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Fi f8) » WRTATH 8 £ o 3 H [~ I RTevR] i HEeh (CHIErE ) R8P - e (i
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3 3)e ri%}:/‘ TERBIED LR AURECE Y R R 2 I - @" PERGCEE BE o b
Forh s EﬂvEJ@ﬂEﬁ«Fl T {klolimf TR - Fs (1,7)=0.625 > p— 4555 Fi (1,60)=1.600 »
p= 212> ZHEFE B o WIEEE AR IV Fs (1,7) =6.592 > p <.05 1 Fi (1,60) =5.569 > p <.05 >
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®2 BERE—Z=EFHBEEK s SRR THER (2x2x3 5281 8 A)

RS SS df MS F »
ESid| 4,633,541.67 11
line (L = RIgsfl) 15,547.41 1 1554741  0.625 455
square (S V= Bigsfl) 158,283.16 1 158283.16  6.592  .037"
angle (a /= pIIsfl) 4,386,365.94 2 2,193,182.97 54.457  .000"
line*square (& Zr [BF]) 291 1 2.91 0.000 1.000
line*angle (% = {=H]) 2279413 2 11,397.07  1.202 332
square*angle (= {EH]) 42,210.55 2 21,105.28 3.208 .071
line*square*angle (& = [EH]) 8,337.58 2 4,168.79 0.257 777
AT 4,602,901.93 84
T s 2,994.805.44 7 427,829.35
835 (Lxs) 174,261.07 7 24,894 .44
3% (Sxs) 168,090.42 7 24,012.92
8% (axs) 563,833.78 14 40,273.84
3% (LSxs) 250,361.73 7 35,765.96
5783% (LAXxs) 132,776.19 14 9,484.01
%75 (Saxs) 92,117.40 14 6,579.81
3% (LSaxs) 226,655.90 14 16,189.71
B total 9,236,443.61 95

KL AT AP S SRR I > a SEEEEBIPIS  s SO

’3 BE—Z=EFEEK SRS THER (2x2x3 5281 ' 8 A)

fgh el s YRI SS df MS F p

AR ] 9,925,289.99 63
line (L V= i35l ) 234,430.63 1 234,430.63 1.600 .212
square (S V= pIF=H) 815,756.38 1 815,756.38 5.569 .022"
line*square (LS % 7 {&H]) 86,487.63 1 86,487.63 0.590 .445
LSxs (F&*274) 8,788,615.35 60 146,476.92

AH

angle (a = RIFH1) 44,523,562.16 2 22,261,781.08 200.035 .000"
line*angle (La & = {EH]) 398,025.39 2 199,012.69 1.788 .199
square*angle (Sa % 7' &) 496,595.51 2 248,297.76 2.231 .112
line*square*angle (LSa & = [EH]) 53,278.57 2 26,639.29 0.239 .788
LSaxs 13,354,727.71 120 111,289.40

?_Z?E 23,280,017.70 183

RN FEG NS> SERHIFER NS abBF 2 BINST > sEROREHPIS -
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Elujﬁ,‘iﬁrj ,’g;qgﬁlﬁéé‘ A 0 @Ejj: P TR U] r%ﬁjtjf J'gﬁ ﬁfx\_ , :g J,»\u LRI e ] [ )
TOPTR b B AL - P S SRR ) AT 90 @tﬁlso F i Tl ]
E*T [FIPEREIITS - i i e HRoFsq

x4 BERE—Z=EFBEEK s SRR THER (2x2x2 581 8 A)

gl < YR SS df MS F p
bl 728.,448.73 7
line (L V= RI3sf) 29,420.83 1 29,420.83  1.009 .349
square (S /= BIEsH) 193,688.01 1 193,688.01  9.435 .018"
angle (a V= ¥l ) 488,705.86 1 488,705.86 15.642 .006"
line*square (% [£H]) 1,001.72 1 1,001.72  0.030 .868
line*angle (% = {&H]) 8,212.89 1 8,212.89  0.649 .447
square*angle (% 7 [EH]) 2,357.10 1 2,357.10  0.230 .646
line*square*angle (% = {EH]) 5,062.32 1 5,062.32 0.184 .681
A7 4,115,690.63 56
TECHM s 2,959,816.00 7 422,830.86
7 (Ls) 204,198.85 7 29,171.26
T2 (Ss) 143,706.84 7 20,529.55
T (as) 218,697.20 7 31,242.46
7% (LS.s) 236,218.49 7 33,745.50
782 (Las) 88,528.76 7 12,646.97
7% (Sas) 71,678.76 7 10,239.82
732 (LSa_s) 192,845.74 7 27,549.39
2 total 4,844,139.36 63

