7. t-test, ANOVA




- one-way ANOVA

- two-way ANOVA
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Std. Error

smnh:ing M Mean Std. Deviation Mean
y 16 17.538 44752 1.1188
n 9 12433 4.8492 1.6164

Equality of Variances

/mum Samples Test

Levene's Test for

t-test for Equality of Means

>

95% Confidence
Interval of the

Difference
Sig. Mean Std. Ermor
F Sig. t df (2-tgiled) | Difference | Difference | Lower | Upper
Equal varances 264 @ 2658 23 014 5.1042 1.9203 | 11317 | 9.0767
assumed
Equal varances 2596 | 15.593 020 2.1042 1.9658 8279 | 9.2804
not assumed
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(Levene's test)
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S2M) vs. B:od=0 (5, 0/24)

Do not reject the null hypothesis at the significance level 0.05 (a=0.05)

(" p-value=0.612 > 0.05=alpha)
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Independent Samples Test

Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Difference
Sig. Mean Std. Error
F Sig. t df (2-tailed) | Difference | Difference | Lower | Upper
y  Equal varnances 264 B12 | 2.658 23 014 51042 1.9203 | 11317 | 9.0767
assumed

Equal variances 2596 | 15593 020 51042 1.9658 89279 | 9.2804

not assumed

sl etel B xH0I
Hy : py = p (5,
H:m=m (5 2 B2 1 US
Reject the null hypothesis at the significance level 0.05 (a=0.05)
(" p-value=0.014 < 0.05=alpha)
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2.2 AKX 2 HE22| H| 1 (Paired t-test)
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1 a0 72 ~18 ST Bi=

2 56 55 1 D : X HE )

3 19 56 7 BP_before : E£2F & g

4 64 o7 -7 BP_after : £E9f = &t

3 65 62 -3

E' gi i? _E Ju BP hefare | BP after |

i o0 =
1 ag 72

3 91 72 ~19

9 74 73 -1 2 3B 53

10 93 74 ~19 3 49 5

11 55 58 3 4 o 57

12 71 59 ~12 : e 0

13 54 58 1
5 tata 74

14 64 71 7

15 54 61 7 / b2 55
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11 55 50
12 71 54
13 £4 £3
14 b4 71
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BB rUntiied2 [Datacéni - SRSC Satsl DAl

Bl ER Vew Dets | Teansfom | Snshre  Grephs  WSRes  Addg

CHRE B o kv, f
e | %7 Gt Vakaes within Casas... i
:- _E Shist Vehias
| 1 XN Recode nio Same Varabies.
2 | ¥ Heoode nto Different Vorisbles. |
3 iy Autcmetc Recods..
4 b2 Visus Bieing.
D | B before | BP ater | v | var var vt “
1 a0 72
# 56 55
Compute Variable
3 45 o5 | B Comev
4 B4 &7 Tarcet Wansle: Mumeric Expression:
5 65 £2 [t EF_atter - BF_hefore
s % AINETTT
7 B2 5 &7 |_
[s «
8 91 2 &b BF _betons —
9 74 73 & B _after _
D EF kofore | BP_after Diff |
1 =0 i2 -18.00
2 (=5 &5 -1.00
3 a9 56 7.00
4 &k} ar -r.oo
= ES 52 -3.00
E [=a] 73 -9.00
7 B2 a5 -7.0o
a8 1 72 -19.00
=] 74 73 -1.00
10 =] 74 -19.00
11 5 a8 3.00
12 71 55 -12.00
13 £4 £B8 4.00
14 Ed 71 7.00
158 24 &1 7.0o




X2 F o] Wi Xo|of ciet A% (paired t-test)

FSS Statistics Data Editos '-; H o ey By
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Descrptive Statstics » F »

m Copgeares Mesns P M s

T | (GenerslinswModel bt OnsSampe T Test.

L Correlste P Iekpendent-Samples T Tea1.

; Regression b W&, PakecSamples T Test ..

