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A Study on the Instructional Model in Elementary School for
Data Science Education using Public Data

Seungki Shin
Department of Computer Education, Seoul National University of Education

Abstract

This study aims to develop an instructional model of data science education that considers learners’ cognitive
development stages in elementary schools and to present strategies and processes to collect the data for prob-—
lem-solving using public data. The instructional model for data science education is based on the problem-solving
process linked to computational thinking derived from the life cycle of data science based on Agency, Abstraction,
and Modeling, the framework of cognitive learning environment for artificial intelligence education. Social influen—
ces are considered at all stages of the instructional process, and collection and discovery through data identi—
fication have been strengthened. In particular, the instructional model was composed of activities to discover prob-—

lems, collect data to solve problems and visualize data analysis results while performing the problem-solving
process.

Keywords : Data Science, Instructional Model, Cognitive Learning Environment, Public Data, Computational
Thinking
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<Table 2> Data Science Education in Elementary School[13]
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Stages Process

Generation Data generating by people and sensors.

Deciding what to collect defines a filter

Collecti
ofiection on the data we generate.

Everything from data cleaning, data
wrangling, and data formatting to data
compression

Processing

Data storage in efficient storage, and data

Storage .
g encryption, for secure storage

Create and use different kinds of metadata
to maximize our ability to access and
modify the data for subsequent analysis.
for those dimensions of heterogeneity.

Management which are:

(@ structured and unstructured data,
® data of many types (e.g., text, audio,
image, video),

(©) data that arrive at different velocities

All the computational and statistical
techniques for analyzing data is being
conducted to gain knowledge or insights,
build classifiers and predictors, or infer
causality

Analysis

Present results in a clear and simple way
along with human visual perception to
convey the results of data analysis

Visualization

Tell a story explaining the picture’s
context, point, implications, and possible
ramifications

Interpretation

dlolE o] A A (Generation)< AlHE2l TR
ZHE AAHE s AAEAHUIeT) AYEe] A
ANES FalA tolE 7t wEAAVIE it AdE o

OJHES & ‘(Collectlon)/] PG AXAA BE
g7l #85E Ze] ofyeg ofd dolH7F FHE A
& ANA AFH(lter) & At HolE 7t A==
HAAA AsoF FEHM A (Storage) o] VAR

ojojZtt. AFd dHolE = JﬂLﬂ(Mdndgement)«] oAl
3 AYdele R wAY dolE F 83}
ol AME9 7tEAS Foly] % UﬂE‘rEﬂ ]‘35 A

=



S3HoIH

0} Q‘jr ool £4 Analysis)iﬂ 4o glo|E e
g olgla Wing(2019)2
dlognteld, 71AE 5

O]A}-O]EE H

=

LA dolHE Al
3}H(Visualization) 74 & 2

o dlojEe] &4 A
ARE AE3les (Interpretatlon)/] erﬂ <
3l AlZtskE A= E Adste Bl FalE o]
ol By E olg} 72 879 HAHow Y|t
AtEEL dolH 24 ANE uEeR AHAS A3t
Av v E St a4 JAAAR S e T
3 2o 2 &880 Hrh. Wing(2019)-& dlole A4
F718 Astas Z7te] g AYH dA4E %
o] ol "asgk GAE JFHoR2 FdsAY
AE 2 7 USs 34 Adgeta drh
Microsoft(2022)& dle|HAte]d 2~ AW F71E A
8171 $1ste] TDSP(The Team Data Science Process
Lifecycle)2h= o] 59| dloEAlold 2ol thgh 299
A5 AASHL Jon dHolEutoldE v Eate] HolE
Atold2 7Rk e Had 1A

<Table 5>¢} #o] 5719 GAZ AAsL U

fo

N

Mol

L2 AE o

<Table 5> Microsoft(2022)’s Data Life Cycle[9]

2 UOo[HAto[HA

=1

i<}

fo
»orst
i)

e
45 gEs

AT FHE dolHE vy
A E BT AT
g A7n 4gE 2ol
& el Fae

o #4< B4 oy 7
gHm 53

e o

A7 B3} &
NEEER
<Table 6>
71 Ve 1o 2 A

gl

97 (Business Understanding) 2]

O]E1§ ZIko g2 sjAaslof k= Hxe)

lol8 & daste Fgo=

Al FdEE dolE

and Understanding)2] ©@7A|o A=
=l H]O]Ei_o,] x1x4 ﬁﬂ7].§_

A=)
e s 27149

(Customer Acceptance)®] 4%
Tl ALl A2 71Rke] F A AT o] &

ICPSR(Inter-University for Political
Research)&= 196230 Ad = o
AA B = AR GolTHAI
A 7F 7S] = o
olEE
ICPSR (20200014 w7tk dlojg A3

