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o~ NS B b R ERf#(e.g., Dagdilelis,
Sartatzemi, & Kagani, 2005) - fEZAZIEL > H/N
B A se e B R R A LAE = 7 AR R
REFARE Z SR T2 75 BE 5 HH 1 T [ 2 B A
b > EAREIAD - ERLAIHVERE - B A
T2 EHBYNE - B E £ ALRYEE
MR - FEDAMERE - HEEH B EAHE  &
S NPT R BV B3R S - EERT
SHAV O (Johnson-Laird, 1983) ° [{EfE
st o Frel OB SR R AR U L ey
PEd B RS #H#H(F (Kurland & Pea, 1985) » 1 [E/F
(B2 IR M —(E B iF RS E E YL
RIME > BT E R — D IR RS R E
R 2 ETACRE Sy B R o - FE(E
HEREEI ~ /NEAE P EE R AR I L
AT~ EAAIIE R -

fAM B R R B SR E A T ER  ER
B2 B8 o O R /D B R 1 B RE 7 (B SEAT
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ERIEE > JRR[1E2 AR R g 1= SRR ER AR
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Mindstorms NXTEEE 117 58 5 £ f s A5 -
BT T — T — R BREE —
fit | AYJEER > Chi (2008)50 Bt TAE = »
B2 T DATEOHI - WL 545 S 2 S RE LI TROHIAG
BT > EEERRIME T AR LR B
BRIV ERAE - Rt 78R b
M=THE S E AR o EAL AR
SEHEIME » T2 T — R UBI R B ER 4 fE 4
(Y% (Valente, 1995)  dlth » SERE D HTERAAE(E
FH A AR e S A ey O e = R F
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1 B8 A B B 0% e AR B 0 O R U Y AR
2 o FEILEREY - B E A AR IR I HRA 22
B WA IR RAREUEME

=~ SOt
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RRCXAEABAEM - HA2006F 5
¥ FsLego Mindstorms NXTE{f:(Demetriou,
2011) B35 =X > 2013 HHfEF I =(LEV3
BEMEREAEAR - KA E M A Lego
Mindstorms NXTEFRNE5TTEFER ~ FiE
&~ tadm >~ BUESS (S DR - BE
BENY) » LUK 44 TNXT Brick | HYS R EE
g ° b IR &Rk ETMindstorms NXTHYER
BS > RNXT-G - ¢ "IrE  WYAERE -
Lego Mindstorms Z 51| 2 i R AR T S 4750
LS BB ESEE CREG]
4R e SR A BU PR AS I RRG - Bo & EITP
FrHY B T B AREEES f BRayE R - 45
PR AR R Y B E (T2 - 2007) -

NXT-GHY#E 7 1 e A LSS R
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&AL A R AR 295

"HE—f T o FRRGE - SUEMEBIS2E
ShRE DAL PR 2R B e i SRHY 82 5 S 5105
ERPEMECR A 0 MINXT-GEEAERLEHES
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(switch block) 5z #H B 5 3E (loop block) (Griffin,
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() REFPEl - 12 il SR =R R Ay
17 BiEg &S [EEE T TR 1%
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Frih - (A2 = E R AT R L AF -
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(D)HEr 7R - HAEG A RifE - — @

& Tsensor | ~ —{& " value | - 7
Fsensor | 1% » H:AE K " touch sensor |
B AT A {58 FH BY B E 25 K [ I #E 1T
% 53 Tvalue | BF > HI’F Mlogic |

Mext | —FEEIE o

()R T - B— HEERTEE NS
< HYEHIEEALUT 448 © forever (B
E15ER) ~ sensor (ELEREAH) ~ count (18
BRRED) ~ time (RFFEIFZER) ~ logic CGEEFH
&)

Frasfe S OB FEHY R HE

B stat tHaE R A A AL S A AR v 1T

HIL R - S0 EEEEANE

SR S AR (recursion) » [ AR | AV

Mnumber ; ~

R —EEEPIA SIS - el
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Galpin, & Gétschi, 2006)1]£2% [ gE B HY
A VB R R Sy(—) copies model ~ ()
looping model ~ (=) active model ~ (1) step
model ~ (71) return value model ~ (75) magic
or syntactic model ~ (1) algebraic model L 5z
(/) odd model/\f& - E. " » copies model
KA ITHYE R o step model BURERA:
ABEfFEIEAE - odd modelFl| £ B T3 2% 2 il
K8 - algebraic modelAIl/E 22 A4 A = 5
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Panoutsopoulos, 2011) :
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QI 1 e
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oA 2

false

R 4

86 : switchmid e 22 VS D SIRT

T BEREERRER

Firas st - B — TR - EAERE
DR FRAVETRR - S. W. Gilbert (1991) 45
JEAR E % Ry R o] TRORIRE S B =00y A > 38
Ry AR B R T — TR Ry P A B AR RORE -
I AR AR e — BN R AR - & —fEE
HRETIAYHEFE - J. K. Gilbert, BoulterBdEImer
(2000)37 Fy A B AU RESTE R B B,
BE 2 EEIrE—EERE - BERRERE
MEBA T =EEZENER ¢ (—) B
ERERREGRNERERE - OB
EMHE R - (DERZR BT FHAITE
7 B E ERn e b A EEEN AT
(=) FE SR BT ER Y R A 2 B A F 45 SR (B
=T~ ZIfE BT > 2008)

