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Discrete random variable Continuous random variable

After the first value i3 defined
the second value, and any value
thereafter are known.

A 0 B 1

After the first value 5 defined,
any number can be the next one

0 1 2 3.. 011614 112 1
Therefore, the number of Therefore, the number of
values s countable sy valuesis uncountable

WA F A pefed FAPF A fen ¥ PRET £, #7 & RA
B To calculate the probability that the random variable X assumes the
value x, P(X = x), or simply, P(x)
B add the probabilities of all the simple events for which X
1s equal to x, or
B Apply probability definitions,
B Use probability calculation tools (tree diagram)
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B * #c(parameter) o * %8R| E I * ki ik* WMol E o o* BT
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B 2 (error)® #icE BEEd R AMTED L G ESL o

i H g4 % (simple random sampling)

B REAHP T TR AR e A d B2
Ardd A etk dx,Tkﬁ_; i H Sf ¥4k * (simple random sample) » & #§ #-

% g3k A~ ( random sample) °

A K SE ¥4 # (stratified random sampling)

B OB A ) RO eSS L EF LG 2k (strata) 0 3%
g e Bl (X LR R %fr(homogenemy))’ MR LR (x
# % B 7 (heterogeneity) ) o * R 75 — BRI E F AP - k>
FAAEE PP EAESR A > Sl ko &2 H B A T
- &~ K “E ¥4 ~ (stratified random sample) °

3% 4 # (cluster sampling)
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%Ki ¥k (systematic sampling)

W s S N B 2 BRSPS > £ gt kB BAEY S B
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(inferential statistics)® =04 o m fadhiiteanfl# » 4 & ZE = A&
W H AT e Een o (R LIRS T oo dahiiE gt
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1) %34 (m &) B3k (null hypothesis)
2) K Y
3) & ¥ -k ®(level of significance)
gt @ (critical value)
5)P & (probability value)
=~ BRR Y B 3R
1. pa st 4 O @ ) Bk 22 5 = B
2. EREN ST (a)
ik Ho 7 Z " RIE P Lf: @
.-z qph e L ERIFE YRR 6488 2 4&L Ho
- H R R R %
- B ﬂtm“‘;%;
l.oe g 2. 0 A5pF
s AR B Bk
1. b2 4%~ 2 4p i 4 A
2. AT 5 F %
A g e % k& pF
2)/] k& pF
B EBEERT
B EMERE R
3. 4P ikt AT Iofc2 ¥ %
DR A
2)Z 3 S ()2 %

i

X}




TEERKT P FHE ¢

6xkT AP FHE €

A 4% : Two Population Statistical Inferences on Mean and Proportion
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distribution) ¢ - * HEHUFHE > A EAF R FHR P2 H AR
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(standard error ) e
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AERES > AT AIIESEABRL 2t F & YR )




TEERKT NI EHL ¢

TagT A3 FHE €

A 4% : Two Population Statistical Inferences on Mean and Proportion
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A 4% ¢ Inferences about Variance
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A 4% ¢ Test of Goodness of Fit and Independence
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ﬁfl A E(goodness of fit testyRLF| M [ TR (RN PAEREEY ) 7 kL
F\[ ﬁﬁﬁ ERG () 73 F/\I(mlx)
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ﬁA?‘ g’ﬁj"ﬁ[‘" Tt o
K A% H B A BAIC S 5% 5 ?WEM[EHS R ANAR AR
ﬁ%%ﬁw*if [T RS U S S R -
i o %%%ﬁ“f*WWwW@’~¢%%W$¢ 50
HITE 30 ~ 35 135 % o 34 A BRTEHHHapE= o 1P EE ORIy
SRR+ ST AT - IR FE ] R - B
300 (5 o B - EP- F RO A R0 ¢ B
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[ 3R3sSPSSH vt e 2 & 1% card iy o

Be f32SPSSens iy £2 45 8L o

78 fRSPSS st A 4 ot 3 <

S0 IRSPSS T B B s o

B f2SPSS#4 it 4 ¥ #1447 (Analyze) # it o

B fRSPSS# it % ¢ i pim (Help) # it o

$5 31 SPSSF AL 4 2 = enih iR o

PR e 2 o e LiExcel 2 Text i * -

R BNT AR TR OTE > ¢ FRIRESRIL
i pAeie i 7447 (Analyze) e i o
P pdrP i 7 o %IE T (Syntax Editor) =gk i% o
| BAcr RN E (Viewer) ek iv o