10
El
El
N
i
irps
o
o
N
nz
2
-
(o))
w

A= b
TAE st
A A E o] 9T},
] 3 2 g2(Data Acquisition
tolHE $33t1
B3l LA A =gl

H £33 Hror 38

=9 2 (Modeling) ¢

2wy
€% sotety wag
|
4

o]

dlolE sto]ZelelS Mgt 3ol 5
o
7]

Hko] %Xﬂoﬁﬁaﬂﬁéfﬁ] AA A
3 o
=¥
and Social
H A ZE Sk o]
A AAL 75070 o]/
o 259 o] e
4 9 Bedn 9

6709 dAR FdErT)

<Table 6> ICPSR (2020)'s Data Life Cycle[3]

Stages Process Stages Process
Business » Define objectives Pr Al Devel . » Data Description
Understanding » [dentify data sources Opos CVEIOPINENL , peview of Existing Datasets

» Ingest the data into the target analytic
environment.

» Explore the data to determine if the

Data Acquisiti d ..
ata Acquisiion an data quality is adequate to answer the

Understanding .
question.
» Set up a data pipeline to score new
or regularly refreshed data.
» Feature engineering
. » Model traini
Modeling ode 'tral.mng . .
» Determine if the model is suitable for
production
Deployment » Deploy .the model and pipeline to a
production
Customer » System validation
Acceptance » Project hand-off

and Data Management

» Format and Metadata

Project Start-up

» Make decisions about
documentation form and content

» Conduct pretests and pilot tests
of materials and methods

Data Collection
and File Creation

» Dataset Creation and Integrity for
Quantitative Data

» Confidentiality in Qualitative Data

Data Analysis

» Manage datasets and work files
» Set up appropriate file structures
» Back up data and documentation

Preparing Data
for Sharing

» Address disclosure risk limitation
» Determine file formats to deposit

Depositing Data

» Complete relevant forms
» Comply  with  dissemination
standards and formats
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<Table 7> Stodden(2020)'s Data Science Life Cycle[25]

Obtain Data — Data Preparation — Feature

Selection/Model Estimation — Cross-tests and

Validation — Publication and Archiving

Kadijevich(2018)2 t©lo]EAlolad~ w&S Eaf #
FEAILEE 72 BAo] B aFe Ao, o
o] E] "]ﬂi}é B3l da#go] stee aYEE 74
sto] dlo|El7t Wstge wel Wy e RES ATE
WA EAEAAE S Fste Aol Hasvta AAE)
3 9t} 53] EEdS 3 toly A4S Fa A
Al FANAIALE AP EE dofst, AFLBALL
gs V27 3 HFHol Jwe] HE 34
(Computational Environment)ol4] ®lo]HE 7]Hto =z

BA% A Ass o] Faslolof drtn AlAsY
5ol ﬂba qeEE wes 444 do|
grol Wasl: ol
b e EEehs gl AFHALY

A2l o] 2H} Computational Strategies®}iL

_‘_,

gm

o4
o
ox

R g
k%)

tlo ok of»

2
o

=3
2,
>,

ol
-
=
(@)
=

N

57120190 AFTA TS

7] flebe] AFRALYS
3

O
&
Kl
=
sl

N
=)
bk
o
N

oY >

M
al

ol

N

o

o

o

t

=

4

%
o

i)

il
o o 2 do

> 9 o
2
>
ol
ol
ol O oy

rO
X
)
B
fuipd
e
o,
l-
&
e
_—Ik_)z
o
i o

f
i)
fa

>~
==

WOXooy B oo [y
ﬁ\"i

o g o

N
@
(o
fu
-0,
il
ﬁ
F
_ri

tlo

Ho

o2l
A
ra
2,
>
f

%), Abstracting(F

TAH don, 5/ &

A A= A H20]. 1A A jgé}ﬁ
o ]

o
LLl
2,
ol

on

A A e AH(2021)2

AEg AT s 4l 3}
g8t AFLALY @Woﬂﬂ TS HE
[19]. Adviete}l A157](2023)= diolHE ﬂ%
A WHKoAA QA4 TFE ZydaE

Fgol Ag3td dAATE F3 THEY tﬂ
Hhe] EAsjAg o] Ay AuE 4 drt o
S71(2019)7F AlAgE 1A 4 a+534
A wFstERye] gide 3