Hl]ﬁtm E‘Z BT s SERHIFER [N > bR el s BIPNST » sERO RN o

T pVE AT 90 I 180 M U H BT RIS PR BT (JLA 4 RS )
FYPERALE 3 P 2 [ D (R e S IR B (1,7) =1.009 0 p= 349 5 Fi
(1,60) =1.824 » p= 185 » Z 35} - (gfﬂg;?%ﬁé‘ﬁfﬁ %%E%%;E:' » Fs (1,7) =9.435 > p< .05 ; Fi
(1,60)=4.658 > p<.05 » HIF iy~ PR REHE. o # R ARBCF (IR E BT 2 B> Fis (1, 7)=15.642
p<.001 : Fi (1,60) =27.536 > p<.001 » £ LI 180 "% [Hi0~ TR fi]E= 90 =
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xS BE-Z=FFHEKFSEBSTRER (2x2x2 385 8 A)

i e Rl SS df MS F 14

AR ] 13,878,682.43 63
line (L V= i35l ) 378,776.32 1 378,776.32 1.824 .185
square (S V= pIFFH) 967,614.38 1 967,614.38 4.658 .035"
line*square (LS &= {BH]) 69,424.70 1 69,424.70 0.334 .565
LSxs (f,)f[ =) 12,462,867.03 60 207,714.45

SEH 14,128,668.50 64
angle (a V= i) 4,249,705.70 1 4,249,705.70 27.536 .000"
line*angle (La & = {EH]) 252,671.63 1 252,671.63 1.637 .208
square*angle (Sa % 7' &) 314,721.95 1 314,721.95 2.039 .164
line*square*angle (LSa & = [&H]) 51,640.95 1 51,640.95 0.335 .565
Lsaxs (angleX #&[* <0 30) 9,259,928.28 60 154,332.14

A% 28,007,350.93 127

FILAAFEE NS > SERHIFER NS abF % BN sEROREH NS -

TriesdiiN gL - f'r?”“ = PR R ARENE T AR RS (IR S

ED) RLETRIpvARaED » B E;,ﬂ PESEEE T %A DR T B R 1 T
(N\) & ""n']'nlm

USRI + NI B (R T A RS O - e
R TR SR > (E ] @K@@%’wﬁigf%ﬁwwﬁ@%w@*ﬁ’@%ﬁﬁ
), 7%17[;;;% R [Ty ’C/%EJJEF FS6F £ L 78] o 0 PRI W Rl g o 254 SRR T
Fi Copper (1975) UpTsi! - f %mﬁ$¢bﬁl%@@5%ﬁFEHFW§$§ 7 4 oyl
“#wyﬁ%@@ﬁ‘ﬁﬁﬁ%%E%ﬁfﬁf (R UEEI > LSRN LR T
THjTe1 g T 2 - (R o [ ot < 7 LU RLATTELE L8R (o (e R
H%ﬁﬁ%ww%%ﬁﬁwﬁm@w’“ﬁwﬁﬁﬁﬁﬁwﬁm/aﬁ*@@%ﬁ@wﬁmm@ﬁu@ﬁﬁ'
HRLATFI S A (5 0 )2 Wdﬁawﬁﬁﬁmﬁﬁ@kwﬁ o R R i s
e o PRI P IR T 1P I L B ?%#ﬁ%@%@%gﬁ@&M@E@
IRy -

(—) EERA
ke f’?%F'mUF“FU@%EﬁFEH%’ﬁEE % VIR Fl"‘ui[ﬂt HWER— [lIroFYH T
et = MR AN (5 NIRRT SRR R VRV RS - SO RUR SRR R

