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A Preliminary Study on p-Hacking in Quantitative
Educational Research: Definitions, Impacts, and Preventions

Chien Chou*& Jiun-Yu Wu

In the 1920s, the statistician Ronald Fisher introduced a statistical theory system
based on probability calculations and evaluations. Fisher coined the term “p-value” to
denote the probability of observing the obtained results, assuming that the independent
variable is not influenced or manipulated. This calculation helps evaluate the likelihood of
such results within the research context. Later, Neyman and Pearson proposed the concepts
of null hypothesis and alternative hypothesis, advocating for the inclusion of both in the
hypothesis testing. While the two approaches to testing statistical hypotheses were different,
these approaches were later integrated into what is now known as null hypothesis
significance testing, with the p-value as a standardized measure for statistical analysis. In
recent years, however, the academic community has identified a concerning trend known as
“p-hacking,” where researchers misuse or abuse data analysis to achieve misleading
statistical significance. Then, researchers claim to have speciously successful experiments
and publish the implausible research results in journals. This paper focuses on p-hacking
within quantitative educational research, exploring its origins, definition, technique, impact,
and how journals prevent the manipulation of p-hacking. Finally, this paper reinstates the
correct perception of p-value with recommendations for preventing p-hacking, including
providing evidence of practical significance while presenting statistical significance,
ensuring replicability of research results, stating the structure and details of statistical

analysis, and judicious selection of appropriate analytical techniques.

Keywords: null hypothesis significance test, p-hacking, quantitative research,
questionable research practice
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HESLHRPE p BEREFRSADER
EF  FEEBERE
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S O] AT A SO SR S TR » R & S T » thAE (R
EECEBAR - B R B B B R AR DI Ak
B SRAEEAGEE - b RLHTE RSE IS TS » R
SR TR RIS - BB R RIS - BISEE MG T 5T
Tkl + DU S R 2 R A

SEAEA » S APEEATLEE SPEL SR ART » TR E A T A B R
RIS RIER] - RSB TSR A RS R
LR AR S EE RS T RS E SRR - S S
B S HT RS IS BB (0 IR BRI 2 ST 2 14
SHOPTTEIE S > DORERIIE - ERREMSE R (LHIZE - BB T S0 LEvE %
TEFISE SR S T A P B SR R - P S RER S E B F
o FL 7T & TGS MR A7 7% » IO RIS R BB % 7 £ LA B A B2
AR EIRRES » B A (F B S EIE R 2 5T - 45 /205 BB B RHR B SR
(orders of magnitude ) » /2 T RS BIETTE I T R MEMAHT7% - H5a]
HEMSP B M (R T - R L RS IS  statistical significance ) G558, »
BB B s -

5T AR SR AT BB R Y — RSO
HEPEFABYL - [DRERFERO R  BPERSELT » #CEE R
TEREFIFIBIERT AR SRS A B RS DU R S
7 (Fanelli, 2012) » 372 ST BRI B RIS © HIFI R SRR 84
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STABEEGS RIS  EERIEMER T —EEE - SR — R R
W5e1T R > BIFARER p-hacking RS2 » ASCHE Ry T p EHIRFE | - p (HIRFEET T AREN
15217 A | (Questionable Research Practice, QRP) ( Sijtsma, 2016 ; Steneck, 2006) o
Banks - Rogelberg ~ Woznyj ~ Landis B Rupp (2016) 05 » QRP WELEEHREE T
B FFRIAFE R (assertion) [ 2 ARG IE TR - EBEITEREZE 2 5%
it~ OATIEBREEARTERCR - p EIRFR R ARSI T R — T - RIERT R G EE
WHE B R SR R PR AYERRE - (R E ORI TTA SR - RIEAIERAERR L RS
Al SRR E R —EE -

MS KA EREBEE KRB ERIEEER » FINREEENE(LHTITE
DRI EUAR BT AV ERHEEE - DU RGEAY > M EAaS SRR - Rt - s
WS RER N p [HISFRE - ASCHI > 2 EEEE RSBV > BB
PRETBVA TR - 55HA p (AR SR ELERT » HRMOlU R R p (TR T4 ~ 2B R
Ei% s S B EHFR BT FE TR 8 p %A (T IERERYZIR - R E
TE% » TESHEAIISEE R it p ERFa TR E - HEEBEWE
FREEGE—ARRIHET R - BT - W e et —T7k -

