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1.9 E84

1}
lglom, Q5L Flotel Aol A Holl}t Ha gl BAe] ER o] Aorla

£

710 F&4% THoR ARE Add] o ol e olslE 5

At SHANE FHH O 2= o] 2 QIR oA F3 A o] T At
(Beck etal., 1992). Al ZE-& =71 913 wH5 013 7157] Aot A= 2512 1719
¥ 222 Ao RHN I8 E59 FoE AIA Loz 19799 vl=
22utdd QA AR, 19899 A2k A ALTL, 20119 SF A0l AA AHLL 5

399 94 Ang A9

)

o AFe eE2 A AL AA 3

A= itk GMO 7|s2 28 7|7t Ho] 7Hs3t BEutE, A|lZA o 73

N

e 7H 2 Welel A7 2] 5 7129 $AE AYshe Eng 959
252 o 47 9L Y=S WSAIFUAWL, GMOZL AT Ik FAH
2

Ad/gol it -+=7t

pa)

T AMAl o]t} (Paoletti et al., 2008).

At 7es A% 9ol oplH: dd F shiz s& wad
(technocracy)?l AFS1% 29717} A= Hch. QB 7ot 7|43} ald o4}

A2 Aot 7)e AE7He] Awsigtth. AE7t #et 7| s H22 = A,

[3XY



B A717F A ¥ 2 (Hagstrom, 1965; Polanyi, 1962), A| 152 3}5} 7| &S A X
FTHACE vigtH 11 95} 7] &9 QHR Aol AETHEol oo & AAIE L it
7397 WZoltk (Brown, 2009). SHAYE I8t 7|&eS FASHL Q& 7le

B A9 A18l4 were wek 7140 B4 919 AT (A5H 9,

o]
AE717} obd Fek 7]eZokol FE AE A S 7ML YL, o] 52 AE7IR
Aol ofsfigArAte]7] ol deke] YA

EA7} Aot (Moore et al., 2011).

i

X,
o
)
r o)
)
o
l
o,
N
o
N
9
i)
Mo

ol EAIE shast7] sl Hst 7l T A 2% Tl Lt AlRIO]
Fofsfof k= Fa7F e T Yok ARl 33t 7] & AL 2ol JFE =
FARALOIT e} 7)ol thet Fel= AN]SR A, AR, AR A
tEo] 7|29l AlYlPo 24 HAFEoloF g}t (Mann et al., 2018). E3F, 7s}
7€ EA= g0l shte] A3 A 2 98 5 e B34S W] v, et
7l& AR AR AXo] ZAE sids] F71En 2353 dHEC] A=
A ZHo] ATk (Ravetz, 1999). & B33t /g oz AR 249 £AHE A4

Ravetz (1999)% Qut A|219] 3}8} 2hod 7} 318} 2| Alo] AN BAE H Y

l

ik
ol



xS,

oha 3%

ol

.

Fet F1go] ARe oA 98 v ol AEsT 9
3l Ao] %] FAolt. 4] FAolet wlFF2]2] 3] (consensus) 4}
R4 o) 99E =5 EFehR 9lth (Canevaro, 2018). 49
F2oo s, W34 ox AHo] HYs] PN Bes] tade) gelo]
HE o] ohet, 1 Aol AAH %o)7h AsElojof Frtw Fgatt. Az

SeRolME 20174 A3E AR 5, 657 24 A BA Beisto] %9

m}L =r‘.=
r—l

0

El

T} o] A% H}7} Q1) (Chung, 2020; Kim et al., 2020).

3ot 7147 B I} 7o) 2ok BAE A A AR
w2o] o]olX 3 rk. BEA Aol BU #7HE 402 dojhu
‘A3) o] MY R += A FAl (RRI, Responsible Research and Innovation) T}, RRI&
7l& 94l ‘ArSA Hdolt= Az THONA vErEd 33} V)&

Aol 1ol A+ FFANA LAY = A= 2AI% =LA S dISstaL #Esia

o
B

8 & Jr AAE FEsm AU HgRzde #A 7|éd

FAA Do ZN FHAFo| AT EPAS SHSHIT =33ttt (European

ol

Commission, 2014; 98] A] & A X2, 2015; AL & Y4, 2013). RRI+= EU9]
A7 712 A2 oz A Fof, A A9 A, AH] v, 13} 7] A
9 5ol GE VAT Uek

ojgA Ssiofl tigt ANl Fo7} Zogol W, o] gt ¢k et
et 53] gol AL Ao] Alule] HEAC] B BAIL). 33} 7140] B

AL BHE AslAE ST 2okl tiet Aet g X4E B asit. 28 AUE



TS Bt 7| AE7Heke B 2ok A&7kt F45he A4k At (Irwin,
2002). A& 9, A9 dHE &7 ZAE olsish] AsiAe, AGa Hdd
A2, Al died ofsf, GRS Y 53¢ 52 °olsT a7t A=,

olelgt HEAL 78t 7]4<00] obd 1 X 92 AH= Alo] HEFeHe QAo

T oh2 9k, 49 B3 2L Hol A AR Flgolt Tatat P}
2 87} 5ol o8] R fEo], o STH= thE Wa, v, $AES
AL g AlH] BAAE B E7] o ek Holth (Wynne, 2007). ol
A=A 9] AlELL F017] FA|o] T3] F014 F4] qto]A] ol AR S /AT

ot Ao ol 8] T o], Ho] AES L8 5He F22o] oo A gloje 4
Qleh. metd Awsol ssio] He ofn] A Aol 4 YEE, Ft 8L

SHESOIA ATl Fojol dast fet B A4S A8FL, B FEFo

!

SSiof] Fold 4= Q= S8 S ALAAE 2oVt Ak

D)
T,
Ko
=
)
i
rlo
b
2
S,

X,
)
=)
X,
i)
k)
Ju
o,
i)
>
o
O,
o,
pers
o
ok
o
ol
Y
o,

ZFZ] (Do It Yourself Measurement Device using Physical Computing and Internet of



Things, ©]5} DIY-MDY)E A|&3eh. 4] o] A=A Al9lo] AE7FE] 93
Fol2l 34, G4, AR oA 2o Folshe WA S =3t uivt et
AISo] Ap4lo] 41 Qe Ao id ot ARl Fols] FaAAE 2419
5742 94 doles A2 g 4 qlolof Atk 34 XS XL A

F5HH o o5 HolHE ol&dloF sh=tl, AH4lo] e R Sh= HolEd

A9 F2 F9dT 7189 B LA AR FA O] dis), AA e A4S

ol
e

(authentic inquiry)E 53 4= I 58S 2ok st AlA, TPYEL G4
B78 B 4419 Fgue A Aol ohlet B e A2lE w5 9l
Ar8)2 A (social action)oll LA} Theed] e A3 B A4L 7H3cke
A AAE = e Zo| opnt. S22 W8 A4 T A4 AA AL

W3S A3 Aol UAE A A7 (action competence) & 2531 78t # A3

©)
]

BA o FAHA PJAZ FofdfjoF st} (Jensen, 2002, 2004; Jensen & Schnack,
1997; Mogensen & Schnack, 2010).
o]F o= DIY-MDE A& st= Ao AEZ]l A7|5e A4 218y

A40] BRPAT, 20059 ofFolwr} SHAWA ol FASL AU

Lo] oA AHAl0] A4 HE WAD AFDH AE AHDL FEI 24 FH S 2

A9 ¥HEg Zol7] 9] ‘DIY-MD' 2 heks] mAIAT



Adow £47 WEL Aol JFsaA okfolko] Tkt A7E AAS
Ao A L o|A1S} Bk, AL4, olAk8} A, vgk, o]4kst §, Q.F, HE
5 ole] 229 55, nAHA S5, pH, AA7|5H (F 914, 7HAIRAL, A4, XA,

AT 5) 5 24 4 A HL, o) F B Aok 42 I By

83 W5o)4 DIY-MDE o]-§3H= A ©
A WA Aol FEEA brh Ixbe] Bt 24 FA: o P
NG ERLEE RS CLL AN FRGE E
37913, sho] L olgle] Alzke] 24 AXE ol§3t7] SISAE WAl

A4 BA2 A5 5L Wolok k. SAE DIY-MDE: oh9 AFFE,

AR RS0l AT 4 DS

r\l

_\-1':1‘
3
>
r [¢]
9
o
b
ol
ok
)
r
ACH
il
1<)

Bt ik ZE o] AVER 25T 5 9

o

A= H70] At QA 47 B2 7F5F B3} 272 A BoEA

SIS L U AREA B $AF £453 0|2 Vo z & Hoby 742

o] A= A 37K AR AFE FAE] Ak A WA AN
71€o] d&shAl &2 wAeE Sl DIY-MDE AFsti ©lolHE
53 EAT 5 Y= s, A9E V&S T 189 oA v - &5t o]
g A-E g AASIET 3. St @A FAE AFFS F3 g
0] 83l8 & Al =7} 2 @o] FEH T Uk (Ald etal., 2020; Ga et al., 2021; Kuan

et al., 2016; Kubinova & Slégr, 2015; Pino et al., 2019; Schulz, 2016; Schulz &

Pinkwart, 2016; Walkowiak & Nehring, 2016). 5}A|9t T A2 HFEH & F 5=
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AT HE, 0T EHE, &
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A HA Aol atd e AA A0 F
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£ 397t

S}A] 35

= o]& 2 A
o] 7]& &8 A A W=t (Bradley & Russell,

F

EAE
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ST
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o
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=
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=

e

O

@7 5419 7]
AA 752 9
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T

]

1=
L s

(o)

2 7]¥to & DIY-MD

ot o] A+

T

FHE A7l 71eS B9t

o]

O2H, 7l& A

1
=

kel

fd

o] o] 2o Ao}

-

A]

il

A 293 AA
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s 7]3

o]

AL IS ALY 4 AL A% 5oiA7] o],
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st 714 A

s
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_}'\_
=449 28 golg 44 4o DIV-MDE F&3HA Hrk. DIY-MDE:
s go] 27 42 A Aol Holut 6% BENG FAS AAT 5 YA

WSolzrt. 197 SHISE A4l0] B AHE vhgo R H e A48 S w7

At A A AAH &5 WAl o] g4 sHE2 DIY-MD9| &8-2 53

A9 BA U FAS GFAL E ol viFoR FAH JA4ZA A3

HslE 99 Folsis See 7l=A Btk @ARsaAge 3y

:L
i
i
)
lo

949 P} WSHE BAFOBA, DIVYMDE FE3 AAAF #3} 5§
22790 33} Bl A9 oAt AA] HolF 4 Uk 5 ALY 5 ek

Fs8= ElskiH

N

DIY-MDE AJH1S0] ApAlgte] 274 #A|g WsT o] sutoz Tty

F

SAE TS A F4E AT RA, Het Aoz sl oAt

of

i,

Ao FolF 4 YEE WSojEth o] ATE 2L 7142 AAAF B3}
LI ABFo A, SHEY ssio] gia AT Fol HHL AL 1S

223309 754 S SRISHETHE FolA Akt 9ol glt.



B8t 18 S0 95Ee Aople @ W AwomA, A

By

ol

Iy

it

Aoz RE vt 92 AL89] g S 1) THak el A18] Ao Fo]
£ FKoF Stk DIYV-MDE 78t 5745 S8k 449 o

TRGo=H, SHPS0] B JEH oz Hot F AL] EA419 FoE 4 A

o] AA| A7 283t 7 wAECl A& 7€ TE ofF =S st g5

% mzageld deit s BI04
B4 golet BN BHaAc o BT AR AT BAL the

AT B4 1: Y9 B3} gol DIVMDE 831 93, ofd 7145

At o] 2287}

97 §4 3: DI-MDE 83 AWAF 73t B8 Z2 IR0l Y5

FHABH L oA bt Matshrp



3. 479 HAH

DIY-MDE 73} o] % 7hat go] E83H A2 71E 73t LRl A 2

rk

0]
“I:T
& YA 2L A% 2 4 Ik BEAE] o3t 7|4 A Pe wor S

©)

1% Al @S] A ik ghott (Al et al, 2020), Y LA
=YHoR olHd ¥F +Ue AAF AL ATk L FFoIA AA
=

H50] 58 71%0] H7] FelNt B =8 golw @At

WA, 71 AA QT (3%, AT B4 DolAe BAEE et 2ot DIY-
MDe] S1e] AL HBEE 5748 93 73 SR8 weislolof s agolet
shA ZSHEE Aol uek ALAZE #48) thastel o5l g v
2412 514 E3ha, wAEA A, olAksh Bk ALK, & AIA 2 150 T

A A RS A A SR

@7 wAPE gHske Ve 9 oy A+ (2, A7 =4 2)90 ot

AME thedt Atk o] ATE DIV-MDE B3 T 49l Augom
Agont gz A7gch A2 ALY 7142 A3 BPA 714 B

A7 3] 227 g2 o] AFoAE Ve B EAl0 F2 2He 71

=olg Sgirt AT ARE 71$g BT S0 £UT o ©ed] vl B

40
Y
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i
oX
ol
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)
i
fa|
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N
i
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Md
)
o
i)
M
i)
ok
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sPg s ol glek AolAl A7t it

S o] ISR P E St AF (57, AT EA| )M 9] AL
o= 2. o] AFoME Heh AuuAE tides A+E APsHAH
Aul AR G2} o] T2 IS 7IEXA 2 wAPHE AFElt £110] A
B2 3 ME2L 28 Z2T3H0]7] wjZo], dulwArEe] |A o] Z2Ids

dotal, & Z2IHAN 275 = 582 5= 2o Zastth AT o]
ATE AEHALE T&3] o] B§ TR oA AT B, wA
HAEA 9 2HoA HZ5HA gkttt PCK (Pedagogical Content Knowledge)Lt
TPACK (Technical Pedagogical Content Knowledge)2] SHOo| A ALY AEA)S

Amnt 477 25 Agd Bzt ok

DIY-MDE =4t #et HiE oA AIFEHIL = g7olt. o] A+E

ET $4 A750] o] A7 BEY HEES Fo W9 U Ak

11



4. 8019 B

W 71e

FHTOY (2021)9 EEFOJHANA = V& (K< F7HA = Qv =
Aolstar At A WA Qul= Fol9 ‘technology’©] sfdol= Aoz “3}st

o g& AAR A&l A AT B F&3H=F 7ISske e

uigt. A& &9, A= 7€, 39 7le, #7 Az 7le 5] old £ =
WA= B019] ‘technique’®] | Fo= A2 2 “AFg2 F R HHo U 587

ouigitt. &4 7|&, AR OEE= 7€ 50l I 97 2 F Uk o] AFA =
FALY 9Ju]of tjs BF 7]& olgt FE LR HAJT o] AN AFEH=
7|&L EE AdFo] g FHEAl 7|&(Information and Communication

Technology)Z 4 H ).

(2) A4

o] AoAe] ‘A (action)’> Jensen (2002)9] &F diet AW IF

o
>
o
flo
~
=N
=

Z

w2

R

Z(action competence approach)o]] 1 H2& Fil Q)
Agyeman (2002)9] Z3+HZA dP&F (pro-environmental behavior)T} YF-
ST uRE 7L e, A52 AP H FE 2 “AAT A0l dit A4l
W50 2AH IS HA4TjenA SAFes wesie Aol Folala
oIt} SHARE ol §AHA BAZ k] AT AAY ALe] AL

BAFSEL dthE AHOIA Jensen®] AMI= AR HE Zo|7F Y. Jenseno]

12



A, Aol 2o e 28t o] A ERh, Jensend} 22 F A
Aaolgh G0l ALgT Aol
UHTA O F ‘behavior’+ ‘Y5 O F ‘practice’= ‘A’ 02 HAEE= H3Fo]

FEBHAIRE, ‘action’o] Hiet e=of §oi7} o] A E3ir}. skAbo] wpEt

e

AR, Y, BE, BF FOE T MeHw gt ¢

OO

35, AR,
‘5’0 F HIAS= AL 7|Z ‘behavior’, ‘practice’, ‘activity’Q} T5& 4o
2A7F doks ZA7F At SHAINE 9P R R F- 3h=5o] 097t R L
U %ol Fo19 ‘action’@ tha tHE FA|7F AUt o] Aol A= £ HlolA
gh=to] o]3]7} ZHAl= QulE AE7] {8, ‘action’s ‘practice’®t HFEZIA R
‘Aoz NS AT oHit ‘practice’ 2] Aol & B2l Q7 9o AAH
(practice)’¥} Zo] HE 7|2 go] oF]E F7|stHch. T, ot HH

k0] ‘activism’2 ‘AH £ & ®7]5}H T}

(3) AN
AL3] FatofA P14 (agency)OlFt 7iQlo] EFOE PFot AXE
AFEL AGS & 4+ e 582 JUPTh (Barker, 2002). 78} w-5ofA

‘agency’= ol 2 ThFSH BT ek T AT REL SHE Hofg}

BA Qo] ‘agency’S ‘P43 ol = FAolY (A, 2018; AHN,

o

2016; AL, 2019; ZF49, 2005), ‘agency’S 52 (capacity)Z H+= 34

H1J5}o] (Basu, 2008; Basu & Calabrese Barton, 2010; Goulart & Roth, 2010; Siry

13



& Lang, 2010) ‘P olzt AsH= A+ Ao SAIT (HFS, 2021,

@4, 2019; A5H, 2019; B, 20155 A2 9, 2021; AR & A4,

M

2019). o] Ao A &= ‘agency’ & ‘FYA’ O &2 A= LHHE QI FAE usith

4 Z e

9] Ista ¥ SIP(EE I8 ISEFE)2 YS9 Hs g 5
FFs A2 2015 A Aot wSIgoA B, B3t wiks
“IpehH g 58I HE g dgetd] () A 2GS 7127 9% AR
oot Stk spARE W2 @A I3 S5 Algsta gla ojet "
ATE | AP YA g FFEE 9], 2019), AA gt WAlOJA Yojuh=