; Classity » B Credney ANOVA..

i Dimenzion Redaction b [ Wi

Paired Samples Statistics

Std. Error
Mean 5td. Deviation Mean

Pair 1 BP_after 64.13 15 8.314 2.147
BP_before 68.67 15 15.164 3.915

Paired Samples Test

Paired Differences

Std. Std. Error
Deviation Mean

BP after - BP before | -4.533

95% Confidence Interval
of the Difference

Sig.
(2-tailed



Paired Samples Test

Paired Differences

Std.
Deviation

95% Confidence Interval
of the Difference

Std. Error
Mean

BP_after - BP_before | -4.533 9.425 2434 -9.753

1D = Bafter — Mhefore = =0 By EY-E9Mde EZ 92
Hy:up=0 (5, EL &) =2 EF It S3) vs
H:up=0 (5, S &) =9 EZF It US)
Do not reject the null hypothesis at the significance level 0.05 (a=0.05)
(" p—value—ﬂ 084 > 0. O5—a|pha)
=> 5% Of g0 O[O UCHLD & & glES
(=, %J#E 0.050I4 & dA=2 gd20 sSHELZz 72
Lt & Otst S22 2HI 83)

AHOIJE 24

Sig.
(2-tailed
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SHEA T (ANOVA table)

oource of
o d.f. | SS MS F
Variation
Treament K—1 SSTr | MSTr (= 8STr/(k—=1)) | MSTr/MSE
Error n-k | SSE | MSE (= SSE/(n—k))
(corrected)Total | n—1 | SSTot

Total Sum of Squares(ZEHl=¢&h)el =off :
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. SSTr/(k—1) MSTr
SSSAS F=oom n—k)  MsE Fl—1.n-p

ol X2l 2let sz AUE2E H0tS

elol 2 'jd%{}l A0 efet HSO0l glol A8 E HE

Hy:py =py=..=p, =0 vs. H :atleastonep; =0 :
Reject Hy if FF> F, 41,

() yy=p;te; = Hytp=pp=..=py vS. Hy:atleastonep; =y j=j



| 1 (multiple comparison)
= 2 EID]'( 12 AEUHAM HRIE =S

AM=2 Z(Post Hoc analysis)/CHEH|
= oz

PFEH=S0l ZXA Zlhe= e
2o E®), 2AELZ o™ e 2Hl =2t XHOIJE U=
SR =OrEe 438 Z2R

& A FUHA t- teStE HFEEHI ™ Hlw =01 SOt
F1E F0F HKAIA :
1—(1—-0.05)® =0.142625 if 3—group w/ a=0.05

= o= 15 27t 20iE &#5)= 240 28 2R
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« (0| X[ 2.4) on p.24 : One-way ANOVA
-HHO| &0 CHeh oF A0 A RH| OF, 8 2O, X| &I Ot0|
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= At|OfF, H &0, X[ ZIoty| et €8 2o S0 &
o|gt X0[ 7t U=7O|C},

cy: YA S
e group : 1=At| O}, 2="8 &0, 3=X| &I O}



3
| BB One-wWay ANCYA: Post Hoc Multiple Comparizans b3

-Equal Variances Nesumed
=0 [IshK [7] fénter-Ducan
T Benferrori [} Iutay Ty T egs 1arer Batn f:"
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1}

