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National Chiao Tung University

ABSTRACT

We use digital assistant tools associated with games as scaffolding for both gaming
and learning, and analyze how different scaffolds affect players’ strategy development
and gaming behavior. The digital game system employed in this research is “Professor
Sudoku”, which provides varied kinds of scaffolding. According to Wood, Bruner and
Ross , there are three different kinds of scaffolding, they are “marking critical features”,
“frustration control” and “demonstration”.-Because of these scaffolds, players can get
assistance when they get stuck so as to avoid frustration, and promote their interest and
motivation.

Twelve fifth grade players participated in our pilot study for identifying basic
strategies. Based on that, in the formal experiment, 90 players with similar strategies
and game-solving behavior were selected. They were divided into three groups and
played Professor Sudoku with different scaffolding. We compared their strategies and
game-solving behavior under different conditions.

Our primary findings are as follows:

(1) The times for answer whole-clearing and self-answering per round in both
scaffolding group are significantly less than that in non-scaffold group.

(2) Scaffolding of frustration control reduces both the times used for scaffolding of
marking critical features and the times of all-were-filled situation.

(3) Scaffolds for marking critical features and frustration control influence players’
dependence upon scaffolding, and possibly deprive the players’ chance of learning.

(4) Scaffolds for marking critical features and demonstration influence player’s
dependence upon scaffolding, but they demonstrate positive learning effect in
problem-solving behavior.

Keywords: digital games, scaffold, strategy, game behavior
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* i 25k A b (Sudoku) o A AL~ GG HBERIT N 4 2 oo g Fauhs
B (Mepham, 2005) « B RPIP FE > 3 Z R g et B 4 > I Efamer Faz
FEFEEE o A PER KGOl P o IRR G FAEL Y e S 2T R
EUEHKELYERPE S 2RGE P W R -

2.2 %2k

2 (scaffolding) /i p 22 H4 &4 » 4 Wood ~ Bruner & Ross (1976)
Foaoerged s B AP g LR p 2 Vygotsky 0 ¥ 3% o S & AR BALY
VLG BALG AR F AL MG nieRgd - B A RS e ARad 2 AT
(Bruner, 1973) « § i 8 f /8 fo s {1pep » B A0 e 3 Suim s joid
U o R - B RART AR AR TR E R
e R BRALY N A I o Vygotsky in i A sgamin g B E gd TR | & TiF

ol B | g -



Vygotsky (1978) # M 2a BV HFEREF - & TR B 2P 40
fed R T EGREREA S fRAREEZ A 2B A- B TR B E R (the
zone of proximal development, ZPD) ; $23 s Ay@ B & & L A4 € 5 & 5 B
B Fafef BESLG SHM R A ?I§—‘kf@;]‘w94§ i —*‘;ﬁd 5 0N QN S
FenI & & SN PEFV g B Ry B
BT ACHE R HAL WA ZE ehpaes > RS ERIEY (RFE, 1996) o

FEFT A - BRF ARG ARFL L - PR E LTV fHRA
S e BRW B BIEN RS o BH O BV H A f b2 I Rk
@ 3 ¥rig ix e e es (Greenfield, 1984) - £T17§ EW R b M P e

v

TEAESRIEIAE

ﬁ ¥ i # B w (ZPD)

E /T\E][j)%\lé

Greenfield (1984) # iz BAIEHRE 2 PR A -
LeRRrgre d gV fat #RDER
AFORREREY H D TR A F
LB i 4 R AR 2 LR
LS 1 (ERER A L
LA PR B B R PR D e SN T

