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Abstract

The training of spatial thinking has been the main target in education of
geography. The collage entrance examinations have strongly set the direction of
teaching in high school in Taiwan. Therefore, how do test items in the college entrance
exams measure the spatial thinking abilities is worth exploring. After reviewing
literature, spatial concepts and their definitions were systematically organized into
different levels. The level and original density of spatial thinking in each test item in
2012-2016 General Scholastic Ability Test (GSAT) and Advanced Subjects Test (AST)
in Taiwan were analyzed. Test items that contain spatial concepts and with low item
difficulty value (i.e. difficult items) were further investigated. Sixty-four senior high
school students were surveyed of those difficulty test items to understand which steps of
problem solving process were difficult for students to fail the test item.

Some conclusions are made in this study. First, generally speaking, the test items
0f2012-2016 GSAT and AST in Taiwan both have high enough original density and the
highest ratio in high level spatial thinking. Second, difficult test items fall into 4 types
of questions: "Where", "Direction", "Relief" and "Dissolve". Among the four types, the
most difficult type is “Where” questions. It can be observed that test items do not
directly inquire “where is some geographic feature?” However, the “where” question is
implied in the item descriptions. Therefore, this does not mean that students need not to
know where some geographic features are. Instead, the act of recitation of the location
of mountains or rivers, which may be people's stereotypes of geography, changes from
“the answer to the question" to “the clue to the question". The reason of this change is to
use the “where” information to deal with questions with higher cognitive levels.

Suggestions are proposed in this study to enhance the teaching in education of
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Geography by the analysis of test items in view of spatial thinking and difficulties

during problem solving process.

Keywords: Spatial Thinking, Test Item Analysis, College Entrance Examination,

Education of Geography
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FRR7FE# 14 A ¢ (National Research Council, NRC) ** 2006 & 3
- % ¢ % "Learning to Think Spatially ; en3R 2 » &3 T 2 2 & | B % %
PEE 2 - BRAZA2 FA L5428 Y9r x£& %% (National Research Council,
2006) i3 FH» HZ R AR EEFFE AR EFR LIS RAKT IR o
Az 4 A A% % (Bednarzand Kemp,2011) - 2 BF 2 % — 3> 1 4 §3F 5 & ¥£47
BOEEPME 4ol B 24 1488 2 i ¥ 3 (Bednarz and Kemp, 2011) - H
P AR IEES G o H R E & a4 (%R 0 Goodchild (2006) i 0 TR E &
AT e @ s e B o dem it > TR E R MR
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Fret v Apb 1 fF g o G TR E BT o b WA RI D AV
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Research Council, 2006) °

’"Lr;ﬁ I’__v';E I AT

LR MR TR e E A AR LD

“.Ell“\

W2 - e iR ERFE BN U ERFR 2o R g
e i3 BT ? Goodehild (2006) i&— #H #-7 B i 4 AT i v & AT ¢
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concept) ~ & L1 £ (tools of representation) ~ & I2 iE 4% (process of reasoning) * 7
R e KRR T B~ &~ B E 2 N 4o § IR A% (National

Research Council, 2006) °
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BRI E R E G w £ 7 HEFE 2P F (2010) £ 45 2002-2010 # £ ip) e
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concept) ~ B 1 E (tools of representation) ~ &I 42 (process of reasoning) * F!
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Research Council, 2006) ° ",% prz vt s g R H §—*‘ Vs el A R T
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(evaluation) ¥ & &~ p+ 7 4v> BAP FRAL T iR AT THr o AIL
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Zenig 4o

Costa (2001) # 1 454 i@ i(¥473] | (model of intellectual functioning) » 3% %

KEF KB F B Pl Y A2 ERPMG e FRARR kT

»

4 Ta S E TR A RS R KA B B W T R R g Y
Pife B¢ s FIEHA A&7 A 42 B A= 8~ (input) - AIL (processing)

ﬁ@ﬂ(wmmoﬁ»@ﬁﬁw%ai@iﬁ@ﬁyéiﬁﬂﬁﬁ%ﬁ’%=%

% (recalling) ~ 47 i* (describing) o aJdZ f =x R 48 > B F & e Bheni i > g
7RI~ Agpad 2 B TR 0 4o SLFE (summarize) ~ 4 5 (classify) o @5 0 & =en

PRRE > PIEEE A PRy AN 2R pAFE- BTl % k&
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A RE Y AR R e iR o BRI R Bloom HRbAv I A A Moo
# 7 Bloom ¥ 4 o § fep o AL EHBIIZTELY 2 BALSHIELY
2 BB PEL “TK e 215 0 Jo o Bednarz ¥ % 4% Costa 2001)¥ 47 3 » & 1
% B %% % (taxonomy of spatial thinking) > Rk e+ EF XKL T F L+ 5 B
WA ARGz BLYAS o T FmE T HRER, e TER
1B 2B RN 24 BV ik EREF R LY A ek 3t (Jo,

Bednarz and Metoyer, 2010) °

= ~ Z B4 (spatial concept)

