT 2P £ Azl AAR A2
AuAN G FEe A% deoldy wke] 33 w7 2 (Exploratory

Scientific Data Analysis Inquiry Model, ©]3} ESDA)o] 7]2H(£m] e,
2020)% o] 38t S A XAAH A AHES V|2 wgo] olojx]a
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crgd || dog4xr »| HOE#HID
o A
v
25 ¢
—
=
AR L SCPE I
T =
v
A2 B A =28 +d
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ZEYE

ret

[ 11-2] ESDA &7 R2&(ErE, 2020)
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5. HAYY EREFY Z2aYR Ao

7}. Python

Python d©lo]g 3} fofellA 7h Bol AFEH L e =Y
b AR o5g ¥ dEHF dolHE A srlel AL a&d7
AbEAE HOAdE zhar gtk ofo Ak 10d%E #8F ALK (Scientific
computing) 7l wUHEelA 7HF o] #EH= R ool
t}.(Raschka et al., 2020). Pythone Numpy$} Scipy 59 AXS 93k
ek gl E oA HolH HYE & g donm eode

Lo oFH G EE5E Pythong 7|¥to g 7wty o] it}

L. Aol #l ¥ (Scikit-learn) o]l X 2]
Aol Z1 A (Scikit-learn) 2007 o] 7% Pythono= Fd € 714
Hal 7| A s QE A2 golE g olth Mol oy golH Y

o, okt £, 3)7], FEaHY, Y FaA-EY
ZNAE A AT AR EHE daEss Adetal i, Haley AdE
Asshe 7le® Z3a vk E=3F Python BEIAIE 7IWtew st7] o
ol 71 A dely &4 #H9E "ol fEg A A E HA F
e 7 o] hFe Fofoll A &85l gl th(Pedregosa et al, 2011)

t}. Colab

GoogleAtol Al 7ldret v El$-z ~)ute] t)alsy s AFE
7ol dA uwS 2m ko] @Wo] &8% = Jupyter notebookS 7]
dto 2 JidtE Colabe 1B #9-# AolA T2 dojel 3=
(Code)9t A E sl HP{SE 4 3lo] Pythono| #4 $4& A3t
R A¥star UtH(Nelson & Kinder, 2018). 1B ¢4 ez 24

~



@74 FANEE UA" BT 0Sel A FeluA @i, BAY 3
foF FEAA] s FHol Jonw £ Ame] AR wEe] §
&% Aol ek =Y eolEF ol §F welE pjueY Yol #

Aqurnz &g JheAdol Eoh(el:d 9, 2021). old E ATdAE

gsAe HAE 393 mhAang &
AME xghste] S A 2] S AE FHetaA sk 22l &
& GoogleAtoll A 7RE3ak Google Classroom 8t ZHE S 7|dlo=
sta a1 #elzk Aol A Colab 748 S A 3 &35te] RE

Aol stold 7|wke] AojE Zeplol A At WMEsk= AAHS A

A stk s, EgE st Eo] oAS FFoAY sk HAHAA =
padlet®} #& 219l oA F§ ZEad% &83to] dHolgHY A 2
Tt AEsHA ol F oA F JEE staA s

2}, Lucifer-ML 3| 7] A]

2021l ArE HAlEY SA7IA = oy JHH] WAleyd dags
S AW #A3 = F dv Hold AHes H #IIA otk
Dark-Lucifer<] Ul s 7Hx AR =]
(https://github.com/d4rk-lucif3r/LuciferML)ol] &F7/l¥ o] o™ <% 10
-9>9F Z& AAE AAHA data A F 7 (Classification) ¢} 3] 7]

(Regression) 22 9] 52 el FAE 5 U= 783 =7°lth

<3 [-9> Lucifer-ML #7]1x]¢] dlo|g 2] AA}F(Riyantoko et, 2021)

m = P~

(((
A

Lucifer-ML AR Hold HlolEl o= A=R=I1=- NP
Python el | . Holg &4 | (Skewness)T A 2T
_@_Eﬂﬂ /g;_(] RUNS | Xél = [e)
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A% BAFY olnele s ARl BEAEF 1 AHAET)

“11>9F 2

<E M-11> Al 2%8 dlolHal A% ZAFN} eholuele (P&

9], 2023)

E9E 2 golBEyg !

