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SRS, TREYERNZ XHZA A Mol & 7=
TIRZIRFE . JEA 8OARLUG I 20 245 5L, 3T
BHRFEAE N Z oo maE i, Rk & R,
P AR H 25 2k, 20 HH42 90 4R R LU, &
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putational Science) , B R Bl 5T 1 = SR
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R R L LR RIS URL = Ay
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PR R SR 1) 2Bl ae XAk, el HERE T A A
BUH 3 DR BRI S sl X R PRI
B BUACITRE DL L R CHOR S Al
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HHEEGENAE AL, Bk, BNERGt
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2010 12011 £E & AT R PIIR L AT 254, AR
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Wi Ji8h, AERSr FEOCTETHARYEM S, IR
2 M EEE LR RN A

AR 5
JERLf B

3 b
LA
B2 BEfITERERSHN=1NA

Lt F AL A 2 oy &4 R E

IR 2= BT I R AR R B, 58
8 R 28 O o3| | X NS S ey e oy oo
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(Papert, 1980) $2F], “ZELp—2 RAKERT 5
SRR o T AL M B AR 7 IE B A T A R DR A T
B Es Sl IE, AR E R Oy e B
KB ERFIN S PAFHN, RATTREA B 44
WOFTIREL” SRR R SRR AR RO
BB AFE,  HEEYE SRS T L
H (Wing, 2006) i T8 R RGME L, INHTHTHE
PURLE R BT iz B B, $8 R mE &t
RGP N IAT AT S, Y RT3
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2010) TR TR 2 2E BN BE O T E, N
FHEAEZ T BITENRRE P R Rk AT
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PS5 EIEAFE R E o dA T R R A% L
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(Dagiene et al., 2015),

T 280 H — DR HE DT ALRE A
FER I B FIE H E B dE 0 BR, IMHEL
BeECE RO A BT, S0 SEAE (Shi et al,,
2014) FEITE BYERZ O EE R BRSNS A PRifE:
R EREIARNE | UURREAARTE . R
WUR SR . T DL RS BN HURS . i
MAMEXE . B H T4 K28 AR XN )
RS ARSR AR KR EARTR, Xt B T
FELAE P TR 1 T
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TR 2 T LA BB P H RT A% I g ey
2, SHEMBTH A E IR . EEE
B K 2ABT 2 (Aho ) UG I, HEHEE
AERpF THERET 5 SRR TR AR
W AR, S SGET, MR RS IE
eI 5T 0 1) BB AH DT BE A P (Aho, 2012) o A
H, TR EER) S E R R R RS Y A
IR, AL O R S . A ELJE
PLE (Wing, 2010) BYE X, ZRRASFRIE R
FRBR AT, T S s R R e 25 R AR R,
AR ZRXTHE LR SR, A
BRI G Y U TR e A T
VR TR — PO s i S B2 AR (A THIL
L DA R R

FH ARG 134 v ) A A T L2 2
BARYAT BRARZSHL, thnl DU SER A B RAREHY . nf it
ARSI ENR A R O IERE B . AR
A AR R AR AT, X e R R A )
AR T —IWFSEIE . 20 TH4g 60 A1 19T g
NI BN TR PR F A7, 0425
BBl 5 B MRS R N TR AERN L
JESGEATHE A AR . a2 e
TR AR, AN A HAR T ZaH
etk o WINE I M RGN IATIH IR, &2
HPBIF 5 ) E 2 2R

24 A5 52 XU P 1 FH R PP A0 LA R — IR
MITSETIRE, WSS s . TR
BTV AL AT J5 53 A R g K i i 1
P, BEEgE . AN TR AR R AR BT
PR BERRRME ., SRR, N T AR 4R
L= RP R DUy L U I PSIMAVE RIS
B PEfRUIALET, SRR R, s I SO
RS AR, AT LSRRGS AL B A B A X
BB NS Y AL AE AR L AR kit
2018b) o A JE T LAt N 5 T N T A REmF 78 Ml
SEER PR R IAESE | FREE ST H, HHA
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PR BT, X R, BEE AT
ARBITRARISE, T 4R NI 5 T R A
W& e o WA SR AR A A B figp Sy T i) ] R A 1 35
B S AE s, i Tk

2. E AL A IR S Y e shat

2006 4E LU, 2280 A TH IR 4 e
SR Sl AR O 4R BT, B Iz s A
ANZai I E. SR, A AERER AT
V5 S NG 8 IS 7R S WAL R TTic I = D7 o= Nt
AEME e R, A I R LAY R A
DA . AR HE O 21 i gd v
ANNIT LR AT R, FTLURRPLAR St RE: >
(Wing, 2008; 2017); WA NOKFH I Ny —I5 56
BEfES) (1sTE, 2016), SRR ERIEIARML LR TR
(R H %, 2018),