B > p1E (p-value) HYRESTEASEEE

RS HBE R FEEr (et % HI p {E72 Karl Pearson 7> 1900 455741
-RJTHRE (Chi-square test) FHATFEHAYMES (Pearson, 1900) - &R p B » BEATS
REEFN4RETEE Fisher £2 Neyman-Pearson By )RHVERERAS % o & 225¢ Fisher (1925) #2
HIPERET R ARG 2 MBS » F9R(E BB AT BRI © » sTRE B
FIGEFATEE - W H Fy p B ESUEEEE RS (significance testing) 246 - [
Neyman 81 Pearson (1933) RIfZH! 7RG - SREHITIERGES B 75 o I 2 A
EBrVE % (alternative hypothesis ) DL HEfE{EE% (null hypothesis ) » [ {EzE5e e i €
B &R, © BRIEEZ ) » Neyman B Pearson JREH o ~ SRR 1- 8 FIRES > «a
RFR—5EER - HNE RSt R 2R MR e - M 6 URE 8835 > WA Rydh
BRSBTS 0 1- 5 AIEFR HieE ] (power) » RIMRIEMEMAELRME MR A%
L o BRIV R WA TSR E 2 g » Fisher HEEE GBS BRI BigETE p
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{E > 1l Neyman-Pearson @B/ ZEMERIEIE a ~ B8 PARFIFREEARIN © 8 E AR
IREEFAANEINGETEREL - (HFHERENEE S I EFH—(EE EAEE
KSR EHHEE 5747 7572 » 1B Fisher B Neyman-Pearson Y 57A&F—HE » FORL TR &R
e E MR E (Null Hypothesis Significance Test, NHST ) ( Gigerenzer, 2004) o

NHST 21F 1940 FFFEEHY - HpIHEEETL Ry Fisher B Neyman-Pearson HYRR
T JTEEIARE] - AHBEE SRR PR p (E - B RS EEARSE T ReHER
BRAREREEEE A& s )75 BV EEHH% p B8 a B 5RAEN T
(Brereton, 2019 ) -

H AT NHST {52 BRI E7 - HARREAYRE MR e A2 « b5edst
THREEMTRHE » e E e (Hy) BIEEgReE (H))  MEILRHAG 10 B Gt A -
TR E I E B HISESUATRAIRE (A > BU—E3Re —$haR ) Bin] mapiissavtise
RN (BT B — R3S o= .05 B2.01) /F Rl 5UE (cutoff value » B Ry T 9
filE ) > HETE G ETIBE /KA (significance level) » WTFEEREERRGAIMEHIA TR E
M7 ReBRAE R IR A BT T - WEERIMVERAER (x) FrERAvastieiE E

(B0 >z~ ¢~ FE/ E) BVAERER (P(Hy)) - & p [B/NAEEE a=.05 B - Bf5%
AT DA s R ERVRTHR TSI E & RV EIRE /N - AR E R E
A 2 FFRE s - RIE PITE4R AE fitfies - H A H R EBE RS IR EEa R
2 o I - FrHVELE B B B B A L% - S E R AV ERE BN S I
Fir AR SR 7T LUERE LT HY B T AR

PRILE » R S B A e e A1 — (B T ea Pl RS SRATHER RN » 1
i T Y R FUE RGP p AV - 3B ZEAE 0.05 o SISREUHIHY EERR A
Hint EAVBERGEEE - WRLE p E/NA.05 - TR R&ETERE (HEE " Btk L positive ) »
WZeE sk TR sy - (R B 2 A& A (2 TRtk -
negative ) - {25 - EERAAE 2 E AR FIRVHEIE B 1% - BE BRI AEER
BB HERIE S - FRLURTTAE SR A H LB S AR - BRIV
BT R E S rlse A% - HRA RS SIS R - 9T mlReat
BECE s T BB R R -

