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Three-Year-Old Children’s Development of Basic
Geometric Shape Recognition

Meng-Lung Lai? Chin-Wei Chang? Yi-Ling Huang! Wan-Jung Chien? Kai-Ling Hung?
! Department of Early Childhood Education, National Chiayi University

2 Department of Education, National Chiayi University

This study was conducted to investigate three-year-old children’s development of basic geometric shape
recognition (i.e., square, rectangle, triangle, and circle ) . Specifically, we examined whether three-year-
old children were able to reliably recognize these geometric shapes varied in sizes and orientations,
examined the order of conceptual development of these geometric shapes, and examined the factors
affecting three-year-children’s recognition performance. Forty-two preschoolers( M = 3 years 10 months )
from southern Taiwan participated. The participants were asked to recognize each shape from example
and non-example cards created by the researchers. Results indicated that while three-year-old children
were able to successfully recognize typical geometrical shapes, they were still unable to reliably and
flexibly recognize these geometric shapes varied in sizes and orientations. The results also showed three-
year-old children's concept of circles was developed first, followed by those of triangles, rectangles, and
lastly squares. In addition, orientations of the shapes significantly affected three-year-children’s
recognition performance.

Keyword: Basic geometric shape recognition, Basic geometric shape development
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AEBFPHEBIRI AR  JAEN R T B 1.4% (e (E &M B E1 168 AR (42
P x 4 BURAEE) HURAETHEEAK > BP 1 AR IEGE 5 AR &IE 3 AK
= 0 AR - NILHK 42 72 B4 5 2 B AGE R 1T -

(=) BRIAE
1 EAASTEHRRR

K42 2% Lai  Baroody £ Johnson (2008 ) f7314 ] » SEF4h SATHEM IR E 36 Fuplohe
RRD) - B2 » RSV R SRR RN 3 6 A S DL b (RIS BB E M
4 DL TR B R -

AR SURE SRR R B RER - FBRCES 6 DL E  HIER R TR ) IRA
SRBSE M S R o F RIS E S BELLT > HIES R TR - R s
BRI (T (8 B R RB A » B3 B R R -

TN FAE T A S TR A BRI 2 T

ETTE » RSN « BAW - B IR E s T
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HLRURERIANIE Ky 10-12 73 » BABUERLE 6-8 73 el Tl s
FRAATERTINGE Ry 10-12 73 > BARGERL R 0-5 73 i%ﬁ:’ N <R
HUAYERIINAE B 0-9 57 » fSRBHIGEIIRIIS /5%y - EFRRy T A -
A EBEIPHIRIERAT
HAVE R SRR INAE B 8 7 > BHBUEEL Ky 2-4 5 » ERRy TR S
HAVE R SRR INAE By 8 07 BHBUERL R 0-2 73 EFR R T AT s
SR B R SRR 4R Ry 0-7 73 - fEmBRUE IS 5%y - ERR TR -

B
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Hﬁ o

Bk E Mk
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ViR
U

\
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Ell’

B Hok Hu}

2
e Yol i e
ik SV + RS B )
— o =101 8 =6-87%) &
i oy ey 5% =0-55 R
=Fl 45 = 0- 94 57 =0-84) T
S =2-4%) W)
g LS = JAN
I e 8 S =0-15 Bl
45 = 0- 75 578 =0-4%) FHesh

2. EAREIEHESERE T

ABHZEERFE A S ARSI BT HY M EE - £+°5 Lister ~ Leach 81 McCombe ( 1988 ) $1#f
NERE RS T2 -

W —  REEREERALE B EHEF U EEARRME - HiH 2 MRF PRy
{EEA ST BT ~ BEHE = (EEAS T ~ B HEakRa (S B A ST - Dl pas— (5
REGATETE - DU TUE ST B e -

HBE T DME AR EEAL > ST R R NS B0« A 1 A 4h ARSI &k
DIpER I E A ARAEY A 4 L) R ERRBAT SRS = A AR - RIEHERE
FITA 42 {4 SHISR IR BRI « 54 SRR T & Rt R RSSO fy—5

WER= * MHERAR BRI A -

3. EARMME =R
DLA SEHEBIRE B PR IR > 0T 3 (IR - 15578~ &G~ =@ ) 3 (L
SRS ~ JREAY ~ B AT EEEBOITA AR - EAVEEEREER L3 (R - 277
o~ &HE - ZA) <3 (B - G/ ~ B ~ 4/ A N EEEBT)
SUEFRHAETERI IR ~ S EERRAVZER © DL 3 OB © 50 ~ RITIE ~ =AF) *x 4 (5
PR © HE&R ~ B ~ BB - BEEAE ) IR T EEERUIT 4 ZAERBRER IR ~ B
EHRA AR -
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I ~ BRFERIE

AWTFEAZ HAEPAF (B EREI ) BT EH - SREUER D720 BRI R 10 775 -
TSR AL 2 SR N A 2 T ZER] © @fed » —(rielE R HJIRIFE SR > SvA — i
HELHAFEEF -

FARZE ] B B E R e — A EE Y - HEIEE ~ &5 - ZAPEER
—ERINMEB S 28 5RIE A (RE 4 ESRERE - 4 BURAE ) > Fy 715 140 St IR A A0 555
& - FSHEEBZEA 2 #ErIRERE © 5590 PSR T RRI(ER ESETHEN ([ —
) FREBRT T EE A M E-FEEEE - DB - B4 59 AE 10 73858 —
{ETAIRERS - 2ELSEHECRLIOFGAEE T2 ) 5 T2 ) DFort TR aeeE (SeHEr)
E AR RN EY R(EBEY o 28405 & REE M TR T 58 sPUE R AR MRS - (&
A 2 A EINE S EEER I R T TR S 2 e ER B LLSE AR SE BT ©

RS G T AT > A {18 B AR P A (55 P (R —JSREV BT 5 25— IR B IR Ry Bt ~ S8 -
BRI ~ TSRS ~ JRF ~ JEELRY - AL BRTY  JRHRAY R - BRI - P Ry TR SRR R
B 0SB AE NE S Ry A~ BRI - JRELAY - BN ~ JRERY ~ JRE ~ B~ Y - BRI - JE
HUAY ~ RS ~ SRR -

BBl PraE R HaEaE Ry T R AR BRI PP v ) LR E R TS 5E
B REREEC RGP A E » - REM T 21557 )] » AR RIS LTS e T2
AERITI - ARE R iR ) (BAEITIERB) » 2840 552 AT TR ERS
& A IS EIRGARTE Ry -

B~ PIFEEER
— ~ SR EPSRE A R TR

AWFEZHMRAELTTE ~ RGP - =@ - BMEPRRIRNE 3 Fs © ERRGEERE
et 4l S AE PUETAIR T HIE BT 2 AR IR - 45 REURIU(E B R ELA B ey AN Bs
BFEER > 1 (3)=12537 > p=.006 - IR = » 4HEAEEIPHIB S EIRE - A 15 r4h7

(35%) REFSEHRRENY - FEIETPHIHERRIEAIRGE - B4 2 r4h5 (4%) REfRE Rty
it

=3
21 5L RIS AR SR IR AR H R
ETR = Pbi7 =Al 21liZ
I 2 (4) 8 (19) 9 (21) 15 (35)
RRLLY 40 (96) 34 (81) 33 (79) 27 (65)

it - RIBNTE AR (F3EE)
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HIFHRI575 5y g BA S B TP R sh LA NI 4h S N8 > SEREURAEIE TP HIRIR
b BT N I AL (2 vs. 40) > x? (1) = 15.429 > p <.001 : fERTT
ORI b Ry \NBEE 2 Dy A (8 vs.34) » x* (1) =3.857 » p=.049 ;
FE= AR L s N B BTy A B (9 vs. 33) fREHZEZ5E - x° (1)=2.679 -
p=.102; FEEIPHIRE L - pIIHERELA s Ry A8 (15 vs. 27) HIQBEREZR > ¥ (1)
=.011> p=.743 « AL G ~ RGPHIRIPER N BB IIEE (.33) AR AR
BERIHEE (67) M52 HERPEREVE =AY - =4 R AR I RIE TP e &
F -
2R REERIESERIRE BEE (74% )~ =A@ (71%) ~ &HF (71%) ~ EIETF
(64%) - 275 Lister A (1988) Ky 720 (5 R p. 10) FEF4IRAESEIPHIERR - %
2 e IR B Y N BN TR 4 A= AP LR T I BB R (BRI IR
MHEN =/ - 45 ARIIPERRITI - NIEATE K = APy ER T ZAT