B AR felpt ATHIRE -



o 1L A B - 565 -

(Z) BRE
12 € 18~35 Buf VRS ER LY Bt [V 58 ST PIATIT IR T ST
J‘J‘F[fﬁ"éﬁﬂjf o & L%ﬁ%‘@%iﬁ[b 150 ﬁ;@?ﬁﬁfo 12 (0o SR I 1 0 F i g
Yl 1 OB A ] G STY%) » IR O R H B -
(=) 'EEMH
B ATl P IFORRE A R AR AREORISE R I o o BRI B IR A
) " No B ) PO R U T A LT IO B S) -

&k

5 EERT 2 BERIAMFIEIAE R E A F B r B &5

R VRS U] P UE - [ T [l
(M) EEERE R
+ R R il e -
(R) EERE
U R YRR NI ISR o PO ACEYT SRIREY T No R Y I -
HER 19 TNo ) %D DRSS BN L [URER 0 TNo S RS - (Y
AR I - S B £ TS R o PP AR AT T Yes B
FIUFORSREIFIIE > " No B ) [ P74 T 1 [l -
(N) BEERERF
SRR RIRC R o B PIRIFOESTRAT > ST ORI (I 6 1Y 3) =25 SRRRLAT i
A9 I (R (P9 T IR S ) -



- 566 - 5a zﬁ T T -

500ms 1

3000ms 2

yes <::> no

P RT 5 BT - yesino , A7 SR EA A » IR ORI AHIL TAL, MRS 5 IR
T‘«ii r7|J HI T F"'F mst,ﬁfa Wk BFEp o
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R6 BEE_ZIERE "Yes, EXFHONERBMERERER (11A)

Pl 7% %

0 90 180
= [l Ak 732 +287 (0.94) 1195+ 484 (0.80) 1415+ 612 (0.81)
= [ (iR 794 +326 (0.94) 1433 + 580 (0.79) 1613+ 710 (0.80)
= [l ik 746 +263 (0.92) 1348 + 543 (0.81) 1374 + 540 (0.79)
= R W iR 827 +303 (0.90) 1583 + 591 (0.75) 1621 + 649 (0.75)

I L Yes ) HEDT S0 QI R (MR RAR) W  ERE BE S Lf BESAT))

&<
fif
X |I/r—rp_=|ggjr _?ffﬂrt(@jj,

1600 |
<
2 1200 |-
£
% —e— 1L25
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2 800 -
4 —e— 3L28
—o—3L5S
400
0 90 180

7 BRCEEGTEREDN "Yes B, ZREREE
1L2S ~ 1LSS ~ 3128 % 3L5S 55 Wil FIE = PSRk~ — RS Wi = "‘T’“»ELW[HHULFUJ
Fljﬁﬁaﬁlw AT R T Eﬁ ] o b £ I0F] 5 ﬁiﬁ[t‘*g.&?xkﬁ[ﬁltpm 1%

W2 T (I

R TATIIR P 1) o FUpE - [ sl puRd I B3 A7 (by-subject ANOVA » I') Fs 1
ek ) IR T CEE T pé [Epps S~ Ui B B 55 77 (by-item ANOVA > I'] Fi (83 ) o H{E& 5547
HAL o G TR, T B (CTOIRERTE D) RO BRI (2 BIRT ) AR Y
4l (“RAIEL L fi JEJ%EJ[ o Fs o o PR RS 2x2x3 2[NS 5 = F%ﬁ » T Fi 57T FE 2x2x3
BARE -

A URRN R BT AT P 3 Ve D[R] e Ty 2 O D (BRSSP
SRS I (e SEE R ISR > Fs (2,20) =4.108 > p<.05 5 Fi (2,120) =4.520 > p<.05 - HIF%

T i
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RIS E ARV I (R o SRS ARV B I (AT R 0 Fs(2,20)=2.740 > p=.089
Fi(7.238) p<.0 B[RS HIFER AR 100 2 [59] > Fs (1,10) =0.171 > p=688 5 Fi (1,60)
=.001 > p=.970 -