| pvEnR
Statictic df1 df? Sig——
4.962 2 fi8 (010
ANOVA
W
surm of _
Squares df hean Squats F P L A—
Between Groups 141234602 2 FOE17.3M 1.4a90 Nujers >
Within Groups 1375932620 Ga 20234.3012
Total 1817167.220 il
Post Hoc Tests » s 5 o 2 2 = —ia
Hy:oi=0y,=0; (5, SE&) vs. H :at least one o; =0y (5, SE& OtE)
==> p—-value=0.10 < any alpha that is greater than 0.1
Homogeneous Subsets
. H:m=m=u (&, H 082 82 &) vs.
H, :at least one p,=p. (5, H 182 B2 27 &3)
Duncand-® - _ _ _
Subsetfor slpha = 0.05 . P t.ralue—r:}.ﬂaﬁ < U;DS_&
- N P S ==> Reject H, at alpha=0.05 )
2 5 {7 a0 ==> Qol%Z 0.050l4 H JIS(REOHL &0, TN B 2 =5 BILS
3 15 (N 208 [ 283 ) CI2CE &, EE & %o 1082 BZ0 o220k =, J O82 BZ0 25
1 73 405873 27| i)
S 578 == =
: : : S =SHH & HO L = T Ol=T|= OF A =
Means for groups in homogeneous > NE2F EQ (V FHRC2Z 0L J28Jel M0t U=X= & = 8US)
subgets sre displayed
g;lL:JEISEBDS Harmonic Mean Sample Size = Duncan Z23M c=l&tH,
b. The group sizes are unegual. The Ej%z?l- jES}’ EJEBI& :15—1)% E'FE‘F @Em E'l-EIl E?l-% (E Ej‘EEEf
harmonic mean ofthe group skesis j%”% rcul.,_lltm EP%}
used. Type | error levels are not

guarantesd.
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(2-Way ANOVA)

SAEHT (ANOVA table) F23 || BFEY
/
Source of 41 a5 / /M/ -
Variation N /-\(
Factor A -1 MB8A=SSA/(I-1) Fa=MSA/MSE
Factor B J—1 (SSB ) MsB=S3B/(J-1) Fa=MSB/MSE

Interaction b/w
I-1)(J-1 MSAB=SSAB/(I-1){J-1) | Fae=MSAB/MSE
s (1-1)(J-1) J(1-1)(J=1) | Fas /

Error IJ(n-1) | (SSE)+MEE=SSE/IJ(n-1)
R \

(correctedqTotal)| lJn—1 | SSTot } — _

= HE2f g=2H4E J28oz 35X Xots 2t

O L-O o
2 2002 &y HN =258 58 = olloF 2Hht
MSE20| ROISHA| OB Fyutot AYStn, 0ok AT E0| OB A
=2 A&= 230l 0{0F otrt.



sS5Tot = S5A + 558

~4=zxsg

554/ (I-1)  MSA
~ SSE/IJln—1) MSE
SSB/(J—1) _ MSB
SSE/IJln—1) MSE
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HEEHE (R A & Bo IsEEG)
Fo_ SSAB/(I-1)(J—1) MSAB
A5 SSE/IJin—1) MSE
H:o0y=a,=..=a;=0vs. H:at least one o;=0 :
Reject &y it Fy > F, (1-1 17tn-1)
Hy:8,=8=..=3;=0vs. H:at least one ;=0 :

Reject Hy it Fp> Fy (1 pin—1))
Hy:(af);=0 Y(i=1,..L j=1,..J) vs. H:at least one (af);=0 :
Reject &, it Fy > F, (1—1, 17tn-1)



- (0| X| 2.5) on p.30 : Two-way ANOVA
-M SR 2= Xt d80| Wt SN s
5

40 XH0| 7} QUEX|S Lop 7| 98 i 2t
32 MFs}0] 052 N 1O Lt-0f A 7
SEEER LTS TR C

rO

calcium : Y | 5
el Hel2 el gender : m==7}, f=H7}
16.87 19.07 32.45 trt : 1=Hcl1, 2=HEl2, 3=HZ|3
16.18 18.77 28.71
o+ 17.12 17.63 34.6b
16.83 16.99 28.79
17.15 18.N4 24.46
15.86 17.20 30.54
14.92 17.64 o2.41
eq 15.63 17.89 28.97
16.24 16.78 28.46
14.80 16.72 29.6b
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HQ_ 1T 1 »
Univariate &
Dependent Varize: e !
7‘»’[é9c>alcmf |M
Fixed Factor(2): M
&)M ‘ Picte ..
‘ - ’ @3 acnder — ]
Random Factor(s) L}
- _sone. |
£3
Covariste(s):
(2]
| WALS Wit
|» ’ | |
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B univariate: Mods| =
Speciy Model

