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ABSTRACT

The main purpose of STEM education is to understand methods of inquiry in each discipline to

develop convergent problem solving skills. To do
process that is regarded as an essential componen
understand the relationship between the problem
(M), and computational thinking (CT) based on the

this, we must first understand the problem-solving
t of each discipline. The purposes of this study is to
solving in science (S), engineering (E), mathematics

comparative analysis of problem solving processes in

each SEM discipline. To do so, first, the problem solving process of each SEM and CT discipline is
compared and analyzed, and their commonalities and differences are described. Next, we divided the CT
into the instrumental and thinking skill aspects and describe how CT’s problem solving process differs

from SEM’s. Finally we suggest a model to explain

the relationship between SEM and CT problem solving

process. This study shows how SEM and CT can be converged as a problem solving process.

Keywords Integrated Science Education, Computational Thinking, Problem
Solving Process, STEM Education
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<H 4> Problem solving process in science, engineering and mathematics

Process Science Engineering Mathematics (Polya, 1971)
Recognizing S1: Recognizing questions El: Defining the problem to | M1.Understanding the
Questions be solved problem
S2: Formulate and refine | El.1: Ask questions to  define | M1.1: we have to see  what
Identifying questions to set up a the problem to be solved is required.
Questions scientifically oriented E1.2: Defining the problem M1.2: Look at the unknown.
hypothesis M1.3: The verbal statement
of the problem must be
understood
E2: Researching about the | M2.Devising a plan
Designing S3: Conducting  the | problem M2.1: Try to think of a
Investigation investigation (modified from | E2.1: Researching familiar problem having the
So et al., 2017) E2.2: Brainstorming same or a similar unknown.
S3.1: Identify variables M2.2: Introduction and use of
S3.2: Describe the procedures auxiliary elements
M2.3: Consider about auxiliary
problem
S3.3: Data collection E3: Creating and testing the | M3.Carrying out the plan
solution M3.1: Carrying out the plan
Conducting E3.1: Design a solution
Investigation E3.2: Identify the constraints
and flaws
S3.4: Analyze the results E3.3: Test the design solution | M3.2: Check each step
based on the defined problem
S4: Draw conclusions E4: Optimizing
Drawing E4.1: Modify the model or
Conclusion design
E4.2: Analyze and choose an
optimal solution to solve the
problem
S5:  Evaluation M4.Looking back
Evaluation S5.1: Presenting the result to M4.1: Check the problem
and be evaluated by scientist solving process
Generalization | community M4.2: Think about another
S5.2: Suggest improvements method
and recommendations for
further study
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TASE P21(2009)1 ATC21S(2012)|- = CTE
olgf Ao stttz L EsHRITH36][37]. ol
otz ISTE(International Society for
Technology in Education)?t CSTA(Computer

Science Teachers Association)ofAl= K-12&5
st CT9 =&AA Hojgisz ‘Atg4Al(Data
Collection)’, ‘Atz8A(Data Analysis), ‘At X

&l(Data Representation)’, ‘ZA&|23}(Problem
Decomposition)’, ‘ZA}&HAbstraction)’, ‘%112]
= gl AxKAlgorithms & Procedures)’, ‘AH=&}

(Automation)’, ‘A]&2]0]X(Simulation)’, "HZ&3s
(Parallelization)'9] 971X] @ A2 A|A]5t% TH38].

CT9 7Aoot #daso] Usiae A0
o]7o] BE35Ich Wing(2006)2 CTo sirdQ4a=
K*Pz}(abstractlon)s’} At=3Hautomation)& A
Alstal QIoHb]. Fgek= ANl A& a2 7t
gk PEIZ mHSH]| Lt At o=, HAE
Atag ZEst A SAde satAoR Sia
gk Fo] gk sj4de wHlS AAsH= o)zt
AFEZE ol 4 S+

g 4 900, AP o1
Qo= EHsto] ube ALgioli} AlB ol A4

sk W2 ujstti28].  Lockwood®t
Mooney(2017)+= CT7} UutAi o 2 =5l
=AGH otpe]EA Al 2 O
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matching)s& 2Z3stH o|2{st @ Aof Tzt o|sf
+ e gwd= =Fo] "ol ST
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<H 5> Computational Thinking Concepts

