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Abstract

Today, the presentation of online mathematical instructional materials tends to be sequential
and one-way. As a result, students obtain fragmental and vague concepts after browsing Web
pages containing these materials. In addition, when students want to evaluate their learning
performance, what they can receive is only a grade, instead of the specific explanations about
their mistakes or misconceptions.

To address the above problems, this work aims to build an on-line assessment and
misconception correction tool for those who learn fundamental mathematics. The students learn
how to solve polynomial equations through the tool. Whenever students make any recognized
mistakes during the solving process, the tool instantly assists them to explore the reason of
making mistake. These responsive feedbacks are helpful to guide them toward the correct
direction during their cognitive processes. Thus, this tool can be used as a teaching assistant for
remedial learning.

To evaluate the effectiveness of this tool, a quasi-experimental design was implemented
in this study. This research sampled two classes (Grade 7) that enrolled in Tachia Junior High
School in Taichung County. One is taken as the experimental group and the other as the control
group. During a five-week period, the experimental group accepted total ten-hour remedial
learning through the tool, while the control group takes traditional instruction. After every week
of remedial learning, a post-test is conducted in order to collect data for statistical analysis.

The collected data is analyzed by T-test, One-way ANCOVA and descriptive statistic
method. The findings through this work are described as follows:

1. On-line assessment and misconception correction tool can diagnose the different mistakes
of students. It could serve as an assistant for adaptive remedial instruction.

2. After five weeks of trial, the students who utilized the tool obtained significantly higher
learning achievement than those who enrolled in the traditional instructional environment. It
implies that correcting students’ misconception about Mathematics should not be regarded
as a short-term task. This phenomenon further reveals the value of this tool in reducing

instructors’ burden with repetitive and long-term correction tasks.
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Theory Choice in Scientific Inquiry of High School Students :
Debate on the Origin of Mud Volcano Water
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Abstract

At present, teaching science as inquiry in high school typically is dominated by inductive
or hypothetico-deductive views of science, and theory-choice, an essential element of scientific
inquiry for scientists commonly is ignored. Based on the debate between geographic and
geological communities on the origin of water in mud erupted from on-land mud-volcano
at Wushanding in southern Taiwan, this study attempted to provide a theory-choice-based
inquiry for students to explore how high school students make their theory choice between two
competing theories. The research involved a survey, an inquiry of the origin of mud volcano
water, and interviews. At first, a questionnaire comprised of a set of rationales was constructed
as a survey tool and used to help students inquiring about the mud-volcano water’s origin and
making a choice between two competition theories. Then a factors analysis was conducted to find
out the factors affecting students’ theory-choice.

The results showed that students made theory-choice according to subjective beliefs (i.e.,
belief in authority, peer, and intuition) and objective inferences (i.e., naive inference, abduction
inference, hypothetico-prediction, fact-based inference, and analogy inference). The influential
strength of each factor depended on the individual student’s preference. According to their
choices, students may be categorized into four groups: (1) Naive, who preferred naive inference,
(2) Logical, who preferred logical inference (i.e. abduction inference, hypothetico-prediction,
and fact-based inference), (3) Mixed, who mixed two competition theories to form a new theory
and preferred belief in authority and intuition, and (4) Changed, who made different choices in
pre and post-test and preferred naive and logical inference.

This study also found that authority and intuition played main roles in students’ theory-
choice as well as naive inference, especially when lack of sufficient information for reference.
Many students tended to use naive inference to make choice rather than logical inference. They
chose it just because they believed it is true. Students who preferred making theory choice
depending on their belief, their choice more likely stood firm and was hard to change. They even
tended to recognize all of rationales as supports of their choice although the rationale maybe

supports the alternate.

Key words: Mud Volcano, Scientific Inquiry, Theory Choice



e PR AR R B PR T P R — LIV KL K AIRH R R 31

E =
IR T

RIS A2 IR E R > Kuhn (1970) Frie H IR 22 ar it S R 20t B
KA R AT VEA PR 285 > Thagard (1992) 15 H BT oy - M URRREA Rl E 1
(explanatory coherence) i [ » AFR LB 2 © bR T frmy nUBEAm &, > 18
T RERIERI » RIER SRt T BRI BRI RAE R EI AR - 1A /8 (ORI
1 fld - ZEPEEE SR Ue kIl HIE YR S /KRsRIE - s E kB R A N AR £
iR o REERR R EM= i GE S - MeREsts - DUEERE » 50R B I ERRRE o v R &
FEEREEGGEITRIE RN » W EARIEESE) f) 2 — -

BAERIREEE ik (NRC, 1996) Z2E ERL 2 G RHERIRTT » BRI LIERE T KR
AT B B LIRS T T SRS R B R BT - [RIIEE AT A (1 PR 72 B i 3
PRI R - I A S B e RN AL - T B CR AR - 1T - &
38~ BREHEIE o HIR)EEET - WIRFMER A National Academy of Science (NAS, 2008) [T
Bh o R ERICE - HE SR AT RN — &R - seiRsE - QIRIERE T
PRI R AR ARG, - SO 224 R R (th B BIR R R A O E iR - i mT S B
A HRVEEER A R ERER B W O A A A\ B LR SR M T 0 - M ERRI 2R s HE
e FIRER A FE M R I - GRS RS R B ORI R AR R
RIS 2R P -

SR 78 » B2 A BB A F B CrOE A Em AP R » e A EBER IR ik
& (Croucher et al., 2002) > FrLL [ 22 A= G r] (SR 2843  DABR AR B0 e 1 7 P A 28 13 0K
FEHERIBE o BT T EENGREE o A FEEEFE e KILIACRIERFREMRT R - 2K
e e A A T

> SRR 3
— ~ B R LTI ERTERe )AL 5 P 2

BRI E AR ERIERE ST BB (20030) A (BIRAUINE FLAE— ERE
QY Y (ERGUEIGRIEREES) #5) DRGSR E Y - R
Al FHRZEEE) - that e E R 000 ~ B - HERR ~ BT - BTR > ILOMBEL
91~ IEROREST o R DL BB EL BO AR A0 77 X TR T LA
7 MR IRE S -

B 7R — EAME NI A R IR S B  E S 2006) A (VR B
BIZMABEIET]) > HopET R I LR B SRR AT

(—) 15 12 BEREER > TRERSHIIS - ERSRE I SRR B | | el B AR5
Go o e IR R RS R B
(=) 4 15 BRIGER » [RERFARUVERI S 2 SRR SR | o) T eat e



32 EREHE AR - BOEREE

HIEER - #S R B Rt e R R MR B R » ARE(E il BB & 2
HINGREREERZERIRG R o) LUK [REBCEBITRFCRI 22 TRER T -
=) T 18 R r"‘:*ffjﬁ%“’i%g&ﬁuﬁ‘F”iiﬁﬂ‘hﬁ’lﬂzﬁ‘%ﬁuf[%Ejﬁ“ Ex il
ﬁt Tfﬂ O R e TR ST " PR S PRRRIY R, TIRE=EER  G
ERFEIPE mf[%ﬁj%&d‘dﬁgﬁ o)
"‘L@Wnﬁ”ﬁ%&?ﬁ%ﬁgﬁﬁ%ﬁﬁ|EP%E"%H » WBIHIR 2R T\ B -
FERTANTIRIEREE, - SRS HGEHIBIIRE ST  (EBI TR IIEOR S REMEREIRTE ARG IR - 18k
W R BN SRR HERRRE ST - IR B REEE b amAEURE ST ¢ e R PR B EOR B E A
(R ERG - AhREH b R SR - JRAS B S R AR R IR SR~ R - PR
PR ~ G~ IO A o HRAJRRERT - FRBAY R P A E BRI IR RE T B B
-

T~ PRI o P

FE (BEFEEEEHE M (NSES) ) (NRC, 1996) Fi AT HyE 4 H e 208 6 LU
g BRI » BN A [ RARE AR R NG S ) > s ss [ &R
MR EERTREN NG EY ) - ARFE [EEERTRAERIIEIER ] - s [ FRdmas fieREE R
B s DURANgRaR [ HUR B ARG 3 5 3R 8 | - 1 SE AR [ FRERE Rt am B[R] 22 /2 Bl
V] o HARJEEET > ERIAEREBEE M S o BB O =3 (HRTT > 2003) ¢

(—) P& (exploration) : FLFE [FZRFIREELRER ) FI [ EGEHFTCRIZE 8 ;
( ) fi#R# (explanation) : W15 [FRFEEE | 1 r@_ﬂﬁﬁm
( =) ¥ (communication) : &fE [FHR] I [ FiE
1T B i R 5 1 T P %H’]é%%hiﬁﬁ%;ﬂ Ml Bk AR ETE AR B (Pinch,
1985) °
NSES HRIB Lt =T8i% QIR HI LR T A B2 A e TER e R B A RE 1R 7 E
(— ) REAIR s RE G A A T A RE A T Se F AR R ER AR &
( =) REREAT M TRFEENTST 5
( =) BESE FIRHE S BB AR ER T 7 Bl SR B Sl R
(VY9 ) REJE FH B K a8 s A B HI (3 TR B2 R B AR A
( T ) BERES S ot e R R A
(/%) BEERI A B S m B EE -
Hrbfg = TARE 1S PG B AT T SEURE T -
BT RSB ERIRIEE 1T 0 NRC (2000) & —H ERIEBERRST T » BEEE
(—) BARIERE FREE
(=) EMEFEBRAIRENT - F DI S a i S T RE P B2 HL A AR
( =) HEEBIE AR AR a2 i
(V9 R ERFETRERE > Rl R 2R e - 23T H CRURERE



i PR AR R PR TE A B R S — LR K LK RIS SR 3 33

(1) FREE CRTie IR » M f HAE TiRE SRS o
RREERE R R B A R (R REE B LR H A > NIEHR e BB R L o Pl 98

=~ TREBHER IR 38 IR 7 M A e R R N L

RIS EE » RIS R DI B E A R > 7F Kuhn FTAAURMES Siay
REHA > BRERGCE IR H TG A 1 - A2 R R RIERGGE S nTREHI R — P
REJA I B i R

NSES (NRC, 1996) 1EHAG RARMHEAE FFEEE [ - gtz B ol DO 24 E BT
FeRShE ~ (EZE ~ FIREsh /NG - GRERA: T E » RIERIER U BIEE ~ Hhe ~ LU AREE
BRSSP R Y SO R T S AR R S BB SR TEHER T IR R B S I e r
BRI R ARE G A AFRIVE R - WalsE A M AP EIUE R R - R BRI
ARG o BAREREDCT » RIEERREATEEF G - I B4 1= 8GE SR i E
FiE o AR > RIERATRIEEESE  BEE 7 HBIEMEAER - B - 85 - HIHR
R~ DUk HAMBFER SRR (M R 1 T3 - FRIBIEE R (20006) 72 (HH/VEE—EERIZHE R
2Zi5) o ESR m R ORI R IERZ IR T B CRURERE > thRE S s R A nUELES -
W L RE T HHEIER AR o HUR)RSER - 224 JERLER g LGS IR A R s A e T - st @
T e o