Tpoh gt 7E AR At /o) A4S Al A Zsheks vldo] A7 E AL it

Chinn & Malhotra (2002)= SHISOIA] oA L Be B/t WA B3} 22
(authentic scientific reasoning) £4-& WG sl 9 A] £}t XA 5HAA] o] &g
HTE T BT 3 (simple inquiry tasks)' 2 HHSFT, olgh Whsl=

Moz AA3 78t g75 ‘& &L (authentic inquiry)’ 2t HYstact &

EE%UT (2) ATE ZASKE I0IA SIS ojudt HlEE HdeR

rO
N
o
Hllﬂl
re
4
2,
2
)
19,
rol
o
)
=
i)
|
it
el
>
of
¢



SN A, Holel S of & Fef2 W Fshrhel oJul S okt (5) FEL £
N A g AT UL, GAHE o] ol o) AEG. o] A7

AF == # g7+ Chinn & Malhotra (2002)2] #4-& w}2t}.
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O|EX i Z

1. AAA G Bt BS

TFst B AFS] FA| (Socioscientific Issues, ©]3} SSI)o]| tgt Ayl A|Hl9]
ol B3t 7l go] HEold EFAT A¥ S £0l1, 7H o= AlAIE B
QFASHA RHEolF= a9 e gttt SSIof tigh Al¥l o9 F279]
g2 AAEEA, gt FEi] ARl of7 yehal ik 19609 TEE
AT 25, FA Hot 25, 84 25, HuUE 25 52 7€ A5 7=
o5 AY-2HA HAS BlEsHEA 39t TledAe WIFE SAE
FA5H7] AIARAL, 19909 FHERE = A4 84 9171, 3-8 (BSE) =1,

RAA 23 4 F (GMO) ¥ 25 5 A13] 0542 0] £ A5 9k (Nelkin,

o)

1977). Ut A= 20089 w54t 2|317] A9 R F9E A7t
Aoz F3, Fed 2179 wsfigdol #E =7o] A3le] FA
HE5t FHZole AU FReA Aae] 44 5, 62719 A Sl

9@ 2AE 223 H4L 55 2Pt

ssiol ojgt A ole] Az} sete] ek A Aol Agle] T
gl HRE] WEd, W A7t Heta 4ol AHE WA
o715t Stk AEW 9 Q0IhE WS WASEA Bk $AZ 4
AR A8 Ao] A SN BEAS 41 Yrkn FgdTH A,

‘THE oI AAR = HeHE SV A== A F o)A 2] 7 S0

17



o
ri
ol

Fa k= Aol A1 ARl e A52 AE7HS] B7FESE ERISTHE
94324 AdS St Aok By Qo (WA, 2005). EA, 71&
HEA| A2 A Ze} ] A 9] FE AUAA| o] S} 2 A A 02X o] AL
A BAAEL ok 7le BRACNA AP E EAES] siE] Bt A4S
oj-gstATt, 1Bt FAIES A4 Hst @ Aol Qith AR, AR
ESHsta 7129} olsjBA7E EFSHA SEche 2E5dle 7170] ol&&
3}8HA ZA 71 Qe 3L, Irwin (2002)2 A|H1E0] XY AF3] 9] 17 FA| o tjsf

g A9 2B Aok A% AL AEstol7] vhgel] Hat ALt A

l

AL Ao g TS ANE 7ML Aol FF3HEA AlHlo] 7HA1AL Sl

SHAIk ol SIS TE o] Qo] ‘THetA S ArhA 918 Hofaha ofet b
228 o ARoNN S5 SRR e Zo] BAY 2A AolA), THatA
277k QA Ao Wr sl 2 ARl T BAE okt SSIAAE ol shak
9 9lo] Taka] A4S W4 Aoln, et 79 FAH S AL = Tt
A 4jo] WA ole}. w3k, SSIof gk A9 Fol7h Solikni gIA|ut ofof Tt
9% EAYTE 53] A% AR Ao] S A4 EAoth. Hoto] Bt
AEAE AT 9A ghe Qe AHSo] Hst B A8 BAY Fa% ot

2ol ook A tiet fiFE9] HE= A3doitt (0179 <, 2017; FAF,



sSIef] glo] Feha A A3} AY] o= oj Shue wRA[E <t H= 5239

2o|t}. A SHISo] ThshA 2] 41S v]uto 2 7et Bl AHs] B4 o] & ol

ARl 2 Zoldt 4 Qi 5L Az Ro] 35 T%o] sfoF & Fa 3 3t

% sfitolet.

4gH WS WAV e BEE FIAA kw43 ks

o
HE

AYqsial7] Ao A @4 LS Ak Aol LHAT (Hodson, 2014a).

EEE 0§t o249l Derek Hodson (2014a)y2 ISt w89 BERE I 4

474 2 MRt

1. 38} 85 (Learning Science) — 7'd 9 o] & XAl & H$5511

v}
=2

3}8}o]] 3t 85 (Learning about Science) — ISt €F29] E4], 17 0]
sk A A9 3} AFH, F83 B3} o] 29 7Y TS Sk
ArE A, A A A, A A7 skl RYEJshE A
o olslE A Bk F4e L, Wolskn, AN 24 2
ASohe Aol Tzol digt A4 e}, 7], Ake] 9 2 7He] ERst

e RG] T U4,

738}19] 423 (Doing Science) — I8} &t I FA] 32 Foistn

Ay

o

Ty

75} # AL3] £A4) 528 (Addressing socioscientific issues) — 7| Q14],

A A, AAA, §A4, =94, 8211 ZHo|A 591

71 (skilh2 A

19



R AR A QAN G Bxel FANAE 17 WL A5 18 A7)
BT, AHOINY BE Aol olFoiztt. B9} THetH Ay & ol

49 £E2 A7817] 9 3499 A W3 A7 (Driver & Scanlon, 1989;

R

Posner et al., 1982), 84 2] NOS (Nature of Science)®l] 33t AL (Lederman, 1992;
Lederman et al., 2002; McComas et al., 1998), 2}t g71of 33t A (Flick &
Lederman, 2004; Hanauer et al., 2006; Lederman, 1992; Longino, 1990) 5]

ool gtk A% 71 &I A THIA THakA A 4]0] G5 olut Tete] EAof

EAO Fojsts AL 11 oS QR Ttk @3] #oke] JHof F3td
SH 8 ofu g}, 77 0] AAstE = ubS (Almers, 2013; Breiting & Mogensen,
1999; Lundegérd & Wickman, 2007), A& 9|8 AeS LA st1 Y-S &85
4 9l 58 (Hedefalk et al., 2014; Jensen, 2002; Jensen & Schnack, 1997; Uzzell,
1999), 24| thet ¥rA 7} AZ (Bishop & Scott, 1998; Breiting & Mogensen,
1999), 49 EAgk= F2A 24 (Almers, 2013; Breiting, 2008; Jensen, 2004;
Lundegérd & Wickman, 2007) G©°| s4tE|ojof i} whaba 9] }3})

WEAM = Feh T AHS] A0 BE5H] ARt 7l (skil)E NE s v A

o

7} S A= 2 At} (Hodson, 2014b).

AAA G ot BEolek W3] YL mle ALslE FAY ARl ohe,
25U Aot AuoRA & B FAH WA v (Alsop &

Bencze, 2014), 0] 52 dfjgts} 1 310] )+ (informed and empowered) A]H10] & of



Atsle] 3HA WS 9 AT + Y= $AS AAFLA = 18E
9Ju] gt} (Chawla & Cushing, 2007; Schusler et al., 2009). ML @ 53 Aolrk=
ARIeZA ARl AFR] 9] w153 oAF Ao g dEE AU JleHEz
(Alsop & Beneze, 2014), 48] 162 Wetol 4] 7k} 74l 48] EAJ0] Folsh

A o] ofu)ah AlA| 2 Webol| A AlH (action)S]oF Bhe}.

AAAFF 38t 1.8-9] 13 At 2 Jfute] STEPWISES #& 4 )t
STEPWISE+= ‘Science and Technology Education Promoting Wellbeing for

Individuals, Societies and Environments (7]Q1, A}3] 2 37 9o] RS X5

FfF

st 7% W) o] AR, AR @ A (capitalism) 2 Q13f Vet
73} 710 EFEdS Tt AlZolA AL, AH3lA Fo AdE

SIS0l AH (actiom 4 Ue FFE 42T+ 1§ ZEIHO|T (Bencze,
2017). 0] X2 1WA IS AHAl0] B Ut 54 A BAL 3} A7E
F5aL, olF HPLR § U2 ARRE WE7] 99t FeS AAIH. o]
n2IRe 37 274K GA olsold itk A WA GAL RiNA ASHA
(RiNA Apprenticeships)©|t}. RiNAE ‘Research-informed & Negotiated Action’ 2]
oAz, SRS o oA WAL E-8 o} 5} ATE S Poky 1 AkE
v o 2 522910 Jo B S AR 5ol o] 2A At o] S F5f FYE
SYHe RINA 5 3L 91T BEHE AT BF. o1 AL S RINA

I ZAE (Students’ RiNA Projects)0|t}. o] T A= WALS] =2 glo] sHAjo

—_—

RINAS 593024 5Y A< B9132] 4918 27 B} (Beneze, 2017)
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2. 3914

(1) +Z2 YA

A48] 727} A1) F5e BHFEA okl AR FFol Bl A8

T2 P A48 Bt G0N T2} DML HFL =74 F Shtolct
=

B3 92l FRE A7 B5S ATHIE i, I P

R WAL FEENE Pgolth. ok Fxo] o8 WYt 2AAGT
ek o2, A8 B9IR] AL o] T2 4B Ao AT 4

AT (McLean, 2017). o] 2| ¢ 4 2 FARE T38| FH BHL=2R

o,
o8
ook

0
o

W 558 ZA o717 Hol, B T2 v X JFS s HHET

T HA= A @449 iAol ol ZiRlo] Alekit B JFY Urta
B7] g2, A9 AAE AAdsta AFAsHe HE FAA (agent)] S
7% 3t} (Fadul & Estoque, 2011, p. 53). WS Ao A o3t & o] s 87}
WAL A o] FEITH= oA Auizt Jlont, ST WAL ER, AL
T2 &0l &3 Y3 I AT Lol A 1 P97t AlE T 7S e EE o

o] 3k, A7} At

Al A= ASH A JF2= AJT AR 9 F2d8S Fxd. &, 7=

. tEAd

ir

Fodol FFE WA, WE P EF LRE HIHA

rﬂ
rQ‘

22
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SRR = Giddens (1986)7F A=, & F23} 0] (Structure Theory)& &
AF3]= 7419 AP YA ZHE o] Foj A= Ao ofy ™, E3E, Q17H] AM] A
Per AF F29 o ATt FLEHE Zo] ozt FATFoZH
HARZA Qb A F2E AR dFT FAS AR Rt
(Archer, 1982). AF3] 2 7lQ19] PFo 2 wrEojA& Aoy, AHY F2E
YA fHEA 0 2 JFS A& A ALoB=A EY A 445 W

243t

(2) 3e}t 5o A 9] P4

B} 58 Holol A Eak, WA Tk FAlo] S7H8HT YUk (Amold &
Clarke, 2014) A 83 L %o oA 7bg 2% F9AolH, o5
B9 St A2]9] 7 Wsto] FFL HX) 3 Y} (Calabrese Barton & Tan,
2010). FHY THS WK} AToNH AFAZo] B HhehEo] gle]

AT7AEY] Aok He ¥Rt 1] ATE e $5H 2R

oA THFS Who| HHst Hol uet Sgolet ZHAL Aol
A9} AAE SEA o FAE A QAlo] e wolsed AT YA,

o5 sHge stwolH LES Wi AXo| e B mw Px} A8 725
MSAFIE 558 AR AANA g A W94 Bho=
shg vtehe A A SIS wes] shi B319) o] A-8ofof s 554

EA7F ozl st E9ket e sEFeE ABASHIE S

o
i
Rl
H

.

9

W3 7)7) = 3k 553 A= HolA "ot



3} w84 9] F4d A= thFstA o]Fo1A4 gt Biddulph (2011)2
“Young Peoples’ Geographies (YPG)'2H= TT/m2AEA SAS
485 FHske 3HoNA Heh: SS9 ‘S 94 (curriculum
agency)’ S A TH SHYEL YGPOA AHAlS E4 g9 A4S
S0 S HA7] Yol R ske d A= °olF IS
P80l A

A7 Sl WA FPOIF e AREol B st W 1

p

w9 &

HHo
T w

Rl

i)
oX

oN‘

it} Edward (2005)+= ‘34 3§ 9] A (relational agency)’ of] 35t &4l

e AEEC] A s AU AdeT Fogo A Aol sk g
dae sl WEe AEa] A9 dE AR BUE 4 Uk 5UL
93t} ESE Basu et al. (2009), Calabrese Barton & Tan (2010), Schenkel &
Calabrese Barton (2020)-2 3}5} 3§ 914 = A}3] B4 9lof Hj3tst= Yo FE235

|5 we 9914 e At

(3) vlTA 33} FA4

E!

(action)2 Bojf & 53-& U3t} (Schenkel & Calabrese Barton, 2020). o] &gt

k2

YA (science agency)> ISHA Z|Al} AA  (practice)S Y9

Bt BYAe] A (criticaly Ol ] BS BA AL, T Yol
AoGusticeyehs AdS S 8 AAHS A 2] 9 ATAES)

A A FAHS JAF o2 = ll Aol (Schenkel & Calabrese Barton, 2020).

ol2gt ¥ o w2} vy 35} P94 (Critical Science Agency, CSA)= T3]
T g A4, A AL S AL HolH, ABH RS 08 &

24



ol= T thE Fejo] HE A4S 973} (Schenkel et al., 2019). TE3F, CSAE
AA 7} ol sfok Skl (what it could be) B 7|20 35ha] 4oko] - LS
HolA, SIS0l Al 21 Fojstal HshkE 4o 4 A whEt

CSA T3 9] W52 st oA HA|uiAS =M F7g oo SEAA] Fokal
&89i0F e SASE, ol SRS ol8alo] HA] oA
AA10] 453 B9k A\ ALSIE WS 4 S WA % A TS0l

Calabrese Barton (1997)°] w2

=2
%
ol
L
i)
%
=l
Ho
—
o
[¢]
=
8
@]
=
<
w
Q
a
=
o
(@]

education) 4= BH4Jo] Qo] w5 712 sk 3ot WRIHE 2] ool

(4) B33P

27 7538 94 (environmental science agency, ESA) Basu & Calabrese

Barton (2009, 2010)9] @ 35t A4S B4 BET BAT] W

o] W8T Ao, AAN FAoNA PAATE T AA) FFL W 5
e 582 Aud. oE S, A ASlA A Bt 22 ahe] ol
AL ATt Hobd] G 5L AU, o] ol §3te] HTE £},

15 Aol BAL BEFE O 45T 7MT Aty BORA BSAS
¥ 5HA] Frt (Ballard et al., 2017). ESAS 2315 T H (legitimate) 3 9217}

7] AsiM e 9<d] 873 B 2ASS olsfstal 24 d1ES f¢ 28d

25



E78 O 0e 99l 2 Bt ohjel, 3 A% BAY 35A A,

3, 0 2 A5k 2 S T (Lave & Wenger, 1991).

