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William Sealy Gosset (1876-1937)

Ziliak and McCloskey: The Cult of Statistical Significance, p.3, 2008

“He worked at the Guinness Brewery in Dublin,
where for most of his working life he was the
head experimental brewer. He saw in 1905 the
need for a small-sample test because he was
testing varieties of hops and barley in field
samples with N as small as four.”
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XD d A T — R DHRE (2)
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n=20 topics

=
A= By RN VIRNY, B S VIR S I
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BN 5 R

m=3 systems

A

=yastem]
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06121
(0.3266
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02871
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03028
0353752
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B

C

Svstem?  Systemd
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(0.5551
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03575
02435
03167
06024
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02429
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04707
0.3354
04037
02769
0. 4066
(0.3859
04068
05457
026449
0.4045
0352053
0.5205

0224
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http://www.f.waseda.jp/tetsuya/20topics3runs.mat.csv

20topics3runs.mat.csv # RT i AIA L

> matURL <- "http://www.f.waseda.jp/tetsuya/20topics3runs.mat.csv"

> mat <- read.csv( file=matURL, header=TRUE )
> mean( mat$SSysteml )

[1] 0.45005 W TR

> mean( mat$System?2 ) 2T LN1IDITD HIE
[1] 0.427675

14



RTXHILDH A T — X DHRIE # FE47

> t.test (mat$Systeml, mat$SSystem?, palired=TRUE)

data: l

Paired t-test

HHE ¢
mat$8ysteml and mat3System?
t = 1.3101, p-value = 0.2058

alternative hprthESlS true difference 1n means 1s not equal to O
95 percent confidence interwval:

-0.01337109 0.05812109
sample estimates: o {HI R e
mean of the differences

0.022375
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RTHIGD I T — X OthE # E17

> t.test (mat$Systeml, matSSystem’Z, var.equal = TRUE)

Two Sample t-test

T—=ADBNIBELTWh eV Ok

data: mat$Systeml and mat$System?’ W L 72 a OpH e T AL S
t = 0.6338, df = 38, p-value = 0.53
alternative hypothesis: true difference 1n means 1s not equal to 0
95 percent confidence interval:
-0.04909139 0.09384139
sample estimates:

mean of X mean of vy
0.450050 0.427675
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(IV) Tukey HSD#E [157%7]
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SRR 48 - LT B SRR (1)

“Little advancement in the teaching of statistics is
possible [:-+] until the literature and classroom be rid of
terms so deadening to scientific enquiry as null
hypothesis, population [:*]”

Deming, W.E.: On Probability as a Basic for Action, American Statistician, 29(4), 1975.

—
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AL 48 1 LT U B SRR (2)

“Despite the stranglehold that hypothesis testing has
on experimental psychology, I find it difficult to imagine
a less insightful means of transiting from data to

conclusions.”

Loftus, G.R.: On the Tyranny of Hypothesis Testing in the Social Sciences,
Contemporary Psychology, 36(2), 1991.

iR T AR OREERANLDDINI D THRRTERDL L2 FAOARL
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AL EL 28 1 LT U A 2R (3)

“And we, as teachers, consultants, authors, and
otherwise perpetrators of quantitative methods, are
responsible for the ritualization of null hypothesis
significance testing (NHST; I resisted the temptation to
call it statistical hypothesis inference testing) to the
point of meaninglessness and beyond.”

Cohen, J.: The Earth is Round (p<.05), American Psychologist, 49(12), 1994.

IR MErEERLER ZLbY > TZDII VY50
NHST&2 w5 LHOOOO
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« American Statistical Association® 20164 D HH O —Ef:

“P-values do not measure the probability that the
studied hypothesis is true, or the probability that the
data were produced by random chance alone.”

D% EL AT E 3372

RIEESIOL ¥ T, BRI T—2b L (1
p-value = Pr(D+|H) N T s Y 1

not Pr(H|D)!
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Bayesiiial (5

Fisher, R.A.:
Statistical Methods for
Research Workers, 1970

R

+

i RboATY T

—7

STATISTICAL

METHODS FOR
RESEARCH
WORKERS

Sir Ronald A. Fisher

~ ability to the deduction of inferences respecting

(D)

§ 2] INTRODUCTORY 9

has attempted a fuller examination of the logic of
p]anned experimentation in his book, Z%e Design of
Experiments ; and of rational induction in Statistical
Methods and Scientific Inference.