F4
SRR E iR R d R
L 2 =& 2 FH
j"ﬁ_, B y=<pi =-Jahi7 VabiZ A L
(EFaES) (74%) (71%) (71%) (64%)
Al — + + + + 1 2%
A — + + + - 4 10%
HER = + - - - 10 24%
FAAIPY - - - - 22 53%
- + + - 2 5%
+ - =+ 1 2%
Rk
) + . - 1 2%
- - + - 1 2%

ST =R - =Rk

5% 4 WAL 240 5AE 1 AL (2% ) FEVUEEA S o B Al ek CRRAL— )5 22 ir (53%)
e VUEES A ST Bl 7 A A e piesy CRRREDY ) 14 g5 (34% ) SEIEFIRT BETE =/
o~ RI5IE ~ BIETTIE » BUEERGHYE SR —20 (B 5 4l (11%) ARSI - B
ERERVE BB —ERIL R (53%) SEAR YIS IOt ETY -

ABREYE » 5 frgh5 (11%) WYEFSERIEFEERSL © AR S - 2 (= APEETP
WERFSRE R B - HM 3 (452 = ~ KRG ~ BUEGIPRIHERRIRERET - 15h - 6
iz (15%) £ =PRI ERR 2 -
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=~ g RAEEARTE SRR

HR BIPHEAESGE HRABLIE P ~ RITPE =/ 2> LN MAIRELETE » &
H ~ ZAai Rl - JEERY - BIRHRGERIRYHERFIR - 052 5 Fon

%5
ghFAEEEA ~ JEEAD - FERGERIGRPRRIE AT ~ BRAF - ZAFNEEE (%)
EA w= G =) SR HR
B 99* ( 3) 100* ( 0) 99* ( 3) 99 ( 2)
JEHAY 54 (27) 70* (30) 74* (29) 66 (38)
Eizliie 39 (34) 42 (38) 39 (35) 40 (54)
SR 64 ( 2) 71 (2) 71 (2)

it L RIBNEIE R P EER (R *EEREE SIEH (50%) (p<.05)

DIBE—EA t Mg i ah AR SR R - £ EER T2 B TR
= ERT @ BB EERE 50% » Hiiat @ 2 R ARy ol & IR I ERE B A -
SERETIATETIE ~ RTF » ZAPINEEREEESREEEN (ps<.001) ; JRHAIETS
¥~ AR ERREEE S REEHEN (ps<.001) -

By T iRl AR E AR S o] B P ER 4 (T RE AU AU BRI DU 4 S A F A Hp A A R

(B HERY R TF R EEIH - AT 3 OBIR 1 IE078 ~ &TIF ~ =ZAY) <3 GEAL:
SUAY ~ JRELAY ~ B IR RS R T - BRI INERE 25 F(2,41) =
17.452 » p<.001 » 5?=.299 ; RERGEEIEE » F(2,41)=53.881 » p<.001 > 72=.568 - LIJPIR
[E » Bonferroni & EEICHIURAN AR IE T (M=64% ) FVEEFEZERNETT (M=71%
p<.001) BA=FH (M=71% > p<.001); DA » Bonferroni ZE& LTI R4 Sl & H5K
5 B BURIRET (M =99% ) ~ FJEBIIEERL (M=66% ) ~ BICER! (M=40%) » BERIRGHYE B
WAELE B A 25 (ps <.003) » #lI[E 1 Fior -

100% 99%
90% —

80% 71% 71%
70% 64% 66%

% 60% - —
%‘; 50% - -
™ 40% A -
30% | —
20% | -
10% -
0% -

40%

hi3
ftt

ENE &% =/ FrsE R
2N REA

1 h5EHERs IR B s TR R Y S SR
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BEAh » TEARELERIN S B A F TN ERE 725 > F(4,41)=10.073 - p<.001 » 7°=.197 » 3
TARBLEAIE L G AF R (A& 2) » PRI DB Al F ZC R A A A~ [FE AL N - 2 5 BA S
(EIERIZ R = A

BRTERYEEAE TIEEAERL o S RPERIEIRIIRE TR B R FQ2, 41) =
15.856 » p<.001 > Bonferroni Z5{& LEHEHF R IE TIP3 (M = 54% ) BAE KRR ITIE (M =70%
p=.001) BI=FHJF (M=74% > p<.001): 2871 » 1% " BRAUREARY | o - 4f) SO IRAY AE e
FrEH 0 F(2,41)=1.000 > p=.353 » 7?=.024 ; HAE " FARGELEL | - AR IRAYAE SR i
BHEER » F(2,41)=1.662 > p=.196 > 72=.039 -

BRFEREDNEE "IV BB R A EERAE R RARE AR - FQ2,41)
=58.770 » p<.001 > 7 *=.589 > Bonferroni ZE{& [LHER#EIH 4 AT BEAUERY (M =99% ) AYEEER
HEE SN IRIAY (M =54% > p<.001) BEARGEAY (M =39% » p<.001) » [fij 3} LAY B H i Al
B ERZ M MEEER (p=.164) 1£ " RITIV  (EHH - FEEIHEE AR AR
F(2,41)=38.616 > p<.001 » 7%= .485 » Bonferroni Z5% FLEREE IR &) 5d AF BEAURERT (M =100% )
IR (M = T71% ) BFARUEAY (M = 42% ) B $ R 2 [ & EHREE 25 (ps<.007);
e " =AY AT REEAEERAREEER » F(2,41)=49.308 » p<.001 » 7°=.546 -
Bonferroni $51% LR 4N 5o AF SRR (M =99% ) ~ JEHAIFERY (M =74% ) EARIER (M
=39%) BHEER  H B EEEE R (ps<.007) - (FE 2)
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90% MM —o—FE i
s ) —w— B
--&-- = H

e 70%

.
60% 54% \
" \

~
B 470%

40%

30%

Lt el ==kl a0

2 SS{TIRE S T RE R R

=~ REYRSEPNER S HRE

(—) B4/ NESE T e (FEHEEER)
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LR~ BREEE - BRI - FABERE - SRR ZRNEEFLTEAZ IR 15
%6
o AR R AR P IRV B R (%)
1ET5 = 9ehi% = S ERR
4/ 96* (13) 92* (24) 96* (13) 95 ( 2)
T 75 1] 33 (42) 60 (42) 61 (45) 51 ( 6)
4/ N R T [ 32 (40) 61 (42) 67* (35) 53 ( 5)
B RER 54 (4 71 (5) 5 (4)

if - RIENEEE R EER (B8R ) - *BRREEESIREN (50%)

DIBE—EAR ¢ e insh SRR S SR R BRI = 2 - S REURGE/ NETTTE ~ &
e ~ ZAIPHEEREEESNEREEN (ps<.001) ; T HIETIPEHREEE(RNE
B (p=.014) 5 /N8 7 R IE TR E SRR RN EE A (p=.048) » &E/ Nk
&7 = A A ERAENEEEN (p=.018)-

B TRl 5 B SRR IEREHIET A FIFE I AR R E T - AHITasat A [F]FE A iy A (4
/N1/10 ~ BT 1] ~ 470N 1710 DU TTIR] ) » BT AR H A B AL S T 8 7 [ Ay A
AR TEHERREN - AN IERE ~ BRAFE=MAE - DEA4) RAa R EEE h iy SR
(EHEEVHEED) FRAETH > ti5tEPT 3 OB - B9 ~ B~ =AIF) x3 (BF :
G/ > B TTIA] ~ HE/ N ReE TR RN RREEARE R EEERT TS RE IR
FEEEESE  F(2, 41) = 15.856 0 p < .001 » 5= 279 » EILMIEFEEZEF F(2, 41) = 56.103 > p
<.001> p2=.578 -