SPYE O] ESA WES AP BEL SHS] 4] FAZA AHAlo] &3

oK
offt
24
i
o[d
oX,
)
1 o)
izf
>,
N
I
é
)
s
—|-l
B
n&“

% Y AP HES A A

olejgt WSHe THE ol59] AN YT A WS FAstol, o 2

S0l
Q=X+ oju] o AF7} o]FojF ). Ballard et al. (2017)2 Basu & Calabrese
Barton (2009)9] H|ZHA 15t PAA ALE 7|RE CSA9 519 4 84E

ST e MR g (1 1),

+ A} NG AN oloh BAR BT A4, 71&, PAL ol -
IR} oW A, B, A4 ES WolEol 7

. @RI BAste] o] AT Y= FE JAe WM
A3} Hoht ZRAE Qo 4419 ATL o P A AN
PIASL @A FEHS A Hisk ZeAE 4w Hof
FANA AAl0] AAS o BA 9X LTl e AgEe] 152
oA 91X A7

. BTN T ABATH Poig Wike) EE A mEAE)
492 YolAA A9 XL ARl ol FA Wsksi=rt THat

ol
f

W £7E A2 YO olsfsker AAH opgnt BEE

i

Mz Aoz ZASRE7R? AE 7 BAoR v AAE

shebR 1 oo] WA g 2 sHrk



T 1 BSYLNO| 371X 7Y 84

27

(Ballard et al., 2017)



3. AbE AU} A3} n &

(1) T2 FFF34 AHe A8

NAd AFGoIR T AAE TAKT ole] ST 4 Ut FTRE
A|AE”O 2 (Hodges et al.,, 2020; Prabakar, 2016), Aste Y=Y AX9+S
0]85}l= gutzQl

AFd g2 gt AL Hxoqo]E (actuator)S S5

=2 A% F2AE S 5 AUt PCAM = ohpAL 7| HE 5 AHFA S 55

f

AgAREE Holeg Wi, AR Wl AT the, BUEHY zZdH 5
2N S B3 ARl JRE ek v WX AR AL L,

Il

&4, HE, 4 pH, 7IA B, 7HEE, AV 5 Bt AA R HolEHE

3, lolARARE oA A4 The, ®E, LED, ANA 5 b

ik

A=ofo]E 7 FHE YR PCE AFLA 9 27 A5 Z8S s, 1%

AR oNA A AR = AHSARER ot 2t thddt S Al A9 d=Ag

A4 AFDS FEY ) A% AL BEo AL e Fastch AL
BEY Bae =4 vloARERAN i Z2IRYL S5 9
ol gEn], . | vol AT LT A E o831 FA o] LR ERYS gEL

d ol Ett A% HES FFE v]S thBEE Zizke] FEHgS vmshu

R

Ao A Ags A Re g A9s g g7t Qict. st Ao A tEZ 02 Wol
2ol /| HREELE olFo|: (Arduino)?} ThZH|Z]T}o|(Raspberry Pi),

ulo] 3 2 H| E (micro:bit)7} .

ofolii WA ARDL FAY 4 Yk AL RE A £7E vE



AU AT ofFolke= HAETEE FY A 71718 we

_}'\__
AAER7] 2ol wxZ2 A{E A AFe] die £Eo] HE worzd.

ulgo] WS gt B, ofFol 2 HETL Ul ARG Adow o
sjato] o8] AATEIL 9tk ofFolico] &M Y MEL W thesic
Arduino UNO, Arduino Mega, Arduino Nano, Arduino Leonardo, Arduino Due 50|
Utk Zr REM g it sEloly S A W] §3F2] Aol7t At ol F 7

A BT AL Arduino UNOE At @3} 7§ @A A 713 @o] o]- 853 Qlr}

Uo]A2H|EE ofFollet ] wSgo]| S9d Y HEonh
o] Z2ATELE ulo]ZZ2HEC EJyE 7 E=+92 JavaScript 7|49
Microsoft MakeCode & 75l th w880 2 7JHE Q17| of H-84J0] EojA&=
Z%o| YA, mBlock Ho} HF4Ho] = H7HE W=tk MakeCodes
ulo] 3 2 H|E&Y}L oYzt LEGO® MINDSTORMS® Education EV3, Circuit
Playground Express, Cue, Arcade, Minecraft, Chibi Chip 59 7| REE AE-H
4> Qlth. ulo]Z ZH|E 7} MakeCodeo| A qt 7ol 71s3%t Ao] ol C/C++
7|9k9] Arduino IDEO|AME= RE YA E E5 nRFSE F71F22H4 0]-go]
7Fssith. ESEH Python T2 137jo] 7153t IDEOJAE microbit H7|A|&

47 % gl

ol

to 24 o]

ik

AR QIENE B ISA AFGHT gl GolAut LG At tha



AEUS AZAAA, AT E 0], 7|8t 7|& (HA=52A)E AL ANE, B 11
Y E YAt A oJ5}al Q=6 (Hendricks, 2015; “Internet of Things,” 2021; Rouse,
2020), ol HHZA AZoA9 AME AHY Aot & 4 U AEAH
ANZo2s IAAZISAAY ATV o7 it ITUS A7]§4l #&3}
FEQAITU-T= 20129 ARE AE SO tigt 229 A 229 Y.2060& A1 g
H7E =], 9710014 AR JIE Ul (ICTE 7|WHe & oot B34 AA17}
U AFEOolY 7HE Y] AFES AZESHY] B ARE AH|AE AFchs 22
Aul& bz Fostal ok (ITU-T, 2012). o2t HoS< HH, A=

AR AHUG] ABse] ARE FIWEL AT, oS ABsE

2

st g70] Holg 43 FAHoNA WAE AR AL AHUS =es
27 B72 % BAE 09 Holde & Yk ofolxo] gfolmtolt A

WE (ex, LTE BF) 44514, 248 gojgg deugos 443 4 It

ir

olg7) A%H HolE AHE QIE Yl SRE o R AkElo] S FTh (1 2). o]
The3] ol B S P Ash AT ofato] Xk o] opet, Sy Sol
dlo 62 438k, BAI8H: § Qo] Tha 7} 2ol ol o] & AT AT} (Gactal,

2021).
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Database

Wi-Fi

Data Visualization

IoT Platform

Cellular —>

Device

Data Processing

Collecting Data Sending Data Storing, Analyzing, and Processing Data

332 IX|E AFE A= 2EWS st Al

75 3Ach. DIY-MDo] ALgEE ANSS A AR Axe] s
HAS0]7] H2e] ARG 0] Ful7} 7bsstet. DIY-MDE B3 24 4
9L iAol sl o2 A, SHSe] A 4 I BT UL ol

S, dol8g A8k FHAIsksHe ol ZHshaIt 7129 gl
249 HolHEe ANYEAES A8t X2 Fsta, olF olgsle]

oz 7FA Sst ATt SRR AE 1B Ul &35 Chart, Gauge, Table, Map 5

Ll

FHE S0 5t gt FE = HolEE 7S 4 Q= 7se BAsHL

9o1A, AZEAE GlolE Yol & thets Aol 7hsditt

A, F7ta K742 Aok glo] &3 4= Qlrh. o} Foli = HE 42 W7} F7

Wzl AE2 BES e FH AN RxuE Rt e g 51 g4 7]7]
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=]

AFgo] FRsltt. Wetd SHIEL Aol BE F171E X thiwA dA
JUAE 242 s ol sk o W, B FHo) A9 7%
AR, QF Az WA HA NS SHY SE Yk 12T T 2% FANA

SIS ALE QY BB WS ANZOE 24 4T T 4 9t

@
o2 T vad

4

GA, 97 BZo] AL R EFEL A8t AY 1S
ZABo] 242 ShnE 34 79 5% Aol W Solok Frk. AW A

Qe YL 0] 83} o}Folk 7] 7] AFER} Glo]E AAR Hlo|EE 445} AR

A, ofal o] S0 HlolEo] HaY 4 k. F} Wk £1F
gEoz olFAL A7t wrk. ol2d 1% BEOIA HHo] $xaAY 7&
3-8 S2o] Holut st At BEL FEI A4S 44 BAAT AE
QA SHREL FA0] ofa] sH4¥o] Holelo] FE 4 9lolA, HlolEl S A
7} e} 53 ol Fae Ax o)A 7V BEEE

d
i
e

olEE el A el St #t wTo] WA WHYA A AL

£ 247715 o83k AL Tet Bo] glo] 34 7179 WA=

ok
op
ol
2L
e
rﬂ

St AT BAE 23, S0l B8 A8 B} §TE T 5 U=S
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(2) 8 AHRE 0| 88 o} §F

ofolig ol§3td AWT 7HA] 71E BN BA5HT U

ok

S4716€ WA 5 e, AR Aol 5HA A" 54 BAE T

m_orlg
4

ek, oFolwo] 2% ANE AFSHL offol HEod Aile] Y3

-

P

P~

nEolE YR S AWOE B3} BT BAT 271717 S

ool £ CAol A9 Arduino Cete ZE2IHYAC|Z HAE 3

fifo

ok 1A%k, mBlockd} 7S mx|F ARHL A Yl B2 Iy 150
SAAA (11 3), 9AE 39S Btk BF Iyt 2 ofFo|of gAfg

EfOIE €A MEE & A HAT AR SHE W ARG 20|
FeE A 2015718 R &I RE AEIY ATHA 5L T EF I

259 A+t w5IFo] ZFEW7| fEoll, iR 2 EF 29 H

makeblock ImBlock ®, & £ ®Y

ThingsBoard2 HOIE| 3 01£1= @)

! - - —
b/ el zeol G
& ThingSpeak 41%: clientiD= (@) , AP 7
Q| o ThingSpeak2 2 HIOIE H&: 0I&1= fiel
| 55 144 OHT) 27]
GNss 747

v W= D6 (Uno/Megar

rEs
oI 0o %
o

a%| PE-CUE 3z
Ol HIRIx|
A

o =m O e
Cyberpi d %t €2 o
- o2 (WH
o 21X,.
18 52 °
warrto
8 SIM7600
onsso
S

vz YO

o
-

13 3 OIF0| 22 FH0| 7K58 mBlock 5 413 5HH
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3ol Aot

ofFolizo] AHEEE TR AAE The AAT el BejHm et
obFolio] TR MHSS AFdte Aol FHRL (1Y 4. BF
TYOR UG ALEY0]S 7]71o] BATOZA S 247 33} gl

"ag =4 NS wSold 4 Uk,

ZEEZE - EEEMM- - TSR UM - MaMA- OMBR AN - 7 - R pH 414 - 44-247]
FAMET MY TEOHEHS  THR/ANY EEEECE] 7l 2% NEEEE Faxy

2589 43

T
o =
2F MM - ZEMM -0 KR MM - et M3 MM - ZSTHMAM -
20| M 2IEf 9| e Zo|E &2 29| #Hz| szoptar 25 Y Y
R ERLE AL A X] X7\ = st MM -
QIAFEE EH5} Qe AH 1M

T2 4 3 70 KB MY 4 = MA

O} o] A& F25to] 1o} -5 35114} Sk Al =50l A=,
E3| 35tu S Boko|A o] AL FE AT Kubinova & Slégr (2015)%

Sqolt 48 859 3% 240 ofFolng EYSHEA ChemDuinodt

rot

o] 2L o] HuM AL offol g o] gdtel £, pH, FHS 373

AHEI7E gAML, st S400A 9 ofFolke &8 TS HoFdte

? ChemDuinot "89] ¥ S| oPzk, Arduino 0|83 S5t 7 BF A

€4 ool
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Aol A 997} 9t} Kuan et al. (2016)2 B8 AZ YL Ao & ofFo] w9}
LabVIEWE ©o]gsto] 7Het 225 3o B wd T2 I9Z 7 E3ch
Walkowiak & Nehring (2016)2 ChemDuino®]|4] ¥A5l= H|o|EE FHIFE O
AAZGLR - sk= Aol ojP¥rh= AE A st Hdl, Microsoft Officeo]] H-7}
71508 BAF 5 Yt PLX-DAQE o]&3titt PLX-DAQE ofFo|k:
AR A AlEd B4 B3 AFERE ALEE Ho]HE Microsoft Excelo]t}
PowerPointo]] A| A A 02 AAE 4 QA Eel5+= TFLo|t}. Pino et al. (2019)=
oits} g4 AAE obFol o]l Aatsto] A& FH T oA 9 o4t} 't
S AIE BHS= APS FFT AJAE B, o4 gaA 5 kR
ofF0]of 0] §35t= Ao 7Hs itk AS BRI Alo et al. (2020)= T
Uo7t A 9] gt B4 @0l 79hd st S A 2 & obF ol & et F

&5 =45t PSS A2t g7 .4, &% Fo, A 7
NIA] 59 FAIE 5] A8l Fol7EA AlA (MQ135), 25 = AlA (DHTIL),
42 A4 (KY038), Fk AlA 5 o853t M52 AFR/AL

_‘<T)_‘_
P20 2 S2g 2ol UehbA] eRgtAIer, AgE ARl ot g B2 53

o]
H

H1

i

s AE RolFAL, Aol AR 4Y AAc] Sl et s
FEol M obol g EQU% A, B3} wo] okfolig EYstet BAY

q4g wE AT} gt
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4.71& =9 A9 o3 =

a7 Aoz W& A0 ICTE =P A8l B2 o] Yk
SHARE N2 ICT 7|&S w8 FEste A2 HAdo] Anfjsigtar, A9
HoltE st = ¥slHA] E3t} (Jimoyiannis, 2010). WA= SHYE 9] ICT A 4]

2 7l Aol disf 38&olH ICT dis) w2 2 A% 717 A

SHAE 28l ICTE EY3HE o] AL 1 Fa8e ANtT YA,
AN FAAT Aol heAAE T D FHHoI I, E 0| AL 5 25

A 7540 A= R d ZA A o]t} (Jimoyiannis & Komis, 2006; Russell
etal,, 2003). T3, AL TRIAI9] ICT AL 2712 afafof oh B2
242 BT 9B FEH WYL FEFolo s 842 AT I
ookt (Jimoyiannis & Komis, 2006). StuloA WAFSS] AFEH AR

Z7FRAE, hRE WA 59 8 BHOIAY AR Aot SYA4E AR,

2

B AYYE Aol ICTS A5 9 B, SGolH SFYSL AL 93
EFEAE 2 AFESHA] €gkt} (Abbott, 2003; Alabdulaziz & Higgins, 2016;
Russell et al., 2003).

ICT 7142 sHa o] S8A1717] faIAE, TEHICT Bgto] Assid Yl
et ofsi7t A= ojof qirt. on] @2 AFAE= ICTE A{ol| SFA7I=
FoIH e ofglgo] Tal BAS ZHAYT Pelgrum (2001) 2471
ool wash v 99xE tges ARHY Bdd ZRS WS
(realization)3Fe o] FolE FL RS AL, ol BUY Ak

HEEH 942 eolth 844 942 B3RS AFEHY 2T EF 0] 713



, HIEAE 948 WA ICT Aoy 7j&9] RE, W4 &5 ICTS

ot  Ax

L
ol

FAI7]= 20 iE o8 F, B2 794 AT 55 FX Becta (2004)=

Md

3l A1E 539 WAt A4 B= (Larner & Timberlake, 1995), WAL I
HZ (Kirkwood et al., 2000), AFo] i3t HA E= (Mumtaz, 2000), A| 7+ B=
(Cox etal., 2000; Cuban et al., 2001; Fabry & Higgs, 1997), 7] &3 &4 (Bradley
& Russell, 1997; Cuban et al., 2001), H3}of| T3t &g} (Albaugh, 1997), E-2-0]
g R &=t A2 (Snoeyink & Ertmer, 2001), A E29] A& £H] (Harrison et

al., 2002) 0] ICT 5] o822 & a9lo@ WA gk

291 A17F (teaching sessions)o] 7|4 EA7H WG AL, TAS] ICT AHo]
gt AHA17-e ol ma] 1 m|2f 2] $o]A ICT AH8-2 7 2] 7] SHETH (Bradley &
Russell, 1997). 7] A18] ]88 AL ASL #4419 o B2 a7 e
SHAE, 7% AA7E AL L] AHA 7o) thit 2 S 2 51T (Snoeyink
& Ertmer, 2001) 714 L8] EUsteE Wl et AFow yepdrt
(Albaugh, 1997). 0|9} 22 ATES Bl ICT S B3] ZAol= 7|47
g A7 2ol rkT B 4 9ltk (Sicilia, 2006). Wb ICT 7]40] LA &
537 elME, BA1S0] 2

A DL FAFENA AGdH= A o] $823)t} (Becta, 2004; Eastwood et al., 2012;

Rl

€ 7le BAE dA AT R, ol tiet A E%

Korte & Husing, 2007; Pelgrum, 2001).
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Il. 7|& A48

12 7l 2ol & fle 7Pk A=l
Al H A o] w2} 7]z ol #3F LRl E2

% 3, YukelEo] Ap] 418 P2
7}

il
ih)
rk
N
>
i)
2y
lo
fu
o
L)
f(rt
1o
g%

Zolt} (American Association for the Advancement of Science, 1994; National

Research Council, 2013). 0] & 98] g0 A= ZZo| ) A3} 722 35} g o]

ki

SHYES #ojA]7]1L YT} (Chinn & Malhotra, 2002). Hlo]E|E 44, B35}
SAE 7INte 2 A3 43 sk Be gt S0l A AAE
S50t 1AL E A ES Adshs H =3°] €tk Chinn & Malhotra
(2002)= #F &t (authentic inquiry)E T<=3t B IHA| (simple inquiry task)<}

FRAGE, A4 Wels WA F8 gL SAS0] AT EA

3 o] &Ao] WL International Journal of Online and Biomedical Engineering A|178

A2zo) AXE W& T2 MY 4 4 2a%
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o|E HIF Lo E ZA 2 A FAt HYS 1A= 4A &2 Lol

SRk olo] EAGFS ANEL, 7144 B 8] S| WIte) W BT

_\:‘:l‘
ox

2 A AYoE §717] 0@ A7} wrk Holtt. o] Aol ARG

i)

St 7 IF0A S0l AA He Fa% Ve ¥ EAHES AWEL,
o & sidst] As Fet S FFof AgsHA AtE AR JIHY V|es A8

oboli: 7]uh g AQkste] St

1) F FFIA9 7|e B o=

I g7t ARHE PNAL 37K 74T BAT BAV BT,
S SH3E 9] Q7o) B ThFE 34 E78 235 BA0|L, ThE shik
2AZ h@s] A% B o) 2 sk 278 PH|sks BAolch 281
npAERe 714€ & Tt 54 o] Holy B4 sl B7E S48

5= EAo]th (Gaet al., 2021).