Nuzzo (2014) fFHIZEEHIEH) » & Fisher $2HIBZMEIRE S p EFF > HEHA
A E - B RegETHE - BRI ER G R R MRS IR DI R SR
BRZEER - bk 1920 FEACREABEUEE T Frsl T DAESHE R AR BEAYIR SR, (evidence-based
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decision-making ) JEUH - TR T M RIS | - SR AS SRR
Jerzy Neyman BAB3LER 45512257 Egon Pearson 2 H R [EIRYIRANZE E] (rule-based ) B}
SIS » DA (statistical power ) + 35 (false positives ) B{%
f&tE: (false negatives ) 2% (Perezgonzalez, 2015 ) o iZ (1 B E N EFaw - W O AEHLET
I ITE B RaREE R LES & B R R TG TR s T ey RVt &
{EH (Gigerenzer, 2004 ) -

%~ p ([HEESFRIE R 45

TEIESest i baithe R MR RRARE M S T il s - B BimE - (ke -
il p (H#ST - EBEFET - BI5MHESE - DR —ESEHeREE T p E/INAESTE
CEHRE 5 0.05) WVEESR - IE4E T MRS - b EE R ER RS AR (R
WFZE A B (B BRI E AR & e sx s R AL T B — 53R (Type
I error » HARHESS AR o) s 2 0 (B2 F © WIS MeEasE RN EAEE fitf
&0 MER EEENIEEN AT - sxiigss AL T B —8H5R (Type 1T error >
HAHEER AR TE R B) -

FTasey p (BI85 - SLEME A R EHEGRRER L » DUEER S
GEEL > IS RS LSV RIREE IS DASE 45 F T 258 B0V - 7IRE
S0 TR 53 (loannidis, 2005) » EE EANOIHSEEE M - AIRbTE &R
FEEHEA - wERIH RRERY R RGN TR Sea T B R ER S B P st E R EUE A N Ry
MEEEEs 3T iR B ke » LA G SRR E TR &
Sppa TR T RE R E R R A PR - tHITA A EE - Nuzzo (2014) HIE » p HUKZS
FHiRE TR E BT - (R EM A WRER IR GAT AT SE - AUHE > p BEFE AR -
O~ BE - g RS > A BTSSR O S BB KRR p (8 0 BT9E
FRBEECINER » p HEZEREARER/ N FAhEE R - [ ARBE R RS
BEREIERT AE RADRE T » th— MR g R &R E a5 E
{EME R gl - Kt &ARFEEWRELHENRS  p [EEAHISREME (Nelson,
Wooditch, & Dario, 2015 ) °

2013 EZFEFE =4k E1E2% Simonsohn ~ Nelson DL Simmons (2014) [FEC7EHAT]
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s HEH, p-hacking JE{E#EE © B =7 E2E FAE L AUt LR - &2 EZ R
Tl fg > By T e E 7Y E H1E | (researcher degrees of freedom ) ( Simmons, Nelson,
& Simonsohn, 2011 ) « fil {22 5.0 EELSEIS AV ST EAE B BRAT - 78 MR R E L%
DREARRE - ARFSEBEIEIR ST o 7= EFEREEEEERE (outlier)
% MREGTRRS ARG oM E2BEREGH L ESEGE (HIa0 - #HkR
HERF(E ) ~ BEFEMERE (B NiEHREE) - BRI - HIFHEDAEEA
HATFHY p (B - 1R =AY T 7 (EIH9T - MG A RS R E R
—{EgEEART RS (EERHURYER CET 64 5%) BLATDUFER 1.5 5% ) » Al DIFEE1RR
BEAREY ~ PEFIBEIH DU R s - KA SRR AT R RIS AR -
AT AR — B p (HERFEAHRARY 445 - BIAISEEI4RETEEE Andrew Gelman
B Eric Loken f " IS¢ 7E[E | (the garden of forking paths ) SRIP AT & S A Bl 1%
B R TE T AHVEI S (Gelman & Loken, 2013 )« 5341 » T 832424 |, (data mining >
B 4RSS A BRI iRy 4eRE ) T #5854 | (data fishing ) " $YFERZ |
(fishing expedition ) ~ " 8HEfHE | (data dredging ) ~ " ¥ B =2 | (data butchery ) ~ " B5
B3k /=K | (significance chasing/questing )~ BEFE M | (selective inference ) 25 »
W ZHs p [EIRFEAYTT B (Aschwanden, 2019 ; Nuzzo, 2014 ; Smith & Ebrahim, 2002 ) -

B~ p (EE A HERFRH

WL T R B2 p [EIRTE © B RAVT /BB T BUE S mihés R 2 1% - IR
EMREEIES - HEIABENVGERIIN - GNP AR ORI S - W &R
DI T4Et 0T - BHRIBE T4 RV E tH TG s BB A A B ey EL Il Eb 22 A4
& B EEGILER N S o B AU BT A AR A ST SR B S5 — (B R S AH R -
HARKing (Hypothesizing After the Results are Known ) fH{E » FLHER €O HES
Norbert Kerr 2 1998 F42H » &l E FRIE I HUHT 4 sE0YE  tHE B iR t4S
RATRHAIRES » PSS R TT AT E Y fR Y © BRI SE T o TR BEE
YRR fE (R » PR Rt 78 AR R 8 RAVARE TH4S SR ALt i s HHS TR £2 (Kerr, 1998)

ST p [EIRFFAIIT Rl /2 HE T TEE AR EEEL © Gelman BT Loken (2014) #5iH > 125
EAEIHFCE S E— ([ E AR B - BT ICNEIHEE LR - SR
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— B RIS —(HEB Y EE SRS A E A TR - B
] — (& B B PN Y 5% 4 H 58 EE T T A L - BfI5E 20 R&REHE TR 2/ D158 — ([
HEEAE R (I E 0 — RO $ERAE T T 64% (1-(1-0.05)~.64 ) L0 »
f4: 7 Bonferroni correction ZEjE ZftzR# (familywise error rate ) FZIFFIAGLAYN » SR
BT R4 B B (B R A LB M2 B (omnibus test) FERK B EIRY ST J90% » TE(RTE
3% 1] FRE TSR A M B E LLI AT s B A AR -

HoAth, p IR T R B E IS B R E AIRIBR R - B0 - 7 B (R =AY 22
EERHI o BCE R EdE - SR S B R S R R S st o T
% B GRS AR AREORE] > BREEA LSD [ F Scheffe SRR ILERE - FLAL
BRI A E R E S S KRR - RS T BRI EN SRS E N - 9E
IS RS I THEAE 2 - ERE RIS M ERVARE TSR o AR T E S R s R
IR EEIGER - A S ARSI SE 45 - B T PRy RS
(cherry-picking ) HYERXT o

th ~ 85 p EHZEMTIRARE

EEEAVE » BEBIRE R O p (HiFEFAVRE - BN TZEAHE SR
EAZGEL (MROER > 2016) - REESEEEMAMRE 48 (F2FFEH ~ 2004k - 2019) » ATfEs
= o p EEEFFEETARE BBV E A ETT R (Research Misconduct, RM) » {H 24 ¥
J& I — A RIS TR (QRP) (Banks etal., 2016)

17 p EEEEETHEAVER G (R ? B 877 p B REEEEITRE
KENRE - BIUHRHETHRE - B - BANEARRER] (8T E FRIREE
ZEE 0 2020) - ASRMEATTHY HAYZ R AR EE BB - e NBEERA
W BT 2T fg BBl EEE S RRRE - DI AGER  tRE B R REE N
KE - FRAEEWERTEE GRS - HAEATARE (B - B0 - TR ~ 24 -
FE) 2 DURAMFESME T S &R REE 2 IR (5 -« Ramdife - 2 Abfse
B HREERDI AR - RN B EEEUERRFR - B8 BiE RS T7%
SRRV R - MEEEG G RREBERRE - BEWFRBREZEL  BRT
IRESTEIRS > g E R v R R K B R E N R E T - 3
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BAI ST — AN R EE 2 B RV EE FEETTT 2 -

R BSFFZPURBUTELERZOL - BRREA 24 [EIRHE 2 B A AERRRIIASE -
DA FBE RS HY 55 R AR4E B4t - BIAN{%35% 01 (meta-analyses ) » ELA8EY Ry B 7Y o
BIERE RGBT BCGEE B BB RN - B Tt T & AR S At
78 BRI EHREERGATE - fIAIRERE - SHETBIREFET (2018) $H¥E]
/INEI i R A SO R R B B A M 22 SRR I AR B o0 i 5 ST ~ BRI
Biffk 28 (2020) SHAHTENEEE B A B R Ao BN IR s o T 7% © 1&a o iés &
Z WOHBRA T ZE AV BOR B A5 5T (effect size estimate ) DAfS ) —{EHEACHYRUR B k5t