B EMA S > WAL > g RE ZTRMATFE T F ¢ Golledge,
Marsh and Battersby (2008) (# 4)-Jo and Bednarz (2009) (% 5)~ Anthamatten (2010)
(% 6) ~ Gersmehl and Gersmehl (2007) (% 7) §= Janelle and Goodchild (2009) (% 8)

ST H O BRARTPETOLAE Ak o T G A P B L E A (4

B £ » Golledge, Marsh and Battersby (2008) - % ¢ » £ ¥ &~ =27 %% > &
Bl g1 A (primitive) ~ @ H (simple) ~ F)¥E (difficult) ~ 45 & (complicated) ~ 34
%318 (complex)e v A& F A e s ANk FMA S AH LA
3% ¢ 0% = (location) 7 b # B % ff_,T&? A5l 8 R BehaRiT i (proximity)
BEA o UMRITM L R A ‘T‘&;? A5 TRt ) K aE R (cluster) #£4 > 12 gt 4 dE o
# % > Gersmehl and Gersmehl (2007) #_r2 4! 5% (neurologic) 14 & » k5%

FANFTABARATE S KBz BLY 22 AR iR HY ¥R
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£ & > Anthamatten (2010) B|-Z_ 2 %% Gersmehl % A 7 7 ¢ 3 B K 73 B
# (National Geography Standards) 7 A # > RigLiGEEE? 7 FiEhL > L7
EIEFINERMEAN I REREPE T EEFR & T R = (location) » 5
1% (conditions) ~ ift % (connections)fr +* $i (comparison) ; Fw B 7 B4 >
BARBEF- 20 A NDRF PR Y o FHER FVTHAAAT IR

FEA G M ECE AR HPTE D R R E P AT § -

% {5 » Janelle and Goodchild (2009) 335 A chz LA £ A RjEF AL € 25
e P hE R AH S XSRS o Es R ZRMA > AP T ERTER

TEFIMN PRI BrEAZH

TS

PRpd R AR ST TRE {

PR F gt (75 AR P EFY P o

RpAEL Y > LA (2014) 3 & Ffpr it C R FLY N4 2
o utemE By B AL R4 H TR Y hy B A £ %4 Nystuen
(1963) ehz FPPLA G EHE > T I AT PR AP BT 2 EPT (do: e
BE) S PAEVRYE Gri AR S NEMET > - B ERSH N (W %
TR AR SR (e i) R FLR TR ) FL E - RS LA
YR e T3 0 RN I3 BLRME Iz A2 E P S Ep= B
Bl TR AL R P FRESMEBLRERF > B T35 (h) ¥ &
()~ ARG FRGE)  REBGL 0 TL2RLYEA 5T Bk o d 202
i R Ao AR R Y 0 B EREAAER L > §F VR U] &

SR BPEA R S T B e

P RMEZ BA BRGS0 5 D dpd) (identity) ~ 3 8 (location) ~ * /] (Magnitude) ~ = &
(direction) ~ 5% (shape)> * :4p#% (adjacency)~ " &) = (scale)~ ¥ %t (terrain)e ¥ : % & (pattern) ~
¥4 (diffusion) ~ 7 B 48 i (spatial association) ~ & ] (overlay) ~ Z#* (buffer) o

9

doi:10.6342/NTU201702691



B 2EATN G o (F) &

R SRAY A 0 B ARG AN E A FURSA o 5 LA PR F
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Jo and Bednarz, 2009) - F* 35k i G % % > & T K-k B ow R [ HEF SRR AT

TR R, o T2 E LB, 2Ry

-~ REF L FRenR AL
Manson (1973) &4 T4r® B R 4L, o TR P AR AL > 7 005 st 4 s
JeAT R T B A AR TS 2 BT MR R AR Y D
KEBBELL DR AT § x5l 2 B Y~ Pl PLY » & A
FALRALE PEY X & Mo § b R 3o AT R L A AR el e
By BRI T LY REE > A BEL T of AN et e
e o] 0 1EK ﬂ "ALEFF 3 ¥ ; Riv & 2 7 [ RN U e R o e SN 2L A
TRNT AT PR ) MI RS TIE S R AT N S RIS
pel IR T E SR AL AL T o R R R g AR T Rk
W WG A RfRd B R o A,\ﬂ}fm\:}ﬁ E2 A A Bl A E A
PR ol E I > AL T K B R 2 o Bfs | ET
LippFUpth HRER2 G PR BB E NP hgiz e A IRNs
FASZFEIEF MECFEFR-FTF ¥ Ldpy MER AT RPN
R A DR REARA T S i o A RT3
o 357 b FR R Ao KR RATF S RPIEAE ORI E o FE I
FHSRRES B o 4ot F R M TR 2 B enB o0 B3 A R AR
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LRGE ARE 2 AE Y A MG bt PR G R Ak el