ThFE 24 £78 25 BAIL 3 97 (authentic inquiry)°] g1o] P Sl

-

o5 &AWt Hoj|A H]|FEEt} (Chinn & Hmelo-Silver, 2002). 7]& T4=3t

gL TAS AHACNA FFF olFolA7] HEe], WAL YTl

0|

2430k S Wl AW AN FUT YE0] WAE SH= =TS AP

23 Btk SAW 3 FPoIAE sHuiet A7 BAZ b3 o] ket
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S7sfoF o= WISl EAY] 2ol SHEE0] B8R S =TS BF
2t Holle v8A < A7 EA . 2 s o] A AFS] 9] m AR A] 249
o8 975 s Sig st wAHA $4717F 9o o] d4E
SHEsHA QAR EAE ol APE 4 oA ok I¥y HEzow

Q2 517 = nAHA] £47]1E BE StaoA Fujgthe A2 d4F o)A

Fohn GAGE fARSE FUA A Fow AeT R A AR

%2 A 27 o #H7|5HA "ot

4 3l HHste =S s BAE $E0] AT 4AE AF
St Mo uFEt 2 oL e W SYstuA sieiE,
B W] wheh o2 A7 28 4 glok. gk shAyo] ARA1 9] F I ol A
gzt 5 A v AHA ] F & A5HE 24A17F A S oF Aol A, afiF st
ol AU wAEA 24717F At stelete, e o zae) AhEA
274313, Al o] $A8 7S 8ok sk WA AT o) S w7
K g7l Relsl e mebd o] ASHE 24 EFE thed oY

9 % 9l AL HolA, A Ao Fgksof et

Zlees F OFe 54 o] Holg 4 HHA EE S/ He
B

ahigo] B0 243 4= Qirks BACIA vl Z e 3t 2 5o

UolA FF shg2 IS FoE S5t 5S FARITE SHAA
a7 PAE (Howe & Tolmie, 2003). ¥-53 7|4t 248+ &5 (cooperative

inquiry-based science activities)o|A] SIS 32]Z 9 22 &3] H7] Y9l



5% 5ASL Vo2 Foty 2 2L W) 1A AL B AL
A2 AT DA ol (raw data)50] o & F8H2 220] WaF 57712
% glet. ST A2 AHL L Fo) 24E vl s 54 3 Ardol
AA A2sA At peet A4E A 29¢ Ak, oY PCE 251 AR
WA dolEg A Aolw, Wuelrted] Agsis YAos 248 Aok,
MEEtES AFoz BHet ARV WA HolHE ¥ Aot F%

Sl B A7 $ AL W77 B Aol Webgel AAA

m¥°~

&= AHlish= A Fol ety o] 50l B% wol vt F 3ol Aokl ¢ A

9l+=d| (Bianchini, 1997; Jones et al., 2000), |23t StAIEo| T A4 HFH

mlo

o]-g-3t ek Fto| A Hlolg o thigt A1l A AdE 7HAAl 2 g0l &
FEA it HINA FAEE dethe A2 E&s| |A HolHE 24 He
A 2R A =t B E A= F (power)©]7] TZ ]| (Moss, 2002), JH-5 HA

AU Jrte A AA e 2 B8 g9 FEHo| FFHA At

QFEE AT AL w9
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ARG Aol 24 AAE Sug 5 Yot AU N2 WFYol
e Bg AR RS, 28 NS A0 B deto] 2y HHsNY 4
ekt Holeh. WA, AAlo] W5 1A SR Bo] ek et Ajoke] MAE
AU 4 et 2L WIS 3ok A e BRIk ER0] w5 715 el

ST (accuracy), A5 A (working voltage), AHE: 7Hs 255, 714
512 542 Adrt teby 572 P3PS o83 ol o] M A
HELe b 2 4 S0 P FAT Aol & 4 ATk B, BT 2Ho

Wio] 24 PAE AGAAZ AAL 4 ek, 4847 Uk Algniet

rsﬁ

542 AFY 6] A2 AL S F FTo o] WS
e Pt WA, BF 35 BYoIA Lol dole] ALY AP AT

% 9tk 49 HolHE AR A8y ERECR ASE dth, Sl
=
o

e

Aol EE0 HEA HolH 2T - JoB2 JHE ARG AES &
= Aok FE HZA o o] & sHo] 52 A 919l FolAl ok (Mason, 1986).
ARE AEHYY 82 olfT AR HIAY EAIE 128 € & ok S0
ol FA A AEE tlojE & BT [oT ERFLE WS H L, SIS A

Qo] 1oT BB Mol AARkoR dolg 474 4% 4ng 4 grt.
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SIS Attt ZAb] AR WET 4 YL Aol TR AT AR AR

FHE HolHE BASIFE A2 7Hs3HAT o] & AT 4 fle o] A

nz2Ql A% 4| RES olg5tol WmelhEo] 7S ek Hoje g 1wk

e

= YA, SHE0] A vttt v 2 E]7E=o] 273 HlojHE thAl EF eHA
Z2lsfoF sk B0l B a sttt SHAT IoT SE-S AHSSHE of2fet AR E
o] "art Qo FAoA ASE dHolHe AAZLE oT SRES

glo]EfHo] 20 7] Zo] Hrt.

AHE AHYS SIS HolE A &4A4 wE0] & & Utk 71E
gFolA= +3E HolEES Microsoft Exceld} 22 Z23o] Asta,
AEE THE01A BA S St ST i F- 29 [oT ERE2 EHARES
BHE o V= 71552 FASHL oA, SIS A4S ARl HESHA 3 E

o] 58 AHAlo] AsHs Fe 2 A RES WSl A A28 4 et

44



A AFE= o83t 433 ek FFE ] AciM = g A
HE, AA, AL 10T SHE FolA A= AS A sfiof et A= A7} Bk
42 TEL 5 A= 1AV o= AH o] YA, FHe 2= WA A0 ofd
7l =REA 2A5] 8] ol Hl &St £A5hs o B2 AlZte] 24t
Przybylla & Romeike (2014)= W2 1] X2 AF8 T2 A E o] i35t ofo]to] E0|
Sta digloA ALEL A3 A BARES ZA A 59 AN HAE

Hirgol Wt TS the EASEAL JARL RARSONA o] 27 A4 o] At =

rﬂﬁ‘a:l

g8k A R39S ANt ol 2 Auiet ResE s1&Eo]

].

l-m
2
glo
_E,
X,
HJE
Pﬂ :(l:l
of,
)
)
S~
ufn
ro,
o,
pers
=2
ik
Mo
_or_.
El
_i>:,
)
~
£
r&

1) 71 37t 71%

o] Ao AL F3t Wof| A DIY-MDE o]-&3to] &2 33 o] 23t
TS AJSILA k. o] HoFE AFL R A4l ol =Yt s
wAREO] B w2A wAd {9 Aw JHE| A=A b =Rl 2
Zojtt. o 7H] 71&L s7HE 7120 E HIHHYY 714S 18 R

Edsh= JNA AT o E B AP JFE AESH (Becta, 2004,

o

Lapinsky et al., 2004; Mumtaz, 2000; O’Donnell & Perry, 2013; Snoeyink & Ertmer,

2001), ‘A, AHE, A4 ANS AHRAL, AD ARDA A2
AR A4S Tefsto] 0|54 T V1% BeA S Z7Fe A
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g4/ (independence)
71&0] Ql&517] e WALS} YIS0 ARIL] 7]% R Y AAR AFLE 4
glolof gt AN 71& A AU HAlo] WA F8) 7|4 AHgol

E7Fsd 7I7to] 28 FAEHL, A= # o A7 71aeE ARSI @A He

%

749-7} 2t} (Becta, 2004; Mumtaz, 2000; Snoeyink & Ertmer, 2001). w2kA] 2| o 3t

QlH.0] 7)< ¢ Qlo|&E 23] 0]-23F 4= 9lojof gt}

AH]-& (low cost)

St WA 71e2 =UShe ol 2AStE 2HE F She v EAH (Ireh,
2010). gHHR AAME o]- 82 FF B AU 40| 7ottt FRlo] o,
oito] SEIHA ¥ow o sHgo] shte] 71715 A ArESfiof Sk 2ol
HolXIt}h. Chromebook®] X7 A= 7|& Hgo] o] HE A7 vt

Z 93] F HojZ L 3t 7}4] Atg|o]th (O’ Donnell & Perry, 2013).

Z]<=3F (familiarity)

7% 488 1 7140 tha A4eT} AT Talo] ATk (Lapinsky et al,
2004). 712 23} 70 A§F MBLE Wol£o] ZudHL 072 ARYS
olgs =Hmry WA 4k AT MBLE SHSA WkelA Pt
FatAlo At A3 02 o] g3t % glon, 1 9je] PN Fat 7187} ik
Hatq HeAete AR 71517 Hol £53] o&H7t Gk BU, £44
Ag3717t ot WA ARl ALHEE RESL o] Al

spgSo] B glo] T 4 9 sHdolek BA Uk S

8= JE2 7i1F o=

Flo
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A2 AFY 1EE I 290 £F 202 JHedittd SAYEo] vl
&3t oA w2 AfEe 73S+ Aot

24 A4 ) B7H4 Aok SHSol hpdt FA|2 Tet g8 SAske o

o)
i

0,
i
o

AAE AT S50l 378 A% glol ole] Holeg 24

712 A, ol&0] 7Fed S41 B4, B AY 55 LS.

7] & 4JEf 4 (technology ecosystem)

o] AFolM= Tt &7 WM 4 BA=ZAN HAE FFHS
o]-gsh= Ao HF = o =2J5tal AR, AA| HAF AFHe] HFE 5 Q=
Hel= A9 FAsIHAL £ 4 Aok SHANE okl S0l A Ist wARe] A E=5to]
HAE AR S e A2 EF Ul Ak 44t gl 3 A2 AR
333 B2 47 2Rt B A= Aot} (Evans, 2011). /1 B E AlA, ®F,
A A2 5 ol AzAL] o8 WEolA ojg A BE, 7 BB 7@
glojugle], 12)1 o] RET} ANE Yol S FEoE AYE 5 o 842

TEC Ak AT F4E 71eS sk A2, 0] HE &4



AE QY 7148 A 8T AL AFYL DA AN AL BE, ToT EDE,
TASAFOE T dek (1Y 5). AHE $R5A st 7Y FFol

ek ttgstA E2HA7] fi2ol, o710l A BE, IoT E3E, FASAE
ATt =] 3t

[JThingSpeak- @ g, ThingsBoard %kﬂn

: Arduino
ThingsSpeak IoT Cloud ThingsBoard

Ethernet (LAN8720) WiFi (ESP8266) Cellular (SIM7080G)

—————————————— ‘ PWM, UART, I’C, SPI f————————————————

Arduino UNO Raspberry Pi 3B+ micro:bit

temperature/ fine dust luminosity sound level
humidity

carbon dioxide

J2 5 DIY-MDS| =9 1M
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/T HE

2 @ (field) oA 72 0] § 5 AW HE R L oo e} epx ] estol,
vlol 2z} 9t sHE 7ot B4 S NS AL ol 2We 1AL

gtz H|2|uto], nfo] L 2 H| E KTz o}Fo| e & AE5he Ho| o (£ D).

W4, E94 ZWol4 #e W, ofFolxi} HolamuEL Beoit
2gAAY A7 "o QAW Fzeemol: fks LS H=
ARk ue Ps A4g Aol g AgATE o8I ¥ WL
olelge A2 4 9tk BA, v &) ZHo|A, 7o) vlgL AHRH ofFol
UNO+ $3~4, micro:bit v1.02 $15~18, Raspberry Pi 3B+ $30~400%
obolirt A ARt §AHs ZHNNE ofoliel vto]TzHES}
2z 2ol et v 40] Fof Hlgo] AA| Ect. kL Ao HHEAS W]
AL A4 BHol B MAIS (scaling)Elolof shr], A4 FHol
A4S 50 47149 S5 S HE BT ojrol Fe )Y
2Z0|E 247 B 4 ek AAELA 240] BA 4w, AE AR
A8 Ashe TPSL WA (wiring) ToIA Al 7PsAo] Ak TSl

Al
=

588 1 ofFolnyt tlojamuEL Aol AgrE F A Lul2r
AZsHE A4 AESAE, 2ol FTAA £ I HE A9
HldstT} A, R43tlAE obFolirt 453 ek 2015 ARSI 1
AT ruo] YAE AFY E72 okFolws AUst 9tk weA
g o] offolg AW waold ABRE HsAol Atk WA,

05/l A Am K o}-Fo|l} nfo] I =H|EV} 451t o5 g o] 71

49



9% AL AE FA% RuAY, ANE FHHE BE Fo4 HE e

279} 3217} 7} 2w %2 AAFT HekA e mE o] au| o]

[O PN
AarE

o]z Ao §-85}tt E 4 9t} micro:bit v1.0= 0.01~0.03W, oFF0] k= UNO=

0.25~0.4W, 22 H2}o] 3B+E 2.3~5.6W2| AH|HAHL A3t} npx|ato g

71 AEA Q] SN K, ofFollot E|=H|2uto|7} 7 FEsit). A

B1 Y EE HW

Arduino UNO Raspberry Pi 3B+ micro:bit v1.0
594 % £7 AAUOE -asad d@ AAe cZEad Ax 9
Htg 39 7hs aF = Y ==
vtz 39 7hs
Aulg -l NGOl AT (534) + W Hgo] Wo| & 7l mgol @o| &
« A714 240 23 (830~40) ($15~18)
c A71H FF I & - A H SH A
R
s * 201570 w5+ « Z&Ea0] gk Zdol - EF I =L
235 A8 w7t B3R A9 4Ps ARY A3dAy
ofol g A s =A% A= 2o} ALg o] A
*9AE 39, £F 39
2T IS
o5 c 2HAY e Wg e 2EHY G
(0.25~0.4W) (2.3~5.6W) (0.01~0.03W)
& CABAEO MY FHL - ASAZO MY FHL + w&Eo  SatEo|
e A ot AR7b O Ar7t AAEEHR LR
JAE LA T7E. JAE LA F7E. AR Ea
.25 AE ANE
olgstd 4 =7E
AR AW A7t
ulo
o nm
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© oA 71 Be A8 RS S sl T, RE A B BE0| 1 4K
@YINE wo| olgHTh. AW mlolazHEL WSg] E3E AL
nERA 49s AR ARUEE g4%n Uk 58 obfolnt
ofnt o] 3 e HEF WA Tkt AFoIA 244X o] o 85 oig]

w o], ole] £59] 574 A A AS0] ALY B3 BREL UL

-0,
s

-

TFAsh= &4 FE7L GitHuboll AIAE0] Qlo], AR E4A B-E JRE
AHUZ 3 ¥2 & Aot E3L A7 AME 28 g 75 Bl
o|Fo]A Ql&d|, F& o]Al3} B4 (Hossain et al., 2013; Kalinin et al., 2015;
Blackstock et al., 2019; Lapshina et al., 2019; Pino et al., 2019), H&F (Yang et al.,
2019), "]A|HX] (Budde et al., 2012; Austin et al., 2015; Malika & Sarah, 2015;

Tasi¢ et al., 2016; Fathihah et al., 2018; Badura et al., 2018; Pritchard et al., 2018;

Lenggoro, 2019; Sayahi et al., 2019; Si et al., 2020), EF & (Kumar et al., 2016;

Blackstock et al., 2019) 5o &3t A7} AL5 A7LE0] 3ch

(3) loT ERF

loT SE0] Foj Pk A (Paul, 2019), hF TEAHA Q42

FHEE AAM R AR F2 =S dEstal, et stEM 3

P

nEgolo B4 RREDS sk, ZXoh ALA] et Bt ¥ A5
Agste], AAsh AA7t £ASE HolHE Adstn BT AAstRRs
A EEFol2ti & 4 k. teket Ropo] A2 A ulo] BFEWA, thakat loT

gBo] SYRAt. It AL AR glol We AuAS

il

e

)

15

2



Fohe o] AW, GHORE AL A AHgAA o Adso}
she7tol vhat Eee sk BAE 9t

0T ERF2 73] gAY, i £24] 0. 2 0|5+ 252 = ThingsBoard,
ThingSpeak, Arduino IoT, Kaa Cloud §°] ZA|sl=d|, st st oA =
ThingsBoardE AH8-5h= Z10] o3 Z3o] AUt (3 2). WA, SHAH Y SHA
AT ) P SRE BT FALE A AE AT 0] Hre) BT
AX B4 Qlo] o] 4 Aof, MY FFo] Ro] Qioks Aol FHolt
ThingsBoard’= AH419] Awjo] 28 GXaA ol 8% s A 4% @
=G0l tigt A1 4]o] ittd e 0] 9] =85 Wotof 5h= ZAI7F Atk A4, Hl&
SolA B9, 22 AH| A o]§ A] ThingsBoardE A| QI3 thE ERES2
7] 2] Aol Y TR AFAE AFSHL Lk ThingsBoardis X F0 2
o] A ol Ff §lo] FRZE o]§ 7hsdtal AR 49| A|ofo] it
Arduino ToTE= A 758 1=} ek ol 219l Bele), of ol
UNO+= o8 4= fith. AA|, Mol SHojA B, g EREFST &
ThingsBoard+ 3H=0] & Aol Qo n & % 55 St &0 o] &5}17|7 vl &

"elsitt. YA, 7le QA SHo|M HW, ThingsBoards 2

ol

F{E

ll:l

Egojo]7] wjZel ARAZL A Aol Fojd 4= 9l= o] & ZH ol
g 9, oAzt =0l o] Wrtd AR} o] AAsh= Aol AH
#oj3F 4= 9Jr}. ThingSpeakS MATLABE 7jd3l 3|AloA] €5t IoT
EQEAt, MATLABo] 949 oddt AMASS FHsta Stk Hy

ThingSpeakol tigt FRES AU S &5 €A 72 5 AUt
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H2 loT E3E HlW

ThingsBoard ThingSpeak Arduino IeT Kaa Cloud
cAAGERS AAVE "e -AdAV da -AdAV "e
e =gk gg o e
< EAFe 7E,
e <A 2R
gerocye K
o <A atlx TR * A sH7AA|
4] & TE
° T «54 Hc&g TR
- AAYe B
o1& 7Fsd
5 BAH
- EERE -AFuAY -FFUAY - @2uAY
o154 - - -
2 E T
smEgelz T O®
714 AEA N MATLAB _ _
Aol P
A9 7ks
(4) &4

