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Constructing a Structure of Observed Teaching Outcomes
Taxonomy to Evaluate the Teaching Knowledge Quality of
High School Mathematics Teachers

Cheng-Hua Tsai Erh-Tsung Chin

Graduate Institute of Science Education, National Changhua University of Education

The structure of observed learning outcomes (SOLO) taxonomy is a model that assesses student progress
toward understanding a subject. In this study, we adopted SOLO for teachers and created a structure of
observed teaching outcomes (SOTO) taxonomy. We used SOTO to evaluate the mathematics teaching
knowledge (MTK) of four high school mathematics teachers. We executed this through a quality-
oriented and quantity-supplemented case study method by implementing the mathematical quality of
instruction teaching observation system proposed by the Learning Mathematics for Teaching (LMT)
project in the classrooms of four high school mathematics teachers. The four teachers were observed in
their teaching of four units on polynomials from the first volume of general high school mathematics of
the 12-year Taiwan National Basic Education Mathematics Curriculum. The four teachers in the case
study demonstrated five different cognition levels of MTK: unistructural, multistructural, relational,
equivalence, and crystalline. Several U-M—R loops appeared in the cognitive development paths of the
four case teachers” MTK. The differing SOTO cognition levels and knowledge dimensions of the four
case teachers reveal different progressions of MTK mastery, which in turn lead to different styles of
MTK. The higher the four teachers’ SOTO cognition levels, the better their teaching knowledge quality.

The SOTO taxonomy can be used to qualitatively evaluate the MTK of high school mathematics teachers.

Keywords: structure of observed teaching outcome, teaching knowledge, mathematics knowledge,

mathematics teaching knowledge
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— ~ 5B

HERANEIHEEAIEE - A EE LA A (Shulman, 1987 ) » 5526 B4k )7 L FERIR TP R
—TEEER RIS - e AR IR EEMER R B AR 1 - O e S ey ml R B (22
JENE > 2004) - JRAEEE BN EEAHER A By N FRAR B S HY R - [N > 5HE (evaluating ) ZAfigd
BERBER A, - HINAE Nt BT B E A R ER#%: (Hill, Umland, Litke & Kapitula,
2012) 5 H > HENZEERVE (assessment ) BRIFEEA 2 BITUHISEE - SR EMER L 2 B B)
S4B RS > TS 2R EER - 7 & - FHE L RN HEREEE VAR RS E R R
JEM -

SHERESE A BB EFHNER - EENEEGENAEEE - LERREEHEH
ER AT HI A E P - £35  BERBETFT I R B R LR R E R
RS » MR NEAEIR G - AETHE B ARER A ~ i o i EE: (Noddings, 1992) (At
TR EM B R BB SHE TR R . — » R AR S B B B2
ISR R =) (Hill, Ball, & Schilling, 2008 ) » E1fEEERRIGR BB 2 AIE: -

BRI B AR T8 R B 2 FERZ P e B AV ERE B R - Biggs B4 Collis (1982) T2 Az
BB B4E5RE (Structure of the Observed Learning Outcome, SOLO ) 415E s » g0/ AMTE4HE
BT AIEEEE - A ESRAY T AR - WA SRS R AV AR AR T R D T (E N (R4S
RIVELE AR - TR ZEM LB 2R E Z sPEAEIE - Hill A (2012) A R
FIBERRIGE < PGS T 01 - $RHUE 25 R 15 SR SR EUER R A U B M 2 ERE
DB R4y — B MR HE -

LEZUINRA » EEBBEAEEFEZ T - WEERR SRR SHENZTIRE
FEEN > DHHRA-EE wE  BEEAARZREN T B2 —EEAKEERNEEEE
2 —(HEAFEIR A EET RIS - v HEAE NS MG B AR < A R AR A
B LA SOLO 7y st H L B 2 2 B ZUEE R VS g X SHE R L ER] - A HAH
PE o SRS - AL EE > N AEET RS E AR FEES: - 28 - BEFREN
& WHBEAE SIS RIS < BERRIE - R E AN S EA RIS E (Ball &
Bass, 2009 ) » IS fHECEEEER P R L A ANV B RS - NMEBBETA R EE L E COVBEE A -
BE R {52 (Mitchell & Marin, 2015; Schoenfeld, 2011 ) » JRAE{RHEZETE EZ H CAE A B R T
W ERD R SRS - HIERT R, - BB P R PR Y BB S B A 2 SR RS K ELL B2 AR Y ER ik
SRAE SOLO HI&SHEE X = -
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R bt R T — &Sl SOLO Mg » DARSAIE AR 15 vh BUER i 2 BB 2 B2 A
MAVEHE T B - W22 Learning Mathematics for Teaching (LMT) Project (2000) & » #f
FeH VR A ETERE (Mathematical Quality of Instruction, MQI) ( LUTfif#E MQI &wif5 247 ) -
{E R B AR S RS 28N 275 - iU s T B (E K BN e P R 2 %
THA B BT R B VB SR 2R A, - AT TIAVERHE TR - NMERE R oM sh R 2
HYSER BB AR P R R AV R0 R R R He e B2+  TohBh 7T B T B 22 B2 A\ Y B2

kS o B ERERFEN RN > AR BB E  FREEEHEEHE
M ERERR
—~WRE®

By 7L — B M R R SRR R E T RN RETE T
B2 | rRRE B R R AR B TS S B T B AT BB B B P R B P TR Y
B R BL (Ball & Bass, 2000) « (R > A7 HAVA NFIIE
(—) i) oh SR Bl SR R AR AR A B R R FL 3y RS R — (S AT
BB SRR R AR E T A -
(=) FIFFTEEIrAYEHE T E S A O fir (B E 2R EER R TRaT BB R A > 28 A
&Rz R -