N I Y Yy Y Y Ry O A O
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i/ @ (Missing Value)
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SPSS & SEM

[ Bt 42058 (Structure Equation Model » SEM) # 12
PR S A 455 2 R A T R B AT o

] SPSS/AMOS#-ie 2 SPSS2- & #73 E 41 ke enflh = HiC

f o AMOSHE AR AT 1 el ) /i 6 o T AL iR e iE 2

B4 AT fe s AR o

1 AMOS# g i * ‘ﬁ&é/\a‘ﬁé‘é%% = Jﬁﬁgﬁw
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Scientific Concept Construction and Reconstruction Digital
Learning Project

Three-years project supported by NSC

It has one leading project and three individual projects

SCCR : Scientific Concept Construction and Reconstruction Digital
Learning System

Purposes

Promote students’ scientific concepts construction and
reconstruction

Promote students’ scientific reasoning

Conceptual Change : Dual Situated Learning Model (She, 2002, 2003,
2004 a, 2004b)

Scientific Reasoning & Conceptual Change

Adaptive Digital Learning Courses

Many researchers have suggested that conceptual change involves
deep restructuring, not only in the concepts, but also in the ways
of reasoning (Furio, Calatayud, Barcenas, & Padilla, 2000; Gil &
Carrascosa, 1994).

Lawson (2003) has discussed the relationship existing between
students’ alternative conceptions and their reasoning ability.
Park and Han (2002) suggested deductive reasoning as a potential
factor in helping students to recognize and resolve cognitive
conflict. In short, recognizing their changed ideas, and the reasons
for the changes, is critical for conceptual change to occur.

Can students’ conceptual change and their scientific reasoning
ability be promoted using DSLM with an emphasis on scientific
reasoning?

What are the relationships among students’ conceptual change,
scientific reasoning ability, and their knowledge of atoms ?

Can students’ scientific reasoning ability be developed over time?
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3%%\23:){?? Tukey-Kramer || — RIS %gh 1 ﬁ%‘%’ B
1 s procedure BI8ysT #7- JiHT
oo x| | * 22
| s ikl

gl 3R 2 HAI(SS) | EFIPTE (df) |2 HE2HF (MS) F
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e S A B P (MERE) DL - B N AR ETES AR
A ST Rdek i AR ETRE > BETRE AL BE IR L T
TR LR

® i s47d 4 F & (Pearson, 1901)# 4 > £ 4 3 # & (Hotelling,
1933) 4 12 B

® ud i b FANATEEATRE(D XI Wk 0) (BAp & R HEP
F)FERG IR R A AR EL .

@ i AAANARI ABINIAPLE ETHh o BLAFTRIL T L A A A
A e BAXASBRPAY  HHEBENRE RS EH(I FEE=0)-

® GTHEH P BRI RLTHORESR

® p BREFELET D (P BLIAS Kk RAFHE » ZAL A AL
R etk o
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® j7(loading) » 3T%#cd ER BT chip b (hli > £ 7 Rdo B B AT B
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5

® FANERM o AT RLREHITREDVTS 3 o [ Fens
JEF RTESERLS S DLE -

® i f(communality > s ff i) %1 A4 ERPES %R
!

® FAIPIRASTH NI APMORTRE MR- W R a4 RIALE
FErFAXLLAT 0 BEARALSALEFTT UMREA L ek A d s miEEE

X EFEEL 0 PRGN RATR
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A Ay I.Fﬁ%@rﬂ\ [l g ! E\Fﬁfn » PR fﬂJ[ﬂf% ( common factor ) © 2. Fﬁ?
BrrRE JElfJf[ 53 0 FEIER ;'Eiﬁﬂj N3 (unique factor) o
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T FLRE -

® xi=blyl+...... +b10yj+e
YRR RN ’Eﬂfﬁ < EFETT S b1L.b10 (FE RN ZRAS

B8

¥
5 X2 %3
1 ‘1 1
® [F]¢ 000 ’)T}q‘ iR H Aoif e » ﬂ} Vi b g ofriieblatent variable
Bfactore R LA 1?7 PRI ERBBE > LAV 'l%ﬁxl Y X2~ x3 K
BRREFT?9? 23 %7 Q70% Fw2aLp| 3 > % tf‘—"lfl Pog s (e iR oL

PhiE D AR - B AR R g T B p b S T
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® @A Pk J{.ﬁi:}ﬂﬁﬁ?m e GRS U -2 é,:;*nslgrgg»};
Wl m AFEWEFM B iry By oL o