(overall effect size estimate ) » FE/JII_EARAEHRHYBHIT - #2005 ATF S B LT AIEE
RERRE N 0 PRDAMER S T T R BRSSO B AL S T S 4G TR S AYREEE ({9141 > inverse
variance weighting ) ( Borenstein, Hedges, Higgins, & Rothstein, 2009 ) - 122 &% 571748
g — AR - — BARN A SERIATERCR AN AN RO - FIRE G I ARIZ R >
MriFgest BLAR B ( Head, Holman, Lanfear, Kahn, & Jennions, 2015 ) - DI EIHZLAK
5t W EAUE ST R VS —E R SR TR B A R 4 B RS THISS
FAREUR B A R AR - AR A B B A 22 5 - TTENE BN B SRR
BHR BT - SR HEERY BRI - ERr i e B HEr -

e ~ ST R he e o2 p (HERFF

WIS p EIRFHEBS 2 —(ER - SRR SRR A BTt S & &5 =i -
Fanelli (2012) AYEFZEF] A Essential Science Indicators ( ESI) &RHE T T 4600 f52%
TAE 1991-2007 FRFIKHVER L SIS 17 FRIFFEEE R IR (M) ARSI
T 22% » WA TSR R AT - HE R R Y AR BRI RAIR TN © S
% (FiliZEA) WIERSSERGHCEZE =B ER - SREON CRRlZ3EE) - JMF
HA 7R BTt BRI SR i E5E i D P8 A 4 B HYER S (Allen
& Mehler, 2019 ; Toannidis, 2005 ) o $1¥fFEFEFR S > Simmons A (2011 ) HHATHRH
—EREER

1. BN —E BRI E A BIER E2T T Y EES « EEREGT - BIgUEE -

et TR EAUE -
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2. BEBEANBERELSBEATE - FMEENER ) HHABSEHEE IR E - alEE
BRGs  HEE ERT ZR L e -

3. BENEZIREERTHIRER A ZIURAAE— ~ BB -

4. YNREE Bt gE PR WS TN E R B3Rk T » BE N ET K EE EN

fi—ZAHEIRIRASE -

FribZoh > Head S5 A (2015) ik - HATI—ESHRELERARARAER - ZKam
SRR AN ~ AR~ K p RV NECRR S =L o BEEAE 0 HITIE
ZEORNEH SEREROIE LT TR - RRE HFI S5 p EAV— R Ies R -
EFF o (EE W IEEFE A RS FIA0 - BRI - EUEEZRBifE g » 55
gh > BRI FES BN E SR IR aa BB dt R & A - LEMIF A » DL sl
ESEF A DU p EIEFFAYATREME: o (HZBINHVBEFIHT] » AP DERER IR LE
BB EE 2 H o R EE SR ARG HMTFEE -

% » S HATIFIRHEST " 3EMERSC ) (Registered Report, RR) » GBI FE & 5 58
WFFEER - SUBk - AR R EATEE N2 E A E S - AR T PTEE
KAEE B B IAE — BB & (2 Center for Open Science,
https://www.cos.io/ ) » FEE (EETEE (KIRF A MV T EWEE R N OE LSRR
FHEEHIRE » WA EERIEE AT p (EAVFEZE (Chambers, 2019 ; Power, 2016 ) « {2
EBENEEEIAT] > P AT RR AYET -

2k ~ DIRE R kB & p [HIERFF

R R R A BAA R BB (E vl sE A R I FE T By » A LB E e 5 B EER
SUEDE 0.05 Z4F] 0.005 (Chawla, 2017) » B LLER I @5 5L FUR S (/R85 1 A
B ANEBRAp ET > EEENEE > WESEREMAESE - 12 BECEE
BRATHEE  WEBAGRETE AN 75 - N AR ? /5
Tl > ELERITHAT] - B4 Basic and Applied Social Psychology » B R S EEH A H] LA
H p 8 - EFR3E T ERIHHE S HAN RS NEZER AR - REHD
AN p A > MRS E (effect size) ~ [SFEEMA] (confidence interval ) » &
TELWKENEREETERE  GEESF -
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Kig » EFH% 122 ( American Statistical Association, ASA) HEFT T~ @ B AE]
BIFEEE p [HEAVH REHITETRE Ry T p (E  RNE08 R FRT AT (Wasserstein
& Lazar, 2016) - ASA Fr&¢3% 7 B2 ( ASA Statement on Statistical Significance and
p-Values ) %f p [HHHE—ITEE > BRI ANERAFEE] > p o] SR EIR IR E R
TEF AL HFEFEE (indicate how incompatible the data are with a specified
statistical model ) - a0 BH B 56 15 B fefieasc Z [EIAVRA (% - (HI R B A HIE RN
K/NEIHFE4E AV E M (does not measure the size of an effect or the importance of a
result) o &5EmAVREARTE R BRI p (HEZHE TRENEEE(E (should not be based
only on whether a p-value passes a specific threshold ) {15 p (Bt = 153 L ( contextual
information ) EYHEAtEEE - HIFTEE LRI ASRAVERE AR « R AR - ATEZ
B p EEFITEGE SRRV RGP EEZIC & e BEIEEN - Fet AN EE
SR T B UG - A Refe B ] EURSHERYHESR - ASA Fridse 2 B e IS i tas
SEHEAY5EEZ ~ BHAME (full reporting and transparency ) ( Wasserstein & Lazar, 2016 ) > |
Al S Al TEEL Simmons %2 A (2011) $f5m S FEfEH 2 B - (P e R BdR
Al e BRI SRS TR AV RN ~ IR FrA RV - ISP AR ERER - DUKE
IR AR B AN ARG - RS R P REOR AV H4E R -

bR T RS Lo AR TR AV E R R B B4 T AR - Head % A (2015) 2% @ 40
Fulge - /£ TEH  (blind) AYFER NMESET T (e.g., blind analysis) (MacCoun &
Perlmutter, 2015 ) « IR FIEWIRLL 2 12e i 4H 5B SR Ay s - STt 2 —(Ek ) p (&
I BREE TEE ) BEE SRR EBE RN ER IR T - B
FE% o Head 5 N\JRERR - HEHFTEWIRRGES AA RIERVIHFE TR (QRP) » H
B THET AR EZEHER > QIS SR BTk - SETRIEANE » FEA
BEHITAEME - M Greenland % A (2016) HYSCE » B EsR H4atiae ~p (E -
B0 - FatEi AR - ATLME B B SRR, -

il ~ BETFE AR AR NHST 5 p H

Wasserstein 1 Lazar (2016 ) {FZ&:5 ASA BHAR} - $2 K& Mount Holyoke College
HYIRIR B E T George Cobb 7F 2014 4 ASA Bfamla s T —m BB E » KE
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& RHERE RRFE AR p= 05 ? R FIEFR AR L 4REAEA o R fIEEE
% NHAEA p=.05 ? R Rt P EER AN ER a8 - HEREZ MESC R AR E T/ p {8 -
RAHIE p [E¥RSE HIB R 2 1% » AT E— DA T R v DU R B VBB -