EHA3F6aEE d N EFHAUT BT wTF I3FHET R EFT &
pp o ihg RAep G EFE S HRAL -

I R

Jo and Bednarz (2009) i3 7} G A#H O E-HBE D I 2 FMA
(spatial concept)~ 2 3L 1 E (tools of representation) ~ 4232 i 4% (process of reasoning)
ZRZ2 o Z2 R THRB TXadw o 2RFMAS & > T %% Golledge (2002) %
c~xep g oFED T E T BPEA | (non-spatial) ~ T 4 & 7 BF $£ 4 | (primitives)
" H 7 B4 | (simple-spatial) v "4gf2 5 B 1% 4 | (complex-spatial) > & » f&
TEGr o ARG AT GBI EOME e FRIEFMEESEX
Boow KT ’ET'}“ 7 ~ # (distribution) ~ 4] & (pattern) FPEL o BRI £ 4~ 5 7 4F ¢
fs*  fel@ed* | BERIELZ 5 @*1L% 7 13 R (map) - 53t B
(diagram) ~ %u3* % (chart) ~ 7= % B (graph) fvf& % (photo) > + 7 f&1 £ o jas2if
A2 > ik Fy Costa (2001) ey Fiefa|® > 0 5 > 4 = 1T~ | (input) ~ "
12 | (processing) fr '—ﬁig?J 4t | (output) > ii%] iR & e e 53 % (evaluate) »
3% (plan) ML B F ORI AFZBALE AT TEBIEa e ZTEFMET
4B ILiEARF 3B BRI EG 2B B E N 24T A FHE NipET K
Gow RT A T A A E R BRSO TS 2 P ALE A A
o B o HE10-11~160 B3t Tk = ) 2 BLE PN L HE 121722
AT kX 2L E PN E % 1823248 TR kX 2 FLETpao
B s o fi,lt'v" g F R REATHEE AR BRI FLY N et
FooipE it FRINTHEMIFL LN RGPS c AT REFIR T RERAD
KAE o FMA T 07 BRI AT Pt F A w0 4.9% 0 4.3% 0 v F

ARERS S FH R AR R Y BRI BB

11

doi:10.6342/NTU201702691
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R 28 AR - RAE- Sk e i/’ém/Lﬁ\F §o- TFIE > @ & Ao JTes
ALFENE Tl FE P8 Rl o AR ARE L RERTE G
A U

et v T L& DF Y (meaningful learning) > Ap #1205 F b Y
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TREFAES S @B NEY R adeR ] REDL ADY VR
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o T s HEACR ) A BRI R R e o (XL UL S KA 0 K
A ERE BRAKAT Y PR Rtk o A S REIXE G
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FRELY B M.
SV R R ERFIERMAES B
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TRPEA Y ni T B4LE | (map projection) 2. 7 < T/ FL A APIT o M PF ITVYL;*.L

BHEME > Hlel X AR FMA 3= PO E G 2 Bk

SAEE

Eho A8l - 3300 &7 RURET LA I BlE - Al 0 e T
EECRIEIREIIE » AERFEEMANZET - T Ry & bim ]
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#a Sk
+ B (map) 1
X3+ B (diagram) 2
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# 4 Golledge, Marsh and Battersby (2008) 7 FF £ 4 & &

K 5

ZREME

R ST
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4p 21 (identity) ~ % i*(location) ~ *{#-(magnitude) ~

P 7% (space-time)

L e il S

(simple-spatial)

7| (arrangements) ~ 4 # (distribution) ~ 42 (line)
2554 (shape) ~ i# % (boundary) ~ fE#f(distance)

%% % H(reference frame) ~ /& 7|(sequence)

FlEpz FPE L
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& t%(coordinate) ~ 4 $& 7] i (grid pattern) ~ & (polygon)

W L
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4p N #F L2 B (place-specific identity)

% i (location) ~ 3R fi-(magnitude)

BHEZEA

(simple-spatial)

#E3E(distance) ~ = w (direction)

it % (connection and linkage) ~ #% # (movement)
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ENGE A A sl 3

¥ 5% (aura)

S ST U

¥ 32 (region)

}g\ FAPITH M il - 42

F& & (hierarchy)

LR FE I O

5% 1B (transition)

- AT BB R AT Ay

#p +* (analog)

F I 2 B e i

A ik (pattern)

BT B R 4 e 5|

% [ B 75 |+ (associations)

F-3 %Y > 2R ATEGpiER
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# 7 Gersmehl and Gersmehl (2007) 7% B2 4

% B i (condition) | H I ®F FEL AT BAE G IPE KRR
1# % (connection) R R REang
v i (comparison) F e b T 2 B et i
4 [fl(aura) RS A SR T Tk
¥ % (region) AR AR ARIT R Rl b A
F# & (hierarchy) R R -
5% 18 (transition) -t % B3 PPRFREE K- IR G
47+ (analog) 3R R 2 I cdn 3
4] fi (pattern) B AT R A BT A i 7
7 R L F-F %Y > ARREEZF AR
(associations)

#. 8 Janelle and Goodchild (2009) =17 B $£ 4

TRME P
¥ > (location) SURER IR CE A R I L]
FEA2(distance) to B ende @y 4
A % (network) 2 B hE &
BT R FER LT S IEE

(neighbourhood and region)

® R (scale) ®EEFREE LR

FEEFH TSR D

(spatial heterogeneity)

T AR R Ll il VI

(spatial dependence)
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I o PR R YRS N AR Y BB %