DUEART S » Bonferroni & EEEREURAN SFAIETTIE (M=54% ) BV EEFREZRNEHE (M
=71% > p=.001) EL=FHF (M=175% > p<.001)  M&ITIZE =ML E AR 2 i i
EE (p=.646); DI E > Bonferroni HRLEEERIZRGE/ N (M =95%) BVEHREZ S
RETZ T I (M =51% > p<.001) ~ 45/ TT1m (M =53% > p<.001) » HApsE 7]
B/ N R A8 7 [ml AR B I 2 [ S 2= R (p =908 ) » I&E] 3 A ©
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BEAN > THIRELIE AT O (RN R E 72252 » F(4,41)=11.632 > p<.001 > 72=.221 (g
4)» INIE#E— P IR AT TR HER FBIY T 2 "AEE AR T E DA SRR -

100%

\96%
. 96% /
90% \\ +Eﬁﬁ7
92% , -
—a— R
80% - z
N\ e
g 70% NS
§ ’ \ Ne 61% e - 67%
=t oo ——m 619
$ 60% \ 60% o
50% \
40%
33%
30% : : 3%
N BT A SE/ N RE T H

4 SS(TIIREE BRI

RSB EBEIVAE (T & S 7RIV IREsE A ER(F=14.170-
p<.001 > 72=.340) > Bonferroni R LEECHIILN FHALIETTT (M =33%) RYEHFEZ RN &
HE (M =60% > p=.001) BEL=FHjF (M=61% > p<.001); EJAE " 4/NSEET A 12 0 4
FAHERIIRAVEE A B =R > F(2,41)=17.669 » p < .001 » 7%= 301 » Bonferroni Z5{%ELiras
WA RIETTE (M =32%) FVEEREZRNERITIE (M=61% > p<.001) BI=FFF (M=67%
p <.001); Z8ifi » BIAE "4E/N ) 1% 0 2 SEHRERIARAVRE G R 22 5 - F(2, 41) = 1.238 0 p
=295 ;2= 029 -

BRFERE RN "BV TR BT = E5T > AEREIEEE
WEEREABEEZR > L7 F(2, 41) = 82.606 > p < .001 > 7?=.668 : =I5  F(2, 41) =
18.925 > p<.001 » n2=.316; = : F(2,41)=20.149 > p<.001 » 7 2= .330 > Bonferroni &%
b BN AT =BT ERS T » B RS 2 B 4e NEE S S TT 1 (ps<.001) Bildi/ N K
B TTIE (ps <.001) » (S8 7 m B4/ N R B 5 m i B BRI iR 2 = (ps > 288) -

RIS SR PEIIREE TN El ©dE ) R (H2E) T T A R E S B
R TT A (BT ~ 4/ BB 7)) DT - 258 IE T TR i R PR A
i

(=) BERFREIZE (PSR

g SRAERARCER G > TG ~ RITIE ~ =@ © R4 - B ~ GRS - SR AR HIHRERRIE
WNR 7 LEAEAR ¢ e R R EE SPRAE IR NI EE - SSRBURERIES
o~ &5~ ZAPHNEHREERE SREEREN (ps<.001)-
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=7
2 AR BRIV B R (%)
1ET5H I = ERR

HE4R 8* (22) 14* (28) 6* (20) 10 ( 3)
i 50 (43) 50 (46) 50 (46) 50 ( 7)
g 47 (44) 53 (47) 51 (46) 51 ( 7)
B 51 (46) 53 (47) 50 (48) 52 (1)
PR 39 (5) 43 (6) 39 (6)

it T RIBNBIR BT EER (PR ) *REHREESIEN (50%)

Ry T hatfish 5 2 A5 Ae IEEREER G MTETE - AR 7Eaat A RS (E4R ~ B ~ GhiE
TR FEHRE ) - Ci ARG T - BRATUEMNENY - AR RER BT &S - (E T IESTE -
‘I ~ ZAAIHT o U4 SR R A Ry B R (RS (F R IkEH -
7EEET 3 OBIR © 058 ~ BIE ~ ZAIP) *x 4 (FARGERE © B4R ~ GhA - 648 - GhAsh
B) “HTHEREARBRE N - EEERGREREIARBEEEEEER » FG, 41) =
37.984 » p<.001 > 7’= 481 ; PR [EfEEEE R » F(2,41)=1.662 > p=.196 > 1?=.039 ; it
S AR R TR A AR » F(6, 41) = .966 » p = .435 > 7 ”=.023 - Bonferroni 5
PR ELER SR SR B (M=10% ) A REE NG (M=50% @ p<.001) - GliE (M=51%
p<.001)~ GRAHE (M=52% p<.001) HAEE - G5 - BTSRRI G PR S i
725 (ps=1.000) (40[E S) -
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AT )i gl isa

5 4 RAERARUER ST PR AR B R

BB S > 4) R YERBHRCE AN IR B2  (BEREPHIRE ) 2 A R ROE 2 -
TEEAR ) EPHYHEREE T RN BB AR EHEY - BURAh A 52 B SR E R E TR
BB A -
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i ~ ST EE TR

— » ZRAEHERSRENSREALIER

AW FehR i = s AR A E P AR FRIE (1RG5 ~ &5F ~ —AF - BF) > &
BB a0 E A - R AE - BFEREIPAVPERRIE - i) e A RE LD
PRI ~ 20510 ~ RTIVEL =AY » S53REAL0 S RERSE Wk VU (B A2 (T 2R Ay S ALY
(BT R R BB E A PR R A -

DUBHSHERRIAIN S - BA 2 (405 (4%) RERRIIHRRIE T - 8 fi4h 5 (19%) RERCEHE
st I 0 9 fI4h5E (21%) RERCHHER =T > 1S {145 (35%) RERCEHHERIANY - JRHAE
AU BRI B 2 B = R af) S AE VOB EARR M BT AR R - RSB =kl ARy
(A (AT [ -

HEEAY > Aslan B2 Arnas (2007) W52 =27 pk4) S B E S AL 2 (T BT A & R
Fy 84% (SHAUZGMTEIAYE B S EE 95% ) 0 IMSRAF SCHIRRESS (2014) SEFRHIUEI/NERAN H ik,
FRHAY AT A 54% - BB SAATE RA 80% (LAY ST &Y E $ 4 S 98% ) » 7]
DUHERR = BREMEC R4 S (50 FH AN SE B AEE - LR A B M BT - fS 2 - 4R
Zy 2 FIGRIG R TEE RV HETRIR (Clements et al., 1999) » & Z A [FZ(LATZ (A
@I > = R4 S ORI E S -

SRt A4 AR R BT PRI (140« 2368 ~ MUE4T > 2017 5 Aslan & Arnas, 2007 ) -
RSN AERTTIV ~ IR0 ~ BIPHYERFSR RS R 5 TU0R1 73540 52 ( Aslan & Arnas, 2007 )
HER&RAERITIE - IE5E ~ BIPE =iy a iy R LSRN Tk b Erygh 2 G2
158~ ARESE - 2017 ) - BT DU = 5% 4 Sl AR 24T BT B Fe B RV BRI 4 SR A TR ORH Y22
AR = PR R AR SRR EAY SR AT RERYIR N — & S8 LAY E4E (5140 : Alexander A -
1989) - HHRHVE > #ELPE ~ iRk ~ RHEFESE (2016) S53 =pR4N SRy BT EmE ) ~ B
REES) ~ RO ENESRE IS B R R IR TR B sk 4 5 m] DAME SR = ks Sl AR R 5%
JE& IR R BASE PR B - (EILPEER A4 5E TR DRSS e B Wi A B R aB MIRE ST © ARt
Fe ] ARG EAE = k4 AN RIS MIBE JIHY SRR » DU L 2 IRV BRI - Rt A B S RE T 40 52
BTSRRI &