fiHalloun (1996955245 1 50k
HH I A AR RS TAEP B > Rl Fs
FEIEE$E (model selection) ~ fEAU%E T7 (model
construction) ~ fEAIZT{k(model validation)
AR 53 #r(model analysis) AR AL & (model
deployment) - Halloung? Fyi3 LLiEB A2 09 5 P&
JEHIRAE - PR =(E S T ERY
FE P BRE 2 /2 [FD A -

ek 2 At 1
false
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A] DU PR B & B R B AOR S AEAH U
S AR o SR H B R S Y i T
T (Halloun) - [H P& B2 BB A A S5 L
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(TR & A AR B3 D) MR
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Al St 1 {8 Y b A 2 g T3 1 B Y
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BRE ¢ #1122 E“Modeling, Teachers® Views on the Nature of Modelling, and Implications for the Education of
Modelers,” by R. S. Justi and J. K. Gilbert, 2002, International Journal of Science Education, 24(4), 371.
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BRI R AR T+ ZE i Halloun 73 fr 20k} &5
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HEAEBEEEE A LURE R T2
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Brown, & Dibello, 1992) » JRE B & ZEE
sg 0 it o R IR B AR > TR
R AR E BT H 2 — -

W8

» WFFE
—  BIFERE

AW FE LU ZE W T T T R — SR 2
B2 - R HIE RIS - TRTERAZ RIS/
BRI E S TSR PR B AR U SR (T
Ko J\HTER) - BENE LR MR A5
At > et H AT AR A s E 1
» PR DR U i MR LB - A R R 1R
BEBRONR > +28ER) - 0 BTSSR
T NEARE S E B0 LA R B AR
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= iR IH

AERFE AR 2 B 7E T B 53 Bl ke L F2 5K
MESRROIREL ~ 11, ~ TR SCRE RS
Jo TREERERRIESERM , - FrA TH S
FEAHBE SR - B PSRBT 2 B
B SIS R {izLego Mindstorms]gH [t
BETANERRUE o ZENETIT -

(—)RBUBE R BIZEL ~ 11

ZOAER Y BTN EE — P B R B8 — P BE s 22
SEBISERRE I - R SRAELE S
20097 P& EARUC s i A R EEILRA TR S TR
FREEE T TR EE  AHIENE 12
S HRELIR Z 2752011 1 ER P B AR UT i
BWARBEEIETRERBREEE 0 " I8
HRE ) Ryl Z5(World Robot Olympiad,
2009, 2011) « R s S & &4 # (40
b S RETL N AR RS H Raltr = {7 %
FER > AN B O ER AR A B
FAEER ~ 53 AR ERA O o 5
HELTHT > WS E DA ERE [ > FE8045
Bo& FERavHEERS BN A > B GRER A DA
B RN AR > DS EE R 8%
HRERSR  DUFERA PR E B sk 0
£ o IEZUHERIRT - BFFEE i st & DAE
BB T TR R B E AT 45 SRR
T A E SR RENXT-GI2 X 2
FEEH » MIITEER » WL SRR
HERK - DUBRARER 4 K R B Al A I RE
B 2 B AR R R RS R
] > ST 53 BT B 2 BB A A B R 4y A L
B R AR -

(OB S IR A5

2 M 5 X H 22 E{8(2007) Lego
Mindstorms NXTZyERI4E o428 A BlJavafz

AFA#E—FNWAELE > RS EEEH)
Bt MIREGS RAR B > 5 B K S R R
TEREAY > SR o SO R 2 A Y M R A
&AL ~ 78 kB EBEAR
o RS RE ARV o MBRAE
73 Rl oy SB oy R U RE - HAVAE
7% I fiA2 2 2 2 5 e T R g AL Pl K 73 2 Y 2
RE R [ RIS - WREHEESE S H 280
R (PRS- HAVE R IR R4 HIE e (8
i 2 BEHSE B - DUE— P IREE - B H
NE R AT AIZR2FTR
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LEERITE RS B TER I8 2 AT
BT o B LB R 4 2R AR T
Pt R B R - HERE SRR k8 TustiBit
Gilbert (2002)8 R A HEE LM TTAC - 1
HERE SRS -

0~ EREIRELHT

ENTES (SRR YL Sk L
AR - AR RIB T R
RIS - SIS T R -

(T BRI

UIEECYINEEEE g STl S SURVAIE o 3
B ERHETT RS & 38 - dmakikPLl T
My~ TERE, ~ TEH, - THEZR
VOB - HARRER BB R BIAIRARTR >
Tt E RS EEELER R © T R