— » BB SRS R R AR E

Shulman (1987 ) 3 AERIHEEHEE (pedagogical content knowledge, PCK ) 5E#0E BhZEiliEr
FRANBRIFE b A2 F A HIGE © Fennema B Franke (1992) 3 #E2 2Bl AHRE IR TR -
PR LRSI TP S A R B R RIS Y - SR R AT BRI, ~ BEERIE, - B EE A
SRR RIGH & (E BB E R ARAS TP AL - SOHRBANTZE(BRZE > 2015 Grossman, 1990; van Driel,
Verloop, & de Vos, 1998) JREEHE » ZAlEIT NE TR TTHENS - AR TRk L%
% (topic-specific integration) FFfy#EE PCK £RRE - Hlb Al &, - BA SEEEERRIEREE RI4EHE
VB ZETRE SRt & — B RGS, - [FIRF L RE e e i B R RN S R, - ARG B a8 s
FUERMIAEHIRIGH, (Cheang, Yeo, Chan, & Lim-Teo, 2007 ) - [Nt - ABFFTet$# " B2 a2
(' mathematics teaching knowledge, MTK ) | #{THE{FAIE FZ - B HENE N B CHEEAEA
FRAVAHAR BT ARRE ) - FEHHER AR T SR AIER B RE SRR - FIA RS ARE R » SUTEER R
TR SRR TP R R IR ©
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Ball ~ Thames Ei Phelps (2008 ) $2H #E22 22 F A58 ( Mathematical Knowledge for Teaching,
MKT) Z O ssEkIEl (oval domain map ) fEA - R RN AT BOER AR ARG 70 R RS A -
R RN B HIE, (subject matter knowledge, SMK ) ELEER[ZELME ( pedagogical content
knowledge, PCK) - Ball % A (2008 ) 5853 B B R BN TRER 7oA » U7 REMR Al 2 E2 158,
WITHEE RS > DU BRI AN AT (s S0 Bl i (iR AR e B R A3 > B Y
FHEERE MTLT ( Mathematics Teaching and Learning to Teach ) 5155 » 17— (E#EZE LR E »
EHERIFEE P o I SR 3R A BCERANE, M ERY T EE By T AR B AYARZ » f€ LMT

(2000) tE - SFEANIZER T EEEAER S (Mathematical Quality of Instruction, MQI ) HY %
&t > FEI MKT A/ ERIEEGEIE - FHtE AT 5, - Ball S B EEER i PR TRER SR A B2 A 2
SORIEERE - A EEERN A (SMK) FIZERNEAER (PCK) ZHMEAEIEN » B
BB AME SR - TREEE AU ZE A B BRI < P > L — (B ER AR R Y o T 2R
PRt = P BT B R B R AR B B R P VRSB M BT RIS e R S -
I - AEHFE2EY LMT (2000) 2 MQI §RES 547 » S —(E s P EEEAET R =8 241 X
Ry T REEGC R 2 A & 208 S T RN < BB RN Rl RE R Uk T R
AR B AR SE " IR A | T SRR E R B I - T SR E R F
={EFIEKIE [ > {F R AT PR T e (E ZE 2 BB B B R AR R R KA A 2484

— ~ BEBEBEABAIR AR R

EFLEINIMNE R (FEAT ~ TRIUE ~ BREEEL - [ ST~ #UHFS > 2012 5 Fennema & Frank, 1992 )
BT B ZER AN, - % DA RERVERE (I 2B L BV BECE R I - el B P S S0
HEAMHRARI - ILh - AEEE (FRFEE > 2001 5 Cochran, DeRuiter, & King,1993 ) 58 52X AliHY
RPN LA IR A AR AR S JE D B R R R AT B2 A
WS - BE 2 BT EE IV EBEE R ARG A HR E TR WA R
[ 4R AR (Abell, 2008 ) » Zfe AR BEBEREEEARGEHY o HOi1TAE R TERE 7 ZEmAY BEE
ERANGE s FERTEEL A - H— BRI R R R A 0 L (R0 I [ 2 0 o s B LA R
A E) 5 HL T ERRIUR IR S R I [ BB B EE R B R R 2 IR (Park & Chen,
2012) ° [KII - AHFFE B ERE B HER RS = (BRI R EPE R - (E R i ZE2ET
BRI ARGE R T B, > FRET R A5 =) Y S S A L R RS B R S BB ik P R
R HAT B BRI RARES -

Piaget (1972) 50 R EHE T = v R4AEREIVEEE > (¢ —([EEBz s S —EEa - Bk
AR AR H e RSB Rl Ry —(E BRI - IR e — H B RS A OB B R —(E S 54
RIVEEREFTHU © Fennema E Franke (1992) 7R30F8S2 B MR AR & 1 H TR FUEARAE
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HIAZ AR R RET2E - 5541 » Schoenfeld (2011 ) 157 By ElifE 2R ARG TR FT £ B S (4
FREERAY » e fe Bt () RYBERIASE - EMEE AR () REIRVEER T Fy - EREMt () /Y
B ,\95[[‘37@55 FHIE AR - ZEMAVEEE AR B B R R B AR S A
DY ER A B4 - N (E RV B BRI, - W E S L - TP —(E T B HY
HIEHES (Gray & Tall, 2007; Tall, 2013 ) - JSEEFEEULAVEERERE » RSN T FIRE
MG RAVEE B AT, - SURHHER A Gray B2 Tall (2007 ) ARG - 905 Bl BRI A 205
TBRS SR BB AR EE & - 158 O Y BR Y B - N (S0 A B B SR A

B HEUFEAL - TR (E ] BB ARG © A > ZREmaTA RGN & a2 B B BRI
BEITRAER » EREER NS S RBE -

55— J71Hl » Hashweh (2005 ) 50 Rt TR BEMEREBERRIGRIG - MJHZR ARVERE T 2R ARG
R T R [F 2 R R R - DU TR %Jr%[[%;i%pﬂ%[[‘*ﬂzgﬁjzﬁ/\%&ﬁ [HEE e - R
EE (2015) JRFGH - ZEERITEATHY B B2 AT A A AT 2 R SR » IRt > ANHt
GEMRHE MRS R T SRR AN 2 R GRSy AT BRI (the analysis and comparison graph
of the cognitive level of mathematics teaching knowledge ) » FI| F b Bl Ha it S 2 25 Bl A 22 (552 T Py
S IR BRSNS 2 SR AE R TR DA i & 20 R KAV AR B 2 R B & 1B TP -
I T BB RIS SRR AT R R R U~ AT RIAg R E = (EP R o B R
BB B Ry SR A YTENE AT E BB R TP N B B R R B - IR SR E A
SR MTK GRS 250 T BB EEE EER MR B P8 R VB R B R AR AT 1] B RF A ey
W T FE4G B A M B ER A BRI 2 SRR g T o A ¥ B e