(objects and fields)
FRIZFMEER Y HROp FH AR, A QEFEELEA T A

¢ f1* Nystuen (1963) — = ¥ » Z AFA FEF|F REFHE > B F Y 2D
PEM GO DI ERE IS o er BEIRAH L LMER OR &R % 8
AT 2FRAE NG 3 FH N E R - A ERO W A ER SR
(%9 -

% 9 Nystuen (1963) = B &5 F|2 2 2 7 Fi% 4

AR R & | 1.7 & & | (angle) (Golledge, Marsh and Battersby, 2008) » &2 I =
* 3% S #EAPIT | w4 (direction) (AR ERAPIT 0 WA £ AT O RA
MM FEFFE e o A AR AR
vOBLEIR %

2. T 5] | (arrangement)(Jo and Bednarz, 2009 ; Golledge, Marsh
and Battersby, 2008) » 45— ¥ % ¢ » Kk - WG HAjE 0 U E Mg
74 i | (grid pattern) (Golledge, Marsh and Battersby, 2008) » i&

ABEEFMAZRAE TAR  A0EE > &7 g7 A8

1miﬁwe’www5§? e A
3.Anthamatten (2010) ® #% 3] " B2 8 % (aura) | LA » T DR,
# ¥7 Gersmehl and Gersmehl (2007)57 " 4 Fl(aura) | % F » & +
MR LE D FRE PR P P B E o & BT T buffer

PEL o 2384 ¢ 0 Tbuffer ) B~ 2 o

PE AL BT RV 7 & 3 F 14 (spatial heterogeneity)(Janelle and Goodchild, 2009)
e m #% 5 F (virtual reality) ~ A 7Y (sequence) (Golledge, Marsh
and Battersby, 2008) > ;2 LA TR o gre A X AT 2.7

RPLA o
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5% A B e " 4 i o = %+ (objects and fields) ; (Janelle and Goodchild,
FE o~ - 84 E2009) ~ A H 3 7 (subjective space) ~ %% 7F i (reference

&S o~ frame) ~ P 4% (interpolations) ~ 4f 3 B % (areal association)
(Golledge, Marsh and Battersby, 2008) > 7 [ 4p i% |4 (spatial
dependence) (Janelle and Goodchild, 2009) - &% (dominance) (Jo
and Bednarz, 2009) ° iz L4 0 5 * N E T T~ - 4 E (R

LT AP AFE R G BEE -

p##E = R | TR FF1E(condition) {r4 [l(aura)(Anthamatten, 2010 ; Gersmehl

and Gersmehl, 2007) > iZE 4L > ¢ PRk G S F o kv A €

FIr kv ez BRE

“,/TT 1 it e 38 &R E F]& ob > Tl i (comparison) % T #g b | (analog) (Gersmehl
and Gersmehl, 2007 ; Anthamatten, 2010) &5 BFEA » W G F ITiFi e al L
oA jﬂ B P g~ T EPEE P GBI EFFHFEL L DA

2 AT T FPEA 0 04 10 B o

%10 A= 57 * chy B4

4p 4% L2 ¥ (place-specific identity) ~ % i*(location) ~ A fi-(magnitude)

&k #%(coordinate) ~ #(line) ~ §E#(distance) ~ > w (direction)

1 %% (connection and linkage) ~ #% # (movement) ~ i# % (boundary) ~ 2 (shape) ~
4 % (distribution) ~ % 1% (transition) ~ 4p #%(adjacency) ~ &l ¥&(enclosure)

7] i (pattern) ~ HFz{-F  (dispersion and clustering) ~ % /& (density)
#HHc(diffusion) ~ F# & 7 4 % (hierarchy and network) ~ # ] (overlay layer)

7k 3 (buffer) ~ 2] & (profile) ~ ¥ & (gradient) ~ = & (scale) -

¥ B4 #2(map projection) ~ 7 & i ¥ |4 (spatial association)
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(=) L b &

Ol AN S T N ﬂ ¢ %% Golledge, Marsh and Battersby (2008) &4 %
BB MK RS > b B R AR A E > A 10 hE BREAEFA Ko 3
Pe ALY PN i&2 % ) % p Joand Bednarz (2009) - < > %< -7 B2 4

A TP Al #d 10 hT EPEA A S A4 [ E oA (2 11)

BE AR > R0 28I 35Kk (shape)e A5k (shape) 82X .5 |
PEL 0 T {'?mﬂ'\;fp BEAGK (4o &35~ [{]A)) cndET . k= T

Ik (buffer) ¥ it EL AR » wlFif e THE | ML -

Mrez FmAY > FRENEEF - %2 (transition) ~ 4p 28 (adjacency) ~ Rl
¥t (enclosure) ~ 3% (profile) ~ % & (density) frit & (gradient) - 7 L » %%
(transition) ~ 4p #% (adjacency) ~ B ¥ (enclosure) > €2 T8  fo M2 | 5 A# >
srm A lg | o FF > e (profile) » B223 % § - @ehg (4 > Rz A
LA o £ Ko B R (gradient) BB ¢ W IZE Y L ¥ EEF AR ] - 42
B BAre gy AR AR BM{rdE F42c pet T BIE TR