= Zpsh ARSI RIE PR R RENY - &R RIESE

AW FEE AL B S T Ay 4h 5 HASKMEI & IR e BIE ~ =/ ~ RIT
EETTE > ZHORE R =54 W 3 R Fr o2 B SRR R R A 2 (B - (RFFRERCE
k(I - FEERERIHRREY ~ =@l « RITIE - S 2 - 45 RREIPIVAE S - HEE R =4
R > &AL © AR B ETFEE P8R SR A R B A2 -
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AR E PSR A 072 e R INAE I P as R SR KB - FEHH A R EREE YRR
TEREFRE 2 el 4 SRR -

WEFRIZE (BEAESC ~ BEREESY > 2014 5 #2445 ~ #RESE 5 2017 ; Aslan & Arnas, 2007; Clements
etal., 1999; Ho, 2003 ) #5334 SAAT BT/ ELE SRR BB & T =M - Zambrzycka
FA (2017) {ERERZE (looking time ) $RFT 4l AL W EA K EY (17 ~ BRIIE
=M~ B ) BRI RS A S E T - A BB R b s - e
F L akfEny A RE A B SR R R R B B s A IR 26 BT - AR T T avBiEE )
ARG > Raiioe B AN S A — B AW =54 S S AWK E T - iSRS (E
ZRAFERE M TMERZE : (—) SHAEFRAR | BA R ENFERE S BN =52
% > FTRERRZ IR dy A TRRAR - TR AN IE S SRl S Fs — % > PIRE MRS
SRR e 23808 (FREILN 5T = B B AR Y H A ) - AT e AR B A 9T s B 1
AR - () IIRYESRA P RHE RS R [ B AR = AP ZEA R AHE 5 (Aslan & Amas,
2007 ) kG EEfmAL (Skewness ) ~ [RELE LG8 (L (Aspectratio ) ~ 8 77 5] ( Orientation )
B A/INEEL (Size ) > Aslan B Arnas (2007 ) FYBFZE 3R S IR =M1 » TZHER Ami} -
JEE B S EL B LR B A I - T T M B N LR T A R B R B R =AY
PRI o NI - BRI P = ARV LR - B RO MR NEEAYVER T » 45
SN IR SR = AT RMEBNEITY - SAMEABYER » H— &
FEEUBESURR (Aslan & Arnas, 2007 ) BLAHFZEMHEIREET (SO AN ~ B T7IA ) AUAER » 33
S SRR A K M BT S SRR T BB (98%) ~ = (95%) ~ £ HF (86%) ~ IE
(85%) » B FHEFOIAATLEIRATITWRVEINE - K= FERETZFRIRHIRY ST - 6
Fakat o KU EEA L E 2 DU E R HETTERES - 4 5o AE DU (EE A 2 rT [ T ry 2 R R
IHREE AR HEREHESRRRT AR - ZA » 1E51F - BIEKINEVOE RS 0 E
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The aim of this study is to examine the mistakes made by students in the use of logical connectives while
simplifying and solving algebraic equations and inequalities. The study was conducted among 146 first-
grade high-school students. The data was collected from a questionnaire for students comprising items
containing inequalities or equations. The data was analyzed according to interpretative theory. The
findings identify mistakes in the way students use the mathematical logical connectives when
manipulating algebraic expressions. Firstly, the mistakes of using AND include ignoring the AND and
replacing it with a comma ( » ), replacing the AND with OR, and incorrect interpretation of the AND.
Secondly, the mistakes of using OR include ignoring the OR, ignoring the OR and replacing it with a
comma ( - ), ignoring the OR and replacing it with a slight-pause mark ( ~ ), replacing the OR with AND,
and incorrect interpretation of the OR. Thirdly, in the category of ignoring the logical connective and
replacing it with a comma ( - ), the frequency of the mistake of using OR is higher than the frequency
of the mistake of using AND. Fourthly, this category of ignoring the OR and replacing it with a slight-
pause mark ( ~ ) reveals the effect of students’ language background on the use of logical connectives.
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Corresponding author : Yi-An Cho > e-mail : scottiess0625@mail.naer.edu.tw
Received : 14 December 2021;
Accepted : 19 April 2022.



EER > REX - HXE s BRS BB R AR IR IR ETATEEER 29

TR

T AR RAA S A R R R A R A BEAREIER T ERE—ERE S 0 Hi
BAGESHEMEASRYE - EEENFEAET  MESHREMD - T8 @H - JHEEHEE
VE > RERBUFHNESRES » CFNEBERZUT AT - AMRS R R S TR
BEREES o Bl - FrAEAERENRNE B O T R fE R T O EAT 2 B R = S E S
CEFEIET - TR =N S AL ~ AN 10 ADLEZ HERE (FEERST) s
WA NEREE) ~ TEEEEEY - | HEPREEFSHEAVEEMS - f TEEEN S AR
E=A10 ABLE. . BIRORENRS 4 A Ehh% 9 A MAEEEN 5 AL~ =5k
10 APUERYRBER G DU AT ARG IR AR L » P It e @ iemRirrat -~ 0 &F TH ) BT e
SR A I B BN > B IR TER AL A - PR SRR T TS

CRERE ) THARG ) WEPCGARNER S HEEATE TR RS R
FT A B R - B MIRE S e A 5 LE AR oy oy U Pl Pl & Y B MR I - (SFREVR
I STE =SB P A Y A LG S IR > TR SR A SRS - Bt BN TTIR
BLE P A LR R R Y R

FEEEEE b BAENERBEBERARE PHESE - R EPR -~ EREFSEEHM S
A HREEE CHIRE S 28RS ~ B - SRR E AR R R s B HRE - fEERE
b FETRHETE R HVEES 298 - BRI AIEE s - BRECFLIURAR - WHMA
B~ BRIESRAEE - HERRE TR R E . DIAE T RGN RBUER LS
e o A/ NEIEEL - BAREEBHEFRLRAIES - FIRBEA N TRV ERBER LU
FRREBRRE B VIR EAE R - B TR PR R > SRR RS AE B - I H
PR ERE L FRFI BB AR - f10 . —o—JOTREAEAEFEN » — e XA E - &
EEERT - B #ELEE (logical connectives ) WYREREL(E FHRLIH M A\ T BERERIZ - BIL0RT
o 5 APLEREEREE ABERR 5 SR 5 o WalEai - AR MILL n FOR B R PAED
Fyn=5 > JRE[EE/Nn>52 (v ) n=5 - [t - FIEERN 5 AL EEFESEEN 5 ALEHY
NEO R ENABEZ DR S A mlidyn <5 Rt yn<4 > BiEtn <4 (v ) n=4-
ZAIM - BREEE (2005) BfffpsiE (2005) #EsHR - AUEE PEAETY T AR S~ T AN S

"2V T RS TANEE ) FRERERE SRR MESRKLL LAV EHEE LT - E
ELNEEEERED © 901 - BIAE ~ IR - W55 - BUfps B ES (2018 5 p.32) £5T
BN ETRANGS LR il < =palinit o N ET i ehwee S MG S S S NPaSEIiNE v 5
FEEEERYER ~ £X  BEE - AFN - FELET - BEAGEERE AT
o IR EHEARAFANEE - H > g EERAVEI > B EAE
A - i EECIEORE (BREEE 2005+ BRIPIE 2005 © Tsamir & Almog, 2001 ) » {HZA1IEH
Dbt FERaT thER A o A SR A REEEIHY 157 (Mokh, Othman, & Shahbari, 2019) ©