=~ SOLO MK HEEHE
SOLO 73 JiH s 2 NS O EEE S John Biggs Bl Kevin Collis (1982) gty » &—
T LU PSR ARt i B T Ry R BAAVEHE 774 - ILH R R I EE 3 S8 R RS0 MG RS I B FE 7 04 »
BTN IE - BIEPRIMRTENEE - B3 %ﬁﬂfﬁ%ﬁﬁﬁ“ REHE A N ERR RAB AR Y
GEtE > TRRE T HI R RERY A R - AT AR 1B Se B RN V) S B S L PR AR A 3
JEFSEL o RIIE - SOLO s Jisiamay 2Rk v] A M B2 B i AR E0T =0 Wi a2y 77 15188
& o MAERRAI S A h R FE AR EIES G R R -
SOLO MY FitE&S I R HFH B 73 AR
(—) Fi4EREREIK (pre-structural ) © FURFEUR B2 A G = il L R RERY A BRI, > B[01E R RAN & iR
RBLEGERNE » MU A ERERR FMHRREDT R T -
(=) BE—45R8fgX (uni-structural ) * FRFEURERA HBHEE R > (EA—(EMHERSE - —K
TRt Ik & - B2 AR R R N D At AT RE HER VRS B i -
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(=) ZELEHEXR (multi-structural ) © BREUZ A G E R WEEZHGER - Al B EEE
BLIR R 7 IS AR AR A TIRAS -

(V) BAM4EREEZC (relational ) @ HRHEURE2A 40l R AT EASHIARZ R R AR AE R & B
GER—RE > A EREM SRR AR R R RIRE - TRRESE MBS T TR R A - A
PSRRI [ 2R

(1) S4B (extended abstract ) * HAHEUE 2RI HISESINVTR R (- GER4NR
BN R LI R VA SR PiSAV&S SR MEREHBRTEA B ESR » /N ERISEENE
A BRI AS MRV B (EE (Jimoyiannis, 2011) -

47E Z » SOLO oy sm Al 2 A4S HE g 20 B MR il B2 A AL B2 N S HIRR RIS
B FER R AN E R HIE B A 1 TR E R AV iR h e B F B e R 0T = Trae
Z AT AV E B R T 7 SRR -

RIEL - I SUARE AR R RCH AN 7R PRET S T R A < B B AR AR R B X -
RN SR BT B R AR R A K AT RE Y BU{DL SOLO 7y BUEATAE g e E L
B - —EARNEIEENA » FERANEHEA fESEIEMZ (Heidegger, 1993;
Lerman, 2001 ) - FHIEAT &R, - 5 P BB B EM AV R B A O 2N S i R VR R 2R T
REM B RRE R A BEFROK - A - SR BATTE R R A B PR T g R R4
EPA FE BUEE ML  NBERAIERA D » TN 22 B 5 A B H L Ee B SR R S e T R 2 [ 5
RS > R BT BER R RS o 22 o (e SR MR A (A B X -

&~ PIF5A
— ~ PGS HE

(—) sEEEr

By TRy T B ER R 2 SR B B2 AR, (mathematics teaching knowledge, MTK ) K&
BT H  FETHRRAER S R0y ¥ 2R AT E R EZRAITE - st s e
{E[ZE 2T MTK TR BB » Ko o M7 B AU L S B2 B B2 i 2 0 R g BB T e [
FR—{E B A M e R AT TT SR (Yin, 2017 ) < [EIF - BSTEHE AU (8 ZZ 2 EMA BRI ST
PEREZRBIEER » WEkdm LMT (2000 ) 2 MQI 4Ri% 4 VAHTE » B4 HHIOf7 & 82 2 2T
TEHEEE R R AV B 4R -

S By T B e AT A 2 S T R R A P R R YRR R R B R T ) > WFSEE A
i B EELE 73 A% (Strauss & Corbin, 1998 ) » S TUM (EZEBETHTRR = BEE 2 7 HEITRE
SyATEALEER - DUERREEE R 7 7A T IR = AFKIE (Fusch, Fusch, & Ness, 2018 ) < fHIHEATH, »
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AUTFEERAVE I E RIS - LRI VUL & PR R BE R E R R T E o
BotiS T EERHE MTK Z5HE THAYRIE AT - B LRSSty AR 0 BIPOAL(E 22
Bl BRI AR R R O T MR L - IR B ASARRRRS IR LA RS IR — (2
st LR E AP R R B I =5 a%ET (Creswell, 1998)

(2 HsssEE
LT Fe5e

Fo T IR TRt e R L MR BRI A K - B R S BB R B (EN R
TTHZ ~ CEE R T - A B B R SR B AV AN BT R AV M R EARE R TG K - A B FE SO
(Chinnappan & Lawson, 2005) {5t » EAEETHIAERHIEREC T T 2B E A 45 H B A
M - ERER S TR A B SR R i M bR - NI - WFSE LR & P R
ARG FAREREETEIEFrAILE T > HeRERE 1 For -« & 7 RS, - POAr(E
FEHEMTE TR > o3H R STI~ST4 » BEFE DRI 17~ 15~ 20 j 27 > HERFME -

=1
TERBEE RER
LTI ST1 ST2 ST3 ST4
PRl % % % 5
EHREA FEITLRER FEH AT FEIIIRER & NCRvAIIL
LIEEN REHE 2 Hill % REHT 2
HERE [ B2t B BE L
PR B Lo B~ B2 B
RIRF A B B EEDL R s LA DL B EEDL
FHELHE
HERRER HETE fEERHE HAEFHE TEERHE
BT LS LS BT
Fl st S ZITIE IR E Eaw: 3E94 ZILIE IR E e 3E94
R IR B ERE
HNEFEE 17 15 20 27
2.5 LR

WgeE Ry 7RG BERBERER L Gt 280 Te oy B S T R e 2 B R R A e T ]
HAE (B ATILEE > R MEAOERS - ~UBREREE > et BRI E N
B —(IBEEATEE S o TR VBB B e eV, B ER E oAT  TRAHE
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BRI, ~ RUARIAE S i B (S FEHIARN © DU (2 20E - feftR = B R ZH 2
B DB A E T A B E AR NI BRI B 5E AR B A A RIS -

