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8- In an experiment comparing 2 feeding methods for caves, eight pairs of twins were used —
one twin receiving Method A and other twin receiving Method B. At the end of a given time. the

calves were slaughtered and cooked. and the meat was rated for its taste ( with a higher number
indicating a better taste):

Twin pair Method A Method B
1 27 23
2 37 28
3 31 30
4 38 32
5 29 27
6 35 29
7 4 36
8 37 31

Assuming approximate normality, test if the average taste score for calves fed by Method B 1s
less than the average taste foe calves fed by Method A. Use 0=0.05.
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[DataSet0]
Paired Samples Statistics
Std. Error
Mean M 5td. Deviation Mean .
Fair1  Method A | 34.3750 E 4.86780 1.72108 Tesr hYPOtheSl]S'
Method B | 29.5000 8 381725 1.34860 . ==
Ho:ptp = g
Hy:pp < g
Paired Samples Correlations
M Correlation Sig.
Fair1  Method A & Method B 8 a57 007 C 1 diff mean
Paired Samples Test / T stat = p-value=0.001 < =005
] )
Paired Differences ¥ we|reject the null hypothesis HO
95% Confidence Interval of the
Std. Errar Difference
Mean 5id. Deviation Mean Lower | Upper t df Sig. (2-tailed)
Pair1  Method A- Method B | 4.87500 2.53194 89518 275825 | 6.99175 5.446 7 .00
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A firm wishes to compare four programs for training workers to perform a certain
manual task. Twenty new employees are randomly assigned to the training
programs, with 5 in each program. At the end of the training period, a test is
conducted to see how quickly trainees can perform the task. The number of times
the task is performed per minute is recorded for each trainee, with the following

results:
Observation Program 1 Program 2 Program 3 Program 4
1 9 10 12 9
2 12 6 14 8
3 14 9 11 11
4 11 9 13 7
5 13 10 11 8
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Q4) to use the one way ANOVA- test, we need to make sure that

1) The independence of the four samples: It is very clear that there is no correlation
between the values of the four samples.

2) The populations follow a normal distribution || G
. JO

Hy: the four populations follow a normal distribution
Vs

Hy:the four populations do not follow a normal distribution
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1BM SPSS Statistics Processor is ready

-61 -




328 stat

Analyze Drirect Marketing Graphs Utilities Add-ons wWindc
= Reports » B é
= Descriptive Statistics » =] Frequencies
= TELEES L Descriptives._..
| Compare Means L A Explore.. Passt
Seneral Linear Model » B Crosstabs ..
Ceneralized Linear Models » _
Mixed Models » TARIE R
Correlate » LEIE
Regression » B-F Plots...
Loglinear > B a-a Pilots..
Meural Metworks » oy
Classify » 8.00
Dimension Reduction » 13:33
Scale » 11.00
Monparametric Tests » 12 0o
Forecasting » 13.00
Survival » 14 00
Multiple Response » . 15 00
EZ Missing Value Analysis... . 16.00
Mulliple Imputation » 17_00
Complex Samples » B 18._00
R simulation. . . 19.00
Cuality Control " - 20.00
ROC Curve. .. 21.00
- - 22.00
23.00
6.00 1.00 1.00 10.00. 200,

r@ Explore | &2 1T _r Explore: Plots ﬂ

Dependent List: @ - Boxplots——————— Descriptive
&5 VARDODO1 - E & NumberOfTask 1| | @ Factor levels together
?; Variaple m H © Dependents together [T] Histogram
& ‘?F:FL{J&IJTJ%?, Factor List: W Il © None

ﬁ g;zggrwm E & TypesOfProgram : [+ Normality plats with tests

&> Gender - Spread vs Level with Levene Test
g xﬁggggi = Label Cases by: | ® None
= | Z © Power estimation
Display b @Iransformed Power: [Natural log e
’7 @ Both © statistics © Plots 1| | © Untransformed

22.00 1.00 2.00

Helps in the normality test
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= Explore