AR ED o 0 299 1945 wd Sad e
(https://data.kma.go.k HolE S Axes Ama B A

r/)

& "ol x¥ Ul FF7IHe] A EE 53 dHolHE A
(https://www.data.go. | &3t gt ZIdES AA&S T dHeolHE
kr/) EH4A AN o S 7 e HA AT

Kaggle A AA Y AFEAFEC] = B2 HolH AR Ho
(https://www kaggle.c | Al S &8st 74 2 Al 2498 AyEsE FHF
om/) st AwUE A4 FHE

UCI ML Resository dolg e e, 549 4, Al &dad+F & U

5 o °
(https://archiveics.uci | 8+ 7|22 F&53F 60001 & o]de] FAH
edu/) HlolH A Al
gold A S oNA vlelHAle A ZE&3)
7] 93 Ao 7HﬂLQ01 756F 2] ol EAl
o A ero]B g

Pydataset
(https://pypi.org/)
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o] otz & gt} ol E ATolM= HAET HelHAI wHIAg S

U AFAT AW Aok §F rzade Ausug doh
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1. 8 dolgrut AFAS(AD - 25w #5 §
gy 2oy s

7b A& 29 A

AT A5 (ADC] gk FoFQl
Aol "ozttt WA pH oF 2ds vE7] fdiA delgas & /3t
+ Kaggle JAIolEd] &5 o]
stell 41 RGB data® &73te] A8 F #3F tvlo|E <l pH-prediction
delgAl(2y V-1)& +4] gt}

<class 'pandas.core.frame.DataFrame'>
RangeIndex: 653 entries, 0 to 652
Data columns (total 4 columns):
# Column Non-Null Count Dtype

©0 blue 653 non-null int64

1 green 653 non-null int64

2 red 653 non-null int64

3 label 653 non-null int64

dtypes: int64(4)

$# blue = # green = # red =% 1 label

I1I

Blue color (0 - Green color (0 -255) Red color (0 - 255) Label (0 -14)

5! 00 - 76.50
urt 134

[2% N-1] pH-prediction Blo]ElAl A xR
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pH-prediction H°o]EH A2 0~14¢] pH d°]EE Label®Z 3}o "h&
A Al eF(universal indicator)®] AW 3tE o] 39U RGB HlolHE 74
g T2 653709 Foz FAE dolg Aotk dolHAl UFE= =Ab
ol H (intbd) = A=) i, FE dHolH7F gl=(non—null) ©lolH
@EjolaL, Labelo] o1l HolEAlol 2 WAl 2] A m=ghgo 43
g oHelHAdE & o vk pH-recogition Hl°|H A& 7|We 2 pHE
dZ=3l7] Y3l python #tolB el el Lucifer-MLS o] &3l =2 [
d IV-2]ef o] AAdetd [1¥ IV-3]9 Z3= 3 W= 7 A

=«
=9
ek &7 EdE Catboost Regressor7} WERES 213 4= 9]

~ [11 lpip install lucifer-ml #lucifer-ML XX

RS

[2] import pandas as pd ffpandas |ibrary® 22{SUCH pdE FEEULCH

[3] from luciferml.supervised rearession import Begression
dataset = pd.read_csv('/content/ph-data.cav')
% = dataset.iloc[:, :-1]
y = dataset ilocl:, —1]

B <

Tmultivariate’ option is an experimental feature, The interface can change in the future,

©

regressor = Fegression(
predictor=["al "],
cv_folds=2,
# tune=True,
optuna_n_trials=2,

J

regressor . FitiX, v)

[19) IV-2] pH-recognition Hlo]E]Al o2 A3t 3] 7 (Regression) =
Q)