RIEZE TR TR K - EALMHFOEAHEHERRZIS R ~ FEHE T Bl 72 AR R
flrBRE - 5 NHST 8 p {EF Ry—IREN B e VR MRS 8 5R4A - SOEHETRIE AR
BEMAGHGT - A EFER  FTHRBRIEERERE R ENFEA] R iR
REARIBUEBRERITE - BAERE /B AFEZNEE » SUEZORATTE R0 p EE
NHST 55 " &iatE8t: | SBaVERs - Wit T st ) ivastg » Bl
L p EIRSPIVERLEE A - AT DUE B R SRS 455 (omnibus test) 2
it F4REHEEL p (H - AR e B0 B iR IR e p (AR EELRm AR - Hhig
FHEBIREE & (effect size) (Cohen, 1988) 417 » partial 17 26ar S EEFSIE >
B4 Nuzzo (2014) % - fEam CH4EBURE LHIRM - Bl "R ENEEE
fdl ; (Thompson, 2002) » “REHER p (HABZEBCZEE » KRR R T e fry
S - WRBEAER A T 25 - AREGZRAFAYIRE | (Snyder & Lawson, 1993) »
fEH FIHY Cohen’s d ~ Glass’s delta ~ DI Rz FARFIE(AE R ~ FHRBA 8 - sloEmste
(LR AEEE - MEEEMEAES T E /KRN ERIGE - fIROHRREERITS T
ARGF AT > B DABI AR A L ER B (EREE [ (Jones & Waller, 2013 ) » fE fpéfi &
R B LSRG Y e i - ISR E R R SR R ERE o A B AT
JERIFE N BB RGNS - S 2 Gt ir&E R br 7 HIA p Eie
Frig ARG AR E W EES [ES - SHME A E R B R B H 4 HE - e
W EREEA S O EAR T 4SS AV E BE (practical significance ) °

ERAEHEEN (S B E R R B RS LA FW ? e B E e s
FHY APA ( American Psychological Association) W28 A » &) 1994 FEE VT
R A5 —2 IR T SEh{HE IS & | (encourage reporting effect sizes ) 4] » H £l 2001
TR TLRRA M58 s " R FIRUR & ) (recommend to use effect sizes ) A fIEEERE " A
RAAZHRRE » e —EHsTaa T R E R (defect) | (HATA K bhi
Tk = SRR S P M a2 - 2S5 H o 2 0ER & Ui B8 (Pek & Flora,
2018) ; i ERFARSEVEEHAER TN > FEREURE - EHEREE
TE% » NG EHEZ S p (AR NHST HEERG - FTlL - DLESUE A AT 248
p EEEFE THMEN TR -
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R 5% B R ST R T IRy o7
L | (scientific reproducibility) e —BGRARIZFH - IS HF AT ZORIE
RHECEE REUER - IR B TR r R & IUEHEZS (sampling scheme ) » BREAERHERY
PEARBERBLIEE 78 - BB BIR AR R A 5t SEar 4B il 7y M 28 g

(analytical framework ) > UJE{HERIEUEEMEEE (sampling weight ) ~ E5 & FhiE fIHE (E

(replicate weight ) SEREHEEUSE 73 HTFEE AR IERE T (Lee & Wu, 2012, 2013 ) < B5%
H O[T B4R ERAR (Hierarchical Linear Modeling, HLM ) ( Raudenbush & Bryk,
2002 ) =% PEEsERE 2] (Multilevel Structural Equation Modeling ) (Mehta &
Neale, 2005 ) SEEHE - KEA [E] U B A7 Y IH R (R IH R AR [RIFS 1 07 =0l - #52A
SRR E RV 2B SN © B T2 PE AR AR I A HURREE
ISR FE T RS 28N R i5ETE (Asparouhov, 2006 ; Rabe-Hesketh & Skrondal,
2006 ) - WIFIZLRETELE (statistical simulation) BT - BR T Hedib it B BRiVar 40 E
Gh o BB EE RSB RIS S BT - SR AR E - WEERBRES
Fill o YIGSEE (B0 seed ) ez BG5S, - RIS TR SEEE i - Bl
H2H(E seed e HHVAREL M 345 SR B E random seed ETEH S ( Morris, White, &
Crowther, 2019) -

HEIENE - AR I BE ST T - BRERF & BBGEHIEZ T

A REEE N —E - NMRBEAY A4S IR o BRI - R A B T iR R 2 S
JEHT - W E AN RIS HA RS TR B E BT AT - BHZE B OERIE G 2k
TeBpat R - BRSO Rl - DUES— 2RSS HE ~ p E - BEREHE
ffdEt - R - MEEERE T HENGETHE @ FristVEUE FTREAAZmERAY - B0 -
AR HY E R RE R4 T - 9T T LABRF s X S AT R 5 1 2R
(robust parameter and standard error estimator ) (Wu & Kwok, 2012) - #1517 14E
BERHEIL T » AP TEEEEME (multilevel modeling ) (Wu, Lin, Nian, & Hsiao, 2017)