’7 BROZ s TREMEEIEERSITRER (2x2x3 5EH 11 A)

ghel s YRI SS df MS F p

A ] 15,064,317.48 11

line (L V= i35l ) 92,538.07 1 92,538.07 3.650 .085

square (S V= pIF=H) 1,030,496.74 1 1,030,496.74 11.722 .007**

angle (a V= pIFHl) 13,580,457.59 2 6,790,228.80 65.696 .000**

line*square (& Zr [BF]) 4,070.37 1 4,070.37 0.171 .688

line*angle (% Zr [EH]) 169,617.32 2 84,808.66 4.108 .032%*

square*angle (= {EH]) 183,452.74 2 91,726.37 2.740 .089

line*square*angle ( & = [BH]) 3,684.65 2 1,842.33  0.078 .925
At 17,724,980.91 120

U E] s 12,734,254.14 10 1,273,425.41

A (Lxs) 253,499.02 10 25,349.90

7R (Sxs) 879,129.68 10 87,912.97

A (axs) 2,067,162.41 20 103,358.12

®# (LSxs) 237,817.71 10 23,781.77

8% (LAxs) 412,90035 20 20,645.02

&7 (Saxs) 669,603.59 20 33,480.18

787 (LSaxs) 470,614.02 20 23,530.70
=¥ total 32,789,298.39 131

%FIIL%R ;E‘Zﬁ[?[ldi » SERFIFEEE R aﬂ,g‘-]@%ﬁ&l[!di’ s St@g;;j‘%[ldi o

R8 BRO_ZMSEHESHUAESBZEMEIRURR (11A)

HAG = el SS df MS F p

B line (L) [

0 E‘“J@?;‘;{év_' EiF™ L[al] 6,288.09 1.000 6,288.09 0.329 571

T 90 E"’J@%‘QE:’ ™ L[a2] 309,960.21 1.000 309,960.21 16.207 .000"

T 180 PR BIFE L[a3) 9,543.27  1.000 954327  0.499 485
Zi52 (L+La*block) 666,399.36  30.000 22,213.31
angle (a) [N~

TEREA TSI alL1) 6,645,238.46  2.000 3,322,619.23  53.589 .000"

T j;EfZFL‘[ ‘[%ﬁgj ™ a[L2] 7,104,836.46 2.000 3,552,418.23  57.296 .000"
Zi52 (atLa*block) 2,480,062.76  40.000 62,001.57

el L%i?jﬁ‘[‘é[‘di' » SERHFEE NS > a BLE PR BIST s FROREHNS .
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RO BE_ZFi2x2x3 HEHEER (11 A)
RS Ss df MS F p
TR I 3,122,777.81 63
line (L = RpIgsfl) 128,340.08 1 128340.08 5344 .024"
square (S I/ = RIFsfl) 1,553,400.52 1 1,553,400.52 64.680 .000"
line*square (LS % = [EH]) 33.33 1 3333 0.001 .970
LSxs (BEP|oEt) 1,441,003.88 60 24,016.73
TEH 21,916,570.67 128
angle (a V= ¥l ) 19,023,475.01 2 9,511,737.51 472.019 .000"
line*angle (La & = [=5]) 182,160.95 2 91,080.47  4.520 .013°
square*angle (Sa 4 7 [EH]) 291,713.14 2 14585657  7.238 0017
line*square*angle (LSa & = {EH]) 1,079.20 2 539.60 0.027 974
LSaxs (angleX JE*|2o3t) 2,418,142.38 120 20,151.19
i 25,039,348.48 191
LA Fﬁﬁ[;\u o SERHIFE [N=" > b el s BIPNST 5 sEROER N o
R0 BE_ZFZEBHEEWREK (11 A)
iR BIEsi SS df MS F p
i ﬁ‘[ﬁt line (L) N3
T O AR I  Llal] 5,094.39 1 509439 0238  .627
TE 90 A £y BIfE (N L[a2] 305,394.39 1 30539439 14.244 000"
T 180 7 £ 3 B (T L[a3] 12.25 1 1225 0.001 1.000
Z3% (s/LS+axs/LS) 3,859,146.25 180 21,439.70
FIFE, square (S) K=
T O PR B S[al] 77,910.77 1 77,910.77  3.634  .058
TE 90 A £ I  S[a2] 918,961.89 1 918,961.89 42.863  .000"
T 180 7 £ 3 B[ S[a3] 848,241.00 1 848241.00 39.564 .000™
#3% (s/LS+axs/LS) 3,859,146.25 180 21,439.70
angle (a) [N~
,iffzf TESfEF ™ a[Ll] 9,078,212.27 2 4,539,106.14 225253  .000"
AR all2] 10,127,423.69 2 5063,711.84 251.286  .000"
fﬂgg@ (SfEfF ™ a[S1] 7,333,036.58 2 3,666,518.29 181.950 .000"
i T als2] 11,982,151.56 2 5,991,075.78 297.306 .000"
e (axs/LS) 2,418,142.38 120 20,151.19
?‘H LA A RS SERHIFER [ > ath e 2 BIENST » sERORAH NS
- WA S iR (simple main effect) - gﬁzﬁﬁiqﬁm&ﬂf" ik [ (Q‘E‘WI FIRUE = feass
(5 PR o+ E% O E R U 0 s (2,40) =53.589 0 p <001 5 Fi (2,120) =225.253 -