= - Bl R o EleRS

(—) Bt

kST o TS TIRERE R TN EREA S - BEHEIL » R
2 M [E R R AL BRI A ISR & DL S SR AR M S T B T B B A el T = (=R
A > ST AL 108 SRS th RS — M2 IE 2 PUE BT - (R Rl UM (B AR = 22
SR AR T - W ST IR ST S DU BE T SR T DU (B SRR ER 2 7 - 4834y 2624 >
RET A4 /NEF o FRFYERL (22 BB SR S L A A R > SO R TR 2R R AR
AE > B T IREERAVEER R B FrE B B EBr A 2R - OBgiEt % - &
FIVUAL(EZE AN AR R E R 2R - 0k 2 -

R 2 FHETT | 2EIT 4 RFP BB IEFHIBRARE  —EL TR % - =Ry E R
@B DURESHAAE - RIBER 2 BRSBTS - S (EREETZ 22 R FRIRTR
9.3~12.3 /NP Z ] > FLohis 3 {l/NRFHUZZSRE - LSRR AR AN ST2 B ST4 AL i 7T
ELEA R i 1 S ERATEL 25 28 = 54 - 1E VU E R 2 2B P A PO {8 2 2 B B A S B2 ]
ZEEBT > DLRTT 1 MIBETT 2 SR > S0 lII Y 35~43% K0 31~45% » JREELFIEL 108 SRAH = T #EE S
— i 215z DU BE TR B RS EERE -

=2
Pufir {ESEEETZ BB R R R EER TR (RRIEAr : )
Bt Hit2 B3 Hir4 FERG AR
ExE ®H 2% R % ¥R 2E ¥R 2E R BE

e e o s L s O S O (S I
STI 198 15 216 16 74 6 67 5 555 42
f5EE% 357 357 389 381 133 143 121 119 100 100
ST2 320 26 233 17 119 8 63 5 736 56
f5EE% 434 464 317 304 162 143 8.7 89 100 100
ST3 223 17 230 18 81 6 78 6 613 47
f5EE% 364 362 376 382 132 128 128 128 100 100
ST4 245 17 324 25 60 6 86 6 717 54
f5EE% 342 315 453 463 84 1.1 121 11.1 100 100
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FR sk R e S B IR (LA BHEE S AU SRR BT Ry SR (hAvaEC s - B E Ry iR
FPATEZ - dmiSAIETEUE - FIRFE S EEME(EAYIATITITE > MMERES GBI 7 =0
> TR ST E R R & 1T RAVRTEELE S (Jacobs, Hollingsworth & Givvin, 2007)
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Learning Interests and Confidence on Mathematics
Achievement Growth in Intermediate Grades

Ling-Chia Chang
Department of Educational Psychology and Counseling, National Taiwan Normal University

In the “Trends in International Mathematics and Science Study (TIMSS)” Taiwanese students performed
exceptionally, although they exhibited a less positive attitude and self-confidence about their
mathematics learning. The study assessed 672 students from the third and fourth grades for their learning
interests, learning confidence, and mathematics achievement longitudinally across three time-points
within a school year. Hierarchical linear growth models were utilized to examine two research questions.
The results indicated that (1) learning interests, learning confidence, and mathematics achievement all
had unique developmental trajectories. While learning interests and confidence declined over time, the
slope of learning interests was steeper. The average intercepts of learning interests and confidence of
third-graders were higher than those of fourth-graders. The average intercept of learning confidence of
boys was higher than that of girls. While mathematics achievement improved over time, the
improvements were greater for third-graders and boys than for fourth-graders and girls. (2) The
longitudinal effects of learning interests and confidence in mathematics achievement growth were varied.
With learning interests as predictors, the increases in mathematics achievement were greater for third-
graders and girls than for fourth-graders and boys; growth in learning interests was positively associated
with growth in mathematics achievement without significant differences in grades and gender. With
learning confidence as predictors, the increases in mathematics achievement were greater for third-
graders and boys than for fourth-graders and girls; growth in learning confidence was positively
associated with growth in mathematics achievement without significant differences in grades and gender.
With learning interests and confidence as predictors, mathematics achievement declined over time. For
third-graders and girls, the improvement in mathematics achievement was greater than for fourth-
graders and boys. Growth in learning interests and confidence among boys as well as growth in learning
confidence among girls were positively associated with growth in mathematics achievement.
Conclusions and implications are discussed.

Keywords: hierarchical linear growth model, mathematics achievement, learning confidence,
learning interests, longitudinal study
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o HERITE A BREE TSR MEGHE - RE@AETAFEL - AR - 2%
20 7rgERIAI5ERE - PP AR EHE SR BRI EIRE - i —FrEaFERAEECREENE 9 HE—5
ZEEEHEBANEE B EMEER 2SR ER G EAEE - HERS
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— R EREELNIEEE B (SRR A=A 112 (1824 ~ TUAEERA 116 (824 - il
AR 672 N4 34% o BEINSE — I RBRREL S - (HefafE AP 26 B2 A — R E B
EHAEMESKIE - H 251 i 4B = RIEEKIE -

BEGTEREET IR > KL 108 4K 9 HEESE—HiHl - /FReFEEERTE
HERIGRE ST > B ERREL A SHERE UL BLE S - R 11 A ~ 1 H ~4 AN 7 HEX
EEBHIAT—H o EPHCEET B R E T TN - BREEAE G UEE - P —EERAYR R
HRESER > HEM5E SR A - PTSCERTIERRR - N IC G BT S KEFE HBTGEE
A% > HEBERE R BINSE 5 B MG — ([ IEREE =R A5eRs 672 (L8240
LRENFEREEHB=R(E =REeatt $H - AREE0t) EHHUER ER S (Item
Response Theory, IRT) [FlFflitARUSER AR = REETIE - Fr2 A 2/ AWM AREETIE » H 544
firE2 L =RAEJIE -

=-PRIE

(—) BEE2ERBNEE S EME

PP EEASE B(EMEHE TIMSS 2015 iRV AT =6 - S E 2
HEEEE A T R EEEE > BEAENEBN T RAEBE T HAE RS - FRE
PUAFEREEAE 211 TIMSS 2015 32 - AR ASL 4291 A - B2 5 (E IS E F#RTY(Z 5 Cronbach’s
o B AR 95 fl .86 » BURERE BAF (BRE#E - (£534 » 2018) -