AEMER N AL P E Bprie Y Hacfabop A

OﬁtﬂrBCOL\D

FVHRmefB T AR ER Tl §REFREDE
gELE S P g B Hinarn WA 0 B Y F R S AR Kk aniaok
= (Bruner, 1989) - #XE#F ¢ 73 Bis 4 & (Dyson, 1990)
(a) KT REFY HPLg T R - BAER BV HEFHFEFL TR
(b) £-2 4  f ikt 3 Al e xéﬁﬁﬁwﬁv Aib s UEEHERY A o
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P TR R S O 4 R IR o S €y o
;/?ﬁk‘é&ﬂjﬂ‘ g Sehgfes 2 g J§3é;§/€i'i\ﬁﬂ’éfisifr:f$’}frl:’i’§;4 S sy
FIP\ 'L%ééflj?gﬂs?ﬁfvmﬁg a&é}%##’gé

-
i)
ﬁgxlf, ,__§33;!F~f ngrﬂgﬁ,;;si—‘—,’,,}g#%ﬁrigwgu’%o

R eBaEREF @ chiF 2 @ § 3 I f84F - Anderson, Armbruster, & Roe
(1990) s2 5 G & < fasf &7 ok oHall (2004 1 E7F 1 B+ i 3575 -
FEIE CRGE T E R BFERTIMEEBHH S 0 S AEF S ke g2
ﬁli%ﬁ?%%ﬁﬂﬁé~ﬁ%#’Eﬁliﬁﬁﬁﬁﬁﬁgﬁﬁﬁﬁﬁﬁﬁ
YRy > HEgsFY prages (Kao, Lehman, & Cennamo, 1996) - Ft %
28 (2003)32 5 R drehle e > - BERDFE KR o
Wood %= 4+ FIZd 2@ P b it g Bend g > Fdgdiigitd &
REROTRENEY A T UFBEFFEE Y a4 20 B FF (s
piTe=~8% a1 i (Wood , Bruner & Ross, 1976)
1. 314 245 (Recruitment) 33 & acsldedgr v B § 5 Y h@2ds |
2. #§ i+ 1] (Reduction. in-degree of freedom) : %+ [ i 7 & = # | eh=x
H i (chunk) » 7 §et& % 'ﬁ%‘}i ;
3. 3l Ef2AR 4> % (Direction Maintenance) : 5! ¥4 ¥ p &% > 2 &~
SR
4. Mt (Marking critical feature) :&8* & ff=> 23l HF Y FALF
BRF PSSP AR
5.  ¥°#1337 (Frustration control) : % £ % FHBFFH B PR RE
6. #& &4 (Demonstration) : F ¥ 4p3lt @* ¥ HeanET A s o i

i o

McLoughlin (2002):&— # sp #£ H 5§ p /F 28 37 3]
1. %% (P EY p#) (Orientation: communication of
expectation) ;
2. 4p % (Coaching) ;
10



ip B1 M4 (Eliciting articulation) ;
7%+ # (Task support) ;

% 7 % (Expert regulation) ;

pe& B% (Conceptual scaffolding) ;
B2 (Metacognitive scaffolding) ;
ﬁéﬁ/’g—# (Procedural scaffolding) ;

© 2 N Ok w®

K& B2 (Strategic scaffolding)

; Fﬁrﬂ%‘i’i‘ﬁ’“/ﬁ hi®* 572 % I > Lepper, Drake, and
0" Donnell-Johnson (1997) § # 7 /F 2 T#* & kehf B - * k1 45
”f%ﬁfjﬁ‘?’ﬂ% oo ﬁikbpﬁ%#ﬁa‘*??*ﬁ“ﬁmﬁ* P EHRIFFL L AFY
PREEI{gEFY  FRARFIELL 3 ﬁiiﬁ%‘f? Gl 1 B e

(Hannafin, Land, & Oliver, 1999; Jackson, Stratford, Krajcik, & Soloway,
1994) o EoE e ug e E Y L e F G M7 FPREERLRAREY F
ﬁﬁ“’éiﬁﬁﬁ%ém?ﬁ%&%ﬁﬁ§’ﬁ@ﬁ%#@%%ﬁ?ﬁ*ﬂw
Lo F g dEY P ARig B A AT BRR 2 Ao