TS ZEEL -

11 A2 97 % chy BRPLA 2 4 %

e BIRE | dp IV L2 B (place-specific identity) ~ % i*(location) ~

A (magnitude) ~ A #%(coordinate)

iH 7 s | R(line) ~ #E4E(distance) ~ * w (direction) ~ # # (movement)

if % (connection and linkage) ~ i# % (boundary) ~ 3}, (shape)

s LA | @ (polygon) ~ F 3 (region) ~ 4 7 (distribution) ~ % 1% (transition) -

#p 4% (adjacency) ~ [Fl ¥&(enclosure) ~ 3] i (pattern) ~ % & (density)
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4o B & (dispersion and clustering) ~ 4% ¥z (diffusion)
Fe & 7 4 % (hierarchy and network) ~ 4 [](overlay layer) ~

= 32 (buffer) ~ 2] & (profile) ~ ¥ & (gradient) ~ * J& (scale) »

¥ B (map projection) ~ % R B B |4 (spatial association)

S EREmAESY 2 T RRF
(=) P ~FRARPHE? FORE
1.%:8 (transition)
transition ;> ¢ < #8i% [ & > Lk -¥ % L7 FPEERE > Z- R%
erec % (Gersmehl and Gersmehl, 2007) » 4o @ 3 £ A5 e o AikH® o (X F &

TR TREB | -F B F-oERE PR EAFTPREE AR Ao Y

FE¥ %2 > W RGEAFANL R ATET ST RR fop A
%%ﬁﬁ%ﬁ’“ﬁﬁﬁﬁ#%ﬁ a3 P L
A %% (transition) 2 7 (T ILE A w5 2008) o

2.3 % (pattern)

"Alf ) (pattern)Rdp ¢ ERLAF 0 FH AR AR H B AEH RS
4o 0 F R (cluster) ~ # R (string) eI (ring) ¥ (Gersmehl and Gersmehl,
2007) « B P #EEEY > TR FHONF > R G F D REK LR
T R E DS Y AL (KT N T w5 2008) A o by TR
- B AR GRS 2 TR o v RGE TEEA ) o mde kAR IR T

s

G -0 R F R A DA Y Y o ERaY o I T e

1

-

i
W

3

d

Gy o P TAE e TAE ) @A BRA & IR X

]
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" dispersion and clustering | ~ " distribution ; §= " pattern ;> = e T2
AR E T AF ol o d WA G for F o 2 Tz BRIRE AR 40
HE 4ok b pEd TREMAINEZY > AL TRF JJ‘”* (BRI A T Flpb b 4%
- F R AP > A2 RET REMDTRE AP EAF AL 1

SERBF M F A

3. $uiFis 7 2 ¢ w3 (region)

EE RS L NEC SR N

L

‘F&f“ﬁ’wg\,c‘vu,g,g‘f?é{y

1%
M

A R EF TR o g IR B FE o 4o Tregion | o 7 < (T
"R Rdp R AR SR R AP R R R A A R
¥ A% ~ % % (Anthamatten, 2010 ; Gersmehl and Gersmehl, 2007) - ¥ F # = 12 %
P n TR, o7 § Tregion; 3#5 THE > 32 fribie TRE%
By~ T3l rw folT48kFhORELE 0T RE | v T %

iR

ST IH LG w0 2008) 0 BEBE N RS, 0 LR LR

i

FFPR TS AL BATR R VRGET R A BN HE R R
¥y ARELEREGEEFER > AR KT ROFELESDTRE | > AR E
Fa t BRI BARARH B H T R o 22 BEA  frRE (region) E &
BR3P O o /TR 0 F AR AR (region) g2 ¢ oo

o ST 0 ke SR Y DR (region) F F F R R R PRB
foR - R Bl do RBSE A f FERP AT o do o £A T AR

R
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AR B HOGERE C

T TN B EERFAE RN o RAEY 0 LR 0 H

“ml
1\4
=
&
|
=
oo
i
=
B

Wi - 2FME 7 FH Ak A3 2L F- £_Tdirection | » ¥

S v

BL T R AR FORHIIMG 2§ g e o

\

B0 RITEGE (dod AASRK) S ki (40t 90R) e FHF| - B L Ao
Kb ~AAM 3L~ AA - Kah s, » LhbadkeLkp T4
37 0 BN EERAY AT % o KA REAFREAIRS LSS o

BT ERAREALTMN Ta 2 | s LA AL ERTA ﬁﬁﬂ%i"?vﬁ?rﬁ\‘%Ji

P
P
iF

3 ¥ £ 23 Nystuen (1963) ey FFfEA GE F1E > F 182 3 ¥ b BEGP M o
T EFRA o & F 0 %95 Golledge, Marsh and Battersby (2008) a4 & ] @ i< %
PEAA R R B ADAH > BEELOTTFMARFTL % L X %/ Joand
Bednarz (2009) 4 % > E A =k o EiS BB I EFMA Y 2 AREF