RSB AR L KEFEE K EER - MR R (E N EEERNE 2 EEH 4
fifs%— - 3R Likert A BEEF - DL TIREEE 8 ' IEEAERE ) REEEHANEEERE
& RIETLA S~ 1 95 » RIFEEET I RIFHE » (FE4S R Bilte S8 S FIEERE 5 (5 2 TUE 8k
T - AEESE T  fofmd - RREANEERIEEEE B EME - HEEADL Y fE
INZ -~ DUEFERERAE Ty - DR B TER R - ARURASL 115 (5 - B2 EmAEEH
{SMY{SFE Cronbach’s a (4853 B R .90 FI .76 - IEZMEHI = > Hefg—RIVARUEASL 665 {77 >
EE B EMNSEEBEAYEE Cronbach’s o (RE A 94 M1 .87 » BUREE BT -

(2 BETERE

WS ESVERE H EHEE B i 2 2 0t 2 — B TIESNT TIMSS TUSELR oY
FIREH - = - TERHVEERRTES G R A LRE > B REh &2 =B T R HAT—
SRR SRR - RIDICEIRIB R B 2 R IT - MHEE - BEEEG 28 H
ENHE  BEY 12 225 8 UEER  SIENEMNE - = WERTEGHHA 47/
Horph 20 @ = ~ TUELRSLERE -



SRR BT Emin 5 5B AR 87

BERTERENFE R ERM IRT Z Ittty =28 8iE=0 (Lord, 1980) » Z¥fEt 1
7y ~ Bt 0 3 0 A= ~ DU EEUEMEE S TR fEET - MR EEC R A VU
13 t% > &S 134 EalE 2 28 - BEEHEN B34 EEEASEE (1R 1.61 £
6.25) ~ EIFHIRE (B AME 0.04) » HAGHEHEEES (/172-0.20 £ 0.96) » P =F4E
H 0.32 ZXARTT 2 0.45 - VUFERAEH 0.30 BEIERTTE 0.36 < A1 > = ~ VUG 2 o SO E
zm (classical test theory ) EEfEFEHE 57 Rl R .50 ~ .63 » BERERES T » NE—2M4: Cronbach's
o (RET IR 96 ~ .94 » BEUR(EE BAF -

Vg ~ Bkl

I st ¥ 672 (B2 TIEHEN B BT - MEIRSE— I HYERE B (NS B IR (H L
% » 3 HLM B RN B A H R AR - 55— PR REIH R MEAEERR 900 AHTAESTR
TEMEE SRR R gETE (GBI > 2017) « AWFZEEE A HLM 7.03 SREGHET TR RARA 7>
7o LEEEs B RS TAME TR — IR B 2 U AR, - WAL iR A4ERR (robust standard
errors ) . Z:8{1i51{E (Raudenbush & Bryk, 2002; Raudenbush, Bryk, Cheong, Congdon, & Du Toit,
2011) SRR RS ARG 40 A AHRE (%30 (Intraclass Correlation Coefficient, ICC ) » & ICC
KR 059 » FoRHERER A RERES - & DL HLM ZJg XA 75347 (Heck & Thomas, 2020;
Raudenbush & Bryk, 2002 ) - RIS — B {EEIRATEERE - BT OMIRIER - R
1T o PORRAFEA b > SRR S H B S d ek (B S IEFIaBUE A 8D
BIRIABCERER GRS - (ERBIGIVEEETRA ER - BN - Traem e L MR- (Heck &
Thomas, 2020; Raudenbush & Bryk, 2002 ) - [t4h » = KK ERHEA HLM v TR & — Rl 8
TRONAEER SRR AT > 1 fRENE IR Alae e B A B UCR (Heck
& Thomas, 2020 ) » AT £ 2 H ARG ENE S EHTRER - BB itsm S R suthde
RAEAL - PREURSTECE @ EEETRECAEIRSUR - fMizitE4eat APl IBM SPSS Statistics 25 i
1737

2 - PIFEER

— ~ T
SFER L Y EFBEIR S JOTAI(E (B2 ) 451 % 3.40 (0.98) 3.37 (0.95)3.24 (1.01)
B S AOPME (B ) 5351 3.26 (0.83) 321 (0.87) 318 (0.85) BERREE =X

PIE (B 7775 0.58 (0.37)~0.56 (0.36) ~ 0.65 (0.40) > J3HIFZFERANNE R E AR
VA1 2 - dEsm e BGER A ~ SEMER > SREBERIEEE B (E =IO 23 TS - mBEEm
SR 2R BT -
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=1
FE R N
=L P
i NN S A THE
B (1) 86 3.48 0.90 183 3.37 1.01
2) 273 3.53 0.94 362 3.25 0.94
3) 286 3.33 1.02 379 3.17 0.99
BHAEE (D) 86 3.32 0.75 183 3.23 0.87
2) 274 3.37 0.85 361 3.08 0.87
3) 286 3.31 0.83 379 3.09 0.85
HEREE (1) 199 0.58 0.40 348 0.59 0.35
2) 289 0.54 0.36 382 0.58 0.36
3) 288 0.68 0.42 382 0.63 0.38
*=2
S B E
54 Itz
HigEE AW e s AB A
BEEEH (1) 158 345 1.02 111 3.34 0.92
2) 351 3.42 0.98 284 3.31 0.90
3) 368 3.29 1.04 297 3.16 0.96
BEHE O 158 3.38 0.83 111 3.09 0.80
2) 351 3.34 0.88 284 3.04 0.83
3) 368 3.33 0.84 297 3.00 0.82
#gEAREE (D) 305 0.58 0.38 242 0.59 0.35
2) 373 0.60 0.39 298 0.53 0.31
3) 371 0.66 0.42 299 0.64 0.37
- BSRGEE

oy AL E LR - B2 E BRI BRI » TSR M4SN 3 - A2

S HMf g% - B R - B B EFBER AT ﬁélz{l)\??@@ﬁ@zza@ﬁ& 73 Al Ky 0.34~0.25

10.08 » i A I EE A 0.61 ~ 0.47 1 0.06 » 55 ICCs 4371175 0.64 ~ 0.65 1 0.44 » =

TREREEE - B O EHIEEEREIATE 44% ~ 65% VSRR AR - FEl )