A HEA ToT ERAFLE HoEHE ASdhe Hoe w4 JHY
Ethernetg 0]-&3tAW 741 B9 Cellular, WiFiE 0] 82 4= it §41 2

et gEo] e B (& 3), H AAIE ALt A A5HA A9 = ofof gt

Ethernet
IAE FaoA ot A9l BAIS A3t EthernetS 0] 85k= Zo] £
A A W4]o]7] g&of An} 7HF o2 Qg FAlo] Wajut= Uo] Qi BE

TS 83 o]tz AHst. A4 AlolES Fe Ae R FEo] H7| fEo dA



B3 S YA HW

Ethernet Wi-Fi Cellular
e UTP XE7 ol | « Wi-Fi 9o 9L
=ay (1 go] A Sl Ha
TRl Xolztd ol§ 7ks Xolztd o]§ 7ks
mFo] WS AY |- mBo] wje Ay | T TECIUA(E25-540)
A4
" (~8$3) (~$2) cEXA QT YR
* 71 Q&3 B4 WA
JAIENE AL *SIM ZhE AdRes
* T ———ﬂ A U= ° EXo _
Q4 el R g + ge 47t
AdsiA A& AEZ R sSIDS} e
KeyE dsiA H&
o4 *olE &7 cRE - AR 0I5 s
* 0|54 A= .
1% e A AFAZo] e * 7P ol AHgE * AMgAS0] A9 g
oo =)

ol§ 7FsshAur

skAjo] o]835H7] QAL S

w}2bA] Skl 87 of| A Ethernet2] o]-&
Wi-Fi
AUfEE Aol 43

g402 AdEoloF A

Aejuitt UTP 2E

ol540] Wojxirt. 131 ol
EZ 4x|sfo} sfo} P,

0Ol

g2 F2 Mgzt oyt

5ol ] B8

Fit 71g $& Adxolth. Rolutte 7pg 2 ojge 3
glol 47 14 4 9l FAgoleh Aot} ofFol o] F
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HEL ESP-01Q1d], USD 1~2 A& 2 Cellular 2 & Kt} uj- & F 5]},

Cellular

A2 Fe ol A9 Faol Aok glo] Holg $Ho] FHssirts
H7o] et Far} WAHHE HhE 4% Wgo] WRsA %] HEd
ol g5}7] ul$- ZrEsiT. spx|ut AS ol AN aFE ok Bt s ut
A2 0T A2 913 SIM 7H=2 HE g sty 9 AHSo] 9lo] Wz
AFG 7140 ol 8T 4 9t} A2 B4 BEE ofd S AFgah=Ao] uje}
712 #0]7} Z} (& 4). 10T 71717} ALgsH= dlo Bl 1 oo] Bx] o m 2 26
o5l $ERE R nebd st 7ot g BHNAL 26 RES
ol &3} Ao] 14 gl Holtt. sx| et B 3E o) B3 2G BEO] GSM/GPRSES
7eto 2 sj, G| A AANA §L5 GSM A AS 517 27 o]

ol 83 4 ittt

2

H4 422 SN E2SHW

zdgy A 7+4 7|€
SIMS08 2G (GSM/GPRS) $9
SIM7020E 4G (LTE NB-IoT) $10~15
2G (GSM/GPRS) GNSS 49
SIM7600E-H 3G (UMTS/HSPA+) $ 35~40
KC Q1%
4G (LTE Cat 4)
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R0 A

3. 3L
st Bt 0E BN Aulg 24 232 sl 57
QYIS =3, /e REZ = o}Fo]l, [oT &3 E O 2= ThingsBoard7}
PR P4 0| SAIAA 2L S 2ol o, AL A= Wi
Fig AH&sh= Aol 78 Aottt o] Ao A= o}5F0| 1, ThingsBoard, Wi-Fi<]
Foz 2% &% UAWA, oIS Ba BEE 2L UG WET loT
g 54
9. ESP-

Z3o
=S SR EEE D

(Hejd 9 29
2= 19 6] Zo] FA5IF o, BE HEDL AliExpress
Fujs}ch e B E= ofF o] UNO 33+ H & (USD 2.76), Wi-Fi &
T Al E= DHT11 (USD 0.78), B|AHA] A A= ZHO3B

Q2
PR = ]
Dust Sensor

(ZHO03B)

mmmmmmmmm
AR

01S (USD 1.53)

rrrrr

Wi-Fi Module (ESP-01)

CO, Sensor
(MGS811)

Temp, Humidity
(DHT11)
£%)

A2 of &

1% 6 DIY-MDY| 0fjA| (2E, &%, OJH[HX|, CO:
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(USD 7.98), 118]3 oJAts} 4 AlAE MG-811 (USD 21.66)2 ©]-&3%tt.
Arduino IDEZ 0] &34 HAE Fgog uzJas /ursidan z+ AlAd

A 2E £2% F71E 2to] B 22| E o] &5k

(2) ThingsBoard A X]

ThingsBoard Community~= Opensource Software©]”]| W&o ZH0]X]
(http://www.thingsboard.io)of| Al 52 W9 4= Qlth Excel2 YR W], ok
EPETO] B3 (platform integration) 5 F7H2Ql 7|5 o] &sH7] HaA&=
39l Professional Edition (PE) ®Z-& o]&3djof slX|qt, stw i}st g
3o A+= Community Edition (CE)JFO.2 % 7]50] SESINE F7 HAS

o]- &g g g A2 7 A ¢t} ThingsBoard: Ubuntu, CentOS, Windows, Raspberry Pi

0S 5 Tht SARA] AN 4 Yk AN st pol=g} Hrle
BEego] LekloR AFEy] BEe] 2HASE 47 AN & 9irt. AX7}
SEH ofF BE gL Tzt WsolA|o|A Fhsstet. Heh grolAE 2

HolEE loT ERFoE Yo Hiljl= 397 tif2d Zoltt. o] 4¢+=

A Fo] Ao A AR, ‘A K E” v 71t o]-GS & FE-5tTH (L™ 7).

(3) 10T ERE L2 Hlole] A%

ThingsBoard A%7h B30, obfol:o]A] ThingsBoardZ wolElS

A%3lo} & o]tk ThingsBoardi= oboliol A loT SRED 444 42T 4
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%ThingsBoard

frs

A prul
&) A ARS 9" —E'i D'| |_|'E|

aa 712HO
By xha . ®
C
CeO &=
@ z#z=ng HAHY

IR HA 27

G EVERE
A =27) e

[ HREN S

m Home Settings

@ zZaza

M Api A8

WA 22|

T2 7 ThingsBoard®| 22| X} H[O|X]|

122 BE glo| B2 S A8ty Ut E3L, ThingsBoard?] E¥0]R]o|&=

;O

DHT11 (%% AA)E 543 Holel S ESP8266 AF9] eojsto] BES
o- &3 Al ToT EAFLE Hfi= A7} AUt o] T3, STEP by STEPS] FE|Z
Aol AP=r] o] zEAEE £47 dolg HFo| sbsdict. ot
olfFoll UNO%: Flash Memory7} 32KBZ =2 HQld|, ThingsBoard
Zro| B 2j 2= 9 &3t 2to] B3 2] 7L ot o] & B 5 Z 3 (include)d ¢ S Al
o 52.2] (flash memory) 9] G HE ZHA|5HA "t obFo]= UNOE ©]-8-<3F #s}
oA E S E HolE & 10T THE 02 Bfj= 7haet 2¢ut 3514 =7

gle 71E FolEgE g4l ZHEst | EolHEIIE AlFsto

2
M
=
o
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(4) 10T ERF0NA 9 dolg £4

ThingsBoard® A4¥ dolg: dolguolA #a] AAH (DBMS)J|
AAHCE SFEH ThingsBoardi= °]2|3t HOJEES 7HAIS6l] B@sH=
HAEE 752 AlE3HL Aot ThingsBoard AR E=9] FH2 ALE, A0]A],
A=, B 5 e FEIE AP, T2 T3 08 IR R £44 39

gol8E 7HAskd 4= ot (1H 8).

HOIX[Et 2
| |
Ol MR PM2.5 (ug/ m’) Q o
@ 7| § - 2021-02-23 03:00-005 € 2021-02-2
Timestamp PM25_ZPHS01B
2021-02-23 22:00:59 14
] .
] i
LDG 2021-02-23 22:00:51 14
I wncmmoon s
-20 HOSE (%)
2021-02-23 22:00:34 15
Formaldehyde 2021-02-23 22:00:25 14
0.30ng/m 2021-02-23 22:00:17 15
025 mg/nt 2021-02-23 22:00:08 14
0.20 mg/ m'
2021-02-23 22:00:00 14 v
0.15 g/ m
0.10 mg/ m 1-100f 200 > >l
04:00 08:00 12:00 16:00 20:00
Items per page: 10 v
CH20 (ZPHS01B) 0.21 mg/ ni
Route Map - Google Map o Route Map - OpenStreetMap
. MEa . S\ ) S
At sa3 (pEA ) / i R A\ =
- ‘ i ek _les T T e
/ Nl | 8 N

4
ool Whii %3 %|= Hfo|E ©2020 SK telecom 4 Leaflet | © OpenStreetMap contributors

T2 X AAY XE OpenStreetMap

& 8 ThingsBoard 2 7tA|S}8t XIE, H|O|X|HL, B, X|E=2] GiA|
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o] &2 7Y Hrof 3t A4, 2O 2|4, A 2] Lo 3t 2|4

7€ F2ott AYAA 24H] AAHA 2S ZRE YA £

o>
o)
ik
s
kS
oZ,
i
o)
N,
>
2
r o

397} ket AR o) obd W3} g7} BE 9

FEo] MiEER] F=E dfof ek AFE ALY 29 7| 52 FEE o=

LU A} ST LA AFT 4+ UEF 24 6% H g 714 A Qo]
g asit.
(2) 1% Ergo] o2 s}

o] o] &2 20219 5¥o] A EATE. AFE A2 AT BES A=
%3 9iek. 53] o @l Ak no| AR H|ES] SPAF ko] Uk A
AU 487} FESHEA Thet BREo] SAHT k. Selvtete] A9

SKTOJ| A ThingPlug, KTOJ|A4] IoTMakersE 7J45}3 2. ¥, Yo H of| 4] &= nCloudo]|
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10T AU A S Z7}89th. 20199 49 39, thgtgl=olA] A|A Az 2 5G EAlo|
FESHE T A2 710l S8k IS wet o] AFoIAM oE A

HE, SAL T EHF 50 tidt £42 771342 = A|371d 2 a7 I

(3) AA B4 o)sl] F24

FPuteh @78k AA7E YR chekstE o] ol 2 Aol T Hl
£.40] E3HE|o] 9K et HAIT 2] 9o} TN E AT AL USH= GHe
A 2R Aolth. 2L WA (targee ZHSHEFE AA ] F7o
e 1 8y (accuracy), YA (precision), #3)%5 (resolution) 50| Tkt
A AN BT AN P8k 2L AR 24 4 A A5

A E 997l 9ok E3H AAME 27129 BA (calibration)o] T a3k, UA

it

T8 WAARE AR 4 Siok AN 54 1§40l mEt AE AlRE (running
time) 0.2 o] HI7ME £k 93, AR YA} (manufactured date) 2 H-E $=21H0|
71 4% Qlth 9B A= A% B4 7]50] EAElo] 9lo] RALS Q514
geth #90] A AANE ARSHAY, BAo] E01A AIME ARRthE 1

AX25E S34€ 32 A9 95 5 A 2t

() BF ) g 71

o] o4 AT DIV-MDZEE: theFdh the 233 4 ot

ol g3t BT SN MY HAH, ANFH, FANE ZHT 4 Ak IR 1A
A7} Aol 9lo] o] Akt g, AAIS ThA, o]ATS} Ak, ©
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AEQl, Ats, 2L 59 BE 2Ho] 5ot Ba] AFA o8 & Y
A&E AA, A7V AR, AT A (2 AA, DA AA), B2 A, 22

AAE TheyatA Bolls) 3 giek. 7Iek pH, £, S, 9 S ol@A oA 78
4 9ITh. DIY-MD9] AHg-0 2 P 50] 4% 4 YL WAt Holdo2a, b

chEE B FAI1S St oI 4% 4 QA B

62



9.'-'
rr
N
T
rd
[
<
o
Ho

V. i WAL SH

1. 917

AAAY B DEOIAY TE F FFA 4AL 7P Sl Qe
g9 Aol shalo] AR BARRE AFE7 vEe] ol Wel
chastel, LAE ARl olo] Hid AAIS AhE ATSHE AL Yoz
2hssit. mebd e BAE Ads] 9% 249 w7 342 43
AASR S, % HolE S RAstel 2ES £2UTh o F YT
52 PeAgol 4o BAH =9 FE e wgsty gong,
Sp3S-2 o] Tpgel A Tt 9l A4l Bak olujet, hso] B0, Takg shs

Z (doing Science)o]| th3t o] 57} ZZ1H } (Gillies, 2020).

SHAIRE sH9] F g5 oRA ste 87 F shute 4 FA0 w3t
A (Ga et al,, 2021). I} T Qo] 54 FA= Y5 Fd 2
&= &0 Aok, Tt A e A 5ol S A2 A" AR A
=7 d2ol (AZE-71e-AA), sHEc] A4 ZAE 3l ddsk= AA7T
ojmgA| o sl dwEE A
FAE 7317 fsiA s gt 578 AR 7 2 _sHARE A skt 7Hg oA

%935}t (Bernhard, 2018). 3-40] T4 9=

rlo

ol 383 2371% 47 At 53] B} wA A3 BAZ g 6 WAy
A 71 S Ao v E FEl ST e 54 FA7} Bast o
S, oj3so) sk sfetAlo] LEA, HEA, pH 1|8, Feju] 6], Al AL 2 A
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VAR, AR G713 29 =2 (Faksh g4, oAt g2,

FgHslo|lE, 2F, TVOC 5) §47], 42

o8
|\
oX,
N,
ol
flo

N

N

)1:
k=l

)
)
52
il

DIY-MD+ 7|23 9] o}Fo|. 7|EQt 7}X|3 QJ O, Ast= AAE F715k=

ftoz A AAE W & detl, 1 vdo] 7|E 7IFFHET vl A H5to]

st} 7014 ol g3k d] go] Ac.

pa)

-ll

SHA 3o LRt ARSO] DIY-MDE 47 =4 4= ==, ot 3

&

2730 A-Eg DIY-MD 7|& /& A v7t Aot ARt B3] 7€ 4=
A= Agto 2L ut WAL} £44 DIY-MDE 0]&5}7]|dl $8517] ¥t}

DIY-MDE: @A 0] 4 422 AZsjor shug, slzo] Tt A 4Jojut
A3 7€ 5 ¥4 =2 HiA A 4o] H a5t} ol w A 7]eg EYstr] A%
we A%l 159k IAE st AlS A7 Waksha] F3ch (Jimoyiannis,
2010). IAEE AZE 7142 WAL £ WAL 5717t AUA, 7142
A &3he BoNA et o3 7e B AR ) 7e =4S 271 A7
ok} (Bradley & Russell, 1997; Cuban et al., 2001). w2hA] ICT 7|&©o] wAl 1} 2+

SHEH7] AsiAE, ZAREC] A= Ve BAIE dA AT ELL ol it A E%
2 LS WAFEA Al F5oH= Ao] $935}t} (Becta, 2004; Eastwood et al., 2012;

Korte & Husing, 2007; Pelgrum, 2001).

o] FolAE 339 A+ 2HE EHE n& 7] DIY-MDE 0|8 7t
Y72 RS, 1 IPgol A ekt 8% ALY 7]4 B of 2.8 AT skt
@ 2] Ve Y ol HeE AR E A DIY-MD7} st @] &85=

o 2ASHE o H &2 AlS3EAL ofofl tidt A - A WtE A3
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* M9 Fe} gto] DIY-MDE &8¢ o, @7 2AP}T A< 7l ¥4

3. A+ 424

o] &9 A= HAZ AFLH ArE AHUE Hot Ho] =AUt 359
A Higt 7|&A-efAetE AA AT (descriptive-interpretive qualitative
research)O|t} (Elliott & Timulak, 2021). ZF WAR= AHZR| A A LG dH=
Wg T2, Botascty §4d ALY, i W AeFotE oA DIY-
MDE 78} =90l =ttt o2 A A& At AL ol F7t =
HEEE o &304 DIY-MD Ag9] £33 2olE Al =27
Aot (7718 9, 2018). F G2 wAR= HAZE HFFIH HE0] A= AHU

7lee EERAW, YHA| g wAE AR AE YIS ZUSHA] E-

(1) @7 ol 9 Ao et
A7 DI-MDE 3} 5§ @4l 283§ 9o ofe] 71 xS

45, 2P

N

Hl 2l & F/48= ARkt vi7E . of2jet 7l 4] AA|

4

4 ofofl gt ALAIZE 82 3] FAIH 2= 7]&H o] AU
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ik

RIS ol g3k S A matgct

5ol s, A4l S A+ F7g oA =R

YARLELY] +H2 197 T 8524 (1AAIF 502 =0 AL,

7% SPE0] ARHOE FAZ ot AT FASHE ‘AT Fg o] 16314
seroz Wyslol Joirh IATS A F3HE 2509 TShdoE % 4079

e A AAES] FA 9 g A= RARE

=
AEsA AT H4Ee AWHAT. LA AL APe] SPSolA okFoleg

o7} 1902 THE 17 Go] AHAS A% WALE A et A7 gL LA

Aot 9] A7) FEdoz Ay ATE AAstL 4

o2
ol
FfF
ok
offt
i

L=t webd, A2 AREL] P sk T3, RE o] FEalo]

SHralrh. WAL A7} ol ol g ol §3to] A7 1S AR 3 B AL
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229} o] 9t WAF Ax AFA7} DIY-MDE 38t w80 Est81
AT 39S A HA, AA E3 FARSHES AT FHo| DIY-MDE

A} AGYA] ALok BHs 7] 2

-

R

=457 Y3 o]of] T3t =2 2 HsIH T AFAE

HEEE5T 0ol 7 & &= FAE LEHFAT
YR Q8] A #F2 Hgd AAZHeE AFHAT. wAF A=

SAYSo|A 7HkSt ofFol: AFEW M} EIHE ofToly F|EES Hula

Ll

e

N

ot} Sh=glo] 312 A2, A £ 7 AX 5 olFol i 382 9187242

2 HE0E 1 glo

—_—

5ol AHeH ARE Fuste A SASHATE.

= O

rlo

FolAE xeaggo] o] e sl 19 Jgiot tuA m2 ey
A¥ol A9 Yt FBEL Arduino IDEE o83t GAE FYom
n2 IS FHSFPO, ol4te Ba Bro] 12 LAETe HE WS
Foli] 98] DIYMDE olg3lo] ol4ls waol w8 =4sigrh of
SAAE B AEUE olg3A Yokl wEel, FWSL MY A

2UHE 53] Ho]8E o] Excelo] 71 23ttt

ZAFB

W BE 24 4Y 399 200 FEAR 5D &4 RFTHLAA



A4 AAe A% AR ABS $PE FFS TR TR 7
40-458)2 2GHGIh. Fotke] BE-L Wt 3
=4S B g7l WAD ARG A Aol olgHUt. APAL

FGofl AHge opFolle BES JER A0l A3 F91, sHYE0]

Aol AP R o, nqHAE

il

Qo= ofFolkeE AR & UES mBlock 3 7|Whe] HIAIHA] AN 27
52 AZsFAT. It 2y 2~35d ML L= AaFotEd Holg
PSS EASHA 1799 o] AAH o= AFForedl ol
Adstgnt. oz A2 i A=W AREHo, Z2uH9 St whE

wpodsz A4Lo g AR £¢lo] ZOOME E¢ HltHo R AaE g

HAFC

WA CE B4 A 419 300 JLALR, S A 44 FeEoIH 2Rk

o, (A F4 RS FZHAE oA FAR 55t Qe dub A7 T S =
S A AE #hIM HAE sl MATLABS o83 A& Adshd

Z2aHg o] A5 e, A7AE APt 473t ‘o2 d HFY 3

Ag Qe Tkt g A48 £3) DIY-MDE HsHA =gt ol

°l=°

A+ T8 F F7I2 A7AE &3 mBlock 3, 5& 3¢ &5 I9 WHE
Aok o] 5o wAF C= A AA F-4 A& FHAE oA 7| et S-S5t

ool REZ JER FAH AFAAL FAEBCl BF IYom
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olFo|1 2 AT 4= QIEE mBlock 5 7]¥te] uA|HA] AA e} o]Aks} A
Ax9 g E5Z AFFAT. PEZ 1Y IMEY offolke JIEE
AgHekon], 29| 7|EE ogsto mAHAE AL & d&= FAE
HEo It A SHoRE BEE FYo| 7Fsd mBlock 55 o83t
AX2EE S49 HolgE obFolko] AZFH WiFi & (Bt LTE EE)S

Sl T SHFL2 ASHUL, SHYE2 o EFAF| HESHo] HolgHE

A5}t

Mo
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H
]
N
El
=
i

lo

3

12°]

rigk

704

HAFA (¥ 104, 40T, o)

FAB (3 34, 201, &)

HAFC (B 3, 30, )

FEETC

FEET

FEET

|
| x| of

Ee)

o

o 28hd 51 8 2~3313 17 S 1~38Hd 61
3 fEESEEE R EEE SOIAE A g5 SARAS GBI Z2 1T
2/nel 2l (2AIZh Lzl + 221 (HAIZH TR
FAAA 1371 (160 73 (1734 85 (1604
N 34 Arduino IDE mBlock 3 mBlock 5
S U o 1AZAL: Thet & W, A 3 A g o I2ZHAL AT 9 7| A A B4 (2R o 123 AT 9 7123 2 A A
LSRN AR A, B BE AR T« 33 obFol 712 (224 + 3-631A]: ot ol 10} e %)7]
* 9-127A]: opFo| S SE3F oJAtSt ' £4 + 4-6XHA: mBlock3E B8 AP AE * 7~82A]: H|o| ¥ 43 FH|5}]
A3 A « AR ATAY R D B (22D » 9-10314): Hlole] 43 57+ A7
C 131634 % 5 9 Az me « $-93A]: ATA o] e 2 B AR « 1I~1234A]: g0l 2417]
< 10-11HA]: HloTe] a4 8 w7 A 2 . 13-1434A): ARk} 25 Z0]5p]
 13-15A]: Al 5 251  15-163HA]: Al9IZfeE 5 AY a9 ohre
* 16-173A]: S5 B8] 9l m| =)
e B + OFFo| 1o o] 83k OATS} Tk 57 < SIAIEA] e A ATSIA ARG AR A+ oFro|g o] gat uAAA B4

AEE ZUH oA ojiE i
It Excelol 715

* Excel& &8 Hlo|H &4

g7 47
- o}olig o 83 M AA] 27
- 248 olE S loT ERBOR B

- loT ZABo|A <] Hoje] 24

¢ ZAH Ho|HE [oT SHECE HE

« 10T EENA2] o] 24

74 A4

e O}F0| 2 uA|HX], o]its} ghAh, o2
S EE Y gHE

* J|EE FuE 4 Y QAE SHE

< AlAe] Aoyt 392 @7 Akt
ZAES I

- 5ol WA ofolk FIE 74 BE AT
(RE, 228 AE 28 A, vz A4,
Wi-Fi 25 5)

- uAI A A4 2] g BEL Aol AT

ol

AR B 45 AT EA
- Qo] wad AA%

o}Fo| e 7|EE 1d5to]
B AUE, n A

A A, o]Ats} et4: A, LTERE 5)
o AR AA, o]4ts ehA AlA 9] gho] B e E] Y
$F EES Aol A3 FHE ALst] AF

e

rO
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(2) A+34

foje
@7l DIY-MDE #&3dh= FFoIA =ze wAY 7€ B9 o8-S

motslr] Y8 BE $2¢j0] R o]F ok 60~90571F9] Qe H-E A5t

0,
o
3
=

o

0

K
alt!
il
oo
i
X2
K

)
Ol'J
N

o
8

—
o
oy,
>
P
=4
(DQ
o

=
FZolI37] Wil =4 AA R ofyt mXE AFH e A= H Al7|HH

FUZ vl AR 9 AIZH Aol disl] 18 R A= A

¢ AT L7 HS TEHTAR
. SYUS ABIEIT TIEIRIA 7|8t BRASI0] Of A HE 22 290]
2ALt2?

«  Ol2et EMES OEA HEILIR? 2HY S ASHK| ZUCHH oL

At OX|ZE ZFE 0 AE QSIS =Ist ofst &

_I
El

B A7AE 2AREY o] AAEE 71 A A B, Aol

B4R o] 28, 71 BAIY E B 5 A7 AA ] /1S3t
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Ho]e] 4
o] AN A7 BAL WA 47 B YA O R AGHE HEA

H] WA ¥ (constant comparison method)& ©]-8-31 %t} (Lewis-Beck et al., 2004).

rlI,

2 v wEAL 2| Galser & Strauss (1967)7} A|QIsE A o] 2|4 3t

A

e

filjo

el o] 28 £E517] 9§ AT WY ow ALE YT AT AR =

7] o] 2o obd ThE WA AT A2 EAE WEA uaBAyel }5<

fr

T A7t Bk (Ezzy, 2002). 9EA v mEAL x5 o] net 1 GA

CREA AA E AL oy, A7 A= [2™ 9]et 2 &AE Tt

7742 7 90, A e gEaT g p0 20
gAY | > | wEelde | | 2melmA | s | el
A CEERE 2% A1)
L geopaz s gay
L eameursmuss ez
t A HoAje] T W 4
J39 X2 24 2y
HA A AFP 3 AHE RS B8 g0l J-8-61= oA vehd

714 B o8-S stotsly] s, AFATE A AT LR 9 wAE Y] QE R
ARS WO o sle B olHgol WF Y 2 (open coding)S
YAt ol FA Y TP E 0] H L FARE 2718 Fol RS, P
AFES B FIstgth. 23 ohA] olFA FE W] ZANA
UaE olE2 oAl vlmstEA EE E9le AR Zod WEEH ol

ro] BRE ole gL WAE A7 193 sy A7 190 o) A
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AZo] o]FolFh Ao A7 A ofEEE (1) 7I& A A ()
S73" Holg 9 A 24 3) AHNC =T £ JH A=E 24 4)
A 8% HiA9 o= (5) Aol Y (6) thd™ £k A4l "a (7) ¥,
A=A FAZ = & 77149 FEo 2 ERoIHeT, 22 AF HFoA FARE
BE77F SEH0 § 4714 359 () S 7€ A% 24 () AHUC 2R
FHL FR AHAY A 3) B2 A7 L E 71e 2419 B4 (4) B3
Ard AR EoEdH. Medd = 24 ol AIHe=
HAE QAR AA] 242 HolE +3 B FH o]FojF o™ (Merriam &
Tisdell, 2015), 718 27} HF39k2] A= A+ A Ao 24 AL 71 = A

deoz QlEN go] st AvAel osjHe slsy] s AR
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o] $:91& AW 39| AAHE A7 71& AU WESOIE ol 7%
7 o]EeS 34519k WA A ARy} AR ogyle 7t g @

At B2 AR =4 Ao, 7] #d FA7F A ERUEA 7]e £49] 320

ot 7o) 4ug bz Al 7bg 2 a0t sofugic

WALB: 7IEMOZ E O A s Ax Q0|7 UX|T O] nist B #FS
OHS0| 2 o211 AfS|X Aol E= A O 207t ULt HZMAE=EL. 71s

2 o7t BE2 MRSHFE ATO|T - B2 7|22 WH OlhE4= £ 2.

—

TE| UEHS XY JRHOILIT} - SHRIRE OJ) MWLt ZRHEQ| I 2
32 D13/ B O[S B2 SHZI5) 2 4 QU WHO| UOH SACKT 42t
# (WA} B A% QIE(R)

Sqel AwAQ NN J1& A BAL A TSGR @A
SYSL 7|4 A 2 RE U4 S 2ustel, 99 B2 B3 33}
g7l A58 4 9A Bt S 714 BAS Az a5 god et
F79 270] H UA Hole (raw data)9] A1 BA} 257 T /1%
2AE 7PEA ThE S= Gk wetd 7 BFA olud )& B BASo]
O H LA AR T o} HAsteto], S WA B B3t o] HET 4
YEE AT a7t ek B AT HoIF 359 WAL WA D AFYT AR
NEPEE LR L EECISE R L R R P K C LR

SASATH(E 6). 7 o2 H2 M= FoufEra] o] o, JeddE ol
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B 6 DAO| IS Q3 ¥ 7]¢ 23 of2ig
o3 HAFA IAB IALC
() AT 71 COo. ANE T2 8 AFAL AAR 71& 4L I02 olgsto]
K% =7 SECCER RS AR &S
@) Az g co. AvRF AR AR FUE Co
AHIACZRE  (\Gsi1) AME mBlock B¢ BE2LS  (MGS1) A=
FHE BRA - gga] A3l olgql  mEel FaEs| As) F2HE
AR ZA qedely gL o IHYdH ARS FE Fo Aol Entr}
59 o4 I=E Bastgoe L ygol o
olggot Az
254 oS
(3) Be WMo EAVFRYHE UL WiFi HEE LTE 22 I AFd:
Adez <A FohfsstolEAct.  eheEoc] Ao, Ad BA gedE
=234 24 AR Sl H&ol  eF g
Al
4) ¥ A9 Hol B2 shjjo Wi- LTE B4 RES
27 Fig o884 Q9g  olgsh: HHolH B4l
M2 k. Aspgol
e 43y Bok 44
a3 5 Y AR
13 ol 882 A
(1) AEE 71 AH A
A BE, 2789 o], 34 BE, AlA 53 & o, oHdt A&

AEsis Aol
Aesl7)7} 1 47 ket

AA7F 2935t 28 gL =

=

35 "ol g @2 Aj7ko] AQFEHQth 12 AA
ol et gt S5
Hoke AlAE stefgte 34 98 (714,

B, ko), A, 24 99, A% A, Hole]

Shgo] ARt 33t
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A4 1Al (Analog, PWM,



UART, SPI, 120)0] 2etA], §79] gh7of g0l 5a A4S Aldsfok S
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6 #include <Arduino.h>
hello 7 #include <wire.h>
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WAREZ o e 7|e B 2AIE S8 Al ¥ RFoE SA4HA HAE

SHA] 35t A9 R 71 EA0 MY H = M7 5 g7l tiEdl, 71

81



£412 vielsl7] fe)AL creret Hoke] w7 A 413 Aol Wasit

A R, A 4 Ao ol 2l -2 At SSo] olaish Hha 24 S

WAFA:H7EAR OFF0| . & OFR & Z2tA, |7} 0|7 SHZACHL 5t 0HS0] 7+K
U7 |ES L2 J|ES X1 Ha UAE WIHE M2t shE Al ChatA - CO,
MME ot M M gl 20 8= 1 O0000 (#U 28 4WE) &
EI0M L2 MME M Z ot H0{Q. 20| OHS0] Ldte ofl2i= A MIME

S E o227t O ZRE BUL () O E2 £ X7t e =Tt sHM

Arduino UNO HHY 211 04X 2 HE=H-- MEEME U

(WA} ALl AtZ QIER)
SHARE A AE EA19 A & 471 /7] W], RE A& oAl A=
S 2A Sh= 84 gl |l
SR TeHM 2H SO H2lS LOoHALR?

wALA (O R) 29 2H S0t 25 20 A5 HHY E 0 9 0|~ A| of

WALA E£Z2 FEE M= Q= ME JAURAL O 0f7F 4SS ol M XL

—

TFESE HUQ. J2{H I CHE OHS Ct £HOF ottt M2ish=0 X o= ¢t &

wAb A CRAl HEEZE TR CRA| Z20t2 00 (B=2 HeS 2L B= 2 T

2= AWL. () 2E MSFH =AU=2 T o2 =2 20 E 0= & |



tCF 2L7F 2. of 5

OII

Ctar 50, Feks| |7t 2MA=K] THS = o 7,

(WA} A9l At QIER)

rr
>
i
02
Jor
_O'E
=
o

>

i
_r:a

O

SPYES TR S UA £ & A ]2 A& AEe HA EALE 2] 99

A=

o7, 1 TGOl o] BAQIX Thete Fat A o A% & FEFE A

WA BY U= 1A-E Wi-FiS o] 8€351K] &3l LTE A8 5 Wi-FiZ
SIS LTE 2h9l9) 152 wobd] ede] F&3ck e & & gt
Aolog Fo] g H BAZL WA, WAL BE olZo] et AL Be
2ol glo] gsIsaict.

=

WAL B OfEA SHZSHH EZT= 80| G ZEE 2AIOMAL MEStA] HM7H 21
AX E 5 UNACH ME EUS HG 2A 2F =Yt

(WAL BE| AtZ QIE{R)
oFfolisl LTE 29 Eo] H4e T Fhy Azstel, Bt B JAHoR
AR FHASE WiFig HHE YA, opel FX: Y SSIDEE
Aol 2R YN L DAY oSN 24 S AoR BTE
AAR7) ol LTE 98 A-go] B Wasiu), LTE AHgo] 27HssiA A
of BYEL WA AR A4Z AN 5T doly 342 /YT,
Sere] vAE nARA 23712 §TE PAR AW AY ZH7E

AR A B3 hIEA £ so} sk gH0]7] o] 97 2ol

rﬂ
A
al
-

27Ktk web SIS 59U AolA 28 J% SHFHEE 47

AL 271817 AL WAsort ek, WAL B 714 FAL W] EAgstol

83



ofo]Eo] A4l & A8E He Al disl AE7HsH thE3 2ol e

wAL B H7EEE M= 1 7|AIE LES Ql0| & HSots Ak HA SR8t 2210]
2t 4Z10| E|AHE=EQ. 0fS0| OFF0|.0 4HE = 20 7181 o OtF0| e

7t AS DFO| L7 OFF0| =2 & o= U=

N
I'IJIO

=2 F1 1 E3 o= HoL.

A7k 27 £0ll BLI7HE 0130] iR 1. 71 BH7t HA| 523t 220

aL. (WA} BO| A% QIER)
A7AFE WA B/ LTE 2H9 B 2 18] 22 BAS s2sh] 9sl 71422 24 L
ARGt AF 5ol oA FL olu] 20le] WiFi APT HH|5]o]
A, 3G AP OFF ol 0] WiiFi A41o] A ESP-01 B 5T Zgho]
54 gsk7] el ol 82 4 Atk EF, THE LA AP7H X He] 3le]
24GHz WEAA o 107 =] sSIDZE FAHT Ak o] FHA
6~7H714] LTE 2H961 37F 7H5 9] thzol Fat 402 Q) 2417}

S A 0.2 sfobgich. 23, A4 LTE 29 87k ohd LTE 52 2%] LTE

l'

goll A&t WFeR Ve A4S HASHRL, A CY = o] & Al R

283190

A} C LTE 298 & AH-31s t4 LTE B 58 0]-8313, 0|2 18] At
B7} A 7% BAL AA 9L & AT ST 02 A& BASL 443

AR LTE RS0} A4S A48 Eohe B4, A5 o4 2] B4,

5 WSH HQl 70| ol WPA2-Enterprise® HQF A4 o] 0j9l9l=t|, ESP-01 BE
EA1S A5 AF&-3F ofFo| k- gho] B & 2] (WifiESP)= WPA2-Enterprise H4&2 X Y5}

okt o9 T2 W} A= EAIR QA3 o] R tha ol E=ofl F&H ] At

84



LTE 0] Q412 HA% Mol Asshs 4] 5 thaket EA150] thehge.
@A cE oldd BAC dd 9Ue el 47 Q9w 1718 oA
AFAEAL, RES TRASAL, PCo] AXH ALEY0]E X P
Sow g4 4 ARgT. S od AN BAY} SdEE dE

ou}, AHAle] 2A] 2 As) BA7 AR A o] et Salo] g9, Aake
Ao| Yl seksia] F3et. LA C AHAlo] BAIE SAs Aol o o2

3yt

M

=]
gl
Ol

WAt C SR APHY|S U2 XHA ZHSAIZ] AL 22 =Z0|1A0 L.

WA} e colgA AL dEoF Theo] ® e EA dehiE A 4

Qieh ety wote) 442 BEYr

(4) G4 A =9 A

WAL B 4ol A% stao]l AX] € Wi-Fi AP th4lo] LTE 2H-9-E| 2 Wi-Fig
FAlHRkT) o]Z A 3 o]f, S AP7} W89 Hel ;7Aof uhel WPA2-
Enterprise2 HQF A7o] %09l &=t|, ESP-01S BE & of AHE-H olFol
gto] B 2] 2] (WifiESP)= WPA2-Enterprise B4] 9] H&-& | Ys|A] 4kt WAL

R} 494 FHlSH TOIA WiFi Bek dAlo] BAZ Hrke AL
FA=A EAsAY, d9A= F5HA LTE 2eHE tiAst] aAR Boj|A
AS3HA

85



SHATE 323 7€ AES A4 Qo] F5H a8 FUEe=A B2 Ve

A C A} B7FLTE $41 BA12 Q18] 49 o] ol 187 7, S )
ST AZo] £ EE 4TS e A7 WolS Gt TAL C Eelo] S
% Q& Qelolet BRroigr] W] AT7AT} olo] tiEt thete ntels) 5718
Aisich. AFAE BAF CO) S0l M WiFi BE} LTE 2h9E)2 o] 8ol
AL, GSM (26) BER A4 A5 yle] A&sks A ARt LTEZ ohet
GSME Add A wE0| 70| A ofshz vl A7 WFol L, A4
GolA ARUEAE BE A5 B4 GSME 0|83t YTt A%
HAES 98] Tuld GSM BES AdE A53HA gttt B AL GSM
AUAE 3 A 97] WEolqdth. AR thREe AT ARE Foid
ARUE NN doigrzd], A4 H2ut fA5H] GSM AHIAS 52 9]
w o]l o] GSM o]-go] B7FshtHs AHE & 47 gllet. 1A & 4 glo]
7HAo] § Bl LTE (4G) ZE-S T} ¥ LTE LES ¥ @8 2}, NB-
loT & o] 83K SIM7020G ZE0| Tkl 7470l A 7hg A3sictn

g BT olF Frlste] HlAESGET ol B ot YAl AL
sfotetx] ggoit, ol o] se] F1&Atet Ak HYolA T BAKS]

st SIMo] 3] NB-IoT H4-& Aeteln glekt oloprlg Stk AFARE

86



Cat.M1 & 0]-8-5H= SIM7080G &S Tl 5to] thA] H| AE A FA42-50He
2A& AP AR =Gl AgsH] ) o BES Fuliske IEOIH E
EA7F 43t AFA S SIM7080G RES 53 AHUEA LS =),
g B2l SUolA ARgSh] A FEEA7] AR Wk A g2
AFol Pt whehA i RES 3= tioflA] o] &5k AL B0t A7 A=
A Wb Aol 3 WFE AESNAL, AR I AR BkE
Horod g Bl fisjA s ojmt #ujAE E5 Frfisie W= AS

selsiet. £3, AT B71E FHE 71759 BZo] TS Fof FARE:

— =

o)

WokTHe AHIS SRISHY Y BES ol§3t: Ao APt $4 U

HAE olsfistr] AsiH = 431t 7Ie & A 4o] BastRg, WA C7 ZAIE

WALC: 7|aHQ A X2 2 22N, APNE 2X| & ZE2717 WPNQIZI?
ALKt : APNO|X].
WA C : WPNE O}0] gl= 80{022? W oI ZHAHES.

(AL C2| AFS QIE{R)

87



4,39

o] Aol WAHSO] AL Fad /1% B ojgow (1) AU A&
A4 B4, ) AHRezRY ST Huo ALY BA, () B WL
AYEE 714 BA B4, @) B3t AR T4 5 47149 BAS AT,
ARH AEste FAE 02 FRLo) et S8 Aol grkd ol
A 22 AL B 4 ol o] GErh AR AR Qe

B & 24e & & HolA], A2 AFgo] 2ol MUy AEF AT

i)

__1'_'".1'._
THE HA A 52 2 X Xt 52 Fet ZAPE FH s ol FHE2

Tt AR Y o E RS AAAI77] AL oIS AUE B5 g9
Weo A o2 E HFL I AR AE U9 o] thet &3 A7 A= ojof
ghet. 5ER| gk o] Aol A vrebd o] 228 B, 45| S8 Wit A Aok
BAS0] Wolth o2 SW WA B: MH-ZI9B NS Tls)A sS4
AlZ 3. SRR A4 of] 9 S 7F T E] o] 9UA] ot S0l AR 4= it
SHAgE HE WA} CO, AlAE MH-ZI9BE ARESHA] gith o2 AAE
AT T2 EAIE A& Aolth A4t 71E #HH EAIE s Aske H 9o
Paxd £ FEZ70] opyrt,

AFAE ZF LA A 022 Aol ol 71& LS AT AT
A

A7} ALA A=) Qo] ofEES AE A%E B, WAL B, ColA

A} A} C7} 0|48} B A E @]

>
P
=
=
=

He
>
ok
8
o
2
=°L
-lN
:,L
Bl

88



8 A Pk FRE Fushs HYoIA, Fuo Ay EAZ A3
oegg AL AL B, HAE I Al BE FYor meIAYL & 4
9I%2 o] A4 9} BE] gt mBlock S B2& Ajrelol BB, C2] 4o
S8 AR 716 LS T AL 714 BAS AEske o 2 E20]
oA A4 sk @] TAS0| 111 7]& ALE WlE oY gt
9lt}. DIV-MD7} 714 EAgle] @ol RFH7] AL e Fele) 7%
A 9lo] o] 0] Ao g},

st LS BAE AR ohe} Be FAA ICTS AASY J5e
FA7)E FAOIA gL o2 AT o, ICT JAL o=t ol e
w517 #57] 918 A3H02 A40 FEo] 7% AUl AL 9tk 7%
1o Aohe tEth A4t HY 10T Age] B AWAA HES
At AoIAEL, 714 AL BA| Aol IARE W) 1 54 Aol ot
e AUA} }3} DAL D AFKLH AR AHAL B3}

Y7o AP LY 4 U=S FAY /& AW AAS wHIsk Zo]

rlr
ot

oft

Hob X
(e

o

Zasit.

1% A9 4 B e SR (Tiered Support Model)
A3 e (2 11). o] Bl A 2] 7% A DL BE G |42 AxsAY
Ak 3141 9|3} AZHT}. o2 S Microsoft= 2HA} A|Eo] Tk 714 2 22
A9 24X17t 2AE S 25T et AT ol mde 5Y 1A 185
o2& ZHo] it} ol ol A= 0= A4 W BEE o] &35 YA,

= #HIR BE B9 AALY FES Tl ARAN AR A5 EH L

o

7Ie A

89



\ Support Tier 1

Front line basic support

\ 1000 Customers (100%)

2 Tier 2

2\ 200 (20%) Advanced level support

7

N

S

&\ _ /

=y \ Tier 3 Specialist, escalation,

)

\ 40 (4%) complaints support

Unsupported, service or
0) product change, churn

J8 11 CiEFxpy (Jackman, 2011)

qltt. w3, W] ALHE AAE HEe] AZAS] A o)y o]
o|59] 714 A Aol TR gheth HEo] A o] o] fEE: EAI
wEolut BAIY w3, T2 S|t o8 AxE T £QHTt T3 BASA
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E7lslt). ofFoll
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WA} AREA7E B 5 5HA Fofste] FRE ndste 7& A Aol
(Mehrotra, 2018). O}F0|l;RE o}Fo| & 7|¥lo g sl BRE Jdo| s,
FoAAEol AAIEY A4S FR5kaL, 714 A0 e =25 235k, Bl
71 A0 ds) 292 AZE F YEF oFFolk AFUE (Arduino

Community)S 2935} 9t} ofFol ARYEE AAEAE7|E 3335 AL
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J2l 12 23 24 (Stevens-Hall, 2018)
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statemen
conditions

W Software W Arduino IDE 2.0 beta

does not properly hand ain

_Q_Made TAIZEH#1

statement does not proper\y handle certain conditions

Expected ur\quallhed-ld [4

Peek Problem
if(Typevode)

No quick fixes available

FALE ARMO] =8 WE

lo

paboTa war ABMraTens o xon
if (StepCounter < Full_DISTANCE){
STenCounters+:
EHeE OpX| 9 SE 2 6 12

Q1

& johnwasser Karma: 2000+ 1M7Zt #2

P 248

"eoz 824 9tk

=

mjo

te 0l OFFOI:

SIAS] AXLIAY = U,

What type of variable is “TypeMode"?

Have you checked the lines just above the reported error to see if a mistake in one of them
has caused this error further down?
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ZHETFAAZO] ALt

HHON ZSots OE e
AR 2 QICt

[0.0] PrOJECT HUB

sion N

Al products ~ Trending -  Anydifficuity -~  Anytype ~

TIC TACS
FOR PIJLL-I!PS

viteegseem (O

= Arduino AQ to MQT35 Ac

= Arduino AS to Oled SCL

= Arduino Ad to Oled SDA

Drill Depth Display with Gyro
Sensor

Project tutorial by Thomas Angielsky

Coding

In the coding part you will need to instal some library to run the code

3,039 views 3 COMMENTS

17 Reseect

thare is two main function in the code san:

in

=1 - And the sendSensor() function messure the tamperature
rary and display it on the oled

nction it read the snalog valus from the Air quality sensar
e the quality for that correspanding

TABLE OF CONTENTS

ir Quality Menito:

Companents and supolies

& RESPECT PROJECT

[ WEITE A COMMENT

30-Minute Timer Alarm Clock Space Invaders Gal
Project tutorial by wseltzer Homemade LED Matrix
CHE ARBALSO0| M2tM TS == AR MEE £52 5F, 739
J% 14 OIF0|- 22X E §{H TOiX, 2|2 74 Y, tIN 22 = SS HMIS] Lot UL
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ESH ofFollre EHO|X|Y W g, YAFE (Discord)Els ZHES
¢ ARFYE AP|AE EFGota ot AT E = 281Q1 AJS oh= ARl

de 719N AR A5 o AREShE =< FI 2k mAlA

ot
N,
)
n—l

MBIAZ AZE o, @A w53 B 242 FH7HA] AE| A G o] B E I .

M9 52 Fuon 4EAET 4 Ak obFolieit HATE Ao 4§
2] 714 BAE BHT 5 U=F obFol AP AUt /143t BAg
598 WuA o AHAL gaFEd] AAE ofFole Aol A4l

A2 A Aoz ¥ At YAIELE 7[2F 02 HAIA 9 FHo]7]

Yl King Y= 2
coding-help
peb-help " (ethylene)2 =H

St
=
sensors-help
— oo
HAZE UER BES SR,

robotics-help

Sdsitoeky S “AllDigitsMatter Of| A|
R— ME3-C2H4 MIME FHEQICE
‘King Y= Ao HZ0j| Cst

TS 52 Hof AT,

project-sharing

d8 15 OI50|:iR7t 2Yohs HATE &'
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nREete] AR, A3} Hote] %, W& 717] A%, Bt AT, o H3
Y75 WS G0 287 5 k. oL B3 gL AR B7o)7] e,
942 AP 9 99 F ¥ G99 7|&3 QAW ol g3tk whehd
543 Be Aust AAEe] i A1E AR AL AzSe Aut Hot
BAFETE10) B g AR gk webd g mde] ko] s
Bt GRS AT A2 AL AA, F 71 AY ekl ARUE} vteg
"8} 9t

714 A9 2l ARUEE FE37] siAE, 2okl ARUE Y 343
84 F4o] Pt ols)rt AEolof Ak AW 2005E £ ATE 53
A5 ARUEY 2okl ARUE] G487 440 B g2 ALAL,
20-30t] 2079 P2 AE Aol HE AE, 36 AL A o4, 74
293 244 200 WhE ATE o, Bo] owo] o FFS LA
B3t 4E40 ATE Be @4 TAE0] Folste] YKo 29 4

Al oA o Hig A A S Al S SE:

30
rr
A
=
i
o,
i
9.
ol

@A olgte F7toA dojus 50 23S F1 YRR M AAE
otk 223 g 221 354 WA @5 nydtsARY 35

AT o] FojR]= Ao ofy, 2t tiFf f5 H Ao tiet =9, oj<t
=

3} A AL A, gt A ] EA] gt =07} o] %ol 2
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2o wARATh AR AFE @A FEAVE LekAelA w91

+3E 74
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ox,
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=1l
ftlo

CEEEI]

SHA T 74 (2005)9) A7 QHHAS ARUE S 2008 59T, A4
019 ATE ‘draolehs HAH BB Sol4 mEoaAR
Adolehs WE FARS Ry Wi 71& Y L ARUHE
T tha Aol EAITHE Webd B3t 472 1% 94D AR 242
$& 712 A ARUEE o $A 7251 298] U AR et 27He

Aot AR A9l k0)7} 5908 Bt e

w}

5. 28 4 3]

o] AL WA AFYL A AHNL B3} H7o] H8T 39

A O olF0] 7L V1% B of 282 ¥el AE] AFE S

OB AL oA YHHA WA 222 H2AT & A= BA
ohigy WEel WAES BA AFE A=A dANA £Aet ol
ol2 &g AAstr] AL BTAZL ABR 71 AL HoldE 52 AL

6

B

ot @7 WAAE 7Ho] 31§50l glol, ATAS B3, B2 4 itk
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AAZ wledslolol itk of AT EooIAE ICT Ao] F= olgH:
UE7EEdd 24 B9 Avund, 9428 AR ol8e W} gy

AEEE FEE2 334 AZRAL AEAH7 gl 84 9] 7|& A

24 29 olg FA7t Hold FEA o5 AFHE myolc. metA
£ol2l FUES WO FAAEL Shig FEAR WEOLI: 44 gL

#4o] o] ol Ao} Gtk wet BA) TolA Ui ARE, Lol FUF Hof
FASS PARL 0|5 AR §71402 92 4 Yk AL AAZ oA

AA ok FA|o th3) stAle BgolAle] 2714 A7 o7t Wastet.
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1. 917

Zle@w oo tigh vj@o & Ssiof gt ARl Zoj7t tiFH 3L Qlth (Beck
et al,, 1992). FZ EAJQ HRJAE Al1d] YA 3, 4579 AL AN FHL
AA5t7] Aol FE23F ADIE /st ARlIEC] Fojsk= &9 RS AA
LA AHZ NSt AeE AAsHHet. sSio digh oA Ao et
HAEA2 Zetol 33| A] eh=th AFR)A, A ARl E A9 2 L E o] Q7] = 5t
A9 b5 o Wt ol R ik T g, 75| AR @A EE o5
y}sto] B chzhsh of) wheh A 87 ESE, A4l 9] A EAJo] Y E G o FgkEH,

g % ol3Istn Ut A ASI9 BAE

ok
e,

o=

i
m—l
=
)
H
o
)
_IR

_I.l

L‘I

SHARE ARk AJ"lo] SSIo] ]k QJA} A7 ofl Fofsthe Aol dish AlRlo] o]&
AR w3 S8 AR AR g 287 A&SA A7|=Ha ek
(8Hq1Z, 2017; 8-5t2}, 2017; o] AE et al., 2017). SSI= B3t 75) 72 Uj-£o]
EFE = AL F EA0]7] W&ol AlHlo] SSI QA Ao oJu] QIA Fefst]

AsiAE et x4 7g 7o 2 ehAQl Wt ALe] EA ] Foid & e

T oj7]o| A Fst RAlL A AA A Al (declarative knowledge)T} AX}Z R Al (procedural

knowledge)& M5 E3}Hgich
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o] Aol = sHJo] A1 2 A SSIof that oA} Aol Folshet] Wadt
Y AE 5 A=F AT Hot 1§ T2 IS st Abdeisto] Ast
U AElwAr oS e ® H 85t ol BFFSBHEe wHAA
A5 o] 2o 42 s Iet ARG FAIZI7] A8 DIY-
MDE o|-g3ith= HHolc}. DIY-MDE #3} 7|& AE7e} g2 Ut A|Hlo]|
7RI YA FHE FY =79 IAE REHEFLRA (Ga et al, 2021), S
ARAl W}t Z2AZ FH3E § TS Zr} uehs YS9 Al
ST AA A T HSHE Lot = 540, DIY-MD7}H 273 7e}33 914 o]

ol g FFE FUEA ARt

*DIV-MDE 283 AWAF #3 T§ ZIIANH SYS

SR TSP /99 ST sk oA vEht A Wstsh=T?