p< 001 - % HIO@]&IJ’@%E*]F I 90 ~ 180 7 (10~ I > p <001 » [l £ 3% 1 180 17



- 570 - Z ?J L om

TR 90 G [ 8 > p<.05 - @ﬁﬁﬁ'ﬁﬁzf,[ﬂifé R CIRTHEIE = RS > PR [l 2 BT 5
o Fs (2,40) =57.296 > p < .001 ; Fi (2,120) =251.286 > p< .001 - 0 "= 90 ~ 180 & ¢z il » >
TR IR > p< .01 5 90 = 180 7 VR £ o [y Ryl e 8 2 IR [ﬁ'%ﬁﬁﬁ‘l‘%@fﬁ
[P 12 F B0 Fs (1,30) =0.329 - p= 571 Fi (1,180) =0.238 » p=.627 ° i & M= 90
@EJI?YE“ j@'\[@ﬂﬁ%ﬂ " TR TR [ B o ’?ﬁ'[‘?ﬁﬁqﬁﬁ’;%ﬁﬁﬁﬂﬁi » Fs (1,30)
=16.207 > p< .001 : Fi (1,180) =14.244 > p< .001 - P[AAf= 180 &K - @lﬁg&ﬁ'[gﬁrwj\@% .
Fs (1,30) =0.499 » p=485 ; Fi (1,180) =0.001 > p=1.000 °

PR R BT ILE SRR  f aﬁ'ﬂif [ESC ISR TR 2L = AN N
(EH TR > Fs (1,10) =6.626 » p< .05 : Fi (1,60) =6.272 » p<.05 o W8 Rrfiee ) 5 B %‘ﬁ*‘g
I gsRl s Fs (1,10) =0.020 » p=.891 5 Fi (1,60) =0.029 » p= .866 ° ﬂf[li@*ﬁg’@%@@f;

L= g5 s Fs (1,10) =0.087 » p=.744 ; Fi (1,60) =0.015 » p=.904 -

A WOTHTHIAT S s B [ ﬁ'l‘%ﬁtﬁﬁffl‘?ﬁﬁ/ Jh 0 PR R R
Fs (1,20) =21.532 > p<.001 ; Fi (1,60) =15.970 » p<.001 » £ 3% £ 180 @Eﬂ; T = 90 & [
1 o fiq@aﬁ'%gﬁl‘%ﬂﬁiﬁqﬁﬁ » FPR A B ISR 90 B2 180 /E%E*]F g Fs (1,20)
=0.550 » p= 467 1 Fi (1,60) =0.207 » p< 651 « [ [fiAfi= 90 BV ™ - %Z AETINE )
T AR [ R F[[imﬁ B~ R RS > Fs(1,20)=8.252 p<.001 ; Fz(160) 10.262 »
p< 001 - Pl 180@% [/ T B > Fs (1,20)= 0.091 2 p=.766  Fi (1,60)=0.000 -
p=1.000 -

® 11 BEZZFREHEER (2x2x2 ZRFFEEET 11 A)

RS SS df MS F p

il 1,715,682.71 7

line (L V= RIFsHl) 101,524.10 1 101,524.10 2.666 .133

square (S = BIFFH) 1,156,680.92 1 1,156,680.92 11.595 .007""

angle (a V= ¥l ) 294,988.92 1 294,988.92 16.978 .002"

line*square (% [£H]) 3,060.92 1 3,060.92 0.087 .774

line*angle (% = {&5]) 154,812.28 1 154,812.28 6.626 .028"

square*angle (% = {EH]) 96228 1 962.28 0.020 .891

line*square*angle ( & = {EH']) 3,653.28 1 3,653.28 0.107 .750
AT 15,946,791.28 80