415 2= Lucifer-ML 23] 3=

_38_



Name R2 Score Mean Absolute Error Root Mean Squared Error KFold Accuracy
0 Linear Regression ~ 71.617015 1.813891 2.272352 69.562803
1 Stochastic Gradient Descent Regressor 71.591600 1.816997 2.273369 69.583596
2 Kernel Ridge Regressor -208.611412 7142015 7.492945 -217.230725
3 Elastic Net Regressor ~ £3.992122 2.005355 2.559442 61.063814
4 Bayesian Ridge Regressor  71.651771 1.812119 2.270960 69.572223
5 Support Vector Regressor 94425714 0.656434 1.007027 93.519444
6 K-Neighbors Regressor ~ 95.268589 0.462595 0.927773 95.513292
7 Decision Trees Regressor 85.689013 0.604962 1.613546 93.169354
8 Random Forest Regressor 92.156887 0.512387 1.194513 95.761413
9 Gradient Boost Regressor 91.966819 0.554590 1.2085900 95.404427
10 AdaBoost Regressor  86.619288 0.88989%6 1.560221 92.783733
1 Bagging Regressor  89.246401 0.576719 1.398696 95.729442
12 Extra Trees Regressor  96.231656 0.255085 0.827984 95661016
13 LightGBM Regressor ~ 92.765859 0.530159 1.147202 95.309390
14 XGBoost Regressor  90.233054 0.52399% 1.332987 94.960429
19 Catboost Regressor 95539722 0.486899 0.900798 95.792678
16 Multi-Layer Perceptron Regressor 83.485035 1.167257 1.733137 81.962407

[2¥ IV-3] Lucifer-ML &7 299 dugF 45 24

o] A% =¥ ZAxnE vgo=Z  Cathoost Regressor ¢idg&
Scikit-Learn #lelBE. & gl& AFE3ste] [2¥€ NV-4]9 Z=E %
RGB tHlo]HE o] &3le] pHE o=3le BEdS walgdoz 7wt

ot

AC)
AN

ol
-

o,
ol
o
2 2 e

_39_

5 4 &8t



[17] from sklearn import ensemble, model_selection
from sklearn . metrics import mean_absolute_error, rd_score

° # valtll label(pHal), #aitl(blue, areen, red)E EH& CIOEHE HE
y = dataset. label
% = dataset[['blue', 'areen', 'red'l]

a1 #
Ho

i
o o

IS setll =H setZ dataS =2
ain, W_test, v_train, v_test = model_selection.train_test_splitiX. v,
test_size=0 25,

[20] from catboost import CatBoostRegressor, cv, Pool

[21] #lnitiate a CatBoost Regressor model and train it
# CatBoost Regressor 22 E ALESHH 25 AZ
CB_mode| = CatBoostRegressor(random_state=12)
CB_model .fit(¥ train, v_train)

random_state=42)

[71¥] IV—4] Scikit—Learn ©}o]H.2]2] 9] Catboost Regressor
o] 83 WAy pH o= nd /N 3=

v, ws 239 s

2o 7 gAutt vl HE A A 24 ¢

diolg =4, dolg ofsf, diolg s§4 = F7t, deoly 2§

ZbsH(F7d, 2021, =45, 2022)¢F ESDA #3t us Z=
Ly
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<3 IV-1> ESDA R o] A&¥ #3 doly 7¥k d-¥A5(AD - #35F
TF W& T2 %9
A g5 S dloly 2 H A
(1) =4 & ~WAZE B A (pH dS)S | HolH #E
A3t
—-colabol 4] python Hl~E 4
o] T AMEHE 93]
(2) dlolg 3 | s AAeF Ago=r A2 oy | doly 7
7FA] Al eke] o|u| X ZHE colab | Hlo|E o] 3l
ol A pythone PIL #olE &g =
o] &3] RGBHolHE &
(3) dlely W& | vbsx|A] ek Ad Az pHEF o]n] | doly g
¥} 3 A Z]¢] RGBHl°|HE A7 3
(4) TA A | &Ts A A ko] A WMstE SkEal | dlolH  sfA 9
T4 W pHE o5 5 As Aot | H7}
& 2= +AE 9
(5) AgA =2 | Kaggled pH o= big dataE 7] | Hlo]H &&
Hro 2 WAy 39 EES v o]y Al ZtE
Kaggleiﬂ pH <= big datas 7]
Hholol ¥ Al Zts = 3
6) 28 9 x|y EE2HE pHE o5 | deoly 4 H#
& AR 7 2259 [H30+]E | H7}

she 142

.

Zeage) Al e A

I 2ok 13
879 (3t 3.50),
o] 3l = (H v+ 2.83)
A E =

S A
¢l IRA+ 0.67% Tha

HAA(FE T 3.00)0> ¥l
Ha g

SEA wskek
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<IE NV-2> dAz=7F g3t 3A 23130

A7}
A A | B C| D | E | F | H | CVI | IRA
El A 3 4 4 3 4 4 3.67 1.00
Ay 3 3 3 3 4 3 3.17 1.00
84 3 3 4 3 4 4 3.50 1.00 0.67
o] 3] &= 2 2 3 3 4 3 2.83 0.67
HAEA 2 2 4 3 4 3 3.00 0.67
120 A7) el stol A dad AE7tE2 Ad o5 Hbdsle] =
2o 74 949 58S AT AN <E V-3>3 2
<E IV-3> A&7t A& gA43 74 A&
5 A7 A& 94 T4 AL
g 2ol thah FAAA S ]EE:?%O]/\:[U\J]]% iTL%
A= = AT PHEARE
nlod ¥l A o ’
gy |2 URE AL BORE T go0 sem T8
AAQl nlg Hefo] 2 | e
T 88 A
2] sk 71z A4
o] flE IdAELS F4H A _ _
_ N ZZage g5 =
4 Uea pH o= 34 no =138 wEAS
= _ . - Colabs 7|Wto =2 |33}
R Ao sk o] o - -
o _ I AA AANE BT T
AZHE Eofld = QlS T2 .
. _ _ | AR FAE
o] & = Aol gk FAHA a5 &
TS AAEoF &
colaboll AAlE Uygqro= aAFe]l QMY7E FHT
wALe] o7l FEE] AdE | dY =2 ¢ JEE A
A FESE ohf7l Qoo & | HQ3d YE&S Fola vl
Aoz He AYgES AxseE WwEe
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- T AA S AWEe] A RS Fa =8
o]B o A A3slal colaboll 4 pythone| PIL
gholH gl & o] &3to] RGBHCIHE +H
sk
(3) Holg ¥y |- |9 T/ wo=2 & pH S 2| d o H
3} & A python o|n#] dloly +H& Fa dofzl | &g
RGB dlolHE dgsta, 7gd HAE ¢
A37] AsA #HY 71E5 S AEskA g
- 7} o]y &9 Aol FF9F &M pH ™
sl7b &vkEA] E9ste] st A4S
7{%1
(4) TA =AY | - AHE  dataE 7IHFe R Mg &S (9 o H
TH wshal I3k ElRS L
- Hl=3 Mog WHIteE fdEo] Jorm [ Frt
Ths A Al eke] A WslE Skl pHE o
=8 7 Jd& Aot ge EAE FH.
(5) A3 ®F | - pH-recognition Hlo|E Al de]g 7} of [H o] H
" BFEXE Hola JeAE Al4gste | Al4E
HNA4e st =43 o o] H
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glo|Helg] & ©]&3te]  RGBHCIHE
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(22 2] dol8 A AA, A% Ax 2%

- dA] 12022 11€¥ 199 2 20234 29 74

- FE HERA

- oA AgARS 2%d A R 1 1 15d A F
o A A AHE A}
S T
ik o EFHA RiRis FFHX
Hlolg] 1 3.43 0.89 3.96 0.87
o] 3 9 3.46 0.89 4.00 1.27
gl 3 2.86 0.92 3.67 1.03
3 4 3.50 0.75 3.93 0.75
Hlolg] 5 3.29 0.70 3.80 0.83
) 6 3.07 0.83 411 0.92
HlolH 7 3.14 0.93 3.67 0.81
sia 9
57} 8 2.64 111 3.89 1.08
ol 9 2.93 1.04 3.74 0.89
28 10 2.79 0.94 3.33 1.25
o] & 11 3.75 0.91 3.54 0.70
A2} 12 3.43 0.88 3.44 0.79
3HA) 3.19 0.64 3.74 0.27
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[#% 3] &3 Holy 7I¥ AFAS(AD 2
2233 Colab &FA

offl
o
El
_",_l‘
o
oo
E?_,l'

< 1AA =T EA >

TRAL THO[M 7] 28 248]7] <27 EHAY

= Colab: =IE L ES(H E2pF MM I0|d ZE 20| 7hssh £ €4 2R2)2 7= ST HE 28 Qo A= =2 MOIEH B

AEEE Y 2EoHE 12 35, ojof 34, AHIHE) S 0|5 plE{ Y QABSHE HI) N =X RELTH ARSI Y 222w} R
R e Y B2loRE T2 25 HAOKE SAAE W2 ATYLUD

print("Hello World") £ 220 Mo o9 =227ta?