2B A LA n] S A R B A A TP ET > NSES i T N IER A (NRC, 1996) = FFET L &%
PEBERE ~ fbeists - POHSRERHEN ~ fe G S R e e - DU E IR
S S — T2 - NSES B HE—faH - RERER T REH IRV - BRI - Bis
HERAEHMEE G RFEER (R A e B FEEE [P - AFEE > B2
BRITRHEEEME > R FHERA G S ER R RIS L B AR - RERRER R A T8
(PR o

AR A B R ER R A R NIRRT S LAGE 5 R R B G (T o kS P G
1 o B EERHH RO & 22 A RURHER R PSR -

B A I B 2 BLEAS H H A TS ER 2 e Hith 5 C RV ettt e > SR MM E
CUE EARBUR RS » IS E HIE — HAUIESR P EFSARLE » PRl R RS S - At
JefaHt (NRC, 2005) > A2 EEVHRIRERA » (1A Bl EE) & R rUR g T UE
1R > [ERAERES » MR ENERFEERT ~ RAFRT ~ RIS > MAgEE
HIERR A o #H B AR AR o A DU R RIAAK B R N A i WA

AR ERA: P et A HkeA - BEE B SRl S FIE AL IR & 2 ] - LA
PR AR S - A RTINS IR BB E RS » BT LEEER
SRR BTN A DL RSB B S R ST i 2 s E 1 - BB & B A (R
FZIRMIIEES - HIteT R > B R B R R L -



34 EPBERPEE - BEMEE

P9 ~ H i ER T B R A i

IR » (EERIE B IR E Lo B TR EDrR 3 B S s ot - &
fti&R & — M Al AT R o BIAERR IR S G - BB AR R K e
FHE o B RIRS MR BRI ZAEEE > DB AIRH R R R R 22 R i L B
= Hig o~ AT A SRR A o HIR)EEE > EAURI RSB AT E I IHERE > KR
b T BRI IUAE - e 222 AR H B CrUR A SRR e E - 1 H e
2 S AE 2% R AR S Rl B2 TR ST Fir (o FH U RE AR AR 26 (epistemic frameworks) » DLUSE A
ERART A B ~ T ~ R FIEmEE Rt EEfE MITE 5L (Grandy & Duschl, 2005) © fiff LAFE
FEREEE S BIEAE e - MEEIREE NS MIRH £8P BR Theds ] #5R (BF
&> 2003b 5 FHEEE > 2001) o T—MEAOFER G m A G R OB AR - T2 T B e i
(ERIEEES A E R A o [FIH - 208 7B E R E M S A s -

ERFTER B > (WM 67 ~ iR E T > 2007 5 HAR ~ (RIHG - MRERE
2006 : fRHAMR - 2004 © BEANZ > 2007) thEEL - EAT-PERHRIERIRICEUER I E B LA -
J AR — AR R R ER IR, - A L R A SR N R AR, - AR AR R E e i B
AN s AN EIZ SRR > Fr DO RS G B E Al TH e 88 - BE L RIEFIIEHSE
AR R ~ ESIe# ~ RAERIT)AT (Grandy & Duschl, 2005) » BHESR I &k
SHE T H AR AR ERE 1] DGR E RO ERE o WIRE(T R4
fEEBETREE R E R > BT sE IR AR A B S RIEER A M H [ Ho A
B A FR M S B Bl HH O B AR A S T B e i o

ERTA B 22 A P A S B U 7T R B e B2 A Wr] FE R APIUME (AR S ~ MRy
FERFEME ~ KRB0 — 2 SR 2T ) AREITHEREE (40 Brewer, Chinn, &
Samarapungavan, 2000; Hogan & Maglienti, 2001; Samarapungavan, 1992;) » 1452 HIEESS
ER AR e DL GE B ) AR e P A 1 TR o IR am B B sein B 2 R R A
FEBIIRES] ~ (CEEIB IR HUERENTRE /T ~ AR UG T ~ LU IRELERENIRES) o B4R m] LIGE
H H C IR A S B B R BRI & o2 M G284 > S T B B EVETE - AT
IEER B IR EF 2 SRR B IR TS - 5 822 B B R it & SRR S e 1 T3
7 > LIS A R B R S B AR - Beas iR ~ Hot SRR ~ R I REE R S Y
e ~ DURCH AR ABIER R S — e - i S S n B A -

KT IER R T R AR Es i A e T T e & DU S e B B 2
% o

S o 2L =2 £
5~ B R TS B
AW7er 7R A —(E S R S e ] R A AR H E R ARA S

R —— [ SIUTETR K NS ks ) (LU R TR IR ) - 2P
B P A R o



e PR AR R BB PRTE T B R S — LLJE K LK RIS SRR 35

& 5 HA BRVE A LK RIS SCRR B 2 e K (L P M RTE R B AR AR BB e PR A - 2K
g TR KRR G R A | RRET TR - DUEEEECE R R

S TGRS -

— ~ fFgERRET T R

KIFFEARARIE I R R R B Fent B [V kLK ] 109 (EREBrE R
IREE o AHFgeRmaTamiye KILERRE S ILTEVR K LEE -

TR KILANE kL (HZ ERIRRSIRITEAR G L o Y KIS I @ Bl = R 72 2 (5 K
Ve KL H 2 miR AR AR o ol R BB AU R AR K LIVE 0 HeE (42
AH > 2008 5 k& > 2009) ©

Tk Mg #ERE » IR E G [k EARIEEM 2 8 @AW FeE 2L R E
IERFERIRE - (RIBBHHEE - B AR ARE - —FR BV EEI i - BIK s —F2kE
AR - BIEE  EIRTREER S =M g - AW ERE o RUFFEK 5 7 Bk
RIEEFRFEIE AR AR 308 - (FFEALER 4 AT fE AT RE - A1 th il B 22 A4 80 N B UiER 1) 2%
[ o B 1R EA LEAR RN EE - AT R E R GBI ar & 5 TR A T
Bt BT

(—) IAREE

FIRAKRIEERA > BIEER N BRI IR (£5 > 1986 5 T35 ~ 1REH ~ 5
FK 0 1988 : LG ~ JEEELS - 2001) o EEEEHR ALK& T -

A TORARRKK LRI EETEE LG » BRRBSRITILT R R

9 BB ERAEA BB K L o

(=) WA
FIRAKARIERE G - BB E R E S g Ark (BREEE - 1994 S
# > 2003 ; Z1HFE 0 2001) o BREEE FEK LRI HE A T -
EE2AERABEREBREBTOME » GABKBRIGERN » RABEE L
G KA AR B 3 0 33 3B K BT a9 A AL FORAR A RS M aG3R A
Lo A A RE R o
RIFFEERGE b Fas sk B R R - M A e A e G N T H -

s TH3ERE

AR B R R - 0 O B S [ P L EPE S e
IRHREETE - T RS R LT ARG - SRS = BT 4 - 728
% o SAIT

(—) EFFEE/IME



36 EPEH AR - BOEREJE

I ZOIRHERRE EK - ALSIITHVEKIIHTRE SR ~ RN B AR E HRAHER
FHERZAMALR -

(=) Mg H : Je KLk AR I H A 2 EE 4 WITWO

AT Ean 5 [RAILKSIEHE G EERMAS (WITWO, Where Is The Water’s Origin) | »
53 ECATHIRT R (WITWO-A) ([El—) KRS (WITWO-B) ([E ) « #2HIR] 4 t AR
% THE (SGEEE) T8 (R RR—) RO (MO A E P TR A IR AR -
BB =5 -

1. IBERASTT

At BRVE K LUK SRR A R R I A B

2.1BF (BXEEE) FhEr

ARAIRT B E S R (RE—) » G A S i O - R B
ROAEH (BGEE) » PN ER (AE )  GE8 A7 E S H AT R IR
SRHAMPIEEEREE (SERS) o BT E -

2 H R%E TR F B 5 B B A R K L LK BRIRRI R © i S SR S LI TRV K (LA
BRaRSC o FRFIHFEE KAl - BLIBBERIR - B ST 2MS ILTETR KT S
B 40 N0 AT TVRKIIKIRIE ) RIGHHE - FlAIE - BB H 2 A SR IR -
BRI ER A B ET 30 EAR AL [V K LK SRR B A & M | » HEmh = E&W”r%
BkpLER | B 38 \GEFTRUANTER TR

3. IEERSRIE

FURER A AT A R > WBLE B B0 ( Likert 5 B R) » Wi RFFEERTH

CERE -

(=) #a

""—:ﬂ%ﬁéﬁ

—RTEAA R B AREE THIRR AR ] (54 87 A » JtiHIfS SR A 4 fiti ]

%F; Cronbach’s @ % .71 °

Kﬁﬁﬁﬁﬁmﬁiﬁfﬁﬁaﬁ%ﬁ’%@mﬁ FRATULER TUR K ILAKSRIR B GR | FERR R SO 5e 8
T e e A i 713 T 0308 5 P B e B M T T BRI RIS R A il 5 F R - T L
SRE R R AR U B A o ERE S TS R 2 AR IREE o R — 2
a ALAEET o b BlEE R

W%



i PR EAE R BB PR TE B R — LIV ALK AR R 5 37

TR KR REmEFERE AL (AAA)

FHAT B T A A

TRIEBR G GEH? ) BEMEARELE  —EL T€ BRAFEMHY
TREERBHL > & AR B3 5 BWA LH TR - 2R TE LR E 9 F L R
B2 MR ERARGET AR IFATHEGE D » M EF I —EEE——
TR&]e

EAEHEREL L REEAt LR FOELEEEE R F L RIS KRR
GBI BE £ LB RS A A T AR IR BT RREE LRI A
H AR T AR e H R o

TaABEAEGEAE  KEOEELTASRA XA » RARFRZAT@E R
B M—1BEIE - B F TROE G RBURIN ARG F K o

B ERBA LA FEFRREERREREL 7 0 L8
FE L TER K o

T KL R A& KL RAEBHEB ARG KL o BRRKLE |
Beg TR RRME > BERIEETR S GEKRE s MK
LR s BRI  F B RS WA TR -

%é%%%%%%m@ﬁ+%ﬁ%kmaﬁ%z@%ﬁ,g
AU EGHRE SIS ER LB R R L > BT RE ARG R B
oo RBCRI LG 0388 mRA R T RGAR R B
ORETE R ARMRE B ARRBRE LFNE T o \

R R TR KR KT D

ZEXiEEMAARAEEE: FETHR] A TRKR) RAH TR K
TEA e

MohAR) &3 REQAEERKRTEARGRT A HREREARE K
KAV F A B BF Sty K s BAVEEE THTARIR] -

TEA ) A REGKERAZR A > FART K 5K £ REERY R
BRI A A E B M6 T2 09K SMARARAZIR T BY » QSR T 9 KRRt &
AR RAMAEE TH B KR -

HEAT | A o

(1) 3 B ARFE R — A3k 0 Rk e 24 > B (O) BHEE#HE S

]
IR " :

\/
<k

[1(A) sh2k 8y
[1(B) BA 8 1 2 3 4 5
@ &£aTHEZEIEE (FFTA)