) Full facteesd ) Gustem
Estlors 'S Covandes et
=% B Univariate: Profile Plots | X |
rBuild Term(s) —
pe Eactors: ‘—‘ Horizontal &xis
= rt 2] |
gender
\» — Separate Lines
= |2 |
— Separate Plots:
- || |
Smotagagr-.wa_":j [¥] inchucke irfercept in mockl Plots: St ’ s | Remove l
(oo J[ cocst || P | gendertrt
| cortinue || cance h Help ]

I 1
B univariate: Post Hoo mMultiple Comparisons for Observed Means 8|
f Factor)=): Po=t Hoc Test= for:
r | cerer
gender tri

B

Eqqual Variances Assumed

L= [ =Mk [] waller-Duncan

[ Bonferromi Tk Tope WTspe | Ernor Rsthcd |1 8C

[sidsk [ ]Tukmy'sch [ Purngt

| |=cherte [ ] Duincan Contr Cafeuary =

[ E-E-GIF [ |Hochbergs otz [ 1951

I:I R-E-iG-ieg I:I Gabrisl [ i_- L-micied | : y= Epmtral | :_| « Lomdral

rEqual variances Not Assuned

[ Tamfane'= T2 [ ] Dunnedt'= T3 [ ] GamesdHowell [ Durimedt's ©

i Cantinoes I Cancel ” Help |




B univariate: Options = Tests of Between Subjects Effects
rEstimated Marginal Means -
Factor(=) and Factor Interaction=: Dizplay Mesn= for: Lenendentiaighlecaloium
(OWERALLY gender Type ll Sum
ftrt [trt*mencer Solfee af Squares df Mean Sguare F Ejg....
QEnder k- | trt 3
e e E> Corrected Mocel 1154 550 5 230910 | 72639 | ~._000
Iftercept 135E|2 11 1 135E|2 11 4247 B2 .0on
ﬂcgmparemalneﬂects  CCCREEEEEETRE R ERE e L s R LELET
| 1146.642 . 573321 | 180.355 000
[k - | gender 4.053 1 4.063 1.278 269 F
Display Lt ender 2849 L LA PP = 1< S0 PO <11 O gad )
|| escriptive statistics [+ Homogereity tests Errar TH.292 24 3174 I
[ | Estitmates o ettect sIze [] spread ve. level plot Total 14733.554 a0
e Ll R [ corrected Total 1230.843 29
[ ] Parameter estimates [ Lack ot 1t
|| Cortrast cosfficiert matri= || General estimable function aR Bqual’ﬂd =938 I:.ﬂ'.d]US‘tEd R SquarEd = 925}
Significance lavel: | 05 Confidence rtervals ara 95 0%
I_ Cu.:mtlnue “ Zancel ” Help |
' SSR: HEHZH HE
SoT = SSR + SSE
1230.843 = 1154.550 + 76.292
2o et reld 44
S0l oist wold 23
po MSE_ 23091 o
p— —_ — A
MSE  3.179
==> p—value=0.000 < 0.05=alpha 10 H o o= 51
—=> SoAXE 005K 22 ooz € D2 HIEA R[50}
&% (gender) =g 2I(trt) 2t (trt*gender) &= = Z(interaction effect)/ IS &=
p—value=0.554 )> 0.05=alpha
—=> 2o T=0.050H ASIE(S B4 2 NSRE 92) I $ S
= I:HII_I. ITIE:' _..|‘|- C?'D_IEF Al Rl H=
s ST T s HA O 7( o[ >
e U2tN, =20t dF5=H 0t



Type [ 5um

Solpre of SuUares of Mean Sguare F EJg i
Corrected Model 1154 548049 il 230910 T2.639 . .000 JF
Intercept 13802711 1 13502711 4247872 .III_IIIIII