#2: RIS EER 2 EaE X

E R .
@* & @; P
e - 10 56
1~-2~7 3-4-8
N (5)3
R (—) ~ (1)
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%3 RIS OSBRI ZIRERE RIEHR

e =i
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IEENE I SR - REDS EIRAERS - B AR R A R -

RIEEH o0 A © WS © RS TSR A ?
. S AL ] B R A A R (LY -
. o0 IRERES B R SR
— S DU e I 753 o A A R A e e -
AR A R R R A BRI VB © SR (A S ] L ©
s SRS o A R A R S T - BT o R 2 o A S TR
ELCERR  pemgmrmns -
L TS T e s .
40 MRS EEE - S S R R -
G S PEI () By (T T S Bl » [ FUR Pt b B B e e R PR A
TR HE ~ B 5 T BT B R T -
A1 BFEHEN R R RS - @i TR R e s -
S S PR R T (T RSB T RN -
S U R R BRSNS S TR E B
N NEL PR T AR Ak B FRET -

&4 BRHRMERE
BRI
T IREED (E AT '8
B TR R
P A BRIESER
RSB B

HmaRanfl
(2010/01/168/2009-S1)
(2010/01/16452009-S1)
(2011/05/108E2011-T2)

(2011/05/293-S2)

WrgesE s TS, REREBLE > BRERE T,

AREZR > RERT -

BESE > ABHFE R = A IR E T E R

#F > AT FTAL -

LERAIICIE © IR RIEsERE T - F2
HERAMEREFEECHAT 2 A —
B0 MR R R R B A e S 2 &6
RETHIR > migEd 20 - JREE
i basEnY S -

2 BIZHAIRIE © Wb 7238 e in R B2
BETT A A A% - R E U RV BRI 7
DIEEE S ARES CIR

3.FARIRCIE ¢ MR A S R
o R EE S AR 2 E R

A A A AR REUE - BEE R R
SIMTEE A A]SE

(O BRI
LB R RS

e B BRSSO
PRATHE 2S00 R T 58 -
A BRIV TRV - B1SE 0 Fpower
cam LR A2 B A M TR S M2 1
SRR RS BISIR (RE  BE - B T REAE
R HIRE o 43T £ SR Y T
T R LEEE - BT
ISR AR 2 o AR I R R
HSHT » ST R LU B R 2 -
ARSI S -

LRI R BAEES  TI%
Bolie TR | SR -
Y5 ETRI A F (i Lego MindstormsfEifE] - 733
(TR RS R T
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loop model RETEREA IS 2 A— [

JFEERE fERERE IR - & $—2 4] (E42%)
HHIET R R 46 (2011/01/165%2009-S1)
TARAFRIRL -

step model FrAEAEEH— [24—->4Fh>BiRCi

JFEaTE= HEE— R (B)) AR 3
ELERar S friti » B2 5 .
FHRAHRY - (2011/01/16$%2009-S3)

odd model B FHEF 2 SRRV ECA BN S TSR - AR R

EN G, HRAVE R MOAIR IR RS A - SO A AR,
TTTEHATIRE -

single-switch TEWRSZERM BB AL BT i E

model SEREERE D SR EY B EAR ET

e A T 1% B9 A2 =Rk

SRS R
(2011/05/293H-S2)

multi-switch

£ 23 77 & 12

TERI AL TR -3

model ' B HHBGER G e LD A
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Abstract

This study explores fifth grade gifted students’ and experts’ mental models and modeling
process, in the development of conceptual understanding and design of “loop” and “switch”
programs in NXT-G. The students’ performance could be seen as a starting point, and experts’
performance could be seen as the role model. Suggestions for gifted students learning mobile
robotics were proposed by comparing these two target groups. This study adopted the case
study research method. Six fifth grade gifted students and two experts were purposely selected.
Participants’ experiences in completing the “Programming Concepts Test” were collected through
the think aloud method and screen video capture. Additional evidence was gathered from the “Test
of Understanding in Programming Concepts” and interviews. The results showed: 1. The “loop” and
“step” models were adopted by the gifted students when they understood the “loop” program, while
“single-switch,” “multi-switch” and “odd” models were adopted in students’ understanding of the
“switch” program; however, “variable loop” and “nested loops” models were adopted by the experts
when they performed the “loop” program, while the “multi-switch” model was adopted in experts’
performance of the “switch” program. 2. The gifted students relied on class experience to select a
model, and needed to verify their model via implementing the program. If they could not achieve
the goal, they usually used trial and error to modify arguments or rejected their original model rather
than revising it. However, the experts had abundant problem solving resources and experiences
to form strategies. They usually verified their selected model via thought experiments and solved
problems rapidly. We suggest adopting experts’ strategy models (e.g., variable loop, nested loops)
as templates to enhance students’ basic understanding of programming and their experience of using
programming models. Moreover, “prediction-implementation-sharing” could be used to encourage
students’ thinking experimentations and to compare different models’ scopes and limitations.

Key words: Mental Model, Modeling Process, Expert, Gifted Students, Graphical Program
(NXT-G)
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