30 BB EFHAT Fo%&¥E1HA

Crystal (2006 ) f5H - Z24- B2 BRI N X B S aa| s 8 7 DA R A S Y 58 FH AT 2 — el 22
H o CHALGE MRS TN o B 0 AR S BYEHEn <5 0 [EIFHEE T n<b
2in =5 o Crystal 3  MEPR—=pRZEREG TN (and) ~ [N Fy (because ) ~ FTLL (so) ~ 415 (if)
BT 0 TR ERAIARESR SRR AR R E A ) 1 (E 2SR ARy TS HETE » BT
SEEERSRE - RIS SE FypM » — 7 T AR SR 36 138 EL b PR (A
fife (Maskill, 1988 ) » 55— 5 HHEEHEE XA T ERVER T H 220 (=i - B - 7k
BT~ B 0 2020 5 BRGS0 2017 5 EEERS ~ 008 - BORIS ~ SE{RAD 0 2014) 0 ERTEH
s IHYIETY (Mokhetal,, 2019) - (R - BEEEFANRES 290A 7] 58 & 52 2@ iR 1E AT (£ A [E]
ERECATH R - ER - BEEE WA -
e 2R - iR A SR BN - RRENEEEZ - FrLVA T
& (e.g., BHILE » 2005 5 BfGHE - 2005 5 Cai & Moyer, 2008; El-khateeb, 2016; Li, 2007; Poon &
Leung, 2010; Samuel, Mulenga, & Angel, 2016 ) S+ E LU AN AT 7E - A
7¢% (e.g., Knuth, Stephens, McNeil, & Alibali, 2006 ) {¢fi# 52 1R e 4 SRR - SSATH
stE (e.g., Tsamir & Almog, 2001 ) Z EAEEEA: A FZATREE  BLEWTZE 3R - 17 7f2=0E
ANEAAVERERERE T > B A PR N S I R P > I > DX + 2x+ 3= 0 A4y
Rt B —(x=3)(x+) =0 FETEm L F=FEARD (1) x=3=0 H. x+120:(2)x-3=0 H x+1=0;
(3) x-3=0F x+1=0 : FIEEATTHCELRE (solution) 5 x =35 x = -1 - FEEEASRATEINE - HIAL
R AR S B {x: - +2x+3=0} > JRAJLAEC A {x: x=3 or x=—1} - B LAt =fE{E)
ARl E R EE (union) [MEY < ZR0M @ FESE R E RGBS AIIEIL T > Mokh S5 A (2019) SHEfRi{E
e EgEEE (H - 30 ETR R B A A EE O - Bl A & ALSO HL
R H - R s e W HDUESE () BV PUREL T B B T FEERIBY -
RIE > BFEE R AR T SGE S SRS T - BN e G A A R R
& o WAL - AR E W (E i AR (H - 20 BRETEE S — AR E—IT
TR BN T AR ERE P E AP -

B~ SURRERET

— RN B THER

(—) sEH&E
SE4)EETE (sentential logic ) W fBanEEERE (proposition logic ) » 2+ DIR(|E i B 35 4] By ok
(EAVEARBEAL - ANHFEEE RN ERAERS (FRERE > 2005 5 {EEEEL - 2006) - FEEEEREE [ > o] LUK
BB RVsE AR Ryae - I - T FTAREEVE RS ) Eand 0 (R 0 T BELEE AR
e o An R —UIREE A& Ry T EEEE ) (simple sentence ) » ffEEEA], 1 " EGEES



EER > REX - HXE s BRS BB R AR IR IR ETATEEER 31

(compound sentence ) » fEff &) o B AR —{E T —(EGEE ARy E T B a2 aE sk
e - SR r AR R A aE - Bl FTANER =AY R E=AF  Fifgda
BUESHEE Y B H R a > il AREE AR E=AF - aaaE&—E L1yEa
FEHH g H 455 (logical connectives ) 4HAREAK » Ht " H (and) , 82 " 54 (or) y BsRi{lE s H
FRERR L o 140 0 FrE NS = A AR IE = A AFrE N IE S T IUE - 554
BEEHRATARE G T ERE  AERTARBINER - BaEBRHESUNANEARRE » F
W FrARVEE = A E=APEER ~ FrARIE R TRER TR 2 H  HNE
BT AR A E R B il G @ AN ER 2% FAERR B > FrEMEE
ZHPEEE=AIP R FrARIE TR TS /E » R EH " B 2R -
W8 B AL AIEIR B L S R E s SRR R AR T B AR - Wl B S S —
H o BEaaEIRE -

s G E R EEE A EREN TR - H—EREANE - SE R EXE A EIENERERN
EHE E o fan > TR RHAE S ER T BT ARMAS - BAEE A S SR
TN G E - BE SRR SRS TGS > itE > &2 "TFEN A Z B, §t
& THEAREB Gl BE T FAENIESPEEHTIUER ) stege T AERETPAE
PATIUEY o BER S e EaEEN T 2MEad > e & TARAZ B, 5t
T2 AREB ) Gl BE TAERIESTEEATIUER ) SigEk T FrARIET RER
EATIUETY - #65 » NG ERS REAGEL REH G - fld0 - BE " rArESE=
AARIE=AE BEALREN R TIUER | siasnk " AREm = A N E =M
BIEFERZ TSR X4 & T FrANEE=ARE s E=APEEEENEF
TS e T ARSI = AP AR E=/AF BFTE E A PTIUER | - RS
EEANEEE - RIHEE (&) IWERAE  WIRFEE (&) G AlE (&) JEE

HIARAETNS  EEAES AL (statement ) §H 5 JF 8 (formal logic ) ZRIEET > 1
HA i) P98 5 28 Ll e HAE 5] S8 2 ) 1~ ( Barker-Plummer, Cox, Dale, & Etchemendy,
2008 ) - Tsamir B Almog (2001 ) H 45830 » B4R @i BN (/1) 7 B e Ess » JUef T8y
BEATH o EREARIENEEEE -

(Z) AR EEEGENERRRE

EHES RS T H  f TG EREESHER > B ERE b BEEEETE E AR
(Venn’s diagram ) & Bfj22 A4 B g g w4 Gal iy Bk o " H ) AT DUBE R BRI E S &1 %
(intersection ) » 41 » HHEES A MIEES B WVHLETRFAHRAVEESTE & A BB HYZE » 50fF
ANB - BTANB={x:xeAandxeB} - 534> "5 | A LUiHE F E i (84 A4 (union) > 140 >
HES A ES B VL EMHEKNEETE S A B B IS - so/F AUB - |l



32 BB EFET Fo%&¥E1HA

AuB={x:xeAorxeB} < #j* " H I "8, BVEE » WRIEGHKE - FEGHIHE
(complement set ) 317 HFC & PKEEFRAR] (DeMorgan’s Law ) 2RFER « H5 » BETERIEZE
ERTEN T8 S (universal set ) DIAMAYHIIE > a0 » DIEE(E R A KT E » IR
A={x:x BIEEH, > H M £ 7 &£ B A= {XxKNEEEHE - & o &Lk
A= {x:x & 0 or x 2EEEE ] - BEMEIERHR A (AUB) =A'NB' » HIERZRITNE K
{x:xgAandxeB} » {4 AuB={x:x<lorx>3} > HIffi & (AUB) EEH Z N E K
(AUB) ={x:x2landx<3} - XEMENERHALL (ANB) = A'UB » HERBRNNE
{x:xgAorxeB} ° fl 4 AnB={x:x>landx<3} - Rl & (AnB)Y EHEZHNE &
(ANB) ={x:x<lorx>3} °

TEREEERE S MDA EERIEM " H (and), F1 "5 (or) ) SREFERIEEE: -
RIS EEE R  FlU > FE R "8 FEADVEREFTHN TR - EERSUFR R4
FUEERS » HER B p —(EEFRR(F - MOAER R EERIEEIE - S0 "5 BB
F o A Hl— el TR ERAVIRE) - FIDIEAMZ AR " B AAREENEELE  BER
[ S MELRE > s A A ARERAYR - TR R IR - sy T B AW (ERE - i B EMeA
[EHF 3 A TFEEIRAESR - I > R&EDIRERE S 5252 Halliday 1 Martin (1993 ) gL3¥8L > £
REEESCAR R > iERiEESSEE T H (and) ) #1 T EG (or) ) HFRFZRVERSHVEHER - 1858
mrp s TEG ) ARENARENER - EEEESEE HETEAEENGER (alternative
semantic ) ; 54N o ¢ AR AT EEER o T H ) FeEsE ) TR SR A R A
VRSB E B EEGEE RN R BENGNEER - (H2E T8 iENMy > TIREEE
HEEEER Bl REYEEN - EEEE T "5 MR EENE D - S T E 1
PARRAEERNNE  BETEAE - BRTERELR - @asHf—[2oh > B4t a] DUE R
ELEM (and) 28 ° FTll » 823 Tidman B1 Kahane (2003) AFEH, - T2 (or) BR T %E
EEEZN BEA THE ) iVER - REERENIGIFF » B AR B AR SE
EfAEHTFE - RReBEER— 2 EHEYHEENGIFF - TEMEEE A PUEREEH
- iEHUR T FalipifeE " B2 Cor ) HYBE S RERR H H HTARHERSE = 2 - BRitb 2 41 » Darian (2003 )
W EREEEERIE T > TE (or) ) WRTDAHAEREE &I | /YRS » il B E RRREE R
FEF » Bl ISR BB ENY AR AR Rk o B R -