(2) R ATHIRANA ARG A ik 2 3F & TARMA| BT 69 1R R 2 oy o

B— XK RREREERS (FEA) WITWO-A



38 EPEEAFEN - BEMEE

RXLEEHEReHALE (A HAK
FRRRER:
(D R &8 "RTA, %
PRRATHRAAGAREERTY
BLE BRRORVRETA (
pREL EARLRANK A kD
HAEEKL
RAAR 2R 6ARBARR
(B)TBA & 8B "HAK %
FRIARTAAESABYRERS
EBREXEHHHA  RA
HELRSRRRGAB(£EL)
L STV REEY) PEL)
HABERRRRERGBHUANRAL  BANARTRL
KAAY CREL PRRAHERHE
HER(rE) ARAVAAOABARTA  REAKTHAR  WARG  BAKATAR
ARTA ARBAZRAS ARSABARWRAFLRANG "TH0K ) WEAS
HENALAASRAFRNA L54 ARHRe TRE-FHME-LREATS - 40
0 -
P80 HUAORE ANALELETUARRES-ROLR? 28 | 2£8R4RE 4
FRROAR RARREARLAARE  RAMARRHAKOEZIHER(O)RA -
PAGEALAREHEATRZOH

Es
i

ﬁ 29

A S
—— el

R
43

)

BHLREXLER A FRAEANT RXLERTAAREALA
AAPRTA)EEOHRADPRAY K BABHEHREK)
iE TREAKEEHRA TR BAR

o

~
~

[E=eaias
=
o

823 Xelylalyy

B=

T KLKRRERHEFREB & (KRAH)

PoRG AR -FHARBLRRY EREARDERBAL - RATHEL HTRYERY
HEH SRR BO)RA -

Eﬁﬁiﬁ
£ . e
# = EEs R
—
T ARAET AR R EARIANR  FAREFARELRR) RELKARE 1[2[3]4]5

,_ﬂ.ﬂ—\_/_—\

(1) ARRBLENREE  AERRAT&?

2 31
&5 L
OMRTFAKIRS)
OE] ESIGETD) 123 (4]
EOEEREY EXT 116 42 Y

(2) afbufREREFHRS

EOTRE TRRIREES  HREITFETE - HHIROAN . BRER>

B — X LARRIEREERS (®EA ) WITWO-B 3l

SR A/ N L 2 — R FERA TS REG (R IH H UM BIG IR R - BETHRAYM
GHER 28 KW IR S TE RS R HE W THEE ] 22 8k [E&) 68 -

2. B RFEA

B oREABRBIEARES —HEE BRI | F98E 37 L AAHE 34

3 » Cronbach’s a {ZERAZE 95 -
3. B=RIEARERR

KA REE form P a2 AR » DRI B IR FERA S R TS 268 » A RE 80T

EHE A (ERESEREMIREEE) 120 AESTH

a {ZERE 88

=~ fiaiHl

AR FEhE IR A R B b T AL A AR 332 A

iR B4R 112 13 » Cronbach’s

HELTRIFZHE] » BTHIER WITWO-A [

B AR ILEEERNHE N - BUAELL WITWO-B 14 » MI86 7 A /(R IR > i)
7930 738 - #5078 - IR —K o A & B A 308 17 S HIAS F Cronbach’s

a {FREFS .90 °




e PR AR B PR TP R — DLV ALK AR R R 1 39

P~ RIS
BRI EER IS BN BB E TR MR 0 > 22 THE AT R AERZR (A& —) -
pi RIS ¢ (Ea o EHIME =EINZ (k=) » MERESINE -

2o TR KR AR G S8 R A | G LA SR o Wt 15 5 7 A e

D)
AB HP FI NI Al
830

2 H n % B

21 VRS NI R B & B HE 2 - ATRE AR
e BTSN BT TR

13. fEGRIRVLRE T 3 K B oK &Y > e HEFiZk b 795
TE R N HIRS & o JRRIARRSE AT DL B FGE S BB AT K o
DA - YR kIR BRI BB GEK EHIK

22, B GEIRIVIE - AKEE S o INEE T AR a .689
BT R IR /K 20 - B H GBI R S AR 2K

06. Ve e GERINVIAE - AL S B KAD - HITRK  a 755
BRI A TR o r) b ey ey B ] [ A
A E

03. WIRASEH T K » Mgk - BHE KAl - a 754
KGR - Al SILTER KL ERFIEE
JET RATIE RS o

04. (BAnE K KRR EE - Je kLBt T IEBIR A
NEFEE A TTRER L —K o

14. BERVEK ILME HEHBERIK - (E A EERAUBIHIER  a 463
SRS EHEKEY) -

05. YA R e A RN R AT RV » YK ILTE T
IKERK Y GRIEETE IR B R ) » A EE
[y B A S

08. RIIE NI KRIF HIRBIZ Ve K NZ EEHIITE b 727
FEEEY - Al Rk SIS R A R R (R

19. (WA - BEERONNAZIAER b 713
o HEEE ANRVESERA o

01. S ITER K (I E RN ARV LB HIBT - JB K b 675
[LIME e K FZRIR @ 12 8 R IK (BITHE T 7K ) fiERY
Bk (BT s Ry 2 A g K ) o

18 e s NEK - AR REE RS B MIBEERIK b 608
LTS -

15 JeE IR L E A L G Z AR E R MK EEE b 524
S —TEREY) (Bn—mEn TR G ) rnEYIsz &

TR Fif R H K 8 5 o — RSN T3 )

10. AFENEMZ - R E/KEN > EHEHM -~ b 433

REHE e Fet /K e E 2 /K B M IR -

(on

o

527

(o

156




40 EPBEREPE - BEPEE

g H N = ik %
AB HP FI NI Al
02. REAEHIZI TR Sk EgbERtmaEsb] > Br a 751
TR KILKEIARIE & A oK ( BIRNZKE A T IR
HIRK ) e
20. RSB - e KIIMEVE Bk BIGh > TE#IH  a 740
Atan - v RAEWAKBAERS -
17. B IUTEVR KL R IR AR - ATLIERTS 240 - a 723
MIZKAS AR N B E0E AT e -
09.2003 4 6 HE] 9 A ZFEMNEIGEF 82% » IHIEZ/K  a 712
=i 6 A 46% FFFEI9 A 50% o
07. 2003 TFHURET > SSILUTEVR K IIFERFEAFIREE a 707
& B4~ 5 A/ 8 HRK » MEHZZHE
RIS o
11, AR EH K - JekilmT DEEL R A Hlm ) a 805
TKH:
16. e T AR CASEIRKEAS - BUSREE AN E  a 785
KT 2% e A T 7 A B
12. BAE MRS AR R Pk R ESET > b 718

VKL AT IREEE B BRI A A

i a BNRER . b RETER

e TR KR ARG S SRR | 5 & IR S Tl 5 i 7 A e

N P

BP BA BS
o B AR E - 958
28, FAHE I K AT b - 953

27. B RHRER (MERH) EFEHIR - TR HE I BREE 2 2 899
%) BHREOKAIRRIERE -

26. TG Z BRI A SRR 751
30. i H C LERREREEF (G B BRI AR PR 818
31. FPE R EIAEE B 2 BHR AR AR - 780

B R

AHHFE LURS LU TRV K L 7K SRR {18 5t 5 By — A B [ 3 — U B 5 - 2R
OB MO A E RN - B O A - DU S SRR R RS o



e PR AR B PR TE T P R B — LIV KL K AR R R 41

— ~ B MBI R

SRR VDRI FR 70 W 1t SRS 5 0 £ P i 38 R Y LRI 38 70 B — (83 7 IR 38 e Al A
o

(—) BRI

—EAESRZSIHKMHEEE R4 [HHEMR] - TTHERE] - &k THEEE] - &
AT -

1. tHE[FE (BP) : tHEFZ2E KB -

2. MHEHERL (BA) : tHIEEREEBEMITE L -

3. MEER (BS) : 1HE B CHIEEEHER -
Hr THHEMER] 1 THEER] M{EVIRRZ IR A —RRZ - aam THEEEE
% (BAI, Belief in Authority and Intuition) ] °

() #EGmIAIR
{18 B K1 35 B 7 0 A4 HH B 14 ' iy %4 (Lawson, 2003, Mohanan, n.d.) £ [ 31 K HE G
(AB)J ~ [MBGEXFEMEI (HP) | ~ [SHEHEm (FD 1~ [ B8R (ND | K TEECHE R (AD 1> &
HAOE ¢
1. MR H#£5® (AB, Abduction Inference) * 7 U KT SR B A — L A SR B OSSR — 20
FURAMT AT DUHE R i3 AR I BRI AT 2 18 {1 S SR AT P e s
i :
EREORAFTEARZOFTIRARESY TR KEZRIKBETHES >
R BE T VA AR A, F IR RS Ae K o WAS B E o ROKOL KBS IR A T IR KRG
B 7K o
2. 252 Y8 8| (HP, Hypothetico-Prediction) : G ETE A E - B el T S r) RS R
AR ERZR A R BTG R —BURER AGL - S HIBRERANRAT
1 :
Yo R R AT RKAAHE K AmH G AEA R » B KFHE » RK L
HAREE TREELEARKLCRFLAZEATREARS -
3. EEHEER (FI, Fact-based Inference) : LUERZL R =5 B SR8 e o SR 8 » 8 FH Vedn s Bl it
P e R o
a1 :
W &L TER KL AR R £ EAL BRI & > R LERE KO RRELA
KK (BPHTFAK) AiEeg 3K (B3R s Fl B3t A 8K ) o
4. ZRIEHESR (NI, Naive Inference) : LLG RAVEIZLHE (Fact) NSRBI AT HEdm - 110
HLA0E S R ag 8 HUR (RE% (Hypothesis) » B BEEE E A BIRRAE AT (Rule) 205 —
{EEIZR R -



42 EPBEREPE - BHEPEE

1 -
RRBRAER TRESKETHREREEIL] > BRREKLKGRREA X
KO(BP ARG AT RGBT K)o
HH R ML € /K S EAJEH -
. JBLECHERR (AL Analogy Inference) : 8 HHEL 77 20T ERHERR ©
1 -
FARAER AT K R TR AR RS B 0 KH o
Hor TofAIHERR |~ TBGR TR ~ FO TSR EHER | —(E0)RE KR S — 1 — &R >
i [ (LI Logical Inference) |

o~ B MG R R

B RV KUK SRR B a2 B AT ~ 22T (WITWO-A ~ B) IIIEE: » Al LUEEKE
A KRR THRERE ] > BUR K e AR CASE AR A iy TGS  hEEAR
HEHIELE - %mmiﬁT&ﬁﬁim&ﬂ@m %M LT IR B 2% SR i hh 22
A FHRRARIGE S S - (LB TR o fO A BB O ARTET - T DUE AR SN TR HE
IR o DL T IRIBEEETE WITWO-A ~ Bﬁ%mbﬁﬁﬁé’iﬁﬁh NPE Y& N
RS FE T R R R B AR o % DR 3R A AR A (P A R PR ) =R B KB AR Y
Likert 5 Bhit/ri%at > BB IKE B (1.00-2.33) ~ T EEFLE (2.34-3.66) ~ B = H 2
& (3.67-5.00)

(— ) BRI 153 RRAK PR

RIS ER A AR KL KSR R B R R G T RIS ER A o B A » Hoan S RIS
FERUER A (OGN R A GREFR =)