© #oRIN DES ZACE

print(Hello World) & Z=0| H2d oj2 4 E5E7187

© w0 DES ZLELICH e

Python0 M= =Z2t 58 2L CH

Cte I E £ 1 Boio| S EX| oot |siEA|Ch
=3+1

b=a+l

c=Db+1

print(c)

L1 9 oRIH R=2 SEELICH A

ChE ZES 324 8. 232 ot 4 21187

_{
11
In
i

[ 1 fron google.colab inport drive
drive.mount (' /oontent/drive’)

Orive already neunted at fcontent/drives to attempt te forcibly remount, call drive.mount("/content/drive", force_remount=True).

csvite & £ 2tM dataframe2 2 M E 8l 22 &L CH

ChS 2 39| data® EE{2tM YEE EHEAH Q.

njo

« 742 §|0|Ef pH-recognition : https://www.kaggle.com/datasets/robjan/ph-recognition

Data Explorer
Version 1 (8.81 kE)

[ ph-data.csv
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[1

[1]

CH

[1

© df.head)

inport pandas as pd #pandas |ibraryE ES{SLICH pd= AIZELICH

df = pd, read_cavl ' foontent foh-data csv' ) #

df.infol] #dftfl HERE GHIOIES K

<class 'pandas, core. frame. DataFrane'>

Rangelndex: B53 entries, 0 to B52
Data columns (total 4 columns):
Colunn  Mon—ul | Count Dtype

0 blue  B53 non-null Int64
1 green  B53 non-nul | intfd
2 red 853 nen-nul | intGd
3 label  B53 non-null intG4

dtypes: intB4(4)
nenory usage! 20.5 KB

‘Aol E2E HESEH df2ks B2z MEMBILICH #USE ¢rel F2= UHoHEILICH

&2 data= dfol| CIOIH Z| Y 2= MEE QIS UL

/s gLk

blue green red label

o 36 27 231
1 36 B84 250
¥ 37 164 255
3 22 205 255

4 38 223 M

o

#dfll HEE olEe 228 588 SZELICH

< 2344 1 HlolE

2KHAL BES XA o= A2 OE{TtA| Al2fe| O|O|X| 25 H colab0l|A python2| PIL

'}
el
18
n
u
op 4
el3
£ 0
)
(]
lws)
fin]
2

BE &) 2ASLICE <H0|H &>

MWHols ATl o 2 SHFsto] 0[01X| S CHe HES! 230 HETLICH

[

B

B . S 3
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(3) BHs KA 2FR BOJIZR B ARG

o

(4) PIL 2t0[ =2 2| = 0| Z2}0] RGB HI0|E & =+

L)

© fron PIL inport Inage
import os
inport cv2

[1 in2 = Image.cpenl ' foontent/drive/MyOrive/22 &1ED HAC/AS] == PG )

rab2_in = In2.convert ("AGE")
r,o@ b= rabZingetpixel((1, 1))
printth, g, r]  HOIOJAIHIA B.G R dataZ

93 2 46

=R=1
e

o

1
i

AHOIY = S0 20 HESEYLE 7t=F g 4

FerH L PIL 2tol E2i2= O[O| X0 A R, G, B datag =

HIEERE 2he| Fa= HEOELICH

2= HOj= F20|0{0F 2L CE

=Lk (0[] X| 7} B 0| 53} Eli 2

<334 1 oy W

3XHAL Bhs XA o] Ao 2 HE O T7HX| A|2fQ
L|Ct. <H|ofH o| B

RGB dataE M &g

ol | golol B
1 3% 13
2 =8 = 8
3 =5}2| 6
4 =@ 8
5 Holg =ot 11
6 =& HH 8
7 CIEEN 7
8 Bl g
9 Atojch B
10 E1E g
11 Ho|Z 4t 11
12 s 2
13 ZOrEHE By 3
14 CIEIES 7
15 M g
16 7t 5
17 x| 35
18 OFOJA|A8.0 8
19 H=2 7
20 OHOjAl28.0 8
21 Mg 4
22 Ot EMUEE 7
23 | 0] Z 4= CF 12
24 EFE|AmE 4
25 o Oj==Ct 4
26 =g 4
27 138 g