® % u .~ t7(Discriminate Analysis)f - faipic=> 2 > HERI ¥ T X
TRAEH A e ek LM AA BEE S TR - B RS SHC ok AN
FZRBFEOPZTESBPHESD SBC BRI AP DG

O HUGERRE()FEO)IRPEE > RELFEREPE T EpFRE A E
E

® VR IRRIREE G R YA
[ ] Jf":!:}i;%‘r% ,Eq% SRR EE S (SR Fi“% 31% | E - 2
® T LGEH(0ZFLTIFHEFNLE o

{

$RFE A TEY B KA TR
B - FRBEL RO BRI EE Y

P EE - pEHEAT

MR E - BEnER T

PHUATEE  F - Bl IR LRIToRBETIELEY o
EAEFENEEER L EH L L o

® (Step DMERE= B+ B

(Step 2)J1* = B fa+ B#-77 BEA

(Step 3) : HBATE~ B

(Step 4) FI* A€ ghlrry BLA

# % (agglomeration) = j#

gl - B Tipivsed | (similarity matrix)

ipinied e S E

FARCE FCN R -

HE 2 eaped

B ¥ -:3% (single linkage)

B 3% (complete linkage)

B e (comparison of centroids)
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® AE SEM? §H ¥ 3A* - k5ehE N o R R R 2 B b causal
relat10nsh1p o BB ALt 2 ,i}uﬂ % SEM -

® T EE & 0tis Dudley Duncan (1966):7~ % Path analysis:
Sociological examples d' ko T o — B> 428 - B Box > — B box ¥
fee 7 5% E - a SEM T‘un;g g1 Box 2. R eiff 1% o

-5

Intelligence
Quotient: X,

econemic Rating: X,

(Schaol Socio-

Fic. 1.—Causal model from Turner, of. cit.,, with path coefficients estimated for male sample

® B AR E A G T RILGAHAAY o T B2 AR R
MAZF R L G- RS PHNE P DA FE RS T F R RT R
M TR G - B /E@ % 4 (Kline > R - B1998) o« - x> B
ARG RIE AR ES A S RIERAS ROBEZ RS F LY
BBl A BASENA RNBEAS RN EAR B LM Ao T
S ARN A SRIERS B LR (3 g 0 1994) -

® PIE e 4R

XY & wl o Rfep Rdpth s n o~ e # 8l Ap ilﬁrfr'“ilﬁz%fé_ v 0 ~e s
A XY R EEE S AX A X e b RIEARE M R0 Ay LY
IptRg N RAELRE B
® RHHAR =G+l et
nAMNRELEE e AN RBLRERTM G (AP RBELRERTY
Bl A ABRLRERP) AELRERE LRGN A oins o
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o @.?f.;év’ﬂﬁﬁﬁ&ﬁ y BERA IS G ] Aok B A L A
(disaggregation) » -1 22 (estimated standard errors) %
@i oM % - KF43% (typeone error) B3R 0 e PFL & E
ERFA L FILER S 2 4ok SR 44T
(aggregation) » & #-% w8 @ ip 4 §IF P T 3ol s B ¥ > HERY
Borip A G H g B~ o ms M & (within-group) vt 435
WIER 0D E Fllegandriiig *Qﬁl%ﬁﬁim%#

® HIM &7 peadfidd § F3 benpflo b8 kil 5 ¥ Bl A
;¢ (covariance components models) (Dempster, Rubin, & Tsutakawa,

1981; Longford, 1987, 1993) : &Ar € F# 3 ¢ » F 5 5 FF A SRR
(multilevel linear models) (Hox, 1994; Goldstein, 1987, 1995) ;
A Pt EY > fz LR ek #53Y (mixed-effectsmodels) 2 5E#

»c4% #7 (random-effects models) (Laird & Ware, 1982) ; a3t& &
A 1]?% v fl2 SN Tl Eﬁ“ﬁ-‘;“ (random coefficient regression
models)(Rosenberg, 1973) - i & 3 2 #El@%,r % e }E& 2
“hierarchical linear models” - i# » Fl& ¢t — LAl T FEk pro7i
W2 FHEF Tk S, > Bt i HHLM Bflz e

© PIRABELTHREES T BTG RIUSRA o 0% TN
B A 47 O~ JEN e M2 24 % a0 2R 82 AXVARCL 1t
BT AIAL BREAEDTM - T2 fFROTRL RS
B3R o

® [FR MM T < S
B g% 5 73 $ B kA 19 (one-way ANOVA with random effects)
LR R TS R (RN R B S S