@EEE{AW%E%@?E 35%~56% » BUREA S AR - dHEISER A RE RS - il & 2L HLM
GBI T AT -



R B EAR T B 15 BB A A B2 89
=3
RS ERRE
HRETH 2 HLER 2EEE B
& E RS BB () BB () BB ()
FEAEIRAR mo

LR Boo 3.32 (0.03) ™ 3.21 (0.03) ™ 0.60 (0.01) ™
IE o 0.61*"* 0.47** 0.06**
[&—iR7 e 0.34 0.25 0.08
i (-2LL) 3867.02 3414.09 1372.35
ok p < 001,
=~ ERZ R REREIER

FRIGOIFERE — - 3l ISR LR ~ B2 B (S ANEEEpl BRI SRR R o P
JEHY I - HETTERVEEL A SRR AR AT - BRI B R AR > FL o B R BER A 52
HEG R TR EZRIEREER - BERRHE Ryl & — R R 2 Hh SR pl R A -
GRRAR 4 BAETGEAS Bt Er=

(—) BEEBAIR RS
TRIEFR 4 B35 SR — R4S AR 5238 BB R P4 E & 3.35( SE=0.07, p <.001 )
AR AR PR (H R F A 0.27 (SE=0.09, p=.001) » £V Ta] A=
(Bo2=0.04, SE=0.08, p=.61) - 2 BLERH TP HYRRAR IR MBS - B (E2 PR
/10.13 (SE=0.03, p <.001) > FEELFIMER T AR ZE 2= (B = -0.05, SE = 0.05, p = .28,
B12=0.04, SE=0.04, p =.36) - JREN=4F4R 2L HYER T BUBR(EE2 AR IITIAY 3.62 F7 4 1 IF EHIRHY
3.36 - VUSEERE2RA Ay BN 5 SRR SRR 3.35 HFFE MEEMIRAY 3.09 - fi5 2 » £ —{HE
FFEAYHIRINRG > BN =R R R ERE BEGE dn (H R = R VUSRS ER AR 2RI — (BRI
AR = TUEREE - A B —Bot R WS B - SPIIEIEEE 0.26 -
HE— DI B B T UERETE - RFEREIR (5= WIS EBEEY) (55—
) MBI ERTEARK - g R S I TR &y - T BRI EERTRH Z—
(-0.29) "I EEHER | (-0.25) T FIWEF - SECLREERR ) (-0.25) T G B A B2 TR
(-0.20) Al " HEEBULFIAE FARIHIEERNFHE ;) (-0.19) - BUREI/N= - TR A AE R
TER—HEERL - DUREIRBEARRREERIE ~ RIERI (RSTS84 4 N -



90 BB EFHAT

¥ 8 %% 2854

=4
HEREELSTERRE
HRETH 2 HLER 2EEE B
& E RS BB () BB () BB ()
FEAEIRAR mo
U Poo 3.35 (0.07) ™ 3.05 (0.06) 0.58 (0.02) ™
4l (=) B 0.27 (0.09) ™ 0.17 (0.08) * —0.01 (0.03)
PERT (5B Boz 0.04 (0.08) 0.27 (0.07) ™ 0.00 (0.03)
AR m
U Pro -0.13 (0.03) ™ -0.07 (0.03) ™ —0.09 (0.04) *
4R (=) Bu -0.05 (0.05) 0.02 (0.04) —0.09 (0.06)
MR (5) B 0.04 (0.04) 0.02 (0.04) 0.13 (0.05) *
i E IR
i Bao 0.05 (0.02) ™
4l (=) P 0.06 (0.03) *
PRl (5) B —0.06 (0.03) *
FEIER S R R R
BREE Yo 0.61™ 0.44™ 0.06™
[G—iR7 e 0.33 0.25 0.08
fe S 3839.70 3385.09 1366.38

¥k p<.001. ** p < .01. * p<.05.

(Z) EHE SN RS

R 4 B2 55— V& REUR 238 B SN R IIHEIG(E & 3.05(SE=0.06,p <.001 )
SRR A B ERRAAEEIUFARE 0.17 (SE=0.08,p=.03) - FANEEHERAHEIL
4275 0.27 (SE=0.07,p <.001) - B2EEERVHEE TR EREB N EES - G—E2H TR
1:0.07 (SE=0.03,p=.006) » {EAFEERFIMERITT HATREE =5 (B =0.02, SE=0.04, p=.56; P12
=0.02, SE = 0.04, p = .55) » JREI=F4RCANVEE BECEFHIPINY 3.22 #7488 Mg 2R
3.08 » PUFFE&R A= AIE 2 BRI 3.05 FERFE B ERIRAY 2.91 5 M =FRFBANEEBERE
BRI 3.49 TUE A 3.35 » DUAFEAR A AIEE2AFRIWIRY 3.32 FH4E NB 2R 3.18 < flf =
Z 0 AE—{EEEFAHIRIN - Bl N = FRAVERE B ERGHEBEE SR UES - BAENEEBERE
IREREE SN E  AAME—ERFIHE - SRR ERR= - WFERES - 248 BBt
RN E A (E o SFIIEEE 0.14 -
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HE— D EE B ERUEEE - BEER (B2 fISEFYEBEERY (55—
K2 ) BB P B R AR - i 25 B T (B REPA (O By T Bl P s R R4 1,(-0.20)
" BLEEARARVERERERIL ) (0.17) ~ THIEAR H ELREAR - AT EHERLLEE ()
(-0.15 » FoRSE SRR LLE SRR RN ) ~ " BAR S N E BT | (-0.14) A1 T HE2
s PRI HER ~ INRK ~ A (RAr) ) (-0.10 » SRR R R AIE ) - BUREY/
=~ VUFEERERAE AR BRI - FTRVZ B B EETHT S E > DU B HTEET « S2E AE Af#RE
RENFITHRIEE H SRR M -

(=) BRI RS

TRIEFR 4 BERRO— &SRB BB Bt Y SRR P AR E &y 0.58 (SR SE = 0.02,
p<.001) > FEAEFIMRIT EAEEEE =5 (Bo =-0.01, SE=0.03, p = .69; Bo> = 0.00, SE = 0.03,
p=98) - BRI AYFEE PHI Rl R R SRR T RIS, - Y5 — B HITR B AR (E IR ) 0.04
([ Ry - 55 —ER IR ATEGEE AR E A0 0.02 (&R (Bi10=-0.09, SE=0.04, p=.03; B20=0.05,
SE=0.02, p=.006)  =F&RELE BER R AR IR ERVU L =) 0.06 (H#EHT (SE=0.03,p
=.02) > (HG = FHRBEEAVEERRGH S —ERIIPREGEE A E RS IO 0.02 {EEEEEHT > 55 201
RAGEEAREIE I 0.26 (BT - FBAENVBERRGIRGERRELLAER 0.13 {HEEEEET (SE=0.05,p
=.01) > BRI A AR 0.06 (H#dHYT (SE=0.03,p=.02)  (HGHENBERGI S —
ERFSHARGEEAREIE I 0.03 {lE#BEHET - 25 SR ARGEEAA (E S T 0.04 (T - JRRI=4F
S A BRI SR AT HY 0.58 ([ BERE A2 EED R IPRAY 0.84 (EEEEHT - 1l =4FaR B4
HVBER IR HE D R IR 0.86 (E#EERIT © VISR 2 A B R IE SR I HY 0.58 {4
GH TS T P Ry 2t SR Y 0.60 (EZEREHT - 1M VU R85 A A OB ER st A1 i 22 FTPR Y 0.62
{EEEFE T -

S > TERSANEEEE - 28 E ENBERREIE & BRI - HAFHREE
BlZER - 2RRSEAR = - WERET - ZERBERRG & A ERVREGIREE - ARME—HE
FEHAR > BN =R BER R R B S R AR AR BER R R E 2
BRI S R B HAPEINZRE  BER R H IR = FH 4 0.28 (BT > =420t 0.26
RS 0 > PSR 55 42 0.04 (i BBEHIT > VUL 2042 0.02 {EEEERHT - BE2pint 2B RAYE—
AR > S EENIEEE B ENEANE - NP RE-E g - E5 BT R
HIEE B (EHEE R E > BEERHI R RS et -
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M~ RN RR L K RETIGER

FRIBEIFERE . - DASERARHE R REETH - AR DAEEE B ~ S8 B 15 ~ DARSE T ST
EE B (SR EIR R oe— B EHy 5 8 I - SR n Ryss — gy B 8 TR AR I3 AT
&R 5 - AT REH( 2 R R0 -

(—) BEEEHBBRERRR R

fRIER 5 SE IR — MRS REUR - & BEE BRI R & BRI
PIREAGTE Ry 0.64 (AT (SE=0.04,p <.001) » {EAFEGRAIMEA] 7 RS 25 (o =-0.03,
SE =0.05, p = .63; B2 = 0.05, SE=0.05, p = .34 ) » BERRHEATEREE VIR R E 3 e g i
o R EIPREGREAG ER D 0.10 (ST - 55 " SRIIREGIEAAEIR D 0.08 {E#EEE T

(Bro=-0.16, SE =0.05, p =.003; B20 = 0.06, SE = 0.02, p = .01 ) o = FAREEA= EER Bk Bl R 28
FERIUEEER ) 0.06 {EEEERHT (SE=0.03, p=.03) » ({3 =GR E2AEAYEE LN S5 — SR
HEEARTEIRR D 0.04 (B HEEH T - 55 SR AIRGEE A {E G 0 0.16 (ERERET - BB AVEERRHTAL
RINZRFEEALAER 0.07 {EEEERET (SE = 0.03, p =.01) > {H15-F AL AVBERRGIE 56— ELH AR
FEAR{ELR D 0.17 {EEERHT - 55— SRSHATR AEGEAAERD 0.36 (EERERNT - 752 B fETT H &
K@ 1 oy ] (EEEREGEE I 0.02 (E#EEEHT (SE =0.01, p=.05) > [ HAEFFERAITE
AT S EREE S (B3 =0.00, SE=0.01,p=.79; B32=0.02, SE=0.01,p= 24 ) -

WE 1 FR - B S R Ry B P /KRR > = A BER RO BRI T]HY 0.64 {1
RERR TR [ P AE D IR EY 0.80 (EEEREHT - ] =40 B AERVBER s A4 % 2= PR AY 0.52 {1
FERRIT  DUSEAR AR RV B B I 2 AR AT 0.64 (R IL T R FS T+ ZEHAZRAY 0.56 ([ #EHE
iy > PSR B ARV EER R AR T = IARAY 0.28 (EHEEENT - EE2E Bl 2ie-rg 1
71 > DAVUSEGR 204 Rl > w8 R AR RO cE 0.56 (EHEERITTE = 2 0.58 (E#EHIT -

52  FREFEBHBZIGNTE - R A = - VIFEGEE - ZERVEBERR
gk B A THEHEEARIRAS > 2T AE— (S E2 AR AR BN = SR AV B R RO ok R R = R T4
LA NBERRG R R ERE SN AL - BN S - BERAAYIEIE = 00 E 0.16 (EEE R >
PUEELR 2242 -0.08 (R #EEH T > = FEaf 5 4:-0.12 (@ EE T > VUAE4R 55 4-0.36 {EZEERHT - fEdm = -
PUSEERERS ~ ARV E B E T 1 7y > B RE I EER AL 0.02 ([ #EEHT -



BRRE

BT Emin 5 5B AR

£5
FEREHMBREZ R RERIO TSR HE
s B EE R 2EEE SEEBIEEAE
& E RS BB () BB () BB ()
FEP LR AAIRAE mo
U Poo 0.64 (0.04) ™ 0.75 (0.05) ™ 0.74 (0.05) ™
gl (=) Bor -0.03 (0.05) —0.05 (0.06) —0.05 (0.06)
PERT (5B Boz 0.05 (0.05) -0.03 (0.06) 0.01 (0.06)
B R T
i Puo -0.16 (0.05) ™ -0.25 (0.05) ™ —0.23 (0.06) ™
4R (=) Bu -0.07 (0.07) -0.05 (0.07) —0.06 (0.08)
MR (5) B 0.09 (0.07) 0.16 (0.07) * 0.12 (0.07)
B RRUINZRTE o
HIE Bao 0.06 (0.02) ™ 0.06 (0.02) ™ 0.05 (0.02) ™
FEL (=) B 0.06 (0.03) * 0.06 (0.03) * 0.06 (0.03) *
PR (5) B -0.07 (0.03) * -0.07 (0.03) * —0.06 (0.03) *
B EER R n
#REE Bao 0.02 (0.01) * -0.02 (0.01)
4l (=) Pan 0.00 (0.01) 0.01 (0.02)
PRI (5) B 0.02 (0.01) 0.04 (0.02) *
BHAGEKER
i Pao 0.05 (0.01) ™ 0.07 (0.02) ™
4R (=) Pa -0.01 (0.02) —0.02 (0.02)
MRl (5) Ba -0.01 (0.02) -0.04 (0.02) *
FEREIR S R R R
BREE Yo 0.06™ 0.06™" 0.06™"
JE—iRE e 0.08 0.08 0.08
e L 1350.81 1334.14 1347.23