2o >

AlS

= =

2 54>

2=F & data2 e

el
Hr
[#]
u
8
o
raeg

3 101
103 &7
184 156
132 103
125 138
179 140
167 172
128 &4
160 134
130 7
125 138
112 144
202 197
167 172
128 a4
106 63
95 63
108 &1
107 &2
152 133
146 a7
116 93
124 74
136 113
56 11
123 76
72 48
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,
A

Concanirated
Bieach  solulians of alkas.

| —

NEUTRAL

<5 ARH HT >
<FeH 2>

[ 1 import matplot!ib.pyplot as plt

from mpl_toolkits.mplot3d (mport dxes3D # JAHRCSE D= T2l 2022218 EHELICH

inport numpy as np

[ 1 dataset = pd.read_csv('/content/ph-data.csv')
i = dataset, iloc[t, -1]
y = dataset.ilocl:, -1]

(52) pH data® 7|#C = ZF RGBZHS 34+ == AjZi3} & SRS LT

[ 1 # pH-data OIS B, G, B 28 A25
plt. flgurelfigsize=(12,5))
#plotting blue spectrum with ph
plt. subplet(1,3,1)
plt.scatter(X.blue, v)
plt.xlabel{'Blue colar')
plt.ylabel{'ph valug')

#plotting red spectrum with ph
plt.subplot(1,3,2]
plt.scatter(X, red.y)

plt . xlabel (' Red color')
plt.ylabel('ph value')

#olotting green spectrum with ph
plt.subplot(],3,3)
plt.scatter(X.green,¥)
plt.xlabel (" Green color')
plt.¥labell'oh value')
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[

Text(0, 0.5, 'ph value')
14 = o D E=es ® 14 oo e ® 14 | cumEbo [ ]
P & gmme o @ o0 =ER® e @ oEEEaEER 0
12 o EEERe® © 12 o0 B e @ 121 eocmEpEse @ e
eE 0ED EENO® & EsaSmen ° [ ° SIED 60 @00 °
10 4 e @ o0 @B o ® e w-e et =GO o
¢ o e oo o ° ° o0 @Ebe
¥ 80 0 o6 aEDNS e e ¢ §|oMEe (1} o0 @ g 8 ® somDEme O
g Suee W o [ ®o aboe @ ° ] e [T} J
E clome @ o E 6| omEd @e0e® 00 O 5 6 @ee wee
SEeNe o e OERO000 O 0000 e o aEEED O
41 ©® ased @ 44 B0 & @D 44 ee @ e SEDee
e 0 =D e ®@¢ o ®ome o
2 | @ GEees 2 © commuD 2@ 0@ ®co0En @D
[ 2 ___ N o SepEngn ® Soum @
0 - ® ol e 0 ® o0 cumbdo 0 ® & o
0 S0 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Blue color Red color Green color

]

]

colors = np.arrayl [df.red, df green, df bluel ). T

tig = plt.figure(figsize=(8, &)
ax = fig,add_subplot(111, projection="3d")

H
¥
4
a
2
a
a

X X X o=

df . blue
df . green
df, red

.scatter(s, v, 2, ¢
.set_titlel "Color d
.set_slabel ("Blue")
.set_vlabel{"Green”
ax.
plt.show(]

set_zlabel ("Red”)

=colors/266.0, s=30)
istribution”)

1

Color distribution
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23 A E(5-1) pH-datas 0|S310] pHItE HSE dc ZEEE 25 €225 50 71 450

« 742 Hi0|E pH-recognition : https://www kaggle com/datasets/robjan/ph-recognition

[ ] tpip install lucifer-ml #lucifer-ML &3]

[ 1 from luciferml.supervised.regression import Regression

dataset = pd.read_csvl’ Jcontent/ph-data.csy')
% = dataset.ilocl:, :-1]
y = dataset.iloc[:, -1]

[ | rearessor = Regression(
predictor=["all"],
cy_folds=2,

# tune=True,
optuna_n_trials=2,
1

regressor. fitiX, v)