1. FREAL - TERT ~ BRI R RO AR R o G A G2 B AR ) 34.7% o

2. RBREAY : TERT ~ R R E A IR o AL B AR AL S ER AR T 42.2% ©

3RAER : TERT ~ BREH G FRRKILURIAKRE S E KK E EK » HES B A AL <2

ELA ] 8.4% ©

4, SR - TERT ~ BB R T REREES o O B AR AR 14.6% o

SO R PR AE B R AR - R E IERCERE L - 384 Sk dodin) e
A SR 7.2% ©



PR AE R R PR TE T PR3 S — LLJE K LK RIS SRR 43

* = FRRREE e Y IR

— ma R
R (P N
it pol e WAS R AN i ki
A
| %ﬁ@ﬁ%%%@ﬁﬁﬁu$ﬁ%%
I TS _ _
ARE 347 Sk = > = s WIS HE S A o
\ %wﬁ@mﬁ%mﬁ o LI e
W 4, _ :
BEE 422 EH S MR SRR -
(bElli/ﬁ\ij 3.4 (El':/ﬁ\ S _ < —?ifé?%ﬁﬂ‘ %*ﬁ(ﬁ ﬂﬁ{lfﬁ H’/&%
GEE 146 W < = = A~ RIS B -

#tOBH = MR SR S BHE SR 2T < EFERR 2T
B 308

TEPFEEORIRE T (RRM) » HFIFE 2> mASHTH] - PR RIER ) » 25350
HkHE o Tl RS A AR HIHIRT 73 R YRR A R A

BRSBTS - BVERH CRIRAEREAEREE - Do AR S TR
D BIESCE I DR A RS » B4R AP RN U P AR ] i 2 43

(=) BRI R R B A il S R B AR S

S SHAEAHE SRR EEENEENET 2 (RRD) IKrE [HE
gk BA) ]~ THHEEE BS) |~ K IMHEF BP) 1> A —FHESEEEE  RERT
BB - ¥R NE - PRBE AN E R E BB E R EEES - HERE
BB — 2 o

BRI AR RR IS RE T (AFN) 8r o SRR = EESRENE
BV R AR AR o

MR =EERRNEZ SR (18 B, Belief) |» H i@ (RFEL) Bx o KM
B HE SR BV M i R R R 5 o

MR & WK TR L E B (BAI Belief in Authority and Intuition) | > H t i€
(RFEL) x> ZEANRBEAE L B BAI (U 2 S P mERE 22 B (RS A
A # BAI FF 8 RIS 2 (p<.05)  MSCERIEL 4 3] BAI #F B 2H T (p<.1) ©

fEer Lo > RS MER A S 1 B S B A e R R B G B R E A o TR
B EVEHIE RS » FHEHRI(K -

PR B B S B P E R R B - DUR &8I & SRR (K -



44 EEEE R - BEMEE

KDY S FERLEL R AR R R I BB OnvER sy (1 A > 5 i)
AT 30! - H5
By iR Ry KR t HEE (BR)
SR 107 352 0.80 3.80 0.78 -4.12 .000
A 130 3.52 0.89 3.92 0.91 -4.79 .000
BEM 26 3.46 0.86 3.96 0.72 -4.37 .000
doEal 45 3.42 0.66 3.64 0.77 -1.65 105
el 308 3.50 0.83 3.85 0.84 714 .000

K FFUEVER IR EREETAY (1R S HE

B SES HeamIR %
BAI LI N
BP NI Al
BA BS AB HP FI
e 382 354  2.88 350 293 302 28 281
SEER $ s 107
e e 68 77 83 .79 1.07 92 98 1.03
N REE 371 372 290 296 334 289 323 283
St Tr 3 130
e 7 71 78 84 .90 96 88 87 97
e 404 381 271 320 290 265 294 256
Rom 2%
fE e 53 84 86 79 94 76 73 95
) R AL 376 343 283 326 3.02 314 297 259
Rhgs i Tr ? 45
fERE e 61 .80 75 .80 1.01 65 80 92
B i 378 3.62 287 321 3.1 295  3.04 277
25 , 308
e 68 79 83 87 1.02 86 90 98
Fe7N SRR AE R IR 4 2 B A T g L M R SR
5 B AR MEm R (BEAIN - @i L~ EEAI M~ A C)
{ZE%IE {:1 A ."f‘ ?ﬁnﬁﬂ.—ﬁ‘
BA BS BP NI AB HP FI Al
F 1.923 2.334 428 8.342* 3.882*% 2227 3.722* 1.084
BEEE: 126 074 733 .000 010 .085 012 350

[RFSES R E (%) 0.9 1.3 0.6 6.7 2.7 1.2 2.6 001
L (Scheffe) n.s. n.s. n.s. N>L N<L n.s. N<L n.s.
* P<.05

(=) G DRI 388 25 R B2 A P G R S 1 L AR

MEENS > BEMERERVELERNEENTS (AR K5 [REER
(NI ~ TR HERR (AB) J ~ TERERHESm (FD) | ~ [{BREXTEE (HP) ) ~ B [FEELHERR (AD) ) - %
SREREAS » —2 s [EIHER (AD | BEMRES; - HER& K E AN E A
B [ B RGN




PR AE R R PR TE A PR3 S — LLJE K LK RIS 45

xR FIMEER) TR Fo PP e

[7i 4 (B. BP+BA+BS) Wi (BAL BATBS)
Ty fRvEs t =EE A Ty R t B E
Z oM 342 47 370 .50 308
TBE 342 50 0086 466  3.68 52 0335 362 107
BUHT 344 48 0532 298 371 49 0267 395 130
EER 352 44 1149 131 392 48 2352% 013 26

@R 3.34 42 -1.256 .108 3.59 45 -1.573* 061 45
*p<1

BRI A i (LRON) B BREIAURERE A B2 A [ R R (N |-
Hﬁﬂl?ﬁ (AB) ]~ ¥ [EEEHeqm (F1) | —(HRZR G EEE 5 » £ Scheffe {5 H & LIS

 ARERUER AR [ | AV E VR e S R A 5 R A B AR [ R e
%D [SHEHEm | AVE SRR @R A TR SRS AR AR = 72 5L -

MR & NS [BEHEA (LL AB+FI+HP) | » RIS RIERIEAER) [ B R
Ko B | FF B 2RI e (WKL) - f5REUR o BiEHER %"T%ff%ﬁ”%if{
[ EE EEREE SR 2 MR (P<.05) » diE AU AR AR Al BHEE (KA 28 2R Y (P<.05) ; T MBHEHE
A RERER A ) EE R 2R (EAR S AR SR QIR S 2
] (P<.05) » IRAEIEA BRI 28R (P<.1) ©

o\ SRRIBER [HREEHEm | b R | 700 3 =W ohgE

FEEHER (NTD) FBERHEER (L1, AB + HP+FI)
T e t HEN T EREE t HEN
= #8321 .87 3.04 .79 308
SRl 350 79 3.836% 000 294 .87 -1.229 A11 107

MR 296 90  -3.206%%  .001 316 .79 1.655%% 050 130
BEEH 320 .79 -0.073 471 283 .68  -1.594% 062 26
doEgil 326 .80 0.445 329 3.05 .65 0.053 479 45
* P< 1, **P<.05

oy bt > R EE A A R AR R B O A R EE%[@EH%R SR P HE R AP
AR VB B - iR R OB RIELE SR - 1 B R R (R i
RUERAE - R HERR T B A R B - s e A £ ﬁ?ﬁ%&%@  ME M
BRI FEM » BRI REA -



46 EPBE R - BEIRHEUE

=~ JHM A RRE
DU w2 RE R £ A (AP ey BT ISR RAT - 7B DAG TG -
() A

AR AAE THHEME] ~ TTEER] K R | AR EFmERERE
& HERNFRAIRhEEEE (RE=) -

o —— R R -0 -JEEE RER - DEET —=Fi9E
4, -

3.50

SCORES

BA BS BP NI AB HP Al Fl

FACTORS

B= ST HEEmEENZERRZH D

FHETRS 2R » AR EAE MR R - [ S8 AEam ] SRR Rfra R
AR s TRBEfE R | o A R i ) > T el ) B TR LEHERR | RIS -
[ogDHEam | AR PEE  EERRFRR D - ARG HAIHE -

[ U2 SR B 2 B A OGP AREE K L L o SRARER £ BRIE KL K AR HRTZK T T
REIHL T K > FREERUE R R MERTAATT -

THROTKESEIRTERRT K R THRMAELE » BT K
B o e kAe s RA IR » RRACEE B AR AR KL (B w) -

Cio Ty B
o  -5.DmHhmmw®

Mudstone iE&
"—- —’—.’_'_’_'777 —
o) Groundwater - E: (Ground-)Water
. e /0 T Mol e 5\ Mudstone B
(a) T - = L (b) Gas BubBle{ \ i

BP0 RSB ERSBERNRERIBN LEE



PR AE R B PR TE T P R — LIV ALK AR R 5 47

R {E 2 A/ NHAE WITWO-A ~ B [RIB R REINE - M EEE CEEN 3
/INFETE RIS S 3 T /KR A2
DT TR (325%) TTARKEHFRENGE » WwREHE KK HEH—
RABER > AR BIERMA > 2o REIMRE K > AT 3 b I AR AR A
1R RAER RIR TR0 KARALR I B TR AE » SRR Kl — A RETR AR

/NRTEEHELER [ imis - Rk ZEER - Al —KAKGHHT » 8K
ILIFEAFIE S > RIMBERRE L IR A UTEESS » AIR/KZIRET » HKuk AT LLRIR AR
fe o T LURRER G2 Ve K LB RN TEE - Fr A KO aRrY o

T T3 oy e A AR 7L 0 AR R A A TR IR R B8 KARAR R A R TERLE AT
KA DFTER & e RS HE » NEN/KE R AR GENE GH#E > #1558 TRk
BLRIRATE RS ) & [ EEHER ] -

/INFTE R IR REAE B R SRR i FEaR -

DT T AEMAREGRIE » T RE AlefTE SLBEEHETA > 18

T KA » RKLTRKRAEE » AHMT KT REERKLIFSR
A o

RIBTE AN RS IEEINY » i3 IE SeR K LR FIE S - [RILER T 1 Ml T /KRG 8 i %
i R A i

ESEEAE - /NS T RS9 AR F I ArK » 7T 462 R KL 69 KR R LK ey
AR BN HERIVZE R 1 RRER

B ARTREE LB ARG ?

AN Ny

BrRAE BT ?