B o Bisen kit 11

% (2012) 42 Jo and Bednarz (2009) sz (% ® ez PP 4 15 2 47
#p’]{w’ g T FEA Y 2 A AP T/A}Jp Ko AN S U j‘ﬁﬁi"ﬁ"l:‘:}g
BE AT B A o BB TR R M oA B B S B

e R AR B RS R R H A e L
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P8 BHEFRLY PR Gk s
AR A T AR Y 2 R A2 RT & {ﬁﬂ:&-ftﬁ-ﬁ“ﬁlmﬁ
1055 & nfFjplfedn 4 > @ F 2 ML Y P @ G ok amsir o A% » i

= X EmBaERDingg

- ~ &

101-1055 & & > £ RlenZ A2 B R (£12) &5 BHA L F > 12105
BEREEB O AQES0% & To5 3R ¢ NRRBI AT EME T BERZ
Tin, M2 FADDRAE LS THE13 > WRISZ L 29 » %A
BB E_TAfde | s RA c BRI EGgpRRy £7 5 (£13) 2WEMRLEF
1058 & R &> 5046 H ¢ > @& L Aph e b B > » Z1058 & & &>
TiaED588 0 4 M- E B ENEER24EE 0 A I B0 F
FF R T BERSDTIE B RINA 0180 TIHES-6RLNMIH B o 5
R P sengn s (F14) 0 i 0 103401055 & & > & B LK S fed g =i
W beg it Bl g Rt Fhog 0 T BERDTID KA A

B A&

%12 101-1055 & R-F R - 2 BA B R

g&R 101 102 103 104 105 T35
# 50.0% 37.5% 29.2% 25.0% 53.6% 39.06%
#7 e 0.21 0.25 0.63 0.75 0.36 0.44
i H 0.21 0.75 0.21 0.79 0.46 0.48
AF Fe 0.71 0.54 0.58 0.75 0.32 0.58
Eild 1.13 1.54 1.42 229 1.14 1.50

FHKR: A8 r £ 4% ¢ (2016a)
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%13 101-1055 & R-F R BIR1 L B R

g&R 101 102 103 104 105 <33
& [ 0.13 0.29 0.25 0.17 0.04 0.18
eyt 0.04 0 0.08 0.25 0.04 0.08
Bt & 0.33 0.25 0 0.13 0.14 0.17
T & Bl 0.04 0.13 0 0 0.14 0.06
Y 0.13 0.17 0.33 0.13 0.11 0.17
Eul 0.67 0.83 0.67 0.67 0.46 0.66

TR KR A E XN BEF R (2016a)

214101-1055 & & -8 pl 3 B LY P ok m ¥ %
gER 101 102 103 104 105 T35
g = 8.33 8.33 20.83 16.67 7.14 12.26
¢ R =% 0 16.67 12.50 12.50 14.29 11.19
A= | 2083 20.83 12.50 16.67 7.14 15.59

TR KR A E N EF R (2016a)
= ~Hy

101-1058 & & > g 3 Pz BA 2 %R (£15) &7 B AR 50 12102
e RbhR o ALE50% T BER NI MG AMAL BA 5113 TioF ]
Wi oMMz FE - BRI L35 (£16)> 2MERIL & L1025 & & i
§042 H7¢ > g mEEgan T Fl 0 RIAL0L - 1021045 & A& g is o 2
FoE0% 0 | M- S B Bl £ F 4384 L 0 4 WM P2% 0 T BER
ST o Bk 501240 T % PR 83 IR M Bl 2 B Pk s (R
17) % 11048 & & > £ 9 e Fh g Aue Barzr opid Ty
LI s A
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#15101-10558 & & -4p ¥ : 2 FPMA B A

FER 101 102 103 104 105 T35
& 39.47% | 57.89% 21.1% 34.2% 44.7% 39.47%
A 4 0.11 0.11 0.55 0.45 0.39 0.32
i 0.26 0.29 0.53 0.68 0.29 0.41
i R 0.53 0.21 0.50 0.45 0.29 0.40
30 0.89 0.61 1.58 1.58 0.97 1.13
FRKR D AF X FT3Y ¢ (20162)
%16101-1058 & & -4p % : BRI E B A
FER 101 102 103 104 105 T35
b B 0.05 0.05 0.26 0.05 0.21 0.124
Ere 0.08 0.13 0.08 0.13 0.29 0.142
st & 0.08 0.11 0.18 0.13 0.11 0.122
T X B 0.11 0.08 0.03 0 0 0.044
R 0.13 0.05 0 0.21 0.08 0.094
E 0.45 0.42 0.55 0.53 0.68 0.526

TR KR A F A F Y v (2016a)

% 17101-105 F &£ R -dp % - L L P sk & H =%
g &R 101 102 103 104 105 =]
R = 2.63 2.63 13.16 5.26 10.53 6.84
¢k = 5.26 0 10.53 10.53 10.53 737
A | 1842 5.26 21.05 7.89 15.79 13.68

FTHRER: A8 x589 © (2016a)

39

doi:10.6342/NTU201702691




e

= \,J‘

101-105 # & & hFipl{edp 45840 T B & R HTI00 2L DR A
5l % % %*’Eﬁﬁ?ﬁﬁﬁl’%iéﬁlﬁgi*ﬂﬂlﬁi@ﬁﬁ’
Bom o A7 Rtz LAY sl PR Rl AL BRI B