*hk < 001, ** p <.01. * p<.05. % p=.05.
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0.90
0.80
0.70
VR 0.60
5
T 0.50
0.40
0.30
0.20
1 2 3
e [T 0.64 0.54 0.56
- -0 0.64 0.47 0.28
—— =7 0.64 0.60 0.80
- 0.64 0.53 052
—@=— [T fl+157 0.64 0.56 0.58

1 BEEEHNBERR R ZE

(2) BEHEGHEBEIR R REZPE

RIgFR 5 BEHAE—MWNGERETR - FE2EHEHEERGEER - SRR
SEHREAAIE By 0.75 (E#EEEHT (SE=0.05,p <.001 ) {FAEERAIME R T3 A HEREE 72 5 (Bor =-0.05,
SE =0.06, p =.38; o =—0.03, SE=0.06, p = .63 ) - B2 ELHVEHE IR EH NS - 1°
FBIIREGELGE RV 0.19 (EEEEHT - 55 " S HAHREGEAAE KD 0.26 {EZEHEET (Bio =
—0.25, SE = 0.05, p <.001; B20 = 0.06, SE = 0.02, p = .01 ) » =FFERELAYEEZRHLRCR R EELT
HFERE 0.06 (7R (SE =0.03, p=.03) > {15 =FEREVEERBELN B — 2 IR EGE A
BV 0.13 (&R » 55 B2 HHHR AESEAA(E R ) 0.02 {EZEERHT - 554 VSR BN =338
241 0.16 {EEEEHT (SE = 0.07, p = .03) » i EHIZREE AR 0.07 {EEHET (SE = 0.03, p
= .01) » (F3B4AVEER AL S — 2 B REEAA E D 0.10 {EZEERHT - 55 " E2RAHAPR Al
FEARER D 0.22 (EZETRHT - 5228 (ST At mn2ig g 1 7 e EGg i 0.05
(&7 aEr (SE=0.01,p<.001) > [ HAEFRFERTHITHEEHZZE (s =-0.01, SE=0.02,p
= 46; B2 =-0.01, SE=0.02, p=.59) -



SRR BT Emin 5 5B AR 95

WIE 2 Fror > EEE B(EREi PR - =R ARV AL E - RIHY 0.75 {6
BRI eI EIRAY 0.73 (EREREHT > T =40 B AR HVBEE st AR (& T+ ZE KA 0.77
FESRIT © VUAEAR 2 A AV B R R T AR HAWIRY 0.75 (B BSR4 NI 2 IR 0.49 (FE T -
T PUAEER A A BRIt IR 48 e IR AY 0.53 (EERRYT - EREEHESR R 147
DAPOEER A Rl > TR B R A ER RO E 0.49 (EHBERITHE S 2 0.54 (E BT -

5  FEREFEEHESEIGHNRE - RP AR = - VIFEHEE - AEREERR
it B A EIHEEARIRAR - 2RI A —(EER IR - BN = AR B B il R B S R D4R
FAENBERRGRRRERE =L - BIRINS - BRI IE = F808 £ 0.02 (E#E#EHT >
=R A -0.02 (EEEFRIT > PUGFEAR 554 -0.22 {lE#E AT > VU452 42 -0.26 {EZEFH T - fitim = -
VUSEERERE ~ AR EE GRS 1 5 BRE I EERRL 0.05 (H#HET -

0.90
0.80
0.70
o 0.60
:g
it 0.50
0.40
0.30
0.20
1 2 3
e [1T] 77 0.75 0.56 0.49
- - 5 0.75 0.65 0.53
—— 0.75 0.62 0.73
-—o-- 0.75 0.71 0.77
—@—=0 2 [ {Z+157 0.75 0.61 0.54

2 BEHEEHEEIEKREITE

(=) BEEBNEEE SHUEIMRERIEE
g 5 2B E B (E—MVAEREUR - 5 B2 EEEMEE B S HE R
Btk BT ECPIELGE Ry 0.74 (E#EHT (SE=0.05,p <.001) » FEF4RAMIER] T EIA
fEFEE AR (Bo = —0.05, SE = 0.06, p = .45; Poa = 0.01, SE = 0.06, p = .93) - ELELRRwhAY FHEL 1
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CRRE I T8RS > NI REGE A (E IR ) 0.18 (EZERE T » 55— ER AR an B
/1 0.26 {EHESEET (Bro=—0.23, SE = 0.06, p < .001; oo = 0.05, SE = 0.02, p = .01 ) = —4FE4RELA: 1y
BB R DR VUAE4] 5 0.06 {E#EEE T (SE = 0.03, p = .03) » {15 = R4 AVEER K
LA 5 — IR EGEEAR BRIV 0.12 (EZEFR I - 55 "B U R RIEGEEAAER/D 0.02 {[EZEFEHT -
B AR RO R NI R 2 AR R 0.06 (& HEHT (SE = 0.03, p = .02) » {1554 AVEE2RRL
A — B REGEEARE RV 0.24 (EZEFEHT - 55 " ER AR A EEAA(E R/ D 0.50 (EHEERHT - 45
EHEEBPET HERgmnNaie - 1 7 S ARSI 0.04 {[EZ T (SE=0.02,p
=.01) {HEEA (Boo=-0.02, SE=0.01, p=.08) FILELR T HIETEZE 55 (s =0.01, SE=0.02,
p = 42) - HEEHEIRT HEEESNEEFY 1 5 a4 B mtig in 0.07 (EEEiEHT

(SE=0.02,p<.001) » 532 {ISER sk b1 0.03 (BB EEHT (B3 =—0.04, SE=0.02,p=.045) » {&
TR TIHfEE 2R (B =-0.02, SE=0.02,p=.22) -

WE 3 fs > EEEEIRNEE A E hei KR » =R AN LT
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