2.2.2 B & i 25k

BB A MeZF 4 EY RERORFAE > BT 7 EF Rl 25N
%?ﬁﬁﬁ{ﬂﬁﬁﬁﬁﬁﬁajﬁ&&éﬁ{&ﬂﬁfﬁﬁﬁ’£g%#§ﬁ

(Gee, 2005) - Sweller (1998):v 7 AR JEf2/A-iE/A Y » 4ok 2 L4 T b
PRt BT 0 BT E AL BRE A 0 g S F Y TR o A SR
R R B R o e B RPGE RO E S T v A BB R
ERPEGE o FATERTI - FR X F el - FRY SRR E
GRS T 0 A R SR GRS B Y M7 ¢ ¥ - Bos (2001) % Mk HR
P DT R T S AR LI EE Y BT i dete IR kSRR
FY WS RIGBPPN DFEEFRFEYLF 0 F A IR IRFEY c F L
B BBph p gy i B IR IRRA Y 0 R H e 7 g ¥ ok (Fisch,
2005) -
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A oRET R STIE Rl RSN ¢ % > - & Wood et al. (1976)
SRS A AT BRI Z AT TE o BAE R AT R T
(1) B a4 e
O Flapds B R34 € L0 AT ST Tk E -
@ ‘eipdgr BEGEFE o T T 6 S FIBRS TR
@ FHEI 6B DS NFHLES BT RRFFERAL
(24 #1347 2
ORCER-ESE RS S0 -8 SRS i Sl k-
Q@ ptolflc Sl REE L EHTNT FTRT T & o
@ dp Rt B K REE S 6 BT T AT TR VAR
_%_ o
D7 - H#T D RAT-H LT H LY HRDEE
(3)# &or o
O - HFmfBE g BIRS T - F R E 2 R4

A (1999) dad BREGR RREY IRER > TV F § B RGEFE
Wip e (20078 3 4o 2R TR R T R FARRIF RRY o R 2
TE BRI Y o 0 BT AR R G R R E AR R
WHAEF RN L ERd o PR ARESR IR > FEFER LT ARALTER
EIRFRRFY BR T g

(W)
s

|

2.3 #ip

" BAEY BLEE REL TR S ra R, By F
PG o o B P 19700 2 M A £ATRIET k4 R F P ARIEIRE & 1980
£ X8R E- A2 RS Number Place fezkt ¢ Fliz B 25t » 4w p A5 0 X3
bov PR EER > Nikoli M1arireng £ L4&0E 4R v & 25 THp, (SU
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»
J
o

fe

-
o
S
)

DOKU) » 1984 # & p A4 fs— %o @ iz AR, B aE R, 2004 £ 11
VTl FHRER Fj»r%iﬂzj RApfS e inFAk o 2006 & 50 5
TP BIPREEE ) B RS PE PGP g A g s THogp ) e b

R AEER (S P EAE - 2 LEE, 2006; 3 k4, 2005) -

%ﬁﬂﬁﬁwﬁi’%%a#%’&&%%%1@’ﬁ&ﬁﬂﬁ%ﬁ@ﬂ’
R fRE 17»m%“i*u},§, © ARG IREIDE B PERL TRS B
£4mé%&%?u%%ﬁ%%%’ﬁﬂiﬁ%ﬁ&:Aﬁﬁ%ﬁ#Qﬂfﬁﬁ
BT FEAC s Boofedd @i 4 o T EBBERED NLF A RY > K]
73 (& kA8, 2005) o &%mﬂﬁ&*Amrﬁﬁ%ﬁ N

@%iﬁd@mZMQ’ﬂaﬁwliiﬁﬁﬁ’ﬁ?uﬁE%ﬁmﬁmﬁ¢ﬁ

&y

2. 3. 1 #jp e pl
2 A RS LSS SRR 2 SRS Sk R R
SO chdeF bR BT~ AR R BOP L gRARE G - e iR T b
PFERAREE A * BBt iR * (P 532088 2006) -
ﬁ%&%%“ﬁﬁ’ﬁﬁmwﬁﬁ’%ﬁﬁﬁﬁﬁﬁﬂ’JEH§%ii’Eﬁ
BEARY N FE Y BRI AL AT s T E h £ o

2.3.2 8 e £ 7
BB PR 0 L AT i A R e T (2ORA, 2005):

LAt e BERES-ERLZF EHEF L7 B2 15
1 2 7] ~ §§3}IJ ...... ’ﬁx"“%ﬁ’l—?l]—g\éﬁg
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18z 4D |- |24
=T =7 1= [ % = Gl R (11
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1
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3.4 PR BEBpELD 9B FRTES AeRl 4 T4 BL FRANFES S =
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4 716
I . 6|, }8
8 2
3
14 8 4 o 2 L
8 1
2 6 114
4 4 2 ¢ T 2]
219

B4 4 pfmt i

4.8 % - #ibx 3 8l iﬁ?’ﬁﬁ’:%"lf:". g 0 (P 7T tRE T
g%za’%@5wwd&®y 37 % 67yt (1,8)% 7
¥ TAE B

4 716
[ (36 L8
3 8 &QQJ
3
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S 78 |
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4z—T12
29

BO w8 &7

15



2.3. 3. Bpenfz g H
LB FERGEA B (2 kA, 2005)

%02 B BE R AR

EELE g i BoE i
L EEHENE U F T T %
B4 BN i * TR IE iR g R R AT

4, o

PREPHEIERT Y o

% E

FE % T B b AL 7R - R Az 3R T 1Y AT AR D B R PR - RlAe > F
i

T 4R o G- FBpg T Ry |
Bz o

PEESRG TR EOT R TR IR LT Tk

2 o B & fRAE 2

T ERR e TR CY TR P02 ) PR R e o

- iR \é@#&ﬁe‘z N splra.:}&f P - 1 E #, 2  (Singles

E o~ vEARTZE %431}73—“,% 2 ~ H ~ 3% Candidature) ~ ‘£ {47 — iF i Hc 2
“$ PERE (Hidden Singles Candidature) - %
#.# |5 % (Locked Candidates) ~ #
¥ 2 (Naked Pairs) ~ &1+ #c¥t
# 2 (Hidden Pairs) ~ = 4édich |
% (Naked Triples) ~ "&14 = ¥k
#1 2 (Hidden Triples) ~ 47578 &
Pz (X-Wing) ~ = 45| )R 2
(Swordfish) ~ BE 4 ¥ #| & 2
(Colors, Colouring) ~ Rf it #c# |

# (Forcing chains) °
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Bl Rt sT o BB L5 B I > 1A B S 252 5 A 0 #3040~ U eh
ROk 4 RAE P ILfR B E G0 E 0 AT R LA 2 R T 4

KB E IR R P R o Bl e fs o

2.4 K%

%ﬁﬂ%jﬁ{ﬁi%ﬁa WP LSRR LE T - Byt gz
AR Gy A rAd B anfdigs 2 (§ 3%, 2004) 0 Kep ARAES
Fen T3l > B0- EEA Rk EDEp BB (28 2% F,
2004) > # Fdpd o 3 BE PR AR JRALE - B g T E R4, o
R Bf- LT VTR K HE e R B o o X AR
ABRERE o F AU L R AT hileg 0 S F ) F - BATR G o 2y
kg i o

AL A chi e 7 4 25 Kok iz (Algorithm)fokes 2 (Heuristic) e

R AR BN UM R B o Mk e § 0 gk
DI N A AT ReF R DR e E B B2 e ﬂ‘mﬁﬂéfj}ui TR
CRCRENEKIL D SER & Pk T cF SR E PSR i S 2L VKPS SE R
FOARRA- R L LA M WORRRT o ET I T Ay AR R - PR e g
FA Rk AR A e RS A SRR AR R e (R,
1996) -