BT BERDTIE, AR BEE Ak en T Bl 304 FRE F Y

A

A FEH ) o ALY MGk B T BERGTI BRI A B a0

FEoF R o 2 A F A TR AR S A -

Fa % (2012) > i & § 4% Jo and Bednarz (2009) chz PR L P ikz e B
K47 96 21 100 £ & & hdp T EHALOZ F LA PR o A v g0 047 101
FII0S 8 & RERPHedp Y ERWPZFLI P @ o 2 PPN TRAE | O

0 REARZT AT HTRLY MY G B LAF ] ABEA L

FZ® s SIS RN Pifoicd 2 3
-~ &S REB R
— AT M EFE 048 X008 RABAE A HE ook R
- WS040 RARA R FH A F Rt BT j\gijﬁz
WetipT BEROFRoh Y RAY 0 AB NG 2 RMA T LB S 040
B BRF OB R ERERS ST 2 AIHEOEAY > AVIE SR O
- BB AV RS2 AR ehs B o S HF 4 e ?
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(=) 7 B4BE 5 g dg
1.105 % & B erfp ¥ 3342 ¥ 2548 (L@ % 0.25)

"8 R R m AR E - B 2N T RERE K - 9 R
NCAFRESRONEENE - 5 0 THMERRATERFIES AP RE 7 (A)
(48°30°E > 15°26°N) (B) (73°39°W > 47°30°S) (C) (82°29°E > 77°54’S) (D)
(92°03°W > 30°58'N) | (= & » 4 3#7 > 2016c) - fRAAH G = LAG R
N2 LERFPE L FNIREE 4ol PR LSl F e § oo 2.0R45 1 i
R OENLROEFREEE A CAEROFRITEF L A P o CER >
Br® 4ok Fokim o BB AR -DER > ERITEF LS AR KEE
%

LB (S F ALY < 20160) -

FAED  1-1el-28 A B 4 915.62% 0 T AGE 4 Y RS X EHC
Sl bt H At F1094% 0 i A EREAE RB R RS ¢ 8 AR
T 0 F15.62%F - R ARE (o) RARAER AR g o TR
FRLDRELEAPALEAF > TE LI Lk iy 0
BB bduki® et ad e § PR G AL o @ g Flokie o ‘T;l_lg TR BB
SRR od LW Ar S HH A LIBAfRAES A H Tikie ) B A R
PR AkE SR AR FRFT R R BHEDTFMAT AR

(coordinate) °

2.103% & B chiy ¥ 3340 ¢ ¥ 224 (L& F 1 0.24)

TUKIIRER SRR E T E S AMEE - DI /K E A B EAY 2
- [ PR ER KRS R KA 2 (AR B)Z (O (D) T 4 (2 & » F 45 v
2014b) - 238 & § ¥ X B MM X SR MEEE  F 4 & oig p

)23

%" £
Mo REATEARDERARMNS > BEAAG - LR R FEFRTE I
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LU BARE F AR RS 0 AR A REY F N U fre s SHEARENE 34
WA e AR RE 5 2T fof R Mgk o e d g ok B8
Fhodk Eok¥ > A B ene R A > T PR BRI A a7 o 04 g ke g

BRI E (AE BT 05 2014b) o

g ﬁgﬁZ-lfrz-zﬁ.ﬂ?f FHea A Fot F 9 5625% 0 4 ll}-}*},‘f»‘?’f&fr e
wﬁnlw%ﬁ”wa%(%ﬁ:)»@%%ﬁlJﬁzywﬁgiﬂ,ﬁgmumég§$
MEY 0 PHIIEE LML TELESESGES - DURIRERE I /KE A B KAy
e L % #on b 2 TI—RIHER - BSEIVE SRRV, FEF o A ka5z B

£ & Trelief | 0% 3 B2 H -

3.104% & R «h5 P33 48 © 56648 (ELEFH0.25)

"RZMIE R FTREAL A TR 2 (A)FLLARBYEFILAK (ORI K L%
(D)F ARy (= F > F 5337w > 2015a) « AEHfRAEH G = (L4 2 2 F
EARTERY SHERAERFABE T oo 2.3 4 A RAvE Ew &L%o (4
H) =8 o341 B¢ B RAeE I ow B L2 Bendp il o R HETRE B R R

Boj T AR LR S

AL BRI FZ R (ss ) 2 g ant F LR S ehL 0 3-1 40 322
2R i»u{;x BRI K 3-1 3] 320 A ant FR o s o 4 Sk
Fd o er BAL%OAREETRE BT 2 HLEF Y R TN S K
29 o R LR LRI REEARE T LR L N YL b
AP 4rl B T A BE A g LR A R EeA R 0 (TR X R
fREEAZ o d 2 > S HE Y AREPF O RZEEFRY - Er PO REE

Gl LR s gt L fRRE 033 8L o H ¥ R ey PP A 5 ¢ % = (location) °
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4.103 F & R enF R4 0 ¥ 7048 (LiEF © 0.39)