TEE SR IR AT ST o - RS A (2014) HTEI/INRIEERSCARRY TG 35 &
HA TP 5 3500 FE - TR S AEER o HREG BT EA T HEEE ASB
NREREESAEE » Bd0 - BEMMERAR =/ - IE7F - B - ETUEPSKER - 3
e, RIFESa Th SR (E 5T > f0 > S AV E R R DU R — e S 8=
BT BRI ST IS E R - WA TEE o T A, 2 TE BT H  fEA o B
ErELL TEG B T H L BYRARTRE R O E R EE o Bl T IEREAYS E - RIPTERE S
HRT DASEER R IR BRI | > S TR Sy SRR > ERTDAEE RN o R EERSE N (2014)

/|

IS

3
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For o IWHAER RN P - T EF, BiEHENWER > SGERES ORI AHEERE - B
A RS 0 HYFERLAT DARE Ry IEREE ~ B 2R - T A e AR AEmal & e TR
. AT REREFARR > fl10 - Niw 22 e ECE PRV ELR o & DAL
TR °

wPFEE A (2020) 5 - BEMEEEALA O HEHREREERE T ER "8 (S HEERE
BATEREENHERES - HRHRAHNRIENESES T2 AsE B A N - N
FUATE S IR E R RS S B R B AR R RS S R R T

=~ B AR

Schleppegrell (2004 ) f5H » 7£ HF A& » P BT CIRE T Eh - {8 Y AS R  2 2
RS F R B AR I 5 FEDCIAEAR « BRI H AR ER T » EaE R o B R AN TG -
B > s IR FEIESE S - T HE AR ERVESE - Maskill (1988) #8357 » BEZATRA H
HYCIGE A & A 3 2R T VR - E RS e as sl o TR R - TR RIS SR
W RETHY © T H - FAES M iFER b - EaSE o A 7 U S 2688 H ARG » Rl
“ZPRH o Cryststal (2006) SH5HT - ELEFHERAHELE R G ~ fi5dE - 85 200 L5 F
AT - st - BEEEEEREER IR T SRS R E SO Y E R (2
{HEE > BRI AT MR BLAE BRI B2 R -

Gardner (1975, 1980) &1 » ZHNAE » A vl DUEELEE B EBE R T B R B
P RHETES 2 5 SRR ARG A 4T 2 U E B HAE R YR 2 - Gardner (Y
WFesaH - RERUFARAYER AR /D 75 (R A S Y R R B T 2R ERE R 6 - B
conversely (27 )~ moreover (£ » [£4h) ~ or (E0) ~ and ( H) 55 - i2SLREERH AR > LR
I AT 2 245 7y » Gardner SR EMARMERTE : (1) RZEEEBEEHR - siEHAES %
FHeamiAstam  (2) A RELEEAYEW ; (3) FLgmaE R ARG R - 5 KRR P

(4) BH—ERsr i #ERE 7 H 500 Y 2 3R/EGR - Gardner ~ Schafe ~ Thein f= Watterson (1976) 3
T 0 18 SRR R Y T B CE RS R R B R R R B R B 2 - BN » N HEER
EREHE - &2 BEEAGISh -

R B2 AR S A i S P A B AR > Gardner (1975) B 5B A1 4] 1 HREA %S
A DUHBEEAYHRAE - Gardner BRIINNIE TV » — 877 A SR o)1 Y REaE 22
R > FBER A DU EBETH B Y 1 (B &Y R A © 55— 1 U7 A B R el A (i B A & S AR
HEs] » B —E AN BAR ARG E — (B - B AR 4 (EEETE s N — (&Y
HFHEA > DLSERCEE(E & 5] - Sanders Bl Noordman (2000 ) #5357 » 415 SCA {5 IS MR L4
a o BINREs ~ Fibl%E - B4 KRMZER MR TIESR - 858G 58 R HEE R
% o 3l HEPOHERF EA SR H e &Ry (1% - Murray (1995) AWFTEIR » B2 yet
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nevertheless ~ however SFEEHTHYHEBER T » AEFEEL AR UAKT BIENTR] - {52 > Murray 353 - &
moreover ~ also ~ and ZEIfHANAYERER Y - ST E BIEE A RIREUCR -

TR - By 7R s LG i sm AU R 2 55 % DU IR TR R Y)Y
EEA % - TR HEHEEEGESCAE S ERELL T~ TE - TS A TRy AL SRR
AR R e (Tidman & Kahane, 2003 )  #E#HEFEE DL T H ) 81 TE, & R R > NiBTLEhE
1 and FEFRZEFFREE ST RN B 5 RGE &1 EA (Hertwig, Benz, & Krauss, 2008 )« {54]1 > Tsamir
Bl Almog (2001) ZEEERIATEEE - BAEIEMAEANT » MO SR A N E i H4EEE T2
T H AR mEARFESRISTM SRR A RN ARz It IR (4 - 55
4h > Mokh % A (2019) B2 g T Re AN S Gy SEaR - BE S TR h = R4 B2 AR T (e
R ERIAER] - (1) ZBg R #4525 (Ignoring the logical connective ) ; (2) 7ZH& G #E jH4E ]
A7 H DLUESEEFL (Ignoring the logical connective and replacing it witha comma ) ; (3) DL T H | ##
#ig 4L (T 57 (Replacing the logical connective OR with AND ) ; (4) L ALSO H{ft, AND

( Replacing the logical connective AND with ALSO ) ; (5) PARIERERY T = e R iR i 45 5
(Incorrect interpretation of the logical connective ) < ZA[fj > (FEEEHHNPEES 24 B TH
E5E () ZAh BRESE () BAERGAHESANED -

Gr bRt - WFRREEE N o B4R HUE AR TE(E R RYEE S B AE = 40 T Ae & Y AR R A R (S
HRTs 8 A ABAMIHAE Mokh 25 A (2019) 897572 » BB IR ~ 7p Rt e 22
A R BN B XAV E B - BERR M (i) I8 @R (B - 20 SERETE -
It - B7EE 27 Mokh %5 A (2019) HYF5/E » W Hopnlss et T 5 81 T80 FERE
A H - DL BB E s A R RE B T - E2E SR ARNEEBP LU ()
TIRVSEERE BT - AL - ASEAVIHSE LT

(—) EESPEAER AN T - AULEEBY ?
L BAfefofl T H ) AR L AU EER ?
2. BRI TEC AURTRE L AUEEEE 2
(Z) EEEPEAIM AN EXERRS - AU SR A SR B ?
1. (e TR A EAn T - AURLEER " B AVEEERER 2
2. TEMREITREANBIN GRS - AURLEEEA 20, BYsERER ©

W

» BAFETA
— ~ HIRHR

WHe g R e m AR A - St 146 {iz - b 5342 94 fir - 24 52 fiz - FrAtses
SEAREFTHR—FTECEER - MEM () MEEMEZ G e & PHRE - et —F
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AT B SRR E i TP YRR o R T T ORI E - 1 R T SR e TR
WA ATHHYERRL - BIFEEEEEREREN NS TR > L () P ERNZATELLE S
BB n RETAARINAGTE ~ AR B n RBIRFG1EE0 - @8 n R TAA RIS E LUK
R (R B n REHAAFA -