3. 479

SPE ) STt g1 WskE Qohiy] g8, F1e A s A AT

(descriptive-interpretive qualitative research) W'H2& o0]&5}9tt (Elliott &
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Timulak, 2021). APA TSR] A3t 3ol oE| AL HE S tdoz 92 739
27 BAE 975 B, o] A wiEYoR B B4 Hde A% Ut
FY-AAEES Sk B4 TR IRS APt 3 599 sh¥o] Fojstl=l,
1% 3789 AHEIE FAIZ o2 ATt £l Z3HHA] 2 o g A2
AT 27)0) FAE Fuergon, o 3 P FARY AAH olgE
Aol A Al stgct.

Ho

(1) &4= 44

ol ¥& =2 1YL uZAE 7|49 AH Xk 1}t & S5 (project-based

and action-oriented scientific inquiry learning) ©. 2, SHIE2 2] FH 9| JAlE =
74 A0 dis] kARl MHS o] g5t HFE 35t o|EA dojA
ok 3AE os A71F4S 4D, 193 A SHAS A e

A"stal AAdske Aoz FA =] At

27 whEo] o] 83tk Aotk SIS o] FAE B3| A4 FHL LAY

S9e 3 837 (URAZ o]RolA gou], IRAE 080E T4l
9T} (I §). 5% 2 Part 1] G s 1224419} Part 20] = 1274412

Uhdct. Part 1914 SHIS-S DIY-MD A3} loT SHE F8] B3 sh&atst.
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Age AT} B3, Part 2014 WA Y mzAE] P APL SR,
oot HAF T 9| 95 A S AAFG. oI71 4] Bl E AN S A4t
Qo)A A AR Tet ZzAE g SYSoIAE ohe A7 ARt

7 FAS Fes A R ok Ak it

Part 2014 A== &7 BAIE A9sta, 4 FAE ol83sto] &7
FAE gt o=, A Aok SAE 7INte 2 8 BA siE S AT 8t

oL AHSIAT. 5FA = BE 0] A AR At FA, '

o] 58 EAIst0] AAES EEFL, 0] F 2AR AH RS FASA.
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part ¥ ne FELE)
GHA)
« 1|24 AHY T AHE AEHY
| A A5 92 (AE A5 9ol 2T AIF)
g
(1~3) < ox" 429 (LED ZEol7], AYst HIERE, AY
=)
cobdza I (7P AF, ZE AN, L& AA)
2 .ol S FEH TY (2T AA, AR RE) A%
(4~6)
« o}o| 1 5-8517] (LCD)
Part 1
o QX 9} Aofo]E (5% AlA DHTII)
* Wi-Fi &LE (ESP-01)& & A5 A4
]3]
(7~9) ¢ IoT EHE (ThingsBoard) 2. & 9] o] ¥ A% o
* 10T SR E A Flo]E] E45}7]
o AHxlo] Y3t A E Zt 10T ZPE0 2 Hlo|E AL
4 . gtoZ X3E Y T2AE ohj 25t
(10~12)
 E meA e AAR T 94 AL 27
o FAME Y R A7
> A%

(13~15) « W&} EE 53 3H4Y 719 tj&w

- 24 717) A%
Part 2
01‘:]0]-: 2\21
AL LER "
(16~24) « wjo]e] 24 2 43 A2 4+

- 814 42
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(2 A7 7R

o] Aol AP estel gt 291 2, 3349 550] FofsheArk. ofzt 19, ¥
4oz =0l glor], BE A7B3} WS AFHL Ut o FPEL

20209 181710 ‘A FHAFE S FFAL, 15574 ¢4 F 172 BFe=

STS, SSI W, AHAF Fet & 55 shastiH. g Fa9] 40l Eux

AFAE HPSoA ws =2
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>
Hllﬂl

AT o] TH EL o= JPH A}

AT FoA 2 AAHoME IA 27K 847 ARHAT. AAE
Z2IAY 250 B FEOIU. 453 opFo|kE 834 HXZE AFH
50| o] Fojd Zlo| i AbE AE Hlof Tt &8 S o Ao}
o] W52 F3f MIS2 AAE obFoliedl AEstd 57 FAE AL, A=
AEY EAFCE HolHE ALsta, EAFYNA +4-E tloj8 & EA4shk=
W A 2 Zojzta A9 A A= AR E AA o Bt REoqith AN E
obFo|lo FEst 54 FAE WEE IS4 R, 2 A¥d e
EAIE si2ske H o] A E ol8357] Adoltt. mEkA sHSolA 22 1Y

W5E 59 v HE= v 22 -7 ARl 9] ZAE S| 8ske ZRAEE 4A)

7R A AT 2k B

o] A7 AT A LAY Hlo] BE B2IFS LIAATt AT
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HIAEL ATA oF 109 FE9] Zfol7h h thet Aol Bl o 5L
o AT AHEE0] AR WA =] HolE 2 A HETHE AL IAIST

Yotk ATAE AT+ HANH AY FolEo] AABo] A
Folshx] o Aule] S0l 4L 4 Uk T AAsHE AL 2A =k
A7Ae} A7 HoI A ko] FEH AL WAL AT FolRe] ojol L Yo Bk
ohe A e} ShTEE A BT 4 Uk ATAE ol=fT EAIZ
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AFAL: O] HAE HOot= =50 AT HOIE SOt ACHH 0|2t &&el0|
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7] 5% 9] 8h4Jo] Aol Fol 5t 0m, 199 S AAH AR 45 A}

Hol2 Fustgr.

Yoy e A 73kt w82 AESHe Wt 28k Aok A FAEAY
QutA 15etEE SASAT H2 2ol B AT A4l 7137t e
S92 WSlopItkT BT YA, 7187t Ggick. wek 71357} Lo
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A 7astR 8 To] ASHHAAE, £ Fol AHAzst Hof gjsteoz

A &oltt.

YL PA % WAL 71471 9] SIS FAIE GBI S AL
744717k 24419] B71 Zo] 917 WEe] FA1S n2t A4 T FA
47 Weeh FAR Ak shAu vahgol B4 WA 14719 SalAel
del A58 AL oAt YIS AeA A4l BEF} WiFi ZEL
oboli-ol AASA WA 7H47] TR WA £A1F S AR AHY
24 NS AZAGT (I 16). PAB 717 AF A LR Zo]
ohmz, WAt 147 Fo]X o) £ WAL FASA WAES ST,
AR 7147] oA 24T HA AlZLE HARE Fh4lolA e golRl
A3} ol 3L ) 2 3ol 7k GG, o] 5 B3] WA 1471 2 A ) HALA
W&ol vel A4 Bask rke A2 o2k YL olu] 1o Akglo]

A H457100 R 927k A Qs Aol B SaThe el ASlE A

..........
..........

) . WiFi Module
Geiger—Midiller Counter (ESP-01)

13 16 YSHH0| 2t= HX|Q] Fritzing Diagram
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52 Bojujsittn Ve, A7 Asld ARS SasA gt

IS AW BEE AFoHe dekE 239 Aol A A
PAHADSTDE ZY3Ar. o] FYLS “uld WARZA W] o] A
2es W97 e o] mRade] Folgkn WetwA, PAHCE
Tl ol dfsiAE 73t ol vl ALSle] AreA Bash 8 AEoln
ST SIS AP SHBolUt vld) AR A ] A0 Aok ek
S Azl A Slok ol SHH AL B AA A2 ALo] WAt Hlelt R
oh 3 Al 8 W Aol g Aeoltt,

e Ay A9AY fAYe 3
AgEol FAZ AR FLES AANE SFZ AGstent. gL
UL FAA FoA Sol ot Wl JF A9 Ho] P} o

O 37t Aot o] & Ex koA H4 5o glotgli Aol
ool AsA =9 Aolet 19 AR 191 A4 2P A

AT A E Zotr . o] AAAE mW/em?et 22 &9 A A7 E

2

2 Adsta, sty s WolA

Z7oh= Aol ofye}, AL A LAY FoeE e 4= = ALY A4
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1014171, 0] & o] 85}0] DIY-MDE S 9th (1% 17).
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105
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v1.0

. ESP-01 Adapter

13 17 J&j440| BE= AX|Q] Fritzing Diagram
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AR, YA B, Ce & FHolA = tha ol A Yo B Role AHE
9]0l AXBHATH (I 20, 21). A% A 2R E 8 477} B, €] o) o= A=
AAHEAE TN, T 79 (AR )9 FHfl 47171 BIY= (B, CAF)ol
oL A& Y A=A Yotk At ek shANE PEHAYL Hlo] B 22 E] f-oju|3t
A W2l ol ol #eS A T4 790l Y= A AdlA AR el A
Aol 47171 AR = 9 w1 22 Fhol A% S =AUk webA 2] AS 53]
&0 o]FolA A BHobS St A B, CF S ERo] duit FFS
FEA FAlskE 2 P JJedi2 £ wlolH S AT 4 Al B, P2

AF814 A8 AR o} eka ma AE S S AT,

I8 20 5% YR UK 2
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(4) dlole 4

AL A}F= Ballard et al. (2017)3} Harris & Ballard (2021)2] Lol A A
‘2473 715131 Y4 (Environmental Science Agency, ESA)Y ZH|UYIE dH 34
Hesto] 34 HolHE EA45k=t] o8&ttt ESA= Basu & Calabrese
Barton (2009, 2010)2] ‘v]Z+& 1}5} Y| A] (Critical Science Agency, CSA)’oJ| A
IYE NECE, CSAE ety g HEQ wWigo] gtA WHE3 Aol
Ballard et al. (2017)3} Harris & Ballard (2021)9] ‘ESA T ALY E 1=
0] &3HA] ¢kl 7 K3t o|-f<=, Ballard et al. (2017)2] 3% Z+ 519 B4
Mgute HESHA AFstal US B FAF AAE AASHL YA %ot AA
glolE & 245t ZH YA = 0] &3] o] tha o g 20| . Harris &
Ballard (2021)9] Z| A= 7 JAL AF 240 i AT XS
ARSI QAT G Ao A = E HoJHE 7|Hto ® uldH Zojnw tE

wzto] A o] §5H=t] JHA7} A

(R
o

g8 BHEL 0ol 2L FYoz maHgr (19 22). WA %A
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rot

T AFE 712SM 27 BES TSR, o8 B E 389 S At

that Hloje) 242 AEsigict @A) Abele) 24

>
il

2 270 A s
dolezt vehbd BAES 54 Resy, i A2 RgE BYER
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111



o

A A7 B 5 B2 g o
45 zoks vlel —» glo] g &4 =3 —» o
A |
EHESY 6
Jg22 EME S Y
4% £5 9 A7 oy 2ALS B4 BYEE Hush] 95 139
S ATAY WA BA 4Ee AYSRAL, B4 ool gk T
B A= A2 2 ol & A5
B9 SANBON 24
as R A= 15 X3
A B33 FAE NS A4 B35 &5 g AR 249 o] 3]
18U g BaE e Ay
(Understandine) 1 syspay ool 42 97 259 2% 53
73 EAlo tigt b 24419 93] A7)
A P1. 34 EAE ‘U9 EA'E 914
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P3. 33 BA 31 A PAAZA FHOoZRE whe Q14
Z2AE FA9 #35}0] AA@EE %) G99 Z2AE W2t JolA
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4. A+ 43}

AL Hlolg 4

flo
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oX
lo
ol
oM,
i)
3
o2

A9 P A4 274,
AN 4 374, A U BT 5 AT R 42 olw STy

GOl HEE AL T o A RSt E=A]= [# 10]00 A& = o+
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Abstract

Development and Application of
Action-oriented Science Education Program
Using the Internet of Things

: Focused on Technical Configuration, Teachers’
Technical Difficulties, and Students’ Environmental
Science Agency

Ga Seok-Hyun
Department of Science Education
The Graduate School

Seoul National University

The development of science and technology makes it possible for humans to
understand natural science deeply and escape poverty and diseases. However, it has
been causing various potential risks. As the Socio-Scientific Issues (SSIs) such as
nuclear power plant accidents, GMO controversy, and humidifier disinfectant
scandals happened in our daily lives, the urge for citizen participation in SSI is

increasing.

Several methods to encourage citizens to engage in science and technology are
being discussed. Recently, a deliberation process has been attempted in Korea to

determine whether to build Shin Kori (A1322]) Nuclear Power Plants No. 5 and No.

6 in 2017. However, there is criticism that citizens do not have enough expertise to
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participate in SSI-related decisions. The research topic or agenda was usually set by
experts from government and scientific organizations without reflecting citizens'
interests. Therefore, science education should teach students to participate more
professionally in SSI decision-making and develop the ability to identify problems,

propose solutions, and take actions to solve the problems.

Because measuring devices are the lens of the world, it is important to have
professional measurement devices to perform professional scientific activities. Even
if citizens want to conduct scientific inquiries into their interest SSIs, it is impossible
to do so without professional measurement devices. With the advent of Arduino, it
has become possible for amateurs to develop professional measurement devices by
themselves. By connecting sensors capable of measuring the interest target in
Arduino and uploading the software to Arduino through simple programming, the

measurement device can be obtained at a relatively low cost.

This study developed an action-oriented science education program using Do It
Yourself Measurement Device using Physical Computing and the Internet of Things
(DIY-MD). It confirmed the applicability of the DIY-MD to develop students' skills
to participate in SSI as informed citizens. For the use of DIY-MD in the school
classroom, the researcher conducted a technical review of what kind of technologies
are more suitable for DIY-MD in a school environment. Afterward, the researcher
studied the technical difficulties experienced by the teachers who tried to integrate
DIY-MD into the class to minimize the barriers. This study is composed of three sub-

studies.

First, in Chapter 3, the researcher compared and analyzed the pros and cons of
various technologies, such as development boards, IoT platforms, and
communication modules, composing DIY-MD and provided appropriate examples

of technology composition based on five criteria: independence, low cost, familiarity,
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mobility, and technology ecosystem. As an example of DIY-MD, the device for
measuring the concentration of fine dust and carbon dioxide was presented using
Arduino, ThingsBoard, and Wi-Fi modules. The results of this study will reduce
teachers' trial and error of technology selection for implementing DIY-MD in their

classrooms.

Second, in Chapter 4, based on the results of Chapter 3, the researcher examined
the technical difficulties proposed by the teachers who tried applying DIY-MD to
their classrooms. In Chapter 3, the researcher presented the analysis of the
technology and the example of proper technology configuration. However, the
teachers still complained about the technical difficulties related to DIY-MD. The
researcher conducted a study to identify the reasons why it was challenging to adapt
DIY-MD to finding a solution. Three teachers at the gifted center affiliated to the

science high school, school autonomous club activity (8§ A}-&-5-°}2]), and local

community center participated in the research. DIY-MD was adapted to the
classroom by offering technical support from researchers. The researcher wrote a
research note focusing on the technical support the researcher provided and the
difficulties they appealed and interviewed about their experiences using DIY-MD in
class. The interview with three science teachers was summarized and analyzed.
Afterward, four major types of difficulties have been identified. The following are
the major difficulties: (1) the problem of selecting appropriate technology, (2) the
problem of reliability of the information on the Internet, (3) the complexity of
technical problems involving many variables, and (4) the problems of laws and
institutions. Although the researcher provided technical support to the teachers, these
difficulties were still arising and cannot be solved easily. The researcher found that
he should provide other forms of technical support to teachers and proposed

swarming model-based technical support focused on DIY-MD through reviewing
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how technical support is being carried out in the ICT field.

Finally, in Chapter 5, the researcher studied the aspect and change of students'
environmental science agency (ESA) in an action-oriented science education
program which was adapted from DIY-MD. This program has two characteristics:
(1) it uses DIY-MD in the process of scientific inquiry. DIY-MD helps students
obtain the data they need to carry out scientific inquiries; (2) this program includes
the step of social action. Students are not only cultivating content knowledge and
practical knowledge through class but also developing skills of social action based
on them. Through this, students develop action competence that can lead to positive
societal changes. The researcher developed an action-oriented science education
program using DIY-MD for eight weeks (24 sessions) and applied it to undergraduate
students. The program consists of four weeks (12 sessions) of learning DIY-MD
utilization and four weeks (12 sessions) of the student-led project for social action.
The researcher investigated students' agency in the class using the ESA lens through
the preliminary interview on the students' background, the post-interview on the
project activities of the students in the class, the researcher's field notes. For the
credibility of the results, two researchers analyzed the data and compared them. As
a result, the researcher led to four conclusions: first, students started with a laymen's
level of knowledge at the beginning of the project, but as the project progressed, they
explored the expertise as needed. Second, even if students select the topic, the
students might lack a sense of belonging and are unable to relate to environmental
concerns. Third, by grasping meaningful data, students recognized themselves as
actors of environmental problems. Fourth, students have the skills to participate in

SSIs using DIY-MD.

DIY-MD allows citizens to participate in SSI more professionally by collecting

scientific evidence with their measuring device and forming their claims based on it.

178



Through the action-oriented science education using DIY-MD, students develop
competence to participate in SSIs for their safety and community well-being as a

citizen in their lives.

Keywords : Action-oriented science education, citizen participation,
environmental science agency, social action, physical computing,
Internet of Things

Student Number : 2017-36941
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