DNF R KR o

BERA ALY

DT RBAEFRIE K o

BRA AR B T —EES (EARKLEERTRAR 2R H TR EHET

R R eFixKety) gy o

DT H s R RIEEIE o

/INE DLR B BRI RS T K & - AE AT R RS BB R
IKERRIRARIBES - iRl - RN EHE EKREE - SRR LEEN MEEE
B ZRAE

b ARG B B UARE T R T+ SARER B A T S P R B e [ R
gl B TEEHERS | > w0 (S A0 TR ) S SRR > TR e
EEH R A HE 8] -



48 EPBE R - BEHEE

(=) e
AEPRAVERE AT [MHERER ~ THHEER ) AR EmEERE - HERREAE
TE R - H [ K THEHER ) & (RE =) -
fHBS MRy AMUERAEAE THERINGR | A00) - 5 TWIHER | K& TR B
SR BAE R A R = - M [ R EEHERR | AE R A iR AK « £ [EGINFE ] &
b WERHIR B RS R R AR (eGP ~ 150 (R 7 B e P S B R A T |
IRRE R -
] 7178 {16 2 22 A O [ A e K LA o [ 3R TE K IR KR A E B F RS
o TR A SRR K - R A ER AR R VESRE T -
Ko~ R~ P RBRRRA RS BA2@  HERMEAROGREKR » Aiie
RPR AR > miREREAK S IARAKETR (BAa)-

|
P | 4
Land 7% Ocean
& -
Waterproof
Fracture“i‘ ‘“' {

Common Pressure Rainwa!e&\’;‘_

& Temperature ﬁﬁﬂi"}f i most likely mixes with water

; |

; A
''¢  Waterproof Strata
Watier. Gai{Methane) & ‘i g ] Aty % 48
Low‘;ressuregamwale' 4;1 i‘u}‘_&a ‘,l . e % I &
H 7 ; : dRainwater “ Groundwater ¢C. k ¥ {Water + Methane |1igh Pressure &

N

3
J A\ 7{1 Waterproof Strata @ A k. 17 # decompose Lo Temperstire
fk o @ﬂ‘ :it« S} X L Methane hydrate
@t e Waterproof . ?"}ﬁ‘/ 4
P e ;{Water. Mud, Gas / E“’“‘ g
) - Crust = -

(a) 1 High Pressure (b)

Bh BEIERBPENERRENAREE

AEHE R 222 AN L AE WITWO-A ~ B RIBIERE G > MXEEE OEEE S
53 o INZAERTANRE FE R (A A R AR 2
DT HERKLFBFE AT RGRRIER B A G > AR R KB IR
ARG BEBJEZ G RBAL > M A GHIFIE c MAKFABATAFE L
FH o BTARB ARG R EN » BARALBRG R L EEE » BT
oKl R AR A8 key 427K 0 A 89 % Kol A BB R K 09 AR €48 B
BT o dkfFE o
INCGER TR HERR | AEmES : WIS ARAT » BINEIEANE R K & (e K L — A
FrgasiRee » BEBSA G R kI LE = IRE RS > BATHITHEGEL > BT LUK
[y o
ftrth = FEENe KN FIE RN R A KIIRIRE - AR E RN gIES - B
I (R e AE ] AU R TR KL FHIESET key 1E/K ] IS HE
IR REE] TKFIRIE RSB | Mg 1 @Er—2 kel A T [ REEHER | - 15



i PR AR R B R TE TP R — LIV ALK AR R 5 49

A RIEG A - ftl T EAhe K LEEE R AR AR A - A TREg e K
SRRV KLU R G RS MR a7k » AL AR K thag 206 T3 » AR
TR R - SRR FHE R -

{ERFEE [/ ] K THEKEY ] MnERE  /NEE—SMHEEREEHET
KRG » it -

DT B RIBAZIRA T I KA o VAR IR F RAKIE S R T d KRS

4o RaewdrEt  BEFZHRATE » sk Bakf T L » 2R K
Ly RB Ak (BADb) o

it LR K SR e TR | RESEERIUETRE R EK &Y » iR E
A KB BESREE Ve K ILrE R /K ELH B » B S @RI » (Rt kLKA r]
ReSREHHEEK &) o ANt NG IR — B SE -

DT RE S RABEKR | KR RA TR KREESGT 2 TR F R

Moo MK AMA R O RETRAER (LERD) -

HRE AR ETR R E AR

P REBATEHITFT

A AR

DT REBEFATEKS

HRA AR IRR?

DT RFEEAEEE s MARREKFRTE A BRA A o

R AEEH?

DN RFEREE B RARIEA -

INCHEIRLL TIRAEREK » 2R IR EE MmN ERE 8] 1) [EHEEH
il B TIRRAGR AR - (HR2MAILL TR E LKA R R G 8 iRk —A ) AN
a0 MARTE DI FREE  HH TR » FAMR R KA -

L ORpIRE R B B LM T E R« RERE AR A (E e e s FLBOMKHE [ RN
g | HOEEE > (MR E AR TR | RIRIBSEE R (&R ] > m [ R EEE
B T EEHENRE ] » (AR ER R » (N S S R o

M HE SR A DAFAD « AR A e E RN R IR EER SR - (e BRI RAE S
IRF iR (B R » T SRR Nt - IR R U S B Ml & R A o

(=) RE
WATAMELE [HRIFHIE - [RIRERL) — (MR R T - SRR
PRI - ([N R DL B (=) -

ARIEVELE [HERINGE | S ATA SR EE - bR TEERFEH] 4 > Hex
BN AR IEERIAGERGET EAREE R > i [BEx TR thR SRR R - BEPR
NMRERRIERA R | AR BT (RS LN SR » U R A (A a2



50 EPBEARFERH - BEPEE

I [RBEHERm |~ TSR EHERR | S TIAHERR | (GBCRRZEET) » GRE 1R BT BL g R 22 A
VRS RIRE - /2 [EaNR] & - MEEERYERAEE - RS ER
B> NEAEMEREGERET LR ER -

& e AR R SR K ILIARAL o (R &3 EiRVE K I LRIAGR A EEKMIRIK - &
ErAt SRR ERMEAEATT -

T Kol 8 AR ERRAFRA > AR ZRARERA N o ARKRE G EH AN

T mEERALZLBRT » RENMETRIEKIE » HARERA

/ 4~ Ground Surface
st AL St h
- YWater from Outside
A~
£

@_ A<_ ) Strata Water

E. 76 r 4 't&lbi Earth Core
(a) \fﬁ‘\ pressure pushes upward (b)

NRERERSENESHRIEBN ISR

[

BATAHE S/ NATE WITWO-A ~ B B EEE NEGH ] ATEEE O 3 73 &=l
{BOHTRE] 4 43 o /NRAERTEEE T ES ] B85 HEE -
DR RERAE > BRRBARRTEDARAYSHGKY B LRI TH
Mo BREBRKTAFORBASDRGK (fEF) -
/N B E I K BREE ¢
ANE L BLIRATILAY » SRIF RN RA R RS L RIBK T A Bk
2R 5 F b o WK KIEE SR AE R o
/NRE R IRFE IS K AT LIGE A > TRV TR A 88 3esh =T A& B sk 69 8438 ) » HHIET]
FLAAIFF 2 R E—R DL [ A1 | SRERHAE K3 -
RN EERE [WIEERE | RS » fhat
DR RBAA | AT REAERFEG Ky HEBER (HEHagrE) &T
A WREERRKLERARREMAERERFEALFE o
MR ARG EFEEE?
DR A BEK T R 0 T KIS A BUR 0 TR o
/NRTEE R FENE K LRIV AR R F 2 R S N KR & &N - sk kit

O TR e ]
/NAFERRE T —IEAE THEAHT] AT TOMIE ) ZRIGR - et TBGERTEE ] - 40
RTRAHEAK » RGAMEXL - (RE TIMER > SRS LANER ToR ER &9 i 1% -



e P ER AR R B PR T P R — LIV KK AIR AR R 51

AT REAE 2| M T KMk ) FRE AR RTRENE - RN DL [HE i | EE2ENAGE ARIRTRE
P R TRERZETRKREG AR AAREBEGTRCER] -
/NG TRIR G EOR R (e > (a0 TR G I8 Bl 45 609 & L > 12848 R B A /P4
WG R R RG] HEMTHERE RIS R - T HAZSEE > FrD&E] TRk
AR Bl iR e [ 2RE ] > AR EK &Y LSRR ERK » BN G
& [TEAH] fUrTged: o
Mk (lak) ReE R L& B EA?
DR KL B AR K RAEA R RKLARERTR B @A
T

BHR A AR AR A AR o

DR HIT c RERXEZET FRASY » BHFIRAKED 1 L7 2 R VAT 3
OSAﬁAK%*’bTMﬁ&&y%’%%%ﬁﬁT°&££§§%T
KA s BT ARG MG K 0 RIE BB P iz KE&4 » sk RF i BB ?

M L AREAFRAE A RS —A ?

DR RRBAREAA TR —F—F o

H_E SRS e BALRET BRI « (B A AU B2 A 1 i P A R & B B R PG
Rk BHMRIRBRR » TES T R B S ZHERGE - THRTE [ REEHER ] & [FE
feRm ] MOEREIURT R - (R E R & W

(7Y ) hprasl

g AR A LU THREER EERERF T EmEEEE - HRFAGHEERE
o {H [ ) s o TR ) &K (RIE=) -

KRANEAAE [HEGRIRE ] 00 > B TR TN 4 - Hep S REHE MR E
et CRUBEEE S - W [EGETHE] AR RIS SRR - 17F (SRR &0 K
ZEEEN BRI RRK (BRI EE L AR R A2 2

SOEAME R E A/ NT > 75 WITWO A [85EE [48E ] B IR NEAH]
ATRHITEEE 0 3 43 0 1RIE LIg5RE] 4 53 -

&R N T Rk LR > FERTIIR S E (AE ) » EHE -

DT EREEAETRBHY - FBE—H > wRIEAA > "A—"F > ATEE

HE 0 BRAR IR KL — AR o SMRAGEE » (REE) HIBRA - AR KA ALK $
R T o

INTTEEAER [MBEE TN HEbR THEIAE (AR b) - W FER R K
SEAE IR ATRENE > AR IR IR SR I AR KL B (B B IR E
RAVRHE » AN [ KBRS JeStlls | /Y TSEHtan) 3

INTTER IR OB R A B (WIEE o) - BHE -

DT TEER > HREARE » REFFLER > wRRETHK » REHKE



52 EPBERPEH - BEMEE

R K > R BAGHER o RRGKZEK Tl LBERRA -
BB E oMM AR R AK s RAELEELET > o RA T KIKA
W o ARER T VA ARAE B B A BALSA B RS o
INTTEEEF IR ATEEIERST » $RHH TIRKIREI R RTRE - JRSRE &AL - K H
RIS WIFR KAV S VTR B F - AT IR TWIRIHE R ) SEN kIR EH
[ A 7K Pofda > T SR 3t T 7K Ak e 4 A % - 3AARY 2R B 2= RIVe AR A BOR Y
Bk BT [HEHE ]
&N T HIRTRAIEZHE O LAE HYIN T 3 B CIFRATER AR RWE - MR 08
AITRT DA ReE 5 26 (B R - R/ INT 384 18 - fthast -
DT RRRER > o2 mfE (MRFABEAR) Bok—d  BERRHGK
AF LK F @I HGK (BLc)eo
HRE AR AR AR X ?
WNT REF S 2 hAARMIEAEIL AN LR A LFRA » lodm
1B & AAe 2k » BERAR T AMBFET o

(a) (b) (c)

Bt : R ERBERNRNUIER (1) AR (b) BER (o) BEH
ANT G SR DUE AR R ) 28 158 - FR ST fth R R P G B . AR B L0 — (e B
i o
A iERR K A LG T E R« RS HEMRB RS AN S - MadrEil
b [HHEER] 1R AEFT A RAK - T MR TEll ] fU3F e G & 5
ia MPRRZE T RE R e Eag i e EH R -
1n ~ &