TR RAEIMER IR, DAZH N 2 0 &,
2 NTRTME A B TARS B it 5 8 4kt
SRR EEAER ., dEA 21Ok, AL
FIESIEARN . A1k, &8 8 AAEBE A
TRtk EE, BFATRHMRE RO BLSE . 50l .
ol Byl BT SER MRS AF LR
AR ISR S RO AR S AT 55 T TR
11Ul ( Computational Designer) , 113 T 4EER} 2411
A A TR R B T, gk s hEE
HIIRIT, KGN . T YR RE
AR, R AL (Bundy, 2017). 4JF 1Y
FLARESE 5 TR S ol i 5 2 Ha T o 0 e, g
SRR . PRI TIALEE, TETHEHL BT If
PATAH LR TS .

(1) A B 2E 9k

MATE A ORI R E U8 h i 21 1
NGO BRE R B E 730, HATS “20F S 1)
AT WA, A THE R AR
AENHFARLER His FEits” fEE, it
AP E N2 AR R R I LU, 25
AR 2 E R 2 LRI . 2RSS 50%
M TR R RS RO TS A A B Az S
1, KB gRFEsRsE (4N Scratch, Alice, Game Mak—
er. Kodu Fl Greenfoot) . % Web [ AI1E T. B
(@] Agent Sheets 1 Agent Cubes ) FIHL#F A =1
(Arduino, Gogo Boards ) SFSZHiEAA, HR T LUK K
WIF# TR MR R e, 56
FE| PR B T K24 A9 Scratch KIEALZR AR IR 5E ( Grover

etal, 2013), FZWR T A4 E AL N BT 1/
4o AEELRIHLI Code.org 5 AE ARSI M HEAL
Pl E WS, APl A (Cozmo, Won-
der Workshop) . 5 ( Robot Turtles ) 2K#2# T A
WLk, MT AR A 51 R4
K Hrpr, 2R AR e 1k A e i
PR, R EAYERE I EAFYIA R, AL
S VNN N I Y N U e SN 1
2250 4% (Kangaroo ) D HA —Sesa FE L 221 5] T
BT 07 A O o T 1) BT 2 A A L PR
P ELFE (Bebras), WHEAMTZ T 7R,

JUEBR TR YT 2o % . . RAE
G, AEHOTE RN e SR TR
Ak, Bl P A BTG Y R i Ry 2802 W LA A
Pl NS5 B B o T 8 22 RS
R BRI E, SHRECHb R
S (Denning, 2009) . TEZBUFFE (0¥ T
s AEEAE ) MAREFR H O ARl R LRy
NAVRMES d AR AR B AT AR
1% (Hemmendinger, 2010) 5 TMI4F H AR 155 ] AL fif 2R
P13 W WS (=i ey W W e T PAS S
Vi, ZF|FEE (Guzdial, 2015; K%, 2018), 40
SEREH, IRRAEZM T X Rl R P B A e R
HRAEH 25 A G E PRI ZE R BYEEAC 5L (Baster—
brook, 2014); EFFITHABAEG I TN, JEALAF
GRS (i, S ZARZER TR 80s AR
ARACHTFBL) 5 BBk B 2 1) N 25 28 ATHRE 4,
Rt 2 PR e O 2 4 ) TSR AR ) (Tedre et al,,
2016) 5 3o am TR R A A E M, anfE
RS AR SR T 00 B8 220 R ] — T ) X 5 —
B, ARJEHR R YR (Denning, 2017a),

(2) TR EYEr Z oo E

WAEHH/NEEE, AeEENEEESN, #
WETE RO . BRI o SRR E R
TEA AW SE I, SRR EOA IR ERKIG R
R, #HSSERUR R TR B i, AR
B S IREIE S 28, #AEF AR E
BrES2sml, SR, B REHAZ 2k A A a4 B
Iz BRI A, AT 2 2 3
SRR R FEN T2 I RS 4R S | A/
2, BRI RR S ZS IUAE ALy 2
MINES . TEAFRIFACRERIA R b, PR iz an
fIEC A AR h s 23 1a], THA e e 22
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TRZNER — AL LT TR R e 2 2P 38l
AHE, HErLZ P E—8myEil (NRC, 2011),