[DataSetl] E:“328\7 pyo it \Untitledl.sav

TypesOfProgram
Case Processing Summary
Cases
Walid Missing Total
TypesOfProgram I Fercent I Fercent I Fercent
MNumhberOfTaskk  1.00 g 100.0% 0 0.0% g 100.0%
2.00 5 100.0% o] 0.0% 5 100.0%
3.00 5 100.0% 0 0.0% 5 100.0%
4.00 ] 100.0% 0 0.0% 5 100.0%
Descriptives
TypesOfProgram Statistic Std. Error
MumberdfTask 1.00 Mean 11.8000 86023
95% Confidence Interval Lower Bound 94116
for Mean Upper Bound | 141284
5% Trimmed Mean 11.8333
Median 12.0000
“ariance 3.700
Std. Deviation 1.92354
Minimum 9.00
Maximum 14.00
Fange 5.00
Interquartile Range 3.50
Skewness -.590 813
Kunosis -.022 2.000
2.00 Mean 8.8000 73485
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2.00 Mean 5.2000 73485

95% Confidence Interval Lower Bound 67597

far Mean UpperBound | 10.2403

5% Trimmed Mean 8.8889

Median S.0000

“Wariance 2.700

Std. Deviation 1.64317

Minimurm 6.00

Maximum 10.00

Range 4.00

Interquarile Range 2.50

Skewness -1.736 813

Kurtosis 32.251 2.000
3.00 Mean 12.2000 58310

95% Confidence Interval Lower Bound 10.5811

far Mean UpperBound | 13.8189

5% Trimmed Mean 121667

Median 12.0000

“Wariance 1.700

Std. Deviation 1.303584

Minimum 11.00

Maximum 14.00

Range 3.00

Interquarile Range 2.50

Skewness 541 813

Kurtosis -1.488 2.000
4.00 Mean 86000 BTE23

95% Confidence Interval Lower Bound G.71649

far Mean Upper Bound | 10.4831

5% Trimmed Mean 8.5556

Median s.0000

“Wariance 2.300

Std. Deviation 1.51658

Minimum 7.00

Maximum 11.00

Range 4.00

Interquarile Range 2.50

[LI=—A" =N ] = uivin] V]

“Wariance 2.300

Std. Deviation 1.51658

Minimum ¥.0o

Maxirmum 11.00

Range 4.00

Intergquartile Range 2.50

Skewness 1.118 813

HKuntosis 1.456 2.000

Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
TypesOfProgram Statistic of Sig. Statistic of Sig
MMumberofTask 1.00 141 5 z2o0° .arva 5 928

2.00 348 5 .oav FTa 5 054
3.00 221 5 z2o0” .anz 5 [ _— .4
4.00 254 5 200" 914 - 492

* This is a lower bound ofthe true significance.
a. Lilliefors Significance Correction

p—

As P — value > .05 for the four populations.

So, we except Hy: the four populations follow a normal distribution

-64 -




328 stat

3) Homogeneity of Variance (to get a test of the assumption of homogeneity of

variance) i.e.

. 2 — 2 — 2 — 2
HO- Gprogram 1~ Gprogramz - Uprogram 3= Uprogramél
i.e. the variances of each sample are equal
Vs

H;: The variances are not all equal

This will be clear later.

Now, the goal of the question:

HO: :uprogram 1= :uprogram 2 = ﬂprogram 3= .uprogramél-
i.e. treatments are equally effective
Vs
H;: The means are not all equal

at a = .05
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Helps in the homogeneity of variance test
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If we reject Ho in Analysis of Variance (ANOVA one way-test) we
need to look at the multiple comparisons output by use the appropriate
post hoc procedure (LSD) to determine whether unique pairwise
comparisons are significant.

9506 Whale 7.00 1.00 1.00 . . 6.00 200
I 'y
94.35 Whole 8.00 1] \@ One-Way ANOVA: Post Hoc Multiple Comparisons . @
£ e [ = ||
8 One-tay NOVA | 7EQRVarances ssumed
Dependent List 1) MLSB BE [T Welle-Duncan
& Fuishape 2 & NumberTask =—="[1{| | DBorteroni [ Tukey
& VR0001 |
& Vaiable = 20| | [ Sidak [ Tukey's-b [ Dunnet
&)W\RUUUM 2 D Sehefe D Duncan v
& Count Boolstiap.| (|90 |[JREGWF [ Hocbergs GT2 [Test
%EESZUW“‘ 1l | FREGWD [ Gaorie L} 0 @
ender
& VAR0U002 Factr 10 .
&)\FARUDUUA . & TyesOFrogam 1l rEqual Variances Not Assumed
10| | []Tamhang's T2 ] Dunnetts T3 [ Games-Howell [ Dunnetts ¢
[ 0K ” Easte” Eesei”CancelH Help ