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Review on Problems with Null Hypothesis Significance Testing
in Dental Research and Its Alternatives
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——Abstract

interval, and Bayesian statistics are introduced.

There are many problems in evaluating study results by p value in null hypothesis testing for dental research.
It is a logical fallacy to conclude that the null hypothesis is true when the it is not rejected. There are much
serious misunderstanding about p value, and researchers should be cautious about interpreting p value in writing
papers. As alternatives to complement or replace the null hypothesis significance testing, effect size, confidence

Key words : Null hypothesis, Significance testing, p value, Effect size, Confidence interval, Bayesian statistics

I.M 2

20114 3¢, w7 oA 29 4] £ ddAEe] 27
7} BAACR #9(significant)3HA] fHigte o3 2
(important) & 4 Atz FASI . A Fs A} Matrixx
Initiatives= WA glo] 4 4 e Il Zicameo| F21734
= 4o7]v &gl UARE 2 WAR LT BAA folrE
o RIX|A] k7] wizel| o] FAE-E 4E o7t itk 5
Fotdoy eSO 4 7174t Matrixx
InitiativesAt U] Siracusano 2 4#|7 o] AF1E SASAE
o] =3} I A2 HEFHA.

29] 8} gEA] o] AAE = tiF-Ee %E%%% £4 pak= 7l
To 7 AFAIE st Fositt e
ghe 222 Wela ok a8 a patol 0.058 T 2 237ty
2 AFe AFeA] kg AFE HFE] SRl AEsHA
U AASHA] B 7 Ee] Ut olFA paks 71T o= ol 7]
AR oz AFE Hrtste #eo] A@Ho|a AHAQl WP o
2 e oo

AF7H e G7Hd e 94 2% (null hypothesis sig-
nificance test)< Fisherq <4 #% 2 Neyman¥}

Pearson®| 7377 o] &34 Aot} Fishere p#t2 AF7}
A 717 g Ve ® metE e, Neymant
Pearson< A77Hd 7 #5714 7t %"/‘r NEo 2 1F 2
o &EQ oF AHESIGAT. o] F S HHA o] b2
v, Azab spke] AAR Kskskitt 131‘/} AT &
23 A HAe Whgo] oy, AR PR A7
ot Agto] ke AME A ARE B BAEAE 9
3| A A =]o] b,

o] =M= x|og Aol AHEEI e AFTHE &+
o HAAA WEH EAMES AvEn, AT/ S B
AV A g 4 9= Uik Frol 1z} g

I. #77Hd wold A& 2ME
1. =28 2F

1) ¥4 3 o7

AF7Hd L& A7 (E 7, alternative hypothesis) <]
w7} sl 7P EA, AAR A gl sk E97) ¢l
T 7Hg sk 7ol oA Aol AU S AR s

Corresponding author : Kwang-Hee Lee

Department of Pediatric Dentistry, College of Dentistry, Wonkwang University, 460 Iksandaero, lksan, 570-749, Seoul

Tel: +82-63-850-2955 / Fax: +82-63-851-5324 / E-mail: kwhlee@wonkwang.ac.kr

Received July 10, 2013 / Revised July 16, 2013 / Accepted July 24, 2013
% This research was supported by Wonkwang University in 2013.



J Korean Acad Pediatr Dent 40(3) 2013

A g ATMe] whel ARAEE AR L ok AL A
249 27E A7) gi3telnh. AT, ARl 71 2ER

e Aol AF7Hde] st siste A £ 34 2
ol

A= (syllogism) o] tHAA|, 274A], A& A, 221 A
pold golth oM pE AA, oF FHolgtn & w), =W
(modus ponens)<

pel™ goltt.

pelth. (dxe] 3%)

a3 B gotth. (¥11<] 2%)

olm e}g3ith. £ =1 (modus tollens)<

pel¥ qelt}.

a7t ot (F21¢] 24)

agBE p7h ot} (Hxe] 7))

olm] Btgsitt, 12,

pel® goltt.

p7t okt (Axde] 74)

aYBRE g7t ofytt (39 74)

© BdelA] gom, A 74 FedA 4 s e
Ao PolEol= AE A F9 QR (fallacy of negat-
ing the antecedent) 2k 3t} FE3F

pel¥ qolt}.
qolth. (F3e] &

%)
a9 polt}. (44

<)

= epgelA] gom, 34 24 Felod AA IS ehdd

Ao Wolgol= & £ 349 & (fallacy of affirm-
ing the consequent) 2}l 3P,
olR& ATV frolid Aol AEA1A B,

Q77Mo] S o] Az T,
o| 487} wARAT. (F9] 23)
aene Avshe goth (s 33)

e gon ¥4
Hel o5 JM71 Sl3te]
7hdel Wl 9%

AR7Hol e

o3} o) =24

$7Me] &7 9ok aAlXehe 2

EFg g g ol

o

L

224

AR7po] SThd o ARE B Gt
o A7k wARAT. (FA #3)
agER ARHE $4 9 (2

a7e) 1)

2e, ARAMe] A124EA gee W ARl $oin
AMeHE AL et o] 5 249 2ol

A%7hdo] ohd of A&
o] AE7k WA Btk

ageg ARrHe &

—t'r%?)
7} Hc}.
olAo] EbFslA @on o FE Uxstn ke AL AY
317] Y8 BAgAE ] A 9lg3te dES v 2P
ojwl Abgho] m|=pQlo|H ofwul Z5]ejfdo] ofd Zlo|t},
o] Al =3loddolt}. (F9 ¥4)
B o] AlgE ofn} w|=Qlo] ofd Aot} (A7l H4)

FALS1E QAR of} 11} 2
1o] e, (7o) 24)
2B R o} FA11S WA

7 vehg Zlolt

olo}l o
W2

Aoy, (A7e) 24)

el Foode 0 74 - A B 9 g 2o A
AR $A B2 Ao| FAsIT} 4714 ‘ot — Feoltt &
—d gEo] vl =}, opwl —rtopd Folth = —d &
Eo] mj§- gttt & &52 qdolt} oL flo AR A
g G54 FAH FHo] FFo] LX gt 1T &E #
Fo| ZAT AF/MEAA LS =28 275 dHor Y3}
R=l=

ol¢} Iz, FEA RHS vt Ah=w F7} vl
FES 9utstn doE Adol 0. wiE E(prmaple of
excluded middle, DS '‘Ax A7} ol H](FR)AE of

doofd A S gl

GE)AARell Al39] 5

ENCECREERY
2 g erom, WAl



A9 AR F P QS S slckn g, el
34 39 AYA A2 ol2A A, B Exd) 2AT
AT PG e HHAN S WES BEH R o] 2] shn
2 ARARY e Ay d9ed geta 2
Tk o

2 pakoﬂ EHsn_I' EsH” 16)

o 28 - “pkel 0.0501% AF M && &0 5%°l1

Aol && gEe] 95%°Itt”
o| AL pakell thatk &l FellA 7 gl A 3lx 7

gt Ao m AArjo] grp™¥ o] Q= AFUHde] &=
71 sloll A #EE Akge] & P(DIH) S, #2d A7) &
Aste] AF7Ee] & & P(HID)E &3 Aot} (4
714 DE A& (data), He& #AF7Hd (null hypothesis), |
£ FolA(given) 2| =22 P(A|B)E B7F T3S v A2l
Z271%-8-E (conditional probability)< 7}2171t}.)

p#t, & P(DIH)E AF7Hde] &a1 A+ 2o A3t
Fo] 92 Pelixle u, HEAE A5 9 aEY SEEQ
Az7F o o) By BHE

olty. pakE AF7Hdol &4
= AA stell A Zlo|B R AFTMde] &5 gEel E &

%
R 1 -pt = AP &5 §EE T FE gl
AF7HAA & AHEdte WlET9) A} B4 (frequentist sta-
tistics) A 71do] BEL Eo|x| gon 2 % Q).
azjeE pgroz Mol gEd d3 F22 & gl 7
GES AMtele L B2 wolA|<t B4 (Bayesian sta-
tistics) 2l Hleo] = 2] (Bayes theorem)—‘ AH&-8tE Aol
Hlo] x|t FAIE AR ALt tﬂr A, pat 0.05, 0.01,
0.001¢°l afgste AF7HE el A& P(H D)= Z¥ &7}

504 = Z+2 0.52, 0.22, 0.034°]3 F& 7F 100€ o Z
7} 0.60, 0.27, 0.0452A, p#t3 P(Ho|D) 3+e] ELA7} 5+
Qabl VERdTh B4, pak 0.057h AEE Ame] A
7pae] A HE] 22 0300190,

Wb, pahe AR AT SRS DA ga Aok
gl A BT By, 3 BARR foIR A2
@717k 418 SRR BR, 0,055 o] pgo] o}F AH] e
ATE 1 B SEE, BU S AP AT
= kel FAA Abgo] WA geTp,

=]
T

g

o o3 - ARl 71AHUE S, p=0.05% 1F &
7o ggo] 5% Y-S ofu]gtt”

1T 2F/E Bt gle W a3t e 282 e &

. 5 714 (false positive)9] &eo|tt, AF7Ho] &4 &

o} 71zt% }\‘;}uq = g3} o]r/]_\:rq 1 2F a2 AT 4+ 9

i, 723 S u a3t glvke A8S ‘—HF/P‘C 2% 7P,

& 754 (false negative)] &7 FA17F |}, o] 7 f-oll=

225

J Korean Acad Pediatr Dent 40(3) 2013

18 A EARHE (power of statlstlcs)ol H Fasith. B4
AR A7l &2 A7 H g gtgo|t},
AF7HAA A= 5 e ol ‘3}—: o)’d Sl A
£0°] vt shhe Fisherd] pie &, #AF7Hdol thdste <
A BEE FEE A Folx, Azl A T2 Wgoln,
A ATl 4849 § Ut ohE dhvh= Neyman-Pearson

Fog, o] ARE 1F LF e(AFTMEE AR
S fRIFIHEE AX AEE g5)E

AR S A2t AY A Es)

7HaAA 9] aF
7148 &)} 2%
aztete AT AAIE T e

\A

O

7] 9Jgk 7ol A 54 o] oy, AR MdeE
1 groEA FAS] MgTt ol Y [T o R RE ke
A TR R et Afd AL b ddol= A&
A FETh?.
olgA FHE & fle pot et TFHWA BAH frolide]
B3] Folg onlsteAldl tal & &5l Al =HAx p#k
o] 1% o7 &R A% s x St pot ed] T4 #
Al tiall Algket Ao M2, p=0.05v «=0.289%
p=0.012 e=0.111% A==t A7dM= pghe A7}
S 717879 FEehA] & A o2 YET
0 Q& - "FolFFEE p=0.0b2 HHI}IE Y, 1F 2
Fol &5 5% Aot}
o|A& AF7H 717} o] 57t o2t AE L 3] Hel| 1% £
o &2 diSste Ae vt xRt 15 o/ 4&
2 AFR7Md o] &2 AP E-E (prior probability)ell &3},
(1) A3 Aol AF7Hde] &= S g2 Aok, AF7F
o] 717bo] g4 &5 FERQ 1F 279 FEo] AA=
5%°lth
(2) A Ao AF7Me] &4 Rtk A& Ca Ao, 1
T Q7] FE2 0ot Aohp-AFol ek Bae] g3
9} Zo] oln] g3y} Y5 X EH| 3t AL i}
3w, ARl 4] @ Ag on da jlen
2 A7 7170] $A] 5 FEY 1F 279 g&
& 00|}, o] Afolle AT 71 7o) BT 7] o
2ol pgkol driRlAl= #AI7E HA et

(3)

A3 Aol AF7H0l 24 A d2A] Fds] dx

o, 15 279 BE2 0014 5% Atoldl] it
o 23] - "#J3(significant) 2¥+= FL23H(important)
ZAifolrt”