The deduction of inferences respecting samples,
from assumptions respecting the populations from
which they are drawn, shows us the position in
Statistics of the classical Theory of Probability. For
a given population we may calculate the probability
with which any given sample will occur, and if we
can solve the purely mathematical problem presented,
we can calculate the probability of occurrence of any
given statistic calculated from such a sample. The
problems of distribution may in fact be regarded as
applications and extensions of the theory of proba-

- bility. Three of the distributions with which we

shall be concerned, Bernoulli’s binomial distribution,

~ Laplace’s normal distribution, and Poisson’s series,

were developed by writers on probability. For many
years, extending over a century and a half, attempts
were made to extend the domain of the idea of prob-

respecting samples. Suéh m&renm were formaly
distinguished under the heading of Inverse Probability,
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MCMC (Markov Chain Monte Carlo) FOFREIZL OSPPCT bEtHE Al gE

o RERAEDRBNHIZNTAPr(H|D) (p.25)DAHEET XA (plE & b EEK?)
(DD e bRDRELOFE 2 I 2 =T 4 TidBavesHigt MBSO EAA KBNS 2 uw--)




Tutorial outline

(I) Y. txE [1547]

XX AV — VOB D

- XD A T — X DHE

- XS D I T — 2 OtHRE

(1), [MEHICERTHA] SO T
i, [1@%5}31

- FREHIRGE O EH
- WIRE
- MATIBEIRD AT Tu—F

(I =2 LDy 2 T LD B\ THRiE &
R DL TVvw2? (1677

DA VERAT I ILEDE
- 2R L TOE—EDOIRD
- BonferronifiiiEiz b & - & Hwe

31

(IV) Tukey HSD#E [157%7]
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thrE xk\] + BonferronififiiE 13H £ - 2 H W

Bonferronififiif: a #kTEloTH <, b L IIpMHEIZKEITTHLS a & HIRT A,

“The old fashioned approach was to use Bonferroni’ s
correction: [--*] yvou divide yvour a value by the number
of comparisons yvou have done. [-**] Bonferroni’ s
correction is very harsh and will often throw out the

baby with the bathwater. [--*] The modern approach is

[--] to use the wonderfully named Tukey s honestly
significant differences” N o

Crawly, M.J.: Statistics: An Introduction Using R (Second Edition), Wiley, 2015.

Bathwater = REEIZEN Y XA T LN (BTizvd D)
Baby = RREHIZENHAV AT LN (BThk{vbo)

=
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(IV) Tukey HSD#E [1547]
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Tukey HSDMEOREH 7 § N

st 1T

* € Z k=m(m-1)/2[A[# D & T D2, kil OREBRT = D
HRE(EE - SIEDY AT LDOEISEHE)IZEH,

e ZOHmNMNMEIXtOAE Z Db O Tid’e { Studentised range/ ) 4Hiz
"D,

e ZKHDOEIZ O VT LM Z b bV TREZIT O,

s RAMEASETICARE TR v e &, KD O(k-1)H bIEHICA
BT, > RKEIZOVCTa Z3ETNL, HEIIZT 7 3
V=2 L TOFE-FHEOBEOERNa THAONS,

EIDDY AT LBHIEDD 5 H?

Tukey HSD FRIE DFZDENTNTIZ X AMEZIT O NBENH H H?2— NO

L CIX kHY: ZEEEBEOEE, InHKEF27(2), 1998 or http://sakailab.com/leirbook/ (Chapter 4) 7% Y& I8
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WD dH A T— X DTukey HSDHE (1)

CInBLESEONT(RED R LI L) D T — A HEid

System | Per-topic scores
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WD dH A T— X DTukey HSDHE (2)
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SEx = LL(XU — Xie — Xoj + %), Vg =
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AT L1 ORREENTEE LW
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Te= Y \/VEZ/H
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WindDdH A T— 2% DTukey HSD#TE (3)

> mat?2 <- data.frame (Topic=1:20, mat)
> head (mat2, 3)

Topic Systeml System?2 System3
1 1 0.4695 0.3732 0.3575
2 2 0.2813 0.3783 0.2435
3 3 0.3914 0.3868 0.3167
> talil (mat2, 3)

Topic Systeml System?2 System3
18 18 0.3028 0.3400 0.3253
19 19 0.3752 0.4895 0.3205
20 20 0.27%6 0.2335 0.2240



WD dH A T— X DTukey HSDME (4)

> library(tidyr)