JUETHA B SRR TRBYED, st
BYEG LR Z AL, e DR =y e T 4k
FiHE (Lee etal, 2011), &l?ﬁ%*?%%ﬁﬁ s
e BA B 8 F] (Denning et al., 2009) . 552
b, fErheIHERgEM AR, ATEZEED it
ANLER) T HANE, 20 7 M EF R E .
TERFITA M E R B, W sl e
HIEA” TERR B Bh 5 H A U A0
(Grover etal.,, 2013), XN/ 1%Z/2 )™ SRR A ok 2
fif it e Y F

RN CEETIHE HATRA TR AU E R
ARG IEE TR, JFRIEHXTRZEARHE
RAFERN R, I AEI AR AE T4 R 24K
AR . WFEEXIMEHRERE, T
SYETE 22 BT . A A FR AL
JET R R B YE I, Y AT RGeS
HESSH SN MPNISL T2 INENE 2 NG9Vt
HWNBEFHE , WA DEX A e T
SR, mE, ARZ AN A A AR
W, HEHE R IR R EHIRBEFE R AR
(ISTE ) FnSEFEIHEHRN - Z0M P2 (CSTA) il 1
KEMTAE, HEVARILR . BE TR fTEE
HEILEIS Ty, AR RS EREG], MU
HREILFR, SR HA PR IS0, e
N RN Z 0B

APP Inventor Z 4L . & kG F T K= A%
A (Abelson, 2012) NNy, ACECTEF HITTEAHL
PR A& TR AT P TR 75, RN
FHAEAIME ( Computational Values) . ¥ REAATNL
S, TERRI SRS S AR E R [, SRR sR S
BEARFONZAFE LA E T, JEHSE B
C ] WA RO 28 IR ™ A i B

THARLE T O SEAE 1 45 32 2 G B R
e T N Y=o DN ER  EYSNiE v [Phd
FREWO . BE TEETMERE Ik 514
HERYANE ST . SRR S AR RE ) . RIERSE
N (Kafai et al,, 2014) PEIFEFE LS5
(Computational Participation) , 58 #5752 5| F: 27242
TERA TN R . M RAFAOREIX, A
B E ] (Remix ) 1728, DM & TAR1L
(Tangibles ) B HL Fiil 5o 2 855 N (Rode et al.,

.94

2015) JlRT S, EEEILE IS SRR A%
WH, B DtERGEZA, A5 SWHRE (2R
WL BIETT . EERE . AT bRIRRE Ty, DLAON
OB ERARE ) B9 EBIME ( Computational Making)
BREE, MATEN, BT A4S T STEM #
B, ARROCRIEPR )RR, BN E
B STEMEfE, LU SRR B F WG S
TS50, MR E X U, 1A R4 2
STEM v B A 1A SE A ——t P S A ) 17 S
Ah FHEEAZHOCR, it RgEST) T34
AR, IFEBFARESR iR 3.

3 NI K A A IR F T F B ety A

SR TG TR W b )RR AR TR A e AR L R JRE A
CE JERY bl SR E ) I Fig AN SIE S s sy it] il
WF9E. %2 TR (Hemmendinger, 2010) IFiif “if
SRR ST T B 2 EO ARG T, AR
[P i R B LSRG | B S HERR — Al DI
X BRSO R OAE TR IR Ay
(Gardner, 2000) ARy “EEASFERHEA ] BEIE B — L8
FEA T PR IEAL, HIX AN AR5 XU
TP R A R i — R SRR, e 5l
AT LA E TR B A 35 S5 R W] BB I SE 7 FE
R FATUEIE M R G BB WGBSR T,
ASE BTN Z S5 0T5, ATAT AERTTIEIE
AULIRITBIESE , 38 VI EE A B35 R 4
R SR

(1) BRI E R

AR HET IR FRARI R M o A
AER R ED, ENHRREE AR AUCR, KRR
A DA G835 L AE B 30 43 DA R0 S N TE & R AR
o REHFTHEARLEZITIE (Jonassen ) LIBFF
A B SRR E TR . TEAME R, R0
B2 O A ) SRR e A T AR
fiffe TR BT AR T R, M DA SRR A% A 2 Y ) B i T
(Jonassen et al., 2003), HL/REFE AN (Lye etal, 2018) i}
MR, XA ERE, AR 4ER X A
R FEANE . MA@ X FnE N ES S
Scratch g 2= 2 TR R4 R RIS RE R, K
T AN R Y R R A AR A (Trail and
Error) . WY 73 ( Piecemeal Approach ) FlE&{A
9 F: (Holistic Programming) o HILAI W, 87
2R TR R R RS SO RN 2 A A
FAREHATIEMY, B2 A A ST 5, DA S
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A e RS R 518 R