B R B B T lT ( repeated measure techniques )( Liang & Zeger, 1986 ; Wu, Kwok,
& Willson, 2014) 2R HIEY AT - AR E SR T FAVERHREERF &5

ZorEc e - AN RS # (nonparametric analysis ) » B2 LA (bootstrap
method ) (Efron & Tibshirani, 1993 ) iELLA0 AL 3 FITR IR TR RET R o HTHL
i -
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HVHE - BRI ERE G p EHEEE EVTERER B FHEtEEE - 2
i > BRIERRETE RIS - IRDFE NG AR TaE RV RIR MR RS
f#% o Aschwanden (2019) $EEEHA > hacking ZE(EFHEEEA BUGIR A MHI A EIEHY
B UENRETREGRGEHCZAENSRMA - S EHESERE AL #MHE - #5
p EREUR NJAT Rty — T BPIER Z ka8 SR P R A 2R&
ARSI AMA R - (52 - FEREIFTRVERE T - e E R EIIRTE p
{8 > ARERFRIL N BIE BRI E I Rt -

S HE RIS E b PG KB R E S R BdE FE R
PRERIER D > MR R B R E A E BN S TR E TS e E B
TERERS - ASCEILS - TR T p (B R NHST (VFEsE eI > 1% A 28T
p [EIRFFHTES MR Tk HH T EREER IS M F 0T R T 5 -
[Fiy > ASCHfe T #0s ST R e Fe s B & n] A Tyl iy 5 [ - ERERE T
WFEA B IE A RV IERESS R S BB E0E - A8 R > AR TR ANIEE NHST ~ 2
EHGFERHERERIITER AR BGERRE - BIEA SIS
HERER W p EEAAER -EVREHENE (T Efe > A ESRHE
EAREEFFE - LIFIATHL - BIE p EIRFFA RISHUEL T e - EER A
FI T R R ST Ry o

WASLZ A4 > A NHST 2 p (B - SO E23 TRARCR ) BEhE T8k
FAE ) HSEHBRESEIENT - Tt B LR —OfE T ERRREEAE | (ESEEE
1B WetHE 2P IEaaT - Big oo BANEBEE R - $boh - WRIFTSCHTHL - BT
NHST 24 - BITEAR S LA hnEE H & HER - B RITEE > M
FESRARC(E > DR R ToKECKE » S ABUUIHRES B B o] B SV B RS20t
FLZ LIEATEAE - ST p E > SRR EENTT -

ASCHAWIES | 23 - BARF S SBT3 S S 4atRily - DURE R
SR ERRE VR A FREE AR - DO R 2 eItV E TR SR - iRy
AT AR R SE - RISt B AR p EIRFRAVERESIA - e
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& VBRI RIRE - AR D AT AT CE I RIRSIE % - NMEER S E Tt - &
HASMSEBEE  SRRERRGITTRER - e MBS F =47 -

A FE R B R R floZe & G B E D) - st - Brbfiras

22240 MGHAEM ARG ZIEEROCRENN X HEEF

(MOST110-2511-H-A49-008-MY4 ) ~ b/ (i 8L 2 JR sk U2 T 55505 A Y S B B2
(MOST111-2410-H-A49-066-MY3 ) » zEzEHL -

SE R

RERE - GHEE - TREHT (2018) - BRI 2N FEEAMERE RS ? —EkE%&
ORI E - BAUEEIFEET] > 26 (1) 45-75 ¢
doi: 10.6151/CERQ.201803_26(1).0002

[Yu, M. -N., Weng, Y. -Y., & Chang, C. -H. (2018). Students’ learning motivation to math
and science: Using the meta-analysis to find the gender difference in Taiwan.
Contemporary Education Research Quarterly, 26(1), 45-75.
doi: 10.6151/CERQ.201803_26(1).0002]

MR (2016) - BEFZEAE © p EVEDT - tHERIERE - 10 (2) XXV -

[Lin, T. -M. (2016). The pitfalls of p-values. Review of Social Sciences, 10(2), [-XXV.]

FEITHH ~ 22004k (2019) - REEEWTFEREY p {H @ BRAR - B UE - BEERITE
ERHgE - 70 117-136 -
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B ~ BB - #57k 28 (2020) - TTENEE BB IEEL L BL SR Nl B 2 183 T
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