¥OLeE R (IR, 1996 5 4 T R, 1997)
(- ) = 2-Pp &4 472 (means—end analysis method) @ #* ¥ % EREELS S

LSRR AR RS BT AR B P R DA R

M OfRA-R AR o
(=) 48 :‘}é““,ff % (difference decreasing method) : AL feo A2 Rz W

By g TR GEE PR E DL &R TAp ik, & R B A EE

ARREREAPE  F RN et - BEITR R ERRRLELS

WHEEH {FRTP KL -

(=) ¥:#4 32 (trial and error method) @ % o ¥/ 3LPF » fRALH 3 477F 327
e 2B AE S 02 o CE BaETEY @ R ALE R o

(z ) 4&;% (working backwards method) @ & B 4E P ¥k i & e 97 7 & chif
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o HRY BT 4 1L R o

() % i# (analogy method) @ F1* %% 38 * i ch? ALFR 4 2 21 95 > WL AT

P 2SS ap L fBiA— B AE IRt AR o
(+) % % (diagram method) © &8 /n 420 & 2 AP AL B > 7 & AL §

i Bk o

Klabbers (1999) # 77 32 %5k &~ f6 ¢ 7 437 - aoak ~ 4
HP R p B A TR R] S Rl @ i AL Bk ,
RFJeATE R R AL T EN 7R 0 B RIRREE F S LY 0 @ ATE IR RIE

-

WEeha e o B
e

wig * ¥ E4EE o & Houssart & Sams (2008 7 7 I 0 1T P 5 ¥ L R

-

FRZEAFY TS p o i 3T {0k o BN Z AT SR 7
E g G oo R R AGL Y o BT RS afe v g 7 B R
Bl PR LRI E PN F o 2 FEUERNEARA 4 3 5 7 RS AR > R F IR R

2 F

BERTCPER S 4 R AR B A A R E oo

2.4.1 Bhpeiing

L O ERE L EE S R EE é@ﬁ‘f/z > v?v%#fiﬁ'—f/z ~ FEAR[RE N AE
Mg B ARk (RRA 2005) ek B Mok f 1 - Rk L A AR

e

“,Zf?é ’ Fs’fg/?—lir'—f:

(1) vi— j#i2: §BBRAEY hE - BERFLZ A7)~ T84 e
 EeF ey E T 8 BRF o FRAE B Y AT E » kS CREEFIT R
B N IE A T 0 F = B e R FvE- R prE- 3 (Tk

A, 2005) o 4eB T F G % TS 8§ BEF T 0 AT A(2,2)F 7R

- AT AMEFLEFT A Nm BT 0 L a(5,9)F Fr

- T BW8 Y g o FlL e g MmT B BT O 0 (4,97 ¥
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8] 141 1716l3] 1zl[elal4lel7l6l2]5]2
6] sl @ 1351648
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y 6121183 slol7ls6lz1[8]3]5
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8] 141 (71613 |2
6| |8
613 8] [2[1 9
4 612111812
1l8lel4|5(3lel2|7
s| l4al6[1
2 6 1] 4
4| |2 8|6
6 2193

(2) 7 * 352
AL R R FEL 0 e H RILE A 2305 (2kA, 2005)
L4t Fla - 3200 3 BAp e clic > 9T BaEF AR
7N R F T RS
2710 D Pl - FIA GG A AR OBcF o ST R B HCT B
SIS 0 AL T 0T R iR
BEAL CFIS R - B FRING S BARE EF o TG R BT
SRFBLFRY NRE PR R PTG RRR
Bk
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THI T AL PR g R -

2. F|FAIE P FHARATE N PR DA B R TSI
GBCLIEA) Y R N (2R e

B. MRS IT R T DR R B LT 5

BRI EY i f o

1273 F#Es F12 (4D~ (11D~ 8,8~ (9, )38 2@ F% 4789
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R 137 Pl FIEA(5,8)5 4 REFLY gRAFTAENRT - B4
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