> mat2tidy <- gather( mat2, key=System, value=Score, -Topic )

> head (mat2tidy, 3)
Topic System Score
1 1 Systeml 0.4695
2 2 Systeml 0.2813
3 3 Systeml 0.3914
> tail (mat2tidy, 3)
Topic System Score
58 18 System3 0.3253
59 19 System3 0.3205
60 20 System3 0.2240

[TopicDF|BAAIZoT

% 52 &
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WindDdH A T— 2% DTukey HSD#RTE (5)

> TukeyHSD( aov (Score ~ factor(System) + factor(Topic), data=mat2tidy),
+ "factor (System)", ordered=TRUE
Tukey multiple comparisons of means [H A Ddiff CEHEMEDZE) OB S
95% family-wise confidence level WD, ELohsE¥LLEE IO T
factor levels have been ordered

Fit: aov(formula = Score ~ factor(System) + factor(Topic), data = mat2tidy)

S factor(System)

diff lwr upr p adj
System2-System3 0.061470 0.02813169 0.09480831 0.0001829
Systeml-System3 0.083845 0.05050669 0.11718331 0.0000011
Systeml-System2 0.022375 -0.01096331 0.05571331 0.2428822

VAT L2,3H. 1,3 D0AFE
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W

library (tidyr)

VoV

head (mattidy, 3)
system Score
Systeml 0.4695
Systeml 0.2813
Systeml 0.3914
tail (mattidy, 3)
oystem Score
58 System3 0.3253
59 System3 0.3205
60 Svstem3 0.2240

VoW oo

mattidy <- gather (mat,

key=5System,

— X OTukey HSDIE (3)

value=Score)
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XD\ T — X DTukey HSDERZE (3)

> TukeyHSD( aov(Score ~ factor(System), data=mattidy), ordered=TRUE )
Tukey multiple comparisons of means
95% family-wise confidence level
factor levels have been ordered

Fit: aov(formula = Score ~ factor(System), data = mattidy)

S factor (System)

diff lwr upr p adj
System2-System3 0.061470 -0.019844676 0.1427847 0.1725122
Systeml-System3 0.083845 0.002530324 0.1651597 0.0418683
Systeml-System?2 0.022375 -0.058939676 0.1036897 0.7862427

VAT LLIABDARE
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7 v % L Ab(Tukey HSD)#HAE

T—RADIEHML COREIP S XA X — L TOMAZEFHIZEH
TAHMMKE 2 13E -, BHIIN L T—2%b 2IHHEEY S

ATOLTHOMmZHES
fii BA 70 EEEH: https://research.nii.ac.ip/ntcir/tools/discpower-ja.html
NTCIR Project

Tools

Discpower

[EMGLISH] [NTCIR Home] [NTCIR Tools Homel

Discpower by Tetsuya Sakai

Discpowerl drandomised Tukey HSD testx AL VT SHE SISO R gE 0= 5tE T 2 —IL
o Td, HRGEN IS Z ot BENEq (AL TS ETLIEETEETH. pvalus
T AT LI T O v T S Achieved Significance Laevel (ASL) BHERD (T O0AVWEIRE
(32 TT ., DiscpowerHHAT Seaw 771l BEE (CMicrosoft Excelfdd (LW ASL
i a i ComTEET.,

SFEHRC DL T T tar 7 7ML (2B E A READMES LTUF T 500 im M a2 BaL T2,

Download
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https://research.nii.ac.jp/ntcir/tools/discpower-ja.html

20DV AT LDOBED
(I DDH A T — X DHRRTE (ZFH Y

Observed matrix U

X11 X21
X12 X22
R R N i X1n X2n
DT 2o00fHZ ER L. _ —
a4 vEBRTFTeThoy f

2T LZEO ST 22 AR

DTV AH(VRT LEDE tut

(CRERZR L) Ho: x11, X21, ...
all come from

the same

system

J

Z£4l: http://sakailab.com/leirbook/ (Chapter 4)
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Tutorial outline

(I) 184 thE [154]
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R DR L TV Y (1677

DA VERAT I IEDE
- 2R L TOE—EDORD
- BonferronifiiiEiz b & - & e

53

(IV) Tukey HSD#E [1547]

- XD H A T — X DTukey HSDMIZE
- IR\ T — 2 DOTukey HSDMIZE
- SR LEME L 5 v X L ftkTukey HSD#E