ZoBERIA

AWT5E2#% Mokh FA (2019) HIFEHEGETHIFIM GG - B ML E N TR
GHETTERE (content validity ) Halg > WYL B 5 TR SO R ER S 7] I o B A2 A R 2
i ESHEA TR BEILERETRHGHEEANE - VAT HAVE RS0

"R ) HEEH - WEFTE B SRR Mokh FE A (2019) SCEPHIFEMEE HIZ » #H
HLEMGEHE HVETEBEIERE - RETEUIFRER » P BEE R R - MRS EER
FRERS ORI > MIREE AR BANHEER  WRREIVEERRER D - R
AP B CACES HAGEHY » SAFRHIER A A A SR G IRR A T B AR
HIEEH] - INIbERR SR 4 EASFARIHEEE - SENBER R A S A P R R e E
FHYFE P ATERNA D - 5540 » s Mokh FAFREREEE - #2207
1230 1 EARRE P AR AV B SR R R B R A R] - PR A TRV IR > S IO E AT R

T BT BEEA R oRRRN T H B TR BIEEAT - TR | RAHTSE TR AR H

JiE o SRR AR N UAROH] > RES T BRI A L 4T
F1
AR R IGRE H R
; RV
FEMEEEE =ET AR R EHHE
x> —10x+25<0 \% \Y%
2_8x+16>0 \Y% \Y ~
X T S (AR
x°—=11x+30<0 \Y
x> —2x—-63>0 \Y%
(x* =6x+5)° +(x* =3x+2)* =0 \Y% H Mokh + Othman B
(X2 —6x+5)? x (x* =3x+2)2=0 s Shahbari (2019)

=~ BRBREEET

KWFFE2Z 505 MV SCBE (e.g., Borasi, 1987, 1994; Movshovitz-Hadar, Zaslavsky, & Inbar,
1987; Peng & Luo, 2009; Radatz, 1979, 1980 ) WV > ZEBEHTE N E L F R MG E R
HITEER T - DA 24 S R - RN EiRE o » W3eE N e LL R4 S R S iR
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RS MBS — AR RREEAR A T 085 W0 H AT St A [FRE H e R e (T EL A b
¥ DIERR R TR AR - TR sy I VUE AR > Bl S IEREARE - IEREM
BEREREREFRAHRL - ARANRBERARERE GRS LUECREE - K Tt
FEERE - Fb e B s T B SR R T AR R ER R (S € (inter-rater reliability )

ot > RSB E R BN 2R B IANE SRR (i = ArsV 2 e

PR Fleiss (1971) Frigdi#y Kappa s¥ 3 EHEE oM > HEEAGBZHFELAR
K=(R-R)/Q-R) » H R R =straE_rstod M ZBERE - 1R, AE =157
DEESARE B - BIEZIHEE - A AGERTIUE FEAE AT T R a S E

535 %E] Kappa {HF 0.89 K 0.92 > BUR=(r5Fr &M HEE B A SR 2K
(Landis & Koch, 1977) » B3R —802 g - WFEEE (5P 2 BN S 4 T 5 MG R
ISEER 7 i M T a DAMUS B R BRI, - TR 2 B R 3 Al R A S U TR A R R A
B e

=2
A EARERERG
HEEE , , ,
. x-—=10x+25<0 X°—8x+16>0 x-—=11x+30<0 X°—2x—63>0
fEE e
IR x? —10x+25<0 x? —8X+16 >0 x? —11x+30<0 x> —2x—63>0
= 0<(x-5)<0 = (x=4)?>0 = (X-5)(x-6)<0 = (x-9)(x+7)>0
=x-5=0 =>x=4 =5<x<6 =>X<-78 x>9
= Xx=5
IEMEREUER x* —10x+25<0 x? —8X+16> 0 x> —11x+30<0 x> —2x—-63>0
HBEREEER o (x-57<0 = (x—4)*>0 = (Xx=5)(x—=6)<0 = (x=9)(x+7)>0
HiRk —x-5<0 —x-4>0 = X<5E Xx>6 =>x<-7H x>9
= x<5 =>Xx>4
BHERNAE x> -10x+25<0 X2 —8x+16 >0 x> —11x+30<0 x> —2x—-63>0
HEEREE S 0<(x+52<0 = (x+4)>0 = (x+5)(x+6) <0 = (x+9)(x-7)>0
P AR — Xx=-5 =X>-4 = -6<x<-5 =x<-98 x>7
TeHIH Y A (x=5° A HIA x#4 IEE 4R HINS<x<6 0] lHAMLEEE K

FEFFHATLIER DESKR " x>5H " x<-7Hx>9
x>6 o A AR Hl ATARHI TG, B9
"H,HIEM - Ao

HHIEENE -
FOS(X—5)2SOJEJ E‘ZFX<4§X>4J’
feofl) " EL L AIRERT - R R (AT -
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=3
TR ERSRA
ﬁﬁ%ﬂéﬁ;ﬁﬂﬁé H (X* —6x+5)° +(x** =3x+2)* =0 (X* —6x+5)*x(x* =3x+2)* =0
IEREREE (X —6X+5)% +(x* —3x+2)* =0 (x* —6x+5)? x (x? —=3x+2)? =0
=[x =-Dx=-5) +[(x-)(x-2 =0 = (*-D*(x-2)*(x-5)* =0
= (x-1)(x=5)=0 A (x-1)(x-2)=0  =X-1=02x-2=0x-5=0
=x=1 = x=18{x=28x=5
Eﬁﬁﬁg\l‘@% (X* —6x+5)* +(x* —3x+2)* =0 (X* —6x+5)*x (x> =3x+2)* =0
EBERNEE S x-nx-5F+[x-Dx-2 =0 = (x-1'(x-2)*(x-5)* =0
LS = (x-1)(x-5)=0. (x-1)(x-2)=0 =>x-1=0, x-2=0, x-5=0
=>x=18{x=5. x=18x=2 =>x=1, x=2, x=5
=x=1.2.5
B RAARE (®-6x+5)2+(x2-3x+2)?2?=0 (X* —6x+5)?x (x> —=3x+2)* =0

PIUBTERE S e +[0c)(x+Df =0 = 0D (2 (x5 =0
SRS = (x+1)(x+5)=0 H (x+1)(x+2)=0 =x=-1tkx=-28kx=-5

=x=-1

USR] AR T BGEA - AR DB B -

P R ARAE S R - W B AE IR EEEESE (Glaser & Strauss, 1967 ) » Bt {sH
FHAERR SR N (ESE R ¢ (1) RS (2) RN s sa H DUESR (0 ) HY
R (3) R dasE G B ST (> ) B (4) DL H ) BUR T8, 5 (5) BT EG B

TH 5 (6) NIEmER R ELS - Ho > pFeEd il =X — B AN TFEME
ElESE > BEEYE > WH s P HERTE L -

1 TESREESRATARED
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B~ B R R o
— ~ BEEE T AERNETEREFFEERFL

S TEMGEEHEEENE S EHEE - ERABEREEBENERAIEL - Al
AR BEE AR RS RS DS AR U - e AW SE B R & th— a4
AR HAEEANE A o DRIL > oy Reedfll T H ) FOREOR T B {1 O AR SR R B A B A A
1 > 3t H LA [ SRR TS SRR 5

(—) BLEERNA " H ) BEENEEBP
A4 REEAERI T H ) AR B ST RIHIEEE - 7E X ~10x+ 25 <0 jE(EE H L -

88%ER A B FI I 5E 42 P 5 A A R fRE H 55 B (x —5)° <0 Horfr 45% S @A 1 IERER
EEREFEEIEMER  HE > 43%E A BEER IR B R NE ZEH L - REHGE IR
BFEEL -t () MRSV - R BRI PTR RN EER 0,0 MR E
FERLOS(Xx-5)<0 » I HHEFRFEFE] (x-5)°=0=x=5 : B EEEHNER B (x-520H
(x=5)° <0 - HEs{FE] x =5 ; AELEE QRESIZA S — R M EE - 1SR EMEE (FRE
2) - B2 > MIREBEAFGE LABERMNE - @A HAVERL G EREREGRST - i (1) FIster
ERR(x-5)°20 - I HEBHERT x-520=>x25 - HR > F S%VEENRBERIEIRAH
RIMBEEARE - ERASERAREEIZE - BER X* —10x+ 25 TR (x +5)° - Hf& » H 7%
A ERIEE -