R T E TR R R R IO R, A
W98 7 H S 0RO ) (CRdEERERE )y . MR
Ji. BT BUFERETT ) BIOCR, JERTHEUE T T
B S 38 KA A Y 22 A I e 53 R 4k
B, RS R EE SRR S (Fluid Intelli-
gence ) A X, HE5ZMEES (r=044), HEHHE
71 (r= 044 ) FffdnEREES) (r= 0.67) ZIH]
Z/DAEE R AR B (T W A e . RIS
WERH, TR YR — R S R T, ANRERE AT
A HABE S 2H 4 ( Roman-Gonzalez et al., 2017) .
PR T A IX TR AR BT 572 B AT S AN e A8 AR
KRR, XPHFRIEA TR,

2O CPINTI b s NS R U T e | B
B [ B A 2 — At 1 R A i P R A (Kules,
2016), BERLEE THCAIMEEYE, K Mgt
IR ) B FEL 4 (Weese, 2017) . 55 b 0L 48 %
TR 8, BN 2 e Bl 5 —Fh B 4
e ARV R YRR FH T n) RS, b A
WAE IR A . e B R P a4
PR, B S SR, Wil ES
ST AR A R Z 4R e, HEA I R A
PEFRAIRG I ATEANHERE . ATt FO L AR AR
P REAE DL S n SR Pt B . PRI, R SR R e i
P, AU ERATHREYE, WEEARETE
HLAHCHIPE B 4E (Voskoglou et al., 2012), T LA
BAEE WA RRAIEE RS, RAXHA R
Bt AT T %
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v, A B TR R R i B A R
Gifk. WHTE (Osman, 2018) HEHIIETF00 FR44 3
WX R AT RGN . 2R RE A A
FENHZE AR S — MBI SRR et
THE R 5 ANEMAE AR R Rk, $2ih
MAEYTTH A B AR B A B R BEA I TR e
REARMIINHIRESE . MRy, AR R i a5
RS S50, HARME T LI 514
AORMERE; THERYEIr I T E B AN . KRN
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FREH R EAT. Rl K i A T A
KA E A TR TR AR T R g Y ERE AT

IR AR . SRS AR ) ME LA I [R] P £
mRRfRRRE ST, “WhE” 5 O XA
BAEP R EENER, 2T LUE N ) iR
Tt LI, TEREEE PR S 05 B
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(2) IR B Sk E

HE TAEE RN AR A A T A B et
i TS T AL TR >, AN
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U, HERMIEAZE . LR A U
2, AR CERY, AR S7E A i hE
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25 A ( Christian et al., 2017) BRI, SA
I HL Y Sl S I 2 2 A AR R A R I i i TR
FERE S 50 AL FEE A o SRR R IE H
w FEEOS, R IR BRI 25T
HARGER )R

2EEA RS A E “gRAREE O Rl RN
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HE”, T EAmRAANTE, EEE T
EREEF N A ENS . BIR, LA R 33 Fh
GRS S T/ N ENLEE , Wkt
SRR TR . HLas NG ] T2 A W R T
g, [HEfE A3 U T — DLk EBAR R A
(Gamneli etal., 2015), XFJLEERBL, M “HyACH”
B T, N CERESRIET R Mg ih
NFESL”, TR R E Nz — Pl A S
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Computational Thinking Education: Concept Evolution and Challenges

ZHANG Jinbao

Abstract: Although computational thinking has become a research hotspot, there still lacks systematic
analysis of its concept. By tracking the history of the development of computer science, we can find that the concept
of computational thinking got into shape from the beginning of seeking disciplinary independence, sprouted in the
evolution process of computer education thoughts, and formally formed when scientific community recognized the
computational science. The constant debate on its concept shows that computational thinking should be considered
from three perspectives of comprehensive computing, universalization, and cognitive development. The key issues
currently worthy of attention are: computer scientists have not yet reached agreement on the key elements of
computational thinking; the update of the understanding of computational nature will affect the connotation of
computational thinking; many difficulties and doubt restrict the promotion of computational thinking; the
embodiment of its value should be diversified; the individual cognition development of computational thinking has
just had a preliminary exploration; the research on the social development of computational thinking will trigger
more deep—level problems in education. As for promoting the development of computational thinking education in
China, it is necessary to solve the problems, including the impact of special national conditions on development
strategies, the emergence of curriculum and teaching system, and the gap between practice and research.

Keywords: Computational Thinking; Computational Thinking Education; Concept Evolution; Development
Challenges
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