Wing CSTA & ISTE Barr & Stephenson . &9
CTQ Ao s de. Purdu Univ.
o 73 (2006) (2011) code.org (2011) urad oy (2016)
Rtg A Data Data Data
e Collection Collection Collection
At 2A Data Data Data
Analysis Analysis Analysis
Az 5 Data Data Representation Data
= Abstraction Representation & Analysis Representation
_ Problem Problem Problem
A B3l . Decompose . -
Decomposition Decomposition Decomposition
433t Abstraction Abstraction Abstraction Abstraction Abstraction
Algorithm & Algorith & Algorith &
da]&ut AX}; gorithm Algorithms gorithims Algorithm BSOS
Procedures Procedures Procedures
A=} Automation Automation Automation
Al o] Simulation Simulation Simulation
A3}t . Parallelization Parallelization
L] Automation Patterns
Testing & . .
S P . Debugging Debugging
verification
Logical Evaluti
o7 9 dutst Control Structures <.)g1(.:a Vau,lon,&
thinking Generlization
37 2532008 CTE o2 71x Aln 2 g m2IejYolels F4g SHOoR0 HIsh:
FE9 JHIE vF o g St sto] ARarubzg o] Xt 2o gzt ZAEE AAlste CTE Z2 1=
AFH #peke] Jido] metElof Q= SAQ A 3 A2 AEo 2P E WER7|EH= A ol
dolgka AojsteiA 2abael AbwAlol 71918k A 918t AL BHA(thought process)o.@ o
O QIASE A AbuAY dA"ar 0hs] A ofgtthal shItH4][45]. EAlsiZSl ZHolA CT
SRR wain QTHel41l. &, CTE: AZF  Alno) gt aR e A=st 959 UE
Blo] =gkshA] ¢al ojhst wA|E siAsts] gt 3]1(2008)2] Aol = A siZ2 2ge] m=AA
Atal abg o) FAIE oulst[41][42], FEY AF 2 Deek 2](1999)9] Ao AAIE "ZA| +A,
B wibmoA AFREHY 7lsS A5l 5% & A AR g, eiAwd AAN eilEd %
A2 FBSIE Zuk g AR =AE ARE 2, HIPY 5HAE AXSHHA Eue]EA
£ ol&sto] sidsts 2oz Wgat Hert &y Abil(Algorithmic  thinking)’, ‘AjHA AL
T QTH43]. Bundy(2007)= CT7JEo] &A & (Reculsive thinking)’, ‘H]™A A} (Critical
2 1gS Foll o8 dF9 wgox= AMEEo]  thinking)', "=2]X Ali(Logical thinking)'e] 4
Stou] ARFEHOR ATsts e RE Hopo]  JbA| ARLE CTO| sHRA Abmz AAGH b} 9lct
A 7lgdes Hasty, 53] 28, 8=, 99 [41][46]. whefA], GErAQl ZASHZS] g ollA
Ak, A% 0% 5 oY wop ¥FS £ CTE AgstE e CTo) w=ad W0 Zxd
NS HATH44] HoA AREOTE X Aol oYzt HFE 7]yt
JEu @A A ohr ARG 28 o BAISIARES olsfstn oS uigoR Chogt
e AmMEdH, FASIZES sl CTY AtA oo A8 & = CT7|Hre] Al A= a}; A
%0i(Thinking)o] ZA&7]HeHe 29 (Coding)o] 19 FAS £ & Yri4]. oHA] Tsj CTE
U mx|Z A#Y(Physical Computing) 52 «  FHE T2 AM&she 7|eA SWEN:= 2AIE
AsiAds Hst =4 ZW(Computing)o] ZFAE sidsh= ugdoln] 7 ubgollA hast dfol2t
Ae=s & & JATH3M43]. o= AsA T CT g 2 QY. 259(2016)2 LvbAeQl ZAlsHA 2t
ol ZEel TN Fgolt F3kE Wl spde  Fwle BAAAL CRAF, #EA wok
20 AMEE QIO Zlojtt. Selby 2](2014)= CT Alsl A AFE, EAIshZES HrYe] sdA=R
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General problem solving process

Probls_slp Prqb_le:m Solytlon Solution ) Solutl?n
Recognition Definition Designed Implementation Evaluation
r - r ™ r - F. ™ r
- Data Collection e ancpeeniahony - Algorithms & = AuiETETET (EEing) - Evaluation
. Data Anakysi - Problem Decomposition Proced - Debugging .G lizati
alysis e rocedures - Simulation eneralization
. 4 b 4 p 4 ~ -4 b

CT element in problem solving process

[ 1] CT element in general problem solving process (2=, 2016)

ol Qlof 2 GAIoA a2 4 Qe CT +
doas (27 1= AAISHAEA] o] AolM+=
CTQAE ISTE & CSTA(2011)o4 AJAISH 97}A]