=4
B4R T H ) RSN EREEREE
e EEAE] EHEARER RRERAER
FERaEE IEHERE HBEREE ALK 8% N
‘ HERE SRR E

x? —10x+25<0 66 (45%) 63 (43%) 7( 5%) 10 ( 7%)

x? —11x+30<0 87 (60%) 28 (19%) 4( 3%) 27 (18%)
(X* —6x+5)2+(X* =3x+2)°=0 68 (47%) 21 (14%) 26 (18%) 31 (21%)
BRI LRy 50% 26% 8% 16%

y=(x-5)"<0 y=(x-5)(x-6)<0

s s e

2 BAERA T NESEE ERRMIEE
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£ x* -11x+30<0 = I fE H _E - 79% 1y 2 A4 & Fil A A 34 43 i s x° —11x+30<0 55
(x=5)(x=6) <0 » Hrf 60%VEEFISEEMHESZE > Hig » Hrb 19%ME 4 REUER EMEHEZ
BIREEEHE - BESS R IEME RIS > it (4) MZPCERLITHVEEEME T WEE « B
b miea-b<0  FHMES (if and only if) a Bl b 57 (HAP—8AIE » S—8EE) 0 87
B HEAK (X-5)(x—6) <0 HEsm R 5<x<6 > BEEER X >5 H x<6 ; Hi/TE LRI RSB X
PREI 2 (R R > SEIEMEZE (BRIE 2) - SRARIRE T FUEHF (X -5)(x—6) <0 » EFHEamak

Fx-5<0=x<5, 5& " x-6<0=>x<6 o {HF » WRBARHE LHMEEEWE - @K%
BUEREIERE T x-5>0 Hx-6<0 ; DAK " x-5<0H x-6>0 , Hp—fEHF - HK > H 3%
A RBUERIBREATRAMERERME > FTEEZEALE X -11x+30 H 59 1# 5
(X=5)(Xx+6) ~ (X+5)(x=6) ~ (x+5)(x+6) T =FHFHRAVEEI - 1% - H 18%HVEATE 2R

1E (X* —6X+5)" + (xX* —3x+2)* =0Z{EHEE I > 61%MJEEA & x* —6X+5 Bl x* —3x+2 437
BRI R (X -1D(X=5) PUR (X =1)(x - 2) » Hrr 47%Y 2RSS E RS 2 (H2H P 14%
AYE2 A REUEE IEME(H R BREEE ZARA - SEERIEENEE M (i) MR THYE
M TER a B b e a’+b® =0 > FHHMEE a=081b=0 > ErEAEEE il
ME - FE TR R (X -D(x-5) =0 H.(x-1)(x-2)=0 - FH#Eim /5 x-1=0=>x=1; &/rE
ARPEBERER R > AR (x -1 FEH > BB (x—1)*(2x* —14x+29) =0 3 HH &

> 7 — [ X% S Nz oA S 3 2 R
x=1Z(x= ;3I B RIGE]x=1 - 2 A 18%EEBIERIBIE A A ESEE RS
F SR ITURR BRI A FHE - SRR EHIRERR - 1% - 7 21%HVBRE S 2 RIEE -

(Z) BEEwN "5, ME ENEEER

%5 BERAEAERN T Bt AR E S IEE R RIAIELTR - ££ X —8x +16 > 0 :Z (@A H | > 90%
R G 5 4 P AR BN iR X2 —8x+16 > 0 B By (x —4)° > 0 » Horft 47%yE2 4 &5
FIFMEEZE > HE  Hif 43%0E A RBUERIEM(E 2BREE EAE - SEMEIIEREEE
HIERAE > fif (i) FIBVELL T HISERME T R SR 0 VBB TR 00 B2 fe s
FHEmHER R x4 S E24ARIER B x-4<08ix-4>0 > FifEmk " x<45ix>4 3
L ER A IR A R EIARIEE - SIS E GERE3) - HE » REERHE L
B MEE - BRSBTS E BERERIRGE - i (4 MIEER B (x-4)7 >0 WHEE
st x—4>0=x>4  [HE > (x—4)" >0 a Uiz x 24 - B4R RO LIER x <45 x>4
HR A 6%HEENREBUEE R AL ESEMRRE  TENRERERE  24H
X* —8X+16 EFIRL (X +4)” - Fxfk o 4%HVEA ST RAFE -
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=5
B TEL NFRMEHNE SRR
R FERECER RBUERERE
A FrEEE  HAEREEX Ak HEH ZN: 4
‘ Btk SEEREE
x? —8x+16>0 69 (47%) 63 (43%) 9( 6%) 5( 4%)
X2 —2Xx—63>0 61 (42%) 55 (38%) 9( 6%) 21 (14%)
(x> —6X+5)? x (X2 —3x+2)> =0 40 (27%) 51 (35%) 5( 4%) 50 (34%)
B BRI EE R 39% 39% 5% 17%
y=(x-4)">0 y=(x+7)(x-9)>0
x=4 "R x:—wx:9 Xl

3 B4 TR SERE RV IEE

£ x*-2x—-63>0 3= (B8 H E - 80% 1 2 4 & F] A [N = 4 i 1 x* —2x—63>0 5
(X=9)(x+7)>0 » Hrr 2%HVEAGFHEEMHESE - (H2  H 38%H VA REER EMEHZ
BEIEEE AL - FEASEI ML ML > M (i) MPVELATIVEESTE T WEE o
b jwida-b>0 » 35 HIEE o B b [EI5% (WELEIR R IE - SCWEERG &) o 24 g a5
(X=9)(x+7) >0 #fkam Fy x < -7 Bix>9 ; Bl B4 AIlE 7 N EHI I EE - 152 S

(#F 3) e GRACTIRE FEZR (X-9)(x+7)>0 » EHEEHEREK " x-9>0=>x>9 | HZE

"X+7>0=x>-7 ;o HRH 6%NEAREER B AR MBS EE - TEEE4 K
X* = 2x— 63 [RZUAMERL (X = 9)(X=7) ~ (X+9)(X+7) ~ (x+9)(x—7) T = RS AN BEEA A - 1 -
B 1A% EEA TR ARIEE -

7 (X —6X+5)* x (x* =3x+2)* =035 ({EEH | » 62%HVE LR FRE—8E » A RER D
A (X=1)(X=5) DR (X =1)(x = 2) » H 1 27%HVE A G1S EIEMES 22 0 HiE - Hr 35%VE4: 1EHE
RECER(H R EESEZHE - e IEMSRNEL > i (ith) MPVERLL T AVEEEME -

"FEH B b iR atxb’ =0 > FHMEE a=08b=0 > #EEGERE FIEENE > &
TTEAER R X-D(X-5)=080(X-D)(x-2)=0 » FHfEimbyx-1=05x-2=08{x-5=0 - f{&
EBEFEEEx=18x=28x=5 « H » H 35%EF N BUE BB A tho i B8 s -
F R AIRR RTINS T2 S E - #E BN E SRR - 1% - H 34%HE
ETEERIFE -
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(=) /NG

ek 4 B3 5 PREBERINVIERPIOBUR - fEIEMAREE(EER] - Aol " B rIELEREL
il T8 & (50% >39% ) : {HE  FEIEMEREER(E B i S A ER AL E ST - Al
"E HYEEEREEREH T B & (39% > 26% ) - 5540 o i RARIES T EERAR AR - 224
BRI T H ) BB T B FIE D 6% ER A B ORI B AU RBUE RS o AL 0 i
TR RBEERSIE EEEESAE ) DU TR ) RIEERIEERATIRIB Y - SBAENELE
ol T EEE R TEG FED 22%AVERAE A RORIRE B A AR R A A R -

=~ BB AEE S EEA EANEE R BRI R A

W T IEERBUER(E B ECE AL | BRI B ARG R EbsnE
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