Results Below

Hame R2 Score Mean Absolute Error Root Wean Squared Error KFold Accuracy Hodel
o Linear Regression 1617015 1.813891 2272352 69.562803 LinearRegrassion()
1 Stochastic Gradient Descent Regressor 71595053 1816487 2273231 69502463 SGDRegressor
2 Kernel Ridge Regressor -208.611412 7.142015 7492945 -217.230725 KemelRidge(
3 Elastic Net Regressor 63.9%2122 2.005355 2.550442 61.063814 Elastichet(
4 Bayesian Ridge Regressor 1631771 1812119 2.270960 69.572223 BayesianRidge])
5 Suppaort Vector Regressor 94425714 0656434 1.007027 93.519444 SVRQ
6 K-Neighbors Regressor  95.268589 0462593 0827773 95.513292 KieighborsRegressor(
T Decision Trees Regressor  85.604437 0621183 1618307 93.925635 DecisionTreeRegressor]
8 Random Forest Regressor 82.021006 0517095 1.204816 85597832 {DecisionTreeRegressor{max_features=1.0, rando._
9 Gradient Boost Regressor 21.974906 0553783 1.208291 95445788 ([DecisionTreeRegressor{criterion="friedman_ms_
10 AdaBoost Regressor 87.282631 0870283 1.520458 94277068  (DecisionTreeRegressor{max depth=3; random_ sta._
11 Bagging Regressor 89.026580 0546004 1412920 05227433  (DecisionTreeRegressor{random_state=1616662711_
12 Extra Trees Regressor 096021097 0411734 0:850801 95767464 (ExtraTreeRegressor({random_state=0921055523), E.
13 LightGBM Regressor 22.765859 0.530159 1.147202 5.300380 LGBMRegressor
14 XGBoost Regressor 80223054 0523996 1332987 94950420 XGBRegressor(base_score=Mone, booster=Nene, ca.
15 Catboost Regressor 95539722 0486899 0.800798 85792678 <tatboost core CatBoostRegressor object at 0x7_
16 Multi-Layer Perceptron Regressor 83.979030 1188182 1707228 81321958 MLPRegressor()

Conpleted Lucifertl Aun | v ]
Saved Best Model to [ucltaronl_Info/best/rearession/node|s/Catboost Rearessor 1685770459, pk| and its scaler to luclfer_ml_nto/best/resression/scalers/Catboost _Regr

Time Elapsed : 9.67 seconds

° printiregressor, best_regressor.nans)
printiregressor, best_rearessor, r2_score)
print(regressar.best_rearessor, ruse)
printiresressor,best_rearessor.mas)
print{regressor.best _regressor kfold_acc)

[» Catboost Rearessor
95. 539721771 83756
0.900798221 401 3077
0. 4868992594444034
95, 79267031 670852

=2 2 Catboost Regressor 7 7HE 50| F0| S 2 4 & LCh

Of2f & E = Catboost Regressor &

£
i)
Ol
Ko
Hu
=]

s
i
=2
[
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rr
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s
mjo
-
|'O|'
s
et
inl
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© iron sklearn inpart ensemble, model_selection #ZDEIZ FH0| ZEE 2H0|=2EEIE IESLCH
from sklearn.metrics inport mean_absolute_error, r2_score # MAE &5 RIEE Hl&Ets 2012222 2HHSULCH
from cathoost impart CatBonstPegressor, cv, Ponol # Cathoost Pearessor ZO2|S RHOIER2IZE FFHSLICEH

vBIH label (pHEEY, KBl (blue, .green, rediE =& HIOIEHZ HE
¥ = dataset.|abel
= dataset[['blue’, ‘areen’, ‘red’]]

£

Ex

IS setll EE set2 dataE E2I
_train, X_test, y_train, v_test = nodel_selection train_test_split({%, v,
test_size=0.25, random_state=42)

[] # ¥aF = dioly =
A_train.shape

(489, 3)

['] #lnitiate & CatBoost Regressor nodel and train it
# CatBoost Fearessor 22 S ALZESHH =S AR
CB_mode| = CatBoostRegressor(randon_state=12)
CB_model  fit(X_train, y_train)