"EEES i~ H -~ EH - IIMRRAE MR - EHIARHMRFE 0 SR
AT - A= RZKH - —BRRARE - REE R SR mevE » KA
KRR AR - B URSEE AT RE A E 7 (AT B)IE (OFE (D)I
(%~ 8~ B4R w5 2014a) o BATORATMAEL D T X RIBIEKR, o RSB
FooLERAE R A A AR B R H S ek B S
K RAFhB Y 20 RERY TR EFREE LTI 2 v F e 0 TS

G EFREF BT LER (RF~F TR v 2014a) ¢

POAGE B A-1{ed-20h 0 F ot 8 5 T7.81% 0 1 As A B SR Aei o
W 2031%E 0 (S )0 B 0 ERA- A2 JenE 4 0 o 00 chl KR

BAMY BT FREE LA R T B oo BRI BA S ¢ relief,

™

CEEEUEER

5.104% & A erdn 4 341 ¢ ¥ 1942 (L HF © 0.36)

"N IRIEE LLIRETRE [ B R R R AT 0 B B RLLILLIAR S £
SRR P~ A AR 5 T PR SEERLAR (ADFH B)FT (OZK (D)
ZT (X8 rFE38d < 2015b) - SAHTH FF 2 ¢ LEHE Y hfq o
vk ok R L dhend e 5 T AT e o 28 R AL A R e 0 [T

R - kLR enA R 4w fook i £ phdw BoiRif o

A pAz kG BAERe . B - BERAL F 2 LR ipe &R KA
Bordel KT s oA 0 @ Y 522 3 drif vt FATiE 71.88% (s ) 0 i
25 HEA AL 2EHESE B L% RA9 0 BEATE A% hd e 0 0

Hipd s - B AmAd g v L g gL rkehde 0 304 3 R
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5o BPLfrd il SE LA WAR L T ARIDEN S RREL AN
ARAK-T e AELAL FAR S GANLR L B AR AR Ao &
WAL 0 R DTRREE ROR K PRI Lo H R F B RS e Al B

P oenE R R R IR RS SRR )R G end M2 - A A A u e

ERArT R F PR B B ERILARE A o [0S ST AT

Wl A RA-FHF  EEs A el o FHABPN G LH AP R

(Fh - AR REPEG o SFE AP > LATRAES B A 0 S 4 T A
ZrFHFee B %4 e o HEROT FPEAL S ¢ 2 % (direction) o

6.105 & & ehdy 4 #40 0 ¥ 148 (B F © 0.39)

MBI o iR A AR HEE EIRR SRCE R AU - R DR
120" Ry LaR 4Ry o @ HFIE o NHIMERT T - B am DA R CEAYEE - HAE
AR I A > SR R B e )\ — 20 DAFIRZ S T 8 I EPE S R e 2 (AR (B)
R (O DWIBHL (< & » B 4327 > 20160) » g4l & &4 PR s
Lo REAHFF I LA B L ABERDOL L TR A LR L 010
PFRERLS] 2B d el AR 3BT A-FR o AL AER
i 0 SR ESA S 0 3 % (direction) 0 4.4 3 L = PR N L~ PR hE

SRR SRS ERE T LR L

TALT-1-317-5%0F 1k ¢ D ERCHTAH L Bt F 9 2625% 0 e
TAET-1317-54040iE 0B 20k 528.13%F - LA e (8= ) Bior 0§ i 2 anfa
K33 EEG = LERL A FEA B IrATA c ApEY A PR i g a2,
HE BERLA-0 S FREME >R 4B TEDEE > 2 Slgdf o a

E G AR i’f@ m’}’af A5 I R (location) °
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7.102 8 & B ch B p324E 0 ¥ 703 (LB F : 0.36)

" 7R A E R TR D SR R RS - B R R B R
#JT R © SRR - B 7SO A IR > SRR BT R LLAR 2 (A)
AFRIAK ~ otk B)d ol ~ Fililifk (OZFlilifk « Kk (D)Elid
Ak~ BT ERLLILLIAR 5 (= & ~ 8 4587 < 0 20130) o SALDfREH ARG = ¢ 1% LA
TP AR R -SRI G P e AR A Bt R o 23800

Pt d A Rl G P L LR e R LWL o

PRLO-1 B BATT S chE A dei (AR ) R4 SRS S Hr A L
B pan g R R AR BE 0 R8T R DL LR SR e FlE 0 B
B S BF L SR WA R L F A REFR LR REES - AHE

g P4 4 At (coordinate) o

8.102 B & B erF P4 - ¥ 718 (LiEF :0.39)

" 7 R AR AR R D TSR B R B8R E B G T S
T RIE R E o 55 ¢ E 8 B 7 R L s R E DT [ PR Y ZR T 7 (A
FEFEPE (B)Z  mFEsR (OP - LG (D) T - JLdEPE J(~ & ~ & ¥ 3¢ <> 2013a)
SALPRAEL B o LR AR hAUR SR KT R S PR g en
LA % g apiniom s Lafes ki LAt ‘FK{B_#“ TR BT h
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