A AL RS VR A LKA 38T 5 - e iam @ R CRuPRste - DR a2



e PR AE R R PR TS T P R S — LR K LK RIS SR R0 53

AAMETTHEGRER - RS B TR R K KRR RE R (WITWO) feitEE i
Y@E@EELﬁE% DI £ AR it S B At TR0 - IR TR U AL T B flE %
o LU IRIBHZEHE R HHifsaman -

— ~ B R SRR A R

R B E RN R Al 2 R E SRR AR I R -

(BRI AL A E - WHEHEMEE - EFMEEEER - B8NS 0 &
ERE M E AR R - AR ERE R AT (2% > — B G LIE R E R
18 > ERFEGEIE R A GERE - Ha)E5ET - RS E R S AR G A
P U AL

A DN 8 P S8 % B P P (A o8 - Rn SR am ~ DIDNI A ~ BGaRTE
FHLEHE Ii%§E§ﬁ£a% REBRM S - SMERH BRI R - HICT R Wl ~ HEHER
B B TEH » i s B AR AR RR A A

T~ R P G R R Y
E2AE B A R A2 R A BV B > thul RER & A I B (i AT B C o i ELER A5
FERUHH R I AN E 2 BRI E R - IS AE L A HURENE EE s B CHUBE R
A #E - PR E R EE N - KA IR R R E R BN Gk
i [NIE AT DT AT 5 3 A O 8 SL 2R 7 i — 2 - i@ BEE R R R L 5
MU - NI OO o SIMERTREIR S A SO A b - R A - B R
B BRI B A ﬁ%&mﬂ HER 2R AR R oy R i B e (45
WA e PR THE R S A ) TSN R B A B A o IR R B BERL
AT o
M > R AR (PR SRR RS I - T R ~ R ~ R AT R g

X

~ R P G S R P

NIRRT %EWﬂ%WI$ﬁTHWFﬁ 18 Sefhr i BB R - A
%%iﬁﬁum TIRIFR R - A S HI DUHE R N 3R R AR o PHEAm 38 S mT T 70 % R B
~ TR HERR PR LEHE
o 1A B MR AG SR AT -

(— ) AMEREIEL ~ AHAE TS e SR B o el v A Y B SR 43 P A B Bt 7
HEPAEMNS - e — AL HEHEREMEERTEIRE  ZREE

TR > HEsNRAEEREREEE - giPaim s - SR ot - FEtim e 10

FEam I AR E EAYINGR o MIHE R B KR L A s M B 28 i B A A B =R

S UNE



54 EPBERPEE - BEMEE

(B ZER AR (0 P SR B HERR A HO2E 1 > S0 AR Pt e o P RS RE PR E A
ST ANGBMHETE - SRR THHERE] f THEER] SRS HEEY)

2o

(=) BB B A A A o

TERR I TR SR PR (L ER A 20 TEPH i B ER A S 1 TP AR 0 - (HR B A & IR AR D ek
> 1 EAMS [ - B LTS BISET G 14.6% CUSHGEEE > T a0 Ry
B ORI 3.50 M2 3.84 ©

(=) B R H SRR MR T - BHARNIRVRIRIRIUZ AL » sifiaf 5 2
B R

PIMERHRERER ~ MHIFIREIRES A nTREMERR R e 2 FH SR - BIANETS T Ly kL)
FEEH  HRe kI NEFRUTE ISR | BHER - /NZER [HER KR EEELTKE
BR - P DASCREREE ) - mi/ R TH KR » FoREIMRRKAE - A
DISEHRpIIACER | o E2AE s P e R ol R ) 2 » P B ] e SR U2 5 —
R o BIANSTRPIMARER /N - 2 TV K ILRIKZR B P ER K & i
7K SEEFNERTRE R R EEHRI NS » iad R FHARE RIS R AR -
JoE IR s BRI HER A A I YRR 2P 0 >0 R RFEAA R 0 <0 3%
TRSCRPINAGE » H ] A] DUE HRIRAUEF MR H SRR - AT H r10b (AR EAS
HRAEKER o RN > FRELEKLZERSKEEWYRE) Rrlea (RE
o CERBHKE L MR BRRG AT G RELSRAHAR) LEHHTTRM

3.00
A 2.00 /\ A I\
| /' \\ / ‘\\/r,
| 1.00 ’-" /\ LT -
5 5 Y
T . P l.,. I ‘.\ [T SR | 1 “l . u'. P -\\,- L
ﬁ 000 I 1 T I'l I \ v I"‘I T w r ‘k " I T I I
©  © &l o o o lovs o wloyys 0o o o o o o
N 3 len — § My P b I — v 0 WV 0 O
;, -1.00 A tid 8 SRR o gaG s ogd
& — 1\ ! \ ~.Jd ¥
£ N Y . - =-5h5k
%-2.00 e v
4 es B
: -3.00 +=
v -4.00
RAFEAA C T B WITWO-B 8985 (L&A —)sr AT &b s a REAZE dh & LHFIPRF bR E
FEOROIFEAIN (ERESIANERL) TREZRAANGEAHZ AL GF
ZEEE R LVEX OV S LIPS R

BN ERERHRRNRRBPEHSIRIZHRIT DB



e PR AR R R PR TE A PR3 S — LUJE K LK RIS SR 55

SRR o AT L > ERA AT R AR 2 2 AR R IR (1 45 > TR R B S B
OO FIGEN - AERENZ AR » WIFH 3a (R TERT K > mARE K » ARG K
A RKLFARAEE > TRZELERKLCEEELZEXATRAEEE) rdb (B
HEKGKERE T » RRKURTRAEHRA » FBETA THRLILEH—X) >~ r15b (R
BV LR LGRS RN ML KSE R —ERY [ Hle—fE THEE] 8
B Z B R TER ARG E RS —AEFD TFERB]])

(P9 BT ERE A AN i A (RORE AR S Bl v 5 > 1T {1 i 20 {23

o A RE R A s s

A REAU P R (R A 1 - PR B B DUR ST 5 > SR (K - 34
BétEam T BV DR DR A = ALK - e A Y B M DU A = - SRR
(5 o (EUBRIHIRIF T - BN KREE B R - TR AT i HERR - BUA Bk
B o INMTE A EIR - E2A A0 SR HE A S AR Pl Bl e B s =2 - B2 AR m] g
B O ORGSO R R R IR G R B A R L ER I T S
B o WiFHBIER A DI RR HE A (P o i3 am ddise sCHUPRFE BB v] IR (M I Sr AR SR Bl
TROLERAE TR O AR - B BTAS BELE IR R I8 - A BN R A B T

— ~ 3RSy

T2 (1986) o YK IR A RS - 26 TERRERE g -

T3~ RER ~ 1B (1988) o EEYE A I B o ZEE WS » 31> 31-49

IS (2001) o mEET R B E R BRI AR o PHEREEHTI > 2425 54-58 ¢

HEIRTT (2003) o HR7E AR R o (0] B B R MR BR SRR N2 W) HE o R HER R B2 0 15
641-662 ©

BRI > IREH (2007) o BEFCEMBER AR EE S — DL [0 By - YEsE
BT > 8(1) 0 77-90 °

PREEE (1994) - KHHRE - =L : BB AREHE -

BEES (20032) - BIRBENE—H [ BARBEASERH ] REME (2003 F2 H27 HA
fi) o 2t : BHEL -

HEES (2003b) © HF—REBPHRBE G ER o 2L BHE -

HHES 2006) o /PR —EHIRFERE R 2 HIES] (2006 4 10 H 26 Ha i) - 2]t : #HE
o

wAE ~ (RIEG ~ MRERE (2006) - FEREFRIAZ SE BEFRBUERBM MBI L BB 21T
BIWFSE o AR R RE B E 2 £tz 12006 FH#EREYHELEAET ] &2
frifatgr > #1k -



56 EPBEARFEEN - BEHPEE

TEEHE (2003) o H T e BR AL ER BT VR K I LRI BIK] © BN R B e S e A i 5
S0 RHIRR - &L o

Z18%E (2001) o HESE & AR 7 8BRS 2 18 P B TS B S 2 SR K 2 2R © B 2= 22
HRPERAFEATIE RS 0 KRR - ZJL -

g > AR (2001) © ERERSSIUTEYE K L B AR PREE Ik o =il + (36057 o Sfepeh 22 o

BIEE (2008 11 A5 H) - EFHEALERES =5 - B - 2009 4 4 H 30 HEX
H http://udn.com/NEWS/DOMESTIC/DOM6/4587260.shtml

FRHEE (2000 > 3 H 2 H) o E PR RS o 200 < 2009 4 4 A 30 HEH
http://www.ttv.com.tw/098/03/0980302/098030245977011.htm

FRIAMR (2004) o BPAMRIER BTN 2 WFSE o 18137 & AT 8 RS2 R R BB T Te Al i 3w
RHIRR - = o

BEINZE (2007) o #F B2 5 EEETR X BENE TR - YIBRBE ST > 8.(1) » 49-62 ©

T gy

Brewer, W. F., Chinn, C. A., & Samarapungavan, A. (2000). Explanation in Scientists and
Children. In F. C. Keil & R. A. Wilson (Eds.), Explanation and Cognition (pp. 278-298).
Cambridge, MA: MIT Press.

Croucher, C. J., Bertamini, M. & Hecht, H. (2002). Naive optics: understanding the geometry
of mirror reflections. Journal of Experimental Psychology: Human Perception and
performance, 28(3), 546-562.

Grandy, R. E. & Duschl, R. A.(2005, July). Reconsidering the character and role of inquiry in
school science: analysis of a conference. Paper presented at the International history and
Philosophy of Science and Science Teaching Group meeting in Leeds, England.

Hogan, K. & Maglienti, N. (2001). Comparing the epistemological underpinnings of students’
and scientists’ reasoning about conclusions. Journal of Research in Science Teaching, 38(6),
663-687.

Holton, D. & Clarke, D. (2006). Scaffolding and metacognition. International Journal of
mathematical Education in Science and Technology, 37(2), 127-143.

Kuhn, T. (1970). Structure of scientific revolutions. Second edition. Chicago: University of
Chicago Press.

Lawson, A. E. (2003). Allchin’s shoehorn, or why science is hypothetico-deductive. Science &
Education, 12, 331-337.

Mohanan, K. P. (n.d.). Types of reasoning: relativizing the rational force of conclusions.

Retrieved March 11, 2008, from http://courses.nus.edu.sg/course/ ellkpmoh/critical/reason.

pdf



i PR AR R BB PR TE B R — LIV ALK AR R 5 57

NAS (2008). Science, Evolution, and Creationism. Washington, DC: National Academy Press.

NRC (1996). National science education standards. Washington, DC: National Academy Press.

NRC (2000). Inquiry and the National science education standards. Washington, DC: National
Academy Press.

NRC (2005). How students learn: history, mathematics, and science in the classroom.
Washington, DC: The National Academies Press.

Pinch, T. (1985). Theory testing in science — The case of solar neutrions: do crucial experiments
test theories or theorists? Philosophy of the Social Science, 2(15), 167-187.