© vis =es dss =0l
#Prediction on the test data
y_pred = CB_made| predict (¥_test)
#Calculatfon of Mean Absolute Error
nae = mean_absolute_error(y_test, y_pred)
#Calculation of R Squared walue
ré_val = r2.score(y_test, y_pred)
print{ 'Mean khsalute Error of the wodel 1g: *, mae)
print( A Squared value is: °, r2_val)

[+ Mean Absalute Error of the model is: 0.5080556814351928
R Squared value is: 0,958978520071152

CatBoost Regressor D22 AFES}0] pH 0| Z 2 20| BHE0] M SL|C

6XtAl HAlE|d ZRE2FE pH 0| St [H30+]& o £ 5| 1ot 7|

(6-1) B8] SR A4S M4 Hot dataE HE F0O 8= 220 20 pHE WS UL
[ 1 CadHZ2 = pd.DataFrame{{ 'blue’ :[35], "arsen' - [2], 'red':[4B]F) #ARUO] DE SME HIOEHZE E&LCH

[ 1 CBomode!l.predict(CaOH2) # 435 pH

array([13.34113198])

O[O[A[ At 2 22 H (=& M2|5-2] pH=13.34 YL|C}.

(6-2) pH =-log[H30+] O| 22 0| &l 2E =L E 02 7HX| =84 2| [H30+]& FoIL &2l 47| & B[S FAICH

sSex) a3
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Abstract

Development and application of
artificial intelligence (AI) and
high school science integrated
education programs based on

scientific data

Noh Dong kyu
Artificial Intelligence Integrated Education
The Graduate School

Seoul National University

The core ICT technologies of the Fourth Industrial Revolution are
big data, artificial intelligence (AI), and cloud. Among them, Al
technology is bringing changes in various fields and is expected to
have a significant impact on the education sector. Therefore, Al
integrated education 1s a hot topic in education in the era of the
Fourth Industrial Revolution.

Prior research on Al integrated education has been rapidly increasing

since 2020, and by school level, elementary school students accounted
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for the highest proportion, while the proportion of prior research
targeting high school students was the lowest. Therefore, there is a
need for Al integrated education research targeting high school
students. In addition, most of the AI integrated education practice
activities only deal with classification models using supervised
learning, so it 1s necessary to develop educational programs using
regression or unsupervised learning, another area of Al

There 1s a need to develop integrated elective courses such as
prediction and scientific research using artificial intelligence, and
artificial intelligence scientific research for solving social problems
(tentative title), but the number of teachers with expertise and the
number of previously researched educational programs are extremely
low, so integrated courses related to artificial intelligence in integrated
elective courses have not been established.

The 4th General Conference on Science Education is promoting the
use of digital tools using Al and big data in the process of solving
scientific problems through scientific exploration using big data, and
there are many platforms providing datasets for Al around the world,
and these datasets have the potential to be good teaching materials
for solving real-world problems.

In this study, we developed a scientific data-based AI and high
school science integrated program that includes the process of
creating an Al model for the purpose of pH prediction by applying
the regression model algorithm of supervised learning among the
techniques of Al based on publicly available scientific datasets. In
this course, a data—based scientific data analysis exploration model is
applied to foster knowledge information processing capabilities, and
students’ data literacy is designed to be developed in each course,

and a total of six classes were developed.
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The developed scientific data-based artificial intelligence (AI) and
high school science integrated program was consulted by three
experts and three field teachers to enhance its validity through an
internal validation process, and the pre- and post-surveys were
analyzed using a paired sample t-test, showing an improvement in
data literacy(p<0.01"").

This study is meaningful for developing and applying a scientific
data-based AI model and a scientific data-based Al and high school
science integrated program to i1mprove students’ data literacy. In
addition, it 1s a program that can improve each element of data
literacy according to the scientific data-based analysis exploration
model (ESDA), and a cloud-based activity sheet is provided, so it is
meaningful that we proposed an Al integrated education program that
1s easily accessible to teachers and students, and suggested a method

that will help develop new programs using various scientific data.

keywords : Al integrated Education Program, Al integrated
Education Program with ESDA Model, Science Data-Driven
Education Program, High School Science integrated Program, pH
Prediction Education Program

Student Number : 2021-23621
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