(means-as—-outcomes regression)

B gk 8 73 2 88KkA 19 (one-way ANCOVA with random effects)

LS T st fFHCSY (random coefficients regression model)

B 3ot 2 A5 R (a model with nonrandomly varying

slopes)




MEERRKYRFEFL €

¥ XKTAFEHS ¢

AL B AR i

PR 2 2009/5/14 8L A 2012

A AR CPRAE KPR CMEPE 2R AHFEL

(edr B mp@

o SEM - % f ¢ 3 & %@::‘:ﬁﬁ/} 17 (covariance structure
analysis) | ~ "4 %5 4 ¥7(latent variable analysis) | ~ "% #
M F1% 4 47 (confirmatory factor analysis) ;>4 % FLISREL % +7 (LISREL
analysis) | 5 >SEM % &1 % ;ui&ﬁf?_%i’ FlEZ A VU A Y- 38
SR 2 ik % B enhd %k (Hair, Jr., Anderson, & Black, 1992) -

®  Hair, Jr. ~ Anderson £ Black (1992) =iz » SEM 2 @ * # 3% 1% 5 (1)
FREATARZEGAHI (DS HERARF 2 F %M RSk E -~ (3)
MACRBE T G - RO AR Dy TR RIE R (4)355%% » AE
FUpM L R i — & RHEL) > DY AR T2 LR R
FRIZERE -

® Bollen # Long (1993)7 % # &1 SEM 2. 7 £ js* # 3¢ © (DR 7 235
o (OB 2R (D 23 s (D2 AR~ (5B 1
AR F2Z Rt o L i AIEaE o SEM2 2 % 2 2 ¢hor Tde Dt 2
B —SRE B E i At ) Fe b3 e - @ 5 LISREL
22 SEM 2. 78 * % 3% 4R 5 49 02

® LISREL 2 #7m gtz &L+ 0 Pt | * y=bxta dic® BT > K iEX -
FRE2ZFOSBGHEM oo R > YA R TER RSN LT
TR (AT AT AR AR SR E L R R LR E L T Y
B F-xk)4rZ .\Q;ﬁr’ Xt ke E v &j#ﬁ’fﬂj\ﬁuf’gv?— 7oA LA
55 o

® LISREL & # s ps ~ 47 (path analysis)— #& » X 3| - 37 &322 %R
Lm"’# (i A T3) » Fwt o p j& Joreskog 7% & 2. LISREL si3*32
Wk sk o 24 2 LISREL # * 4o 0 3 X 3] LISREL 332 2 ehif
f‘L'Fi o f¢ X » ¥ Joreskog ¥ Sorbom % 2 I LISREL %tztdickiz 18 » > &
A 2. LISREL ¢ * iﬁ LM A FZARIHMATH kil I -
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Flh M GO 2 R R T
fZre & 4740 LISREL 24534 F1 % M (5 £ & s fE 4 47 H05° >
EU‘E'E"’ AR GliE el (R L R R el )L |
bl RS G BEAR Y BT v R ey R A4 ER A
7 FE s % a0 d N angEm e (Identification) BE 4L
Rl EEE R R (L A D) ;Tkﬂdft TR SR A FRvE- R0 A
*i%&&%%%iﬁ—%EEJ—%’ﬁﬁﬁm’fﬁﬁﬁﬁﬂ&%%
AR RN I N S 3 F RIS AL TR

" <1>ﬁvﬁ F B g 4
u ()87 3 * &gz

otk S AR BE pd DS gRE S > PV R A EARET g
s g d R (Degree of freedom) ¥ 5 = 4258 B #ic S 3 B feen L o
FHSEC Xoos 0 AFLAERLLG(EEfRE ) AR
W2 EF Ak m N GG AR TARES EEFRIET
£y (E""W’J“"}g RS o

4o % A \%bi’ﬁii‘aﬁ BaiE (Wb pd B) o b v A1 AMOS e
Modification Index 43 3|3 4v B /S e

PORFERT ARG R B ksip d Sldy T L AEATE A 0 N R R
4ﬁﬁ%$&§%ai»ﬁ?ﬁ%zﬁ%imﬂmﬂﬁ%kﬁwﬁ
BA¥#F2F iR SR T3 A