TECHM s 12,986,753.11 10 1,298,675.31

%% (L.s) 380,821.52 10 38,082.15

78 (S.s) 997,589.21 10 99,758.92

TE (as) 173,750.21 10 17,375.02

3 (LS s) 350,226.71 10 35,022.67

7% (Las) 233,638.34 10 23,363.83

7% (Sas) 483,479.84 10 48,347.98

7% (LSas) 340,532.34 10 34,053.23
28 total 17,662,473.99 87

AfILAA E‘Z JEENST > SERFRRE S 5 ab R BIPST S GRS
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R 12 BRTZ P22 BEMESREAESIRZEMIREVRR (11 A)

Wiz glwy SS df MS F p
f[fﬁ line (L) N3
T 90 F P B F Y Llal] 253,536.36 1 253,53636 8252 .009
T 180 1 £ 2 B (T L[a2] 2,800.02 1 2,800.02  0.091 .766
3% (L+La*block) 614,459.86 20 30,722.99
angle (a) [N~
HRATESIEE T alLl] 438,601.11 1 438,601.11 21.532 .000"
,ifﬁz IR alL2] 11,200.09 11,200.09  0.550 .467
=3 (a+La*block) 407,388.55 20 20,369.43
FPNLAA RS TN SERHIFER [N alh R BN sER0 @l [

%13 BH 2 FiGEHEER (202 SRR 11 A)

gl s YRl SS df MS F p
T 4,009,656.12 63
line (L V= RI3H) 150,769.13 1 150,769.13 4324 .042°
square (S V= RIFFR) 1,766,495.07 1 1,766,495.07 50.667 .000™
line*square (LS %= [EH]) 508.01 1 508.01 0.015 .904
LSxs (FE[*[¥FY) 2,091,883.91 60  34,864.73
TEH 1,879,055.50 64
angle (a V= IR 244,213.13 1 244213.13 9.905 .003"
line*angle (La % = {&5]) 154,637.51 1 154,637.51 6272 015
square*angle (Sa % = [EH]) 707.82 1 707.82  0.029 .866
line*square*angle (LSa & = {EH]) 126.01 1 126.01  0.005 .943
LSaxs 1,479,371.03 60 24,656.18
% 5,888,711.62 127
FNLAA R L > SEPHIFEG 7 abT AR 2 RIS sEATRVR P
R4 BECZFZBHMEEVRE (11 A)
Bl = RIS SS df MS F p
?ffﬁ 1% line (L) P
TE 90 i E PR RIS (F N Llal] 305,39439 1 30539439 10262 .002"
T 180 AR BIEIF N L[a2] 1225 1 1225  0.000  1.000
2% (s/LS+axs/LS) 3,571,254.94 120 29,760.46
angle (a) [N~
,iffgf TESfEF ™ a[Ll] 393,75625 1 393,756.25 15970  .000"
IR TR all2] 509439 1 509439 0207 651
= ( axs/LS) 1,479,371.03 60 24,656.18

§LH L % E"Z TERST S S ERHIEFE NS > a SRE PR RIS s FRAORRE
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The mental representation during the mental rotation
task- explore the complexity and integrity effects
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The nature of the mental representation during the mental rotation process is controversial. In the
present experiment, this issue was investigated by manipulating the integrity ( reference lines) and
complexity (square numbers) of the stimuli. The monotonic relation between transformation time
and angular difference was found and interacted with the integrity of the stimuli. As reference lines in
a picture specified relative spatial relation among the picture’s components which have clear space
relation, participants did not rely on the ability of mental rotation to achieve this task. However, there
were individual differences in the perception of spatial relations in the pictures. Nevertheless, stimulus
complexity increased the overall reaction time but did not affect the linear relationship. We inferred
there are two subtle processes in the mental process of mental rotation — rotation of a reference line
and reconstruction of the image. The degree to which participants relied on each process was
modulated by the characteristics of the stimuli.

KEY WORDS: complexity, integrity, mental imagery, mental representation, mental
rotation