24 FoA FRSE Aest qudS ZFAIRA
cHAI38]. ¥Rsk= [2™ 2]9] bef #o] o4 7}
Ao =AM sAlo0 siEst] flgt Zlojnz A%
(2016)9] AFoMAE <t 7HR|Q] ZA|E sHEst
© WAAM = uprt gt AA4E S& glon
(23 2]9] a%t Zo] &2 259 JAAAS S5l
Al WA siEAT 4 Ao} o 7HA =AlsH2A
M= Agol ket Jigolzt & 4 Stk [1F
2l o] F 7HA] X

UERH B} 9ict of22] CTZ o]&3st ZAFiAS
R1E

Parallelization

a. Single module parallelization b. Multi module parallelization

[ 2] Two types of Parallelization
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Designing Conducting || orawing [“'";"""
Investigation Investigation ‘Conclusion Generalization

Problem
Salving
cT

practice

[1= 3] Problem Solving and CT Practice

5. SEM &Hl siZa CT

A7|M= AS7HR] Zobd wek(S), FsHE), &
StHM), 22| HFHARLCT)AA ] ZA|sHZ 17
= vlwsty Zp7o] stEA 2445 wAlshE 59
oANA 7l& staxt stoh. [2” 4= SEMOIA &+
45(SEM practice)?t CToA9] & &-&(CT
practice)& H|wstal QC}.

SEMat CT 2% #A siZ29 w2 go
AR k2 ZAA st FLAIAQD Sl
srop ith= AolA F&Aolt. ol2st &
AR Abaer 2R ALY THEE S-Sl ofs
ATt Guilford(1967)= A wAlsiZE &
AR Abal(divergent thinking)et 4£38A At
(convergent thinking)?] = ZHo|A A 9][47]at
Fow olg T AFLAFol s AR =t
[48][49]. AP Atals SAAIQL ofojtojE AY/d

=
sl 27 w9 QK] Wgoz, Es] YAl
o

. E

o

N

>

i

‘>

S

19

)

2

i)

>

- =

g O o wm

—_
—
N
T

rox

[al
=
Mo
=
i
r
or
i)
i)
i rlr
rlo
o2
rJ
r o)
)

AN

N

olr
oX.
[Ty

oba)
Jo
o
_O'l_r‘
4 L
o
) H
r
i)

S
-
kl
frr

2 sEMel sdsted 2Hg S= oumA
(critical), WA (judicial) At11S 2358 2[54]
A7stal At siZEAS G5 YsiMe= B
Rolct. weby EAIsA el AR BAlolNE
S ARRE mAA0]K|GE, o] Sl WA -4
Y ATTE @A FUielel, Jpae ANE T
24 Atmst "Waaol A rhbs].

(2= 4]olA AAlE AAE SEMoA 3842
2 tj2olx: BASAIET CTe] BRI A
A9 1AL A Y, "EEiAA)e] A
M3 ol ok ulastchn @ 4 ok ot
o 7h7te] shgo] Jhxle S40] olaf Zhzte] by

oM FastA thRolxt AL M 4 glofo}

4 o

Furstof o
of g PAA go pEe ML dE
7pd AYolRE Jlel HAoled Fare v
of 98} Folml BANAR L)l it o
o AAstn Wrkstel AAel AR Ao}

Mo > BLO% oy Ruo Ok
wo rot o o> rr i N @

NE JPg BEste AEES Y AL A

ol &34 Tso] U pgolct. b mhatolA
ol pde a7e WAt BeEA 57 980
olsf AE|AL 12}, shAlg 2atA 2Aof
oigt sjade o F2 siaslo] e tix| 717t
glx] grom, szxlo] Qopt BA(2ulAlY] 27)
o4 AAIE 710 Bastetol wel AjElEl AL



Bunjuiy
jusbisauo)

1D pue |N3S ul buiajos wsajgodd usamiaqg diysuone|ad ay] [y BT]

4 buibbngag

FEeE o  SuE e e e SRR

! ]
HECTETTTETT EETTTT T ssssssssasssanfransansssnnssnnnfannanny :.-—.-:-:--_.-::