SAA frelid AAA feldol obint. AFMEIAE
el A7v Fe4dS AR HrlekAl Fevh. $AA Fold
I AAH frelidol 2ok Azslhe o] oA 27 (signifi-
cance fallacy) &= 9722 T84S 2F st &7 A7) (ef-

217

fect size)dll T3 E pare] FHA FJHE A T34 S

kst el A 719,

SREE



J Korean Acad Pediatr Dent 40(3) 2013

N ¥ 7347} U A5l F2 ghExd A
AAE L ok, FA g dH Y291 D3] (Inter-
national Committee of Medical Journal Editors, ICMJE)
= 5384 A+E AT 2 F(obligation to publish nega-
tive studies) & AF3taL, BAA 70 ZAHAthE o]
2 A2 % AlFoly AAME Eote Ao =AU (publi-
cation bias)®] F-2.3F lolar .
o A3t a3 A7t ofd ol F shie patol &
Fo o Ep7| wEolvh. A7 71249 The A EEol
ol = 23 ®io] F wiolle A, ®io] v F ujd
ARE folsiA vepdth. & 29 2718 7 Fe
T 22 527 A7 /R & 28 AT 5 pit
o 4 AP, 25| UtE AR (big data) & A
A= A BE AFTMANA pakel ofF Al v
oY 287] Wit pgke nFE, ARA ouE 7t
2=
71| e o] AR Tl Al 7HA] 2
B2

re, r_%

lomlo BRorlr 24 i

O
re e

—LJ

].

oAt A e o w
X2

22

2L
2
&

T

£
L,
m
i

<]

S
i

[Re)

A

#ao} A

o o3 - kel AE5E

X - X,
e S 5
71N X HE B, st HE E a
oh 2B EE (3 (1) B Ao, ) E
A7)e] vlE@}, tgko] F55 patel PL,Po],;(]Ei’ pake (1)
3 379 (2) BE F7)d) vha)g g}, Fio| 283 Ak
Hoopre] e gt AP 714 4 glvt whebA

pitZ Eo] S5 I F840] gt

AR T Ao Asteld Exh 2707}
7ol ek pte] FelatAY feleh] 2

u

o Table 19 o2 28 AFY BEY B8 471
Sl Hite] 242t 5.50, 7.500]3L pgkol

o] Ae] 2,007} Felah gort, H4) G &

ﬁirg
r}mo

226

W37k glovt pgke]l 0.038¢]
2 AT (Table 1).

St AFTHE S AMES
F A7) wet p%/\“ﬂ
9] Table 19 o 1
o B# SAA7F & =5
.50, 8,500] =2 p%kﬁ 0. 0407} o],
SHT} Ho] Zo|7) 50% ¢ Fo= &
A3}tH(Table 2). o]A-& flo AFH 2 59
23 22 73 A& e

ATk o] of o]},

u_

ﬂ tm
z o
4
N

St el A% o ol
%

Table 1. Difference in p value according to the number of samples

N Mean &+ SD p value
Group A 10 5.50 £ 3.03
Group B 10 7.50 £ 3.03 0.157
GroupA:1,2,3,4,5,6,7,8,9,10
GroupB:3,4,5,6,7,8,9,10, 11, 12

N Mean &+ SD p value
Group A 20 5.50 £ 2.95
Group B 20 7.50 £ 295 0.038

GroupA:1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9, 10, 10
GroupB:3,3,4,4,5,5,6,6,7,7,8,8,9,9, 10, 10, 11, 11, 12, 12

Table 2. Difference in effect size with same p value

N Mean + SD p value
Group A 20 5.50 £+ 2.95
Group B 20 7.50 £ 2.95 0038
GroupA:1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9, 10, 10
GroupB:3,3,4,4,5,5,6,6,7,7,8,8,9,9,10, 10, 11, 11, 12, 12

N Mean + SD p value
Group A 10 5.50 + 3.03
Group B 10 8.50 + 3.03 0.04

GroupA:1,2,3,4,5,6,7,8,9,10
GroupB:4,5,6,7,8,9,10,11,12,13
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