" (REFL
| (b)lﬁn}fu P‘/F'J:%_ﬁ%./ff‘_
B (O HEL

TH kN AR RSN
B -SSR T EEUH T R RS 0 R
FeTmEY 2

B AR RS B AR T R

B AR A N E %A AT FAEREAHE R BB E T
BT E A 17 x Fi;:z;% * J-’f#-l E el e Fé'ﬁ By o &%*’% KR A
o g% S Y - 5 BGERE R HY  o 5 R Y (Joreskog &
Sorbom > 1993) -
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v

® Title: 77 BFALTNMBFFOTFE > B4 * | 1F 5 FEf» LT Mo g Byt
FlE A - B o AL IR AL TR A - FHRALFL- Biogg o ¥
14 group AZE °

® Observed variables: T HZBEZFFE LA -V BE 2 F2 AT B>
SO BT o BRI LN PER > LR bﬁiﬂ TR B oo s R
LT P EFEE S F -k WA 4o xl-x9 o

® %w:?ﬁ%&%?ﬁ’#%ﬂ&%@‘ﬁ%%@‘iﬁ&‘%ﬁiii
A P Y §

O  EIBRINT L L Ao PR FT AL PR AeAh R 0 B & raw data from file
¥ psf o #-F4L B 3% 2 © Covariance Matrix - Sample size: ﬁia?J » FoR
ek & B dic o

® latent variables: T ZEAEFHECLH o 7 iy ﬁﬁ’*i‘g& HEAF -

® Relationships (& Paths/Equat10ns/Relat10ns) & B R T B
o mfais 2\ WP L T T kg

® =2%q2 E5HL5%0 5L FIRAE > o PINT BEWINT »

P& = WINT=PINT -

@ i giE lHHHIHITRA L ELERE (BESELATEME )
4o ATT ~ SN ~ PBC # 58 PINT > RI® = ATT SN PBC—PINT -

® ETERFLFAMOE L TAGIE Y ORK T 40 Z2=(1X > &7

T AR S EE o RF AU AR R S A X R R et

Set the error variance of varl to a

Let the errors between varl and var3d correlate

XTI AFBEARIT 2R L M Set the correlations Ksil-Ksib to 0

X T FLE x5 4p & Set path from varl to var2 = path from var3 to

var4
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edr A -mP©

-~ FHMaEpe R Ap ik

Rdp st AR R A TR B engpeieh > §4 2 () EXg

BF (P>005) - S h TG EHA S FLETRLARER 2

TSR F g @ 3L i fe & dp 1R (adjusted goodness-of-fit mdex
AGFI )~ {38 v 32 495y £ (standarlzed root mean aquare residual, SRMR ) #
Kb s B2 RRGVEY k- L F g fedeR o 22 RITGE (rOOt
mean square error of approximation, RMSEA ) f| &_#78& 5% A * %iﬁﬁiaﬂ =21 kY
RPAELPE fe AR R 0 ARG B E A o fedpik 2 BHF R 5%
#4n % (expected cross-validation index, ECVI) 4% * & 7€ I - %s—;\ R T
JEIp - * HAY PP hd BERAR LT ARG G T
— o~ L ml@o;ﬁ;}ﬂf;

TR B RSN B P R ARG RAERZY
ZEI AR A fedp iR (non-normed fit index, NNFI ) ~ #4p % i fedp i (Relative fit
index, RF1) ¥ +“ $io i B 442 #0520 F enif e de B > &% 0 TRV 4 m & 1
2 i e AT o
= ARAERER

P HFERIE R RE R AT IR FARE > TRIEHENY AFF LA
T2 RIEFLELT *K‘i%§¥ﬁ5)§ ?a:;&gi’g (p<.05)> T & 7RI E I 1575 i
5 F R v e R E BRI 0 THBIE R VAR B
o~ Rl e R

U R B TR B R IE L BRI R ARV RERET R
izE B RIPEH-TE OSEFERPF > L7 725 R dkpg » 0t
A% 53 LESERARR
o B AN G fedp tR AU

i il i il ot 4

- SRR Z EAFERAR

7 A1 G4 o p %2205 Cho S mpE P EEELE
e E M OF K v A

AGFI >0.90 N4 [ R 05~5957F;i .

SRMR =0.05 P RERA

RMSEA <0.05 RI= & E R E kR

ECVI R R

IR RR

NNFI =0.90

RFI =0.90

FAL kR ¢ A% E #5358 —SIMPLIS e * (133-134 F )0 A2 % 220060 s @ % EHK T o