: 1 |
Hl uonezpierd : ) ¥

SaINpadold tonsodiiinag
i L
swyjuoby Hf

uoRENjeny

aphAyAanbup Lo e

UONPUDY)
Buimesg

wa|qoid wajqold

Buubisaq Buuyag Buiziuboray

v,

I I 1
3peg bunjooq “ “ “
I 1 I

R,

ao130e4d

D

Bupjuiy L
juabianlg

aonoeid

E@m

(G'610C)2¢Elk el xS= |2

7ol

1514



SEM-CT: zt&H(S), &3HE), =sHM)X EMZat™at ZHFEEY AI(CT) 49

T2 wAE sidste AtA 592 Axst] o tish go] RSIRIA] Fagt Jlo] ohdet I ¢
ol M2 =0 NEwt o] gsHe Fxste & 7] Yl ot FEelA o PHEe AE
Zled 2”0z gan. o3|y For2 AE  SiEA 7MY mEAQl g2 Hopdos A 12
Bojsti, =Rl AtnabgE Sl FolAl A 2 EAlO oigh g0l heE ¥He Aol 4E &
of dist g5 d= 2AIsIE WPolets FUAM At EAl0l AEste] ® sidsts e Fxs)
= ey gt o uiRsteh SRR AFAAIAl] =[59] BolAd A ARt TP Rabsttal &
et sa5olMd AlAfste atefat= 9] QIRtel 4 oloh
d4e Bo P77 ARt fEet Als 8. Al SEMoM 9] =A| sh2at CTolAe] EAIsHE]
ARS e apgolehs Aol wefute 2AF AojF2 49 EENeR AT 4 Qe
o2 1 FAo] th2ri56]. SEMoMo] A sidol vlsf CTE LA &

et wAsES] Alsfo] Atddoll ot 27140l IR ohdet 7o) AlRapigol CT Al g2
ARE aef2 olo] FofRl EAl Rl sy oAl Zstl doks AolA dEoi(1d 3] &
= A= AoA g2ta & 5 Qo wStolN & Z). Weintrop 9](2016)7} AAl8F Z1&x]a& CT zHzt
Asi2o] opAle; TAVE ditetetd ot Mol o MRS SEM ZAINAS] 24 A &
siaxE Aokerl dE RMIste ©Aoth & AsHAl S=E MM ARSHHS]. oS 501 CTY
weto o] ZAIsHE2 Addd AAAOl et AR W § AR AtREAd2 aetat e
ol ARt FAoletH, ek FojAl FAE 9o FAEHE 7] @A A dAstE
A9 gyor sidste Zlo] Aot ol2fet A FasHAl AREHAIR, Aol AW =A T
ol et EAshECl setdA(ZArele]  al, 22l FAdetet oA 2AlE AR ez Ao
ool s A=W olg sidsty] At FAR shs EME S CT &5o= AHEEAL 9]
A AEES ARt AAetsts W)t & o o UpR] 2AE FRAR CT 4749 e 2
frAtstet 53], 2814 mag2 38 A2 she CT EAIsiZ237d2 SEMO ZAsH2 wgol
SHoM | 2 ofshHH25] A Fstal JAYstA g8 olAlH. Weintrop 9]

A P2 AAAL o A4S A (2016)= olHet weh etolM CTE 283t &
ol ofsh Agelstal x=AsH: dsor, AE A SAHZ2EES CT practice2tal §A A9
sidstzl ffsll o= 7hx] b4 mdo= ®gst  shal QI3
AA ol WAE oA JiEE ohofstl A4
S sidste] 2AIAI 2A ARl A8 ~ 0= 6, ZAE Y HA
5 24stes &sagolns]

olgfgt ol fetd malye pAside) 54 61 B
= AUARL Bl4ehy 24 ZgolM &dshs A 5 o5 5 S
= 7};4_01; ;}L; ;Owﬂ Doxﬂ;?;;i;:;w AIZ7] ek(S), BEHE), 23HM)o] 2AHZ
N - WgE vl FAstL SEMoIAS EAsidx CT
A et wRio] A58 E 4 Tk

o e o of wAIshEA 2/gAtelo] WS Lotuslth

A27H5] CT+ SEM 24 si2E& ¢gt 747t = oAl Zhzhol CRal A.=.o

o _ AEOIA AAIGE AL2Al 22l izt 222 8
SAIAM HEE Ao R ARBEIH. SHAIRE o oo o
IR cto e T Tl A, EHS), sHE). M)l A2
o WAS o= 7] WHeR YUEAL ARE o m pemor xlolmo o rEHQ) T
_ . - 011__ o © EI‘L']— KI—OIUE 7]_K]f7]_- -L']_°—|(S)v [¢)
ARl meldoz FAStHs AFold e 5 _
_ _ SHE)., a=HM)9] ZAIIAE 2 2AIUA, =417
Atalet fApstet. Eob Zojzl EAlof ot A7 A . SARN) AlE
of, FEHAM) Al HFEHEM) A, dEx
A B 7L 24 siE e ARz Y | _ =
&, 191 grteh detete PEEE F8 o
st 1 Auts =2|doz MdYy, oisitts 59 15 5
S FOo= olsid 4 Uitk #5te] B B A
olM= atetat FAbstoh FolEn CToM= 2A
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