=] R =)
<Fig. 2> A1%571(2019)9 A ¥ AFA 5 uls

)

fO ool & X g o
2 o ot of & 2

s
r4o o
5‘.:
o_?: 1:1
o
fru
oN =y o T oax

RN
AO?OV—O.L
o o 2 ot
N

>,

¢

wd i
e

ol o

© o
R
lo 40?
Lo

e £
E o
IN e
By
i}f z&z o
" r ot
o A >
dr ot kg
-
> filo
o oo
=
o
fru
X

Kl
KD

o=

2 N

>

<

Bt

Ol ol
)
[Sul
1,
o,

= ﬂ-]lO ’

=¥
o
_O\lg
A
it
o
UL

ol
-

X 2 1o fo ot o
[ )
o

2 o
2ot
o2,
rir
X,
ofl
e
RS
o
oft
o,
=
o,
o
)



S3HoIH

| Data Collection/Detection

'y

|

#2 0 0|E| Afo|¢f

wA ZAE AR 714 AR A" HFEARL

- of Jidzt wAlel oigk wge] A grH10][11][18]
Abstraction [20][24]. °]% EUlE A%7(2019% AFAFAES
— 1 —— Societal A A48 SEAe AA d@ sdqdas
~{_Algorithm and Model [+ |ENSSo" AAS o, <Fig. 2>0] AAE Ned A}
| 3 <Table 8> ANE ABASTEL 98 Wrots
Automation & Evaluation AN A" GATE Agency(91X]7]  FHHZ),
1 Abstracting(573}), Modeling(2#)2] 44| ot
Prediction AR AT U&=z F44 ZotH20][211.
Fig. 2> Shin(2019)’s Al L | | Model[20] e A S el s
<Fig. 2> Shin 's earning Instructional Model _ _
’ ° A% WFAGRGS A Getel F3UoIHE B
St HFEAILHES AFAI717] s BHdo = A
3L (e} OO
AFEHAHE 7|Hto 2 fo]EAlo|d A WSS A 517] 9)5te] Hlo|E]Afo] ol 20 Wzy2 gAEs A
/\]—5]’7] ‘?4?1' JT’_‘/I\‘?"——}"{:I:‘ 65]9] .*_L_Eﬂo\:!%i}i‘ <Table 8> J%_Hi‘lljﬂ H]O]H’] ,\g}éjq_ /\;] ]}\,1 %i_)qjq_ }\]Zl_ﬂ ‘;‘l
l]- 71'_:].-01 }l‘—_}rﬁ% _)F 9&)\‘:]— Computationa] Thll’lkll’lg %_]E]_]::ﬂ'oﬂ ]E—‘:: —,]_quﬂ IHEH tHJjJ_Zj[?l CH_»?_ @—,% }é}
Model(FAFEAILY 2d)e uv]5o] CSTA(Computer HAuw 7)2e 7 ::E],\]__ﬂ wels o BA WS W
Science Teachers Association)oll A 7Aetsl ©-A 2 4[2], Stemaale] HWE Ea) Lo AT ngr)
<Table 8> The Framework for Data Science Education through Computational Thinking
Computational Al Instructional Model Data Science Life Cycle
Thinking Model of Shin(2019) Wing(2019) ICPSR(2020) Microsoft(2022)

Data Generation

Review of Existing
Datasets

Identify Data
Sources

Pilot Tests

Data Collection

Data Collection

Data Collection

Data Collection and
File Creation

Data Acquisition

Data Analysis

Data Detection

Data Processing

Data Analysis

Data Understanding

Data Representation

* Reasoning
* Recursion

Data Storage

Problem  Repetition
Decomposition
Abstraction Abstraction Data Management Data Pipeline

Algorithms and

Algorithms & Modelling

Preparing Data for

Procedures . Sharing o
- - Data Analysis Model Training
. Automation & Evaluation
Automation -
¢  Modulating
. . * Training & ) o
Simulation Evaluation Visualization Deployment
Depositing Data
Parallelization Prediction Interpretation Acceptance
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<Table 9> Description of Instructional Model for Data Science Education
Domain Instructional Model Description
Data Identification Review the existing datasets and identify the data sources for problem-solving
Agency Data Collection Collect the data and file the dataset to supply the materials to solve the problem
Data Detection Understand the characteristics of dataset and explore the data quality if data is
adequate to answer the problem
Abstracting Abstraction Abstracting the data to extract the core data from dataset to solve the problem
Algorithm and Model |Choose the appropriate algorithm for problem-solving modeling using the data
Automation and Evaluation |Training the data analysis model and analysis the data to solve the problem
Modeling Visualization Visualize of the results of data analysis to share the deploy the pipeline
Prediction ﬁ)ﬁi}i i;he model for problem-solving to predict and interpret the result of data
Social Impact Consider the social impact in all processes of data analysis.
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