Samarapungavan, A. (1992). Children’s Judgments in theory choice tasks: scientific rationality in
childhood. Cognition, 45(1), 1-32.

Thagard, P. (1992). Conceptual Revolution. New Jersey: Princeton University Press.



RO

TEER

i




BPEE R - IR 59
2009 4 » 23(1) » 59-80

BHR MR S R R H e 2 5k 5E
Investigation of the Lower Grade Student’s Molar Concepts in the
University of Science and Technology in Taiwan

BEAE
Kuang-Hua Hsueh

(WeFHEA97 4 12 A3 H : 2 HEH o8 FE 3 H 23 H)

S

A EAEHERBOR B B B IR ARIGIE - AERHWEE A RUSERERS - DIER
KEHIR LR MBI B2 HUCE 2 M - HE R AR SRR 2 ~ I ~ B8
£ AR 7 AR EFHE TERER—  TEREBEAEI 357 A TR AT
BRMFENENE - FEATERE [REEA e 8 [ EEEAGHEETT ] A
o NEEMS - WEREA - RS TR - ZEEWe - L2 s EREEEH
HEE ST ~ BE R H R MR /15 o ERIRSR AT ¢ (1) B2 A Y E A R
e o @ BRI DR D T R 27 E - RTE - Q) NMEFEEHEE - H&E -
B RIIBA R o (4) PIEARLER TR R TR MR AT EREE - 6) [E
HE (R T80 E ] AR ERINE » &E REE R
B o (6) “FRERERIRR G REUES R —HE

RS : RIORER - 5370 B EH . S

*PERFARRERORARZ AW ATAEZ A SR



60 EErPHEH RS - BRI

Abstract

The purposes of this study are to investigate the understanding of College students’ molar
concepts as well as misconceptions in the University of Science and Technology. The results will
be helpful for curriculum design in chemistry classes. In this research, there was a total of 357
students who completed the tests. Including sophomore and freshmen which were selected from
the department of Safety Health and Environmental Engineering, Occupation Safety and Health,
Medical Technology, Biological Science, Biological Science, Food Science and Technology, and
Cosmetic Science etc. The instrument is “Diagnostic test of molar concepts with a paper and pencil
multiple choice format”. This instrument is used to understand student’s “basic molar concepts” and
“basic molar computing capability”. Six main topics are included: “component of matter”, “atomic
and molecular weight”, “molar concept”, “chemical formula”, “the change ability among mass and
mole” and “the change ability among amount and mole”.

The main findings of this research are: (1)Students do not have a microscopic view of the
component of matter. (2)They can not distinguish the difference between atoms, molecules, atomic
weight and molecular weight. (3)They misunderstands the relationship between mole, quantity,
mass and volume. (4)They can not identify chemical symbols and subscripts in a chemical formula.
(5)Lack of the ability to convert mass to mole, or convert amount of molecule to mole. Particularly
the latter is more insufficient. (6)The sophomores’ comprehensive representation is superior to the

freshmen.

Key words: Calculations, Concepts, Mole, Molecules, University of Science and Technology.
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Abstract

Abstract : This study investigates the efficiency of using reference cue for designing an
inclusive control-display device. The experiment has a 2 (cognitive styles) X2 (spatial S-R
pairing patterns) X2 (reference cue types) design. Three independent variables are cognitive
styles, spatial S-R pairing patterns and reference cue types. Cognitive styles variable includes
field-dependent and field-independent cognitive styles. Spatial S-R pairing patterns variable
consists of a correspondent pairing task and a non-correspondent pairing task. Reference cue
types variable includes the reference cue and no-reference cue types of spatial S-R pairing tasks.
48 participants were randomly chosen from different departments in National Yunlin University
of Science and Technology in accordance with their CSA scores. The experiment results show
that both cognitive styles did not perform no significantly better in both reference cue tasks,
implying the useless of reference cue for enhancing the performance of field-dependent-
independent cognitive styles in a spatial S-R pairing tasks. Therefore, reference cue is not

suggested for designing an inclusive control-display device for all users.

Key words: Field-Dependent-Independent Cognitive Styles, Spatial Stimulus-Response Pairing,

Reference cue.
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1. INTRODUCTION

A control-display device refers to a control panel used in daily life such as found in
electrical equipment, power system and the like. It is the communication channel between
various machinery and the operator(s) in daily life, and is often made up of a large number of
control-display units. A control-display device can be defined as a more useable one when it is
able to meet the requirements of different users. In this stand of view, we cannot overemphasize
the importance of inclusive design of control-display device.

It is necessary to find a way to design control-display devices for meeting the requirements
of different users, while a designer makes inclusive design of control-display device. In the past,
Chen et al., (2008) investigates the efficiency of using indexical cue for designing the inclusive
control-display device. In their study, the researchers examined the performance difference of
users with different spatial cognitive styles in operating the indexical cue and no-indexical cue
types of spatial stimulus-response (S-R) pairing tasks. The experimental results showed that
indexical cue improved all users’ performances when they operated a spatial S-R pairing task.
This implies that indexical cue is a solution for designing inclusive control-display devices.
Therefore, an indexical cue is suggested to a control-display device for all users. On the other
side, another concept, a reference cue, is recently suggested to make inclusive control-display
devices for all users. However, such a concept has not been examined. Therefore, this study
explored the efficiency of using reference cue for designing the inclusive control-display device

and made a between the reference cue and the indexical cue.

1.1. Field-dependent-independent cognitive styles

In order to compare the results of this study to Chen et al.’s (2008) study, this study
maintained the definition of the uses. That is, this study still classified the participates as field-
dependent (FD) cognitive style and field-independent (FI) cognitive style. In this study, cognitive
styles refers to the mental strategy individuals use to search for something. According to
Pennings (1988) and Warber (1989), the cognitive style that we apply to process information
can be divided into FD style and FI style. FD individuals tend to be susceptible to deceptive
environment cues, particularly in tasks that require the individual to identify familiar elements in
an unfamiliar context (the misleading context). On the other hand, FI individuals tend to be able
to disregard deceptive environment cues, particularly in tasks requiring identification of familiar
elements in an unfamiliar context. According to research of different information processing
strategies and their performance differences, the difference between the performance of FD and
FI individuals depends upon the degree of interference the misleading context has on the target

in the spatial target separating task. When the target is blurred and it is hard to tell from its
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contextual surroundings (the misleading context), FD individuals are more likely to be hindered
by the context, resulting in a longer reaction time and a poor performance. On the contrary, the
performance of FI individuals is less likely to be affected by the misleading context.

The definition of FD and FI cognitive styles in this research is as per the Cognitive Styles
Analysis (CSA) (Riding & Cheema, 1991). When a participant’s CSA score is greater than 1,
s/he is judged to be an operator using FD cognitve style; on the contrary, s/he is judged to be

using FI cognitive style when the score is less than 1.

1.2. Spatial stimulus-response (S-R) pairing task

Spatial stimulus-response (S-R) pairing refers to the pairing between the physical
arrangement in space of the controls and their associated displays (Sanders & McCormick,
1992). These pairing tasks are frequently seen in spatial routines where the control units match
the relevant displays within the control-display device. Fitts and Seeger (1953) further divided
spatial S-R pairing tasks into correspondent and non-correspondent patterns. A condition is called
“correspondent” when the related display units and control units are consistent, i.e., horizontally
arranged (vertically arranged) control responds to the horizontally arranged (vertically arranged)
display (compatible condition) and the required reaction time is short. Conversely, when
the corresponding display units and control units are inconsistent, i.e., horizontally arranged
(vertically arranged) control responds to the vertically arranged (horizontally arranged) display
(incompatible condition), the reaction time is long. This condition is called “non-correspondent”.
These two pairing patterns differ in the corresponding relationships between the control and the
display units, i.e. the correspondent pattern conducts a consistent corresponding relationship
between control and display units while the non-correspondent pattern conducts an inconsistent
corresponding relationship. They represent most of the spatial operations required using a
control-display device.

This study used a simple correspondent and non-correspondent spatial S-R pairing task to
represent a spatial S-R pairing task matching experiment. The simple spatial S-R pairing tasks
in this study were designed based on simple tasks in a control room, a concept proposed by
Umilta and Nicoletti (1990). Based on Umilta and Nicoletti a simple spatial S-R pairing task
refers to a spatial corresponding task performed on a control-display device simplified from a
control-display device. In such tasks, an operator performs a pairing task on a simple device that
is composed of a few control and display units, i.e., an operator conducts a right (left) control-
right (left) display / right (left) control-left (right) display corresponding task on a device that is
composed of only two control units and two display units. These descriptions show that a simple

spatial S-R pairing task maintains the same corresponding relationships between the control and



The Efficiency of Using Reference Cue for Designing an Inclusive Control-Display Device 85

display units in a spatial S-R pairing task. This indicates that a simple spatial S-R pairing task
has the same type of compatibility of a spatial S-R pairing task. Therefore, this study used simple
spatial S-R pairing tasks, a correspondent and non-correspondent pairing task, to match the

experiment.

1.3. Indexical cue approach as a solution

This study will discuss reference cue approach that differs form the indexical cue
approach for designing a control-display device for all operators. A reference cue refers to the
environmental mark that markups the target in the place where the target is located (Sanders
& McCormick, 1992), such as a position mark and like that. Since an reference cue points the
location of the target, it is used to identify and search for the target under a spatial interference
situation (an environment in which the target is interfered with by its surroundings and becomes
difficult to be identified, i.e., the situation in the search and hunt task in a control-display device
since an operator needs to separate the target display unit from multiple display units within
the control-display device) by efficiently separating the specified target from the environment.
This shows how a reference cue might enhance the performance of the users in operating a
control-display device. Therefore, this study defines reference cue as a solution for designing the

inclusive control-display device.

2. METHOD

2.1. The Experimental design

A2 (cognitive styles) X2 (spatial S-R pairing patterns) X2 (reference cue types) design
is adopted in this study. Three independent variables are cognitive styles, spatial S-R pairing
patterns and reference cue types. Cognitive styles variable includes FD and FI cognitive
styles. Spatial S-R pairing patterns variable consists of a correspondent pairing task and a non-
correspondent pairing task. Reference cue types variable include the reference cue and no-
reference cue types of spatial S-R pairing tasks.

In this study, we chose 48 participants in accordance with their CSA score. The 48
participants were randomly chosen from different departments in National Yunlin University of
Science and Technology (NYUST). In each trial of the experiment, first, one of 48 participants
was randomly selected and was asked to conduct experiment tasks. The next participant was
randomly selected while the prior participant finished experiment tasks. In the experiment, a
participant processes following procedure to conduct the experimental tasks: First, one of two

spatial S-R pairing patterns was randomly assigned to a participant and then the other. One
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of two reference cue types of spatial S-R pairing task was randomly assigned while s/he was

conducting a pattern of spatial S-R pairing task.

2.2. Participants

The participants were randomly chosen by using Riding and Cheema’s (1991) computer-
administered Cognitive Styles Analysis (CSA). A CSA score below 1 indicates an FI cognitive
style, while a score above 1 indicates an FD cognitive style. For the FD cognitive style, 24
participants were selected. For the FI cognitive style, another 24 participants were selected,
making a total of 48 participants. The age of the participants ranged form 20 to 26. All the

participants were right-handed.