R U aEmea |2 Eraar | ren3ss | oon
gender 4053 1 4.063 1278 | ¢ 269 [
It voender 0 2B4S L 2| 1823 k0S| o554
Etrar 76.292 24 3174 A

Total 14733.4954 30 /
Corrected Total 1230843 24 |]

3. R Sguared = 938 (Adjusted B Sauared = 928)

He (gender)il ME 89 25 SEA ™OI?
ﬁr[;:ﬂ‘f:ﬂm VS, -E‘rl:ﬁ‘;r"iﬁm
p—value=0.2694 > 0.05=alpha
==> JEBH Oct Y = s3HTU ==&l »O0|E 2t & = 8

0jo

Heltrt)ol o2 8% 25 SJEI X017
Hy:uyy=p=py vs. H :at least one i = 1y (j=4, j=1,2,3, j =1,2,3)
p—value=0.000 < 0.05=alpha
==> ®Cl == & 28 A *0[IF =25l =, ®olil Tt Y ==
=&FX0 X012 AUCHL & = RUCH




Estimated Marginal Means

1. gender
Dependent Variablecalcium
95% Confidence Interval
gender Wean Sta. Error | Lower Bound | Llpper Bound
f 20847 460 19 B97 21.797
m 21.533 AR0 20633 21533
J.trt
Dependent Wariable:ca cium
45% Confidence Interval
frt hean Std. Error | LowerBound | Upper Bound
16.064 Afd 14.900 17.228
17673 Rilit ! 16.904 18.837
29.909 Rilit ! 28.745 21.073
2.trt * gender
Dependent Variablexalcium
5% Confidence Interval
i genger Mean Std. Error | LowerBound | Upper Baund
1 f 15290 Ay 13644 1E.936
gy 16838 FO7 15192 12484
2 f 17246 e 148,600 18.8492
] 18100 e 16.454 19.746
3 f 30004 Far 28,360 21.642
] 28812 Far 28,166 21.448




Post Hoc Tests

D

Estimated Marginal Means of calcium

3500

Multinle Comparisons o
& anno+
calcium i
Tlkey HSD =
Q5% COnMdence Inte ksl TE:-
hlEan E 2500+
Difference -
Mttt J Std. Erraor Sig. Lowar Bound | Usoer Bound E
1 2 -1 @0an 74T 130 -3.6002 3522 E
3 -13g4s0 Tar3Is non -14.83E61 -11.8538 E 2000
2 1 1.E090 7ar3s A0 -8 26002 - - -
3 -12.2360° Faras ann -14.2272 -10.2448 - P
3 1 138450 THT3S ann 118528 158362 1500+ =
2 12,2360 T on 10.2444 142272 + P
Based on abserved means.
The errarterm is Mean Square(Erar) = 31749, el
* The mean difierence is significant at the 05 level
Homogeneous Subsets
calcium
TukayHg[= b
Subset
i i e ™ 2
1 10 [ 150640 Y
10 |M7E73ID
3 1 195090 A= 2 H (post—hot _analysis)/CHEH| W (multiple comparison) | (trt)
=g. 130 1.oon
= ZH e =
Me'?ngstrnrgrndupsi|nhd|:umngeneaus TUKE:"{ 'I PEH“'LE' = — : —
subsats arz digplaye = =
uosals ars dicplayod. (Heln ®Mel2)s _HE o3 RH0I0}F %S o
Tha Brmarrm e Man Squara (Hel1 o Mel3), (Melegt Hel3)2 2424 A2 gels XoIot US
EUSE?FSI:rlramaneanSample : E.H j gcu %"’é 'i.':éiill}il ?rﬂ@' i|"3'|§ L|'E-|'||—_H _,‘_’J:% i‘ —JF
e = _
t= Heils== 1, 2 3 A0I2F 42| M=0lgtn & = SUCH

b, alpha= 0.

trt

Wk =






2 (1-Way ANOVA)

T,

3

(2-Way ANOVA)