(V) EERAEROEY) 8 iE LT (6471

- 29D AT LD
- 39D EDY R T LD

(VI) ESH1ZL~)T v 7 [104)]

@@em . BB, RE, YA X
A%otu#b@ﬁm@@mbMOAi@#
v INHS X130

(VII) Q&A - 32 77 [15%47]
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(S D 2\ T — R D VUREFE F D i
.
Table 5.2 Comparison of

, , By TNYA I eBid. AXFIZHECTHoTH
retrieval effectiveness Db ORFFEE D7 HiZF iz b BRI

System #topics | Mean nDCG @ &5 anr i
AT Oe)
Proposed (System 1) | 7 = 20 | 0.4500 el i

Baseline (System 2) | no, =20 |0.4277

“We conducted a Student’ s t-test for the difference between
our proposed system and the baseline in terms of mean nDCG.
The difference is not statistically significant (t(38) = 0.639

55

p=0.530, 95%CI[-0.049, 0.094]), with Hedge' s g = 0.200.”
‘ th & H H

EHEX: http://sakailab.com/leirbook/ (Chapter 2)
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(T v X LAL) Tukey HSDH#EREE DR H]

Table 5.3 Comparison of systems 1-3 in terms of mean nDCG over n = 20 topics. In each cell, ZDZATA ]‘“’C‘&i
the difference in mean nDCG, ESEg» (effect size) and the p-value (randomised Tukey HSD test 7 L JIN
with B = 5,000 trials), are shown qzi//jnDCG@%% }f é lﬂ%
System 2 System 3
System 1 0.0224 (ESg> = 0.5182) 0.0838 (ESg> = 1.9386)
(p = 0.49906) (p ~ 0.0000)
System 2 - 0.0615 (ESgr, = 1.4227)
(p = 0.0024)
HTHINE D % % “We conducted a paired randomised Tukey
FYE A 72 0D HEEfH HSD test with B=5,000 trials to compare every

TH - B &

(7272 L SF 50 ek 2 e

ESEg(i,lJ) =

ff' _ff’.

Vv VE?

system pair [--*] System 3 statistically
significantly underperforms Systems 1 (p=0.0000)

and 2 (p=0.0024). Moreover, Systems 1 and 3
are almost two standard deviations apart from

each other (Sakai 2018). 7

Z£4M: http://sakailab.com/leirbook/ (Chapter 5)
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(I) 183 tfkE [1577]
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(IV) Tukey HSD#E [1547]

- WD dH A T — 2 DTukey HSDMIZE
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SR o ILtBE DML I3? SOy v TP A X132

https://waseda.box.com/SIGIR2016PACK R MOE o AR, HEE, 2009

ERloNy r =V EHELEDARKDRI—F2 v 7 LTt b D,
. SIaDH A T — X2 DMREDFERIZOVT:

> future.sample.pairedt( 0.953, 285 tE &Y TNVH A X& AT

INPUT: t= 0.923 n= 28 Alt= two.sided ALPHA= 0.0> POWER= 0.8

EShat= 0.1801001 SR FEREZL (2 8A? (p.27) F 7 20V MIAEKERY
MH J180%
4 ] DR F71315% (Cohen dIE )
EAEAIED ]

Achieved power= 0.1510342

Sample size n per group = 244

[ SVOREEIZoVCTHHE 180% % (£3TF L

O TIH A L3I N S0l

SEHBIZHITA TREH] 3PP LT (kHElE: 2EEBEOER, IR 27(2), 1998)
HKOELOHAY R T LIERH L THHREDKMRE I Zigin TA OMME AN 2 T T D
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(IV) Tukey HSD#E [1547]

- WD dH A T — 2 DTukey HSDMIZE
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- X MbRE L I v A {kTukey HSDME

(V) EERAEROEY) 2 E L5 (6471

- 29D AT LD
- 39D EDY R T LDIER

(V) E5iZv 7y 7 [104]
@@em e, RE, Y IV A X
A%otuﬁbmﬁﬁ®m&ﬁ@9
/7ﬂdfﬁx

(VII) Q&A - >3 77 [1543]

1B DY



e

* FalHUBE (7 [ENSPIIHDZE DRE) Diife & ERZ I L <
AL, IELSEL & D, Pvalue/lli) Tt { $hER & # !

c EY 2 ZEILBGEE i D,
eV ITNHA I ZKUL & D,
s MMETHIMUEIZIX e SAMBEI O DA Z 2 HIA D,
fﬂt TUIFR X THRE ML LR VEWVERIZIZ R S0,
e KHVENRAE, BHERBLEDORL ETHmEL LD |