2.3. Experimental Tasks

In this study, the experiment tasks (Fig. 1) consists of an indexical cue type of correspondent
pairing task, a no-indexical cue type of correspondent pairing task, an indexical cue type of non-
correspondent pairing task and a no-indexical cue type of non-correspondent pairing task. Thus
there were four tasks in total in the experiment. For a participant, s/he conducted 6 trails of
indexical cue type correspondent pairing tasks, 6 trails of no-indexical cue type correspondent
pairing tasks, 6 trails of indexical cue type non-correspondent pairing tasks and 6 trails of no-
indexical cue type non-correspondent pairing tasks. The computer automatically recorded the
reaction time.

For the correspondent pairing task (Fig. 1a, 1b), the participants were instructed to respond
to the stimulus with the correspondent response key. For example, the left key was to be pressed
in response to the left target stimulus. Otherwise, for the non-correspondent pairing task (Fig.
Ic, 1d), the participants were instructed to respond to the stimulus with the non-correspondent
response key. For example, the right key was to be pressed in response to the left target stimulus.
For the reference cue type of S-R pairing task (Fig. 1a, 1c), a reference cue is a white-thin square
labeled on the screen to mark the location of stimulus. Accordingly, no-reference cue is labeled
on the screen to mark the location of stimulus for no-reference cue type of S-R pairing task (figs

1b, 1d).
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a. correspondent pairing task  b. correspondent pairing c. non-correspondent pairing  d. non-correspondent
with reference cue task without reference task with reference cue pairing task without
cue reference cue

Fig. 1 Four experimental tasks
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2.4. Experimental procedure

The experimental procedure encompassed two steps. In first step, the participants were
selected. In second step, four experimental tasks were performed. In the first step, 48 students (24
participants per cognitive style) at NYUST were randomly chosen and measured with CSA.

In the second step, four experiment tasks were carried out. First, one of 48 participants
was randomly selected. Second, a participant received a briefing and a tutorial introducing the
experimental tasks, before a formal test. The tutorial was repeated until each participant was
familiar with the procedure. Third, the pushing of the enter button started the formal test. During
the test, only “Task starts” and “Task ends” were prompted on the screen. No messages were
offered to avoid interference with the test. A participant could not process the next pairing task

until he had completed the previous one.

2.5. Statistical analysis

The average reaction time and errors of the experimental task were used as the performance
criteria in this study. The reaction time was defined as the time interval between the stimulus
being specified and its associated control unit being pressed. The error was defined as the mistake
times that a participant made while s/he was performing 6 experimental tasks.

In this study, significant variance analyses was performed to compare the performances of
the participants with different cognitive styles as well as the performances of the S-R pairing task
without reference cue, and with reference cue. The significance level of .05 was used to compare
the performance means of the performances of the participants with different cognitive styles in

four experimental tasks.

3. RESULTS

3.1. The comparison of interactive influence among the three variables

The effects of three independent variables, cognitive styles, spatial S-R pairing patterns and
reference cue types, were explored (Table 1). The analysis of variance indicated that cognitive
styles [ £ (1, 46) = 624.94.36, p <.05], and the spatial S-R pairing patterns [ # (1, 46) = 211.39,
p <.05] affected the performance of the participants. These findings indicate that the cognitive

styles and spatial S-R pairing patterns are the dominant factors in the experiment.
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Table 1. Significant analysis of three independent variables

SS df MS F
Cognitive styles (A) 361.22 1 361.22 624.94 *
Spatial S-R pairing patterns (B) 112.25 1 112.25 211.39 *
Reference cue types (C) 12.02 1 12.02 3.541
(A) X (B) 25.43 1 25.43 7.521 *
(A) X (O) 10.15 1 10.15 3.002
B) X (C) 33.64 1 33.64 0.949
(A) X B) X (C) 18.11 1 18.11 5.356
Error(subject) 26.63 46 0.578
Error(B) 24.42 46 0.531
Error(C) 156.13 46 3.394
Error(B XC) 155.55 46 3.381
Total 371.07 287

* p<.05

3.2. The significant analysis of cognitive styles variable

Table 2 shows that no matter what patterns of S-R pairing tasks and what reference cue
types, FD participants spent much more time and more errors in operating spatial S-R pairing
tasks than that of FI participants. And particularly, there is a significant performance difference
between FD and FI participants. These experimental results imply that the performance of FD
and FI participants differs in operating spatial S-R pairing tasks, which explains cognitive styles

indeed affect the performance of operators when operating spatial S-R pairing tasks.

3.3. The significant analysis of spatial S-R pairing patterns variable

Table 2 also shows that : 1) despite of cognitive styles and reference cue types, most users
spent much more time and more errors in operating non-correspondent spatial S-R pairing tasks
than operating correspondent spatial S-R pairing tasks, and 2) there is a significant performance
difference between non-correspondent pairing tasks and correspondent pairing tasks. These
experimental results imply that most users have different performances in operating non-
correspondent pairing tasks and correspondent pairing tasks, explaining that spatial S-R pairing

patterns indeed affect the performance of operators when operating spatial S-R pairing tasks.
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Table 2. Holistic and analytic participants’ performances in information searching tasks on
three control-display devices

Non-correspondent task (msecond) Correspondent task (msecond)

Cognitive Post-hoc
No-reference cue (A) reference cue (B) No-reference cue (C) reference cue (D)
styles (by reaction time)

Reaction time  error ~ Reaction time  error Reaction time error Reaction time  error

FD 582.61(187.13) 2.2 532.24(173.11) 2.1 422.42(163.01) 1.6 412.52(123.22) 1.3 A>B>[D]>[C]

FI 373.11(16121) 2.0 361.21(142.06) 1.7 262.31(143.18) 1.4 24425(132.34) 1.0 A>B>[C]>[D]
ttest  (=1331% t=4.14% £=10.21* t=3.11% t=1206 t=1.1t=1.456 t=1.11

*p<.05,[]: p <.05 for significant difference from A

:l Reference cue 582.61
600 |- I No-reference cue 532.24
E 500 — 422.42
§ 412.52
® 373.11
2 400 |— 361.21
E a0l 262.31
°E° 244 .25
S 200
£
3
¥ 100—
0 1
Fl FD FI FD
Correspondent Non-correspondent

Fig. 2 Performances of FD and FI participants while performing spatial S-R pairing tasks with/without reference cue

4. DISCUSSION

4.1. The effect of cognitive styles and its implication

The purpose of this study was to explore the efficiency of using reference cue for an
inclusive control-display device. The result of cognitive styles effect analysis in sections 3.1 and
3.2 demonstrate the important role of such an issue.

In Table 2 and Fig.2, it shows that FD and FI participants differ in operating a spatial S-R
pairing tasks despite the pairing task patterns. In other words, FI participants performed more
efficiently and correctly than FD participants in spatial S-R pairing tasks despite the pairing
task patterns. In addition, Table 1 further shows that cognitive style is the dominant factor in
this experiment. Different cognitive styles do influence the capability of operators to operate a

switch panel, implying the different needs required by different users when operating a spatial
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S-R pairing task. These results correspond to Chen, et al.’s (2008) FDI cognitive styles study
in spatial S-R pairing. Therefore, it is important to take this into consideration in designing a

control-display device so that all operators can safely and efficiently use it.

4.2. The effect of spatial S-R pairing patterns and its implication

In sections 3.1 and 3.3, the spatial S-R pairing effect that corresponds to spatial S-R
compatibility studies is shown. In Table 2 and Fig.2, it can be seen that despite the cognitive
style, most users have better performances in operating correspondent S-R pairing task than
operating non-correspondent S-R pairing task. These results reveal that the spatial S-R pairing
patterns influenced the performances, and that correspondent spatial S-R pairing is more
compatible than non-correspondent spatial S-R pairing. These results confirm those of spatial
S-R compatibity studies. Therefore, correspondent spatial S—R pairing is suggested to design a

control-display device.

4.3. The effect of reference cue types and its implication

This study aims to explore the efficiency of using reference cue for designing an inclusive
control-display device. The experiment result shows that reference cue dose not help with an
inclusive control-display device for all users.

First, Table 2 and Fig. 2 shows that both groups of participants have no performances
difference between reference cue and no-reference cue types of pairing task when they carrying
out both S-R pairing patterns, i.e., despite participants’ cognitive styles, all the participants
performed equally well when carrying out a spatial S-R pairing task with or without reference
cue. In addition, Table 1 also shows that reference cue is not a dominant factor in this
experiment. In other words, the reference cue does not help improve performances of different
operator operating a control-display device. Therefore, it is suggested that HMI designers should
not adopt reference cue when designing a control-display devices for all users.

By comparing the results of Chen, et al.’s (2008) indexical cue study and the results in this
study, it can be seen that an indexical cue is a good approach for designing an inclusive control-
display device for all users. In Chen, et al.’s indexical cue study, it can be seen that an indexical
cue helps improve FD and FI cognitive styles users’ performance in spatial S-R pairing tasks.
However, in this study, it can be seen that a reference cue does not help improve in improving
FD and FI cognitive styles users’ performance in spatial S-R pairing tasks. These results imply
that an indexical cue is an approach that is more appropriable than a reference cue for inclusive
control-display devices for all users. Therefore, an indexical cue rather than a reference cue is

suggested to design a control-display device for all users.
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5. CONCLUSIONS

In this study, it can be seen that a reference cue is not a good approach for a designer to
design inclusive control-display devices since a reference cue does not help improve performance
of all users. Anyway, an indexical cue that Chen et al. (2008) proposed is still a good approach
for a designer to design inclusive control-display devices. Therefore, it is recommended that an
indexical cue, rather than a reference cue, should be used to design a control-display device for

all users.

REFERENCES

Chen, C., Lee, C., & Huang, S. (2008). The influence of directional cue on spatial cognitive
styles operators’ performances in a Non-correspondent Spatial Stimulus-Response Pairing
Task, Journal of Design, Vol.13, No.1, pp.53-60.

Fitts, P. M., & Seeger, C. M. (1953). S-R compatibility: Spatial characteristics of stimulus and
response codes,” Journal Of Experimental Psychology, Vol.46, No.3, pp.199-210.

Pennings, A., 1988, The development of strategies in embedded figures task, International
Journal of Psychology, Vol.23, No.1, pp.65-78.

Riding, R. J., & Cheema, 1. (1991). Cognitive styles: An overview and integration, Educational
Psychology, Vol.11, No.3, pp.219-215.

Sanders, M. S., & McCormick, E. J.(1992). Human Factors In Enginerreing And Design.
Mcgrawhill, New York.

Umilta C., & Nicoletti, R. (1990). Stimulus-Response Compatibility. New York: North-Holland.

Warber, D. (1989). The biological boundaries of cognitive styles: a neuropsychological analysis,
In T. Globerson & T. Zelniker, (Eds), Cognitive Style and Cognitive Development (11-35).
New Jersey: Ablex Publishing Corporation, Norwood.



- BEEREOE

FEER

i




	23-1-1.
	23-1-2
	23-1-3.
	23-1-4