EE’CJ: It uiE  http://sakailab.com/leirbook/ & !
(RIEAIFI LT I 0)



http://sakailab.com/leirbook/

	スライド 1: 平均値の差の検定と効果量:  実験結果の適切な報告の仕方 (90分tutorial)
	スライド 2
	スライド 3: Tutorial outline
	スライド 4: William Sealy Gosset (1876-1937) Ziliak and McCloskey: The Cult of Statistical Significance, p.3, 2008
	スライド 5
	スライド 6: ギネスビールを飲むときと 統計的検定をやるときは Gossetのことを思い出してください
	スライド 7: t検定の頑健性
	スライド 8: どちらの検索エンジンがよいか (対応のあるデータ)
	スライド 9: 対応のあるデータのt検定 (1)
	スライド 10: 対応のあるデータのt検定 (2)
	スライド 11: 対応のあるデータのt検定 (3)
	スライド 12: 対応のあるデータのt検定 (4)
	スライド 13: http://www.f.waseda.jp/tetsuya/20topics3runs.mat.csv　
	スライド 14: 20topics3runs.mat.csv をRで読み込む
	スライド 15: Rで対応のあるデータのt検定を実行
	スライド 16: どちらの検索エンジンがよいか (対応のないデータ)
	スライド 17: 対応のないデータのt検定 (1)
	スライド 18: 対応のないデータのt検定 (2)
	スライド 19: 対応のないデータのt検定 (3)
	スライド 20: Rで対応のないデータのt検定を実行
	スライド 21: Tutorial outline
	スライド 22: 半世紀以上炎上している統計的検定(1)
	スライド 23: 半世紀以上炎上している統計的検定(2)
	スライド 24: 半世紀以上炎上している統計的検定(3)
	スライド 25: 統計的検定の問題点1
	スライド 26: 統計的検定の問題点2
	スライド 27: 統計的検定の問題点3
	スライド 28: 効果量(ここでは差が標準偏差いくつぶんか)の例
	スライド 29: 統計的検定に代わるアプローチ (の例)
	スライド 30: Bayes統計を一枚で説明 (できない) 
	スライド 31: Tutorial outline
	スライド 32: 今、m個のシステムの平均値を比較しており、 全k=m(m-1)/2 システム対の差に興味がある。 そこでさきほど復習したt検定をk回繰り返した。  このやり方は正しいか？
	スライド 33: レストランにワインセラーがある(ワインは無限にある)。ただし20本に1本は酸っぱいワインである。
	スライド 34: お客さんがワインを1本注文した場合
	スライド 35: お客さんがワインを2本注文した場合
	スライド 36: お客さんがワインを3本注文した場合
	スライド 37: 全体 (ファミリー) としての第一種の誤り
	スライド 38: われわれ研究者の場合
	スライド 39: t検定×k回 + Bonferroni補正 はちょっと古い
	スライド 40: Tutorial outline
	スライド 41: Tukey HSD検定の原理
	スライド 42: 対応のあるデータのTukey HSD検定 (1)
	スライド 43: 対応のあるデータのTukey HSD検定 (2)
	スライド 44: 対応のあるデータのTukey HSD検定 (3)
	スライド 45: 対応のあるデータのTukey HSD検定 (4)
	スライド 46: 対応のあるデータのTukey HSD検定 (5)
	スライド 47: 対応のないデータのTukey HSD検定 (1) グループサイズが等しい場合
	スライド 48: 対応のないデータのTukey HSD検定 (2)
	スライド 49: 対応のないデータのTukey HSD検定 (3)
	スライド 50: 対応のないデータのTukey HSD検定 (3)
	スライド 51: ランダム化(Tukey HSD)検定
	スライド 52: 2つのシステムの場合の原理  (対応のあるデータのt検定に相当)
	スライド 53: Tutorial outline
	スライド 54: 統計的検定結果の適切な報告の仕方
	スライド 55: (対応のないデータの)t検定結果の報告例
	スライド 56: (ランダム化) Tukey HSD検定結果の報告例
	スライド 57: Tutorial outline
	スライド 58: α、β、効果量、サンプルサイズ
	スライド 59: 今やったt検定の検出力は? 今後のサンプルサイズは?
	スライド 60: Tutorial outline
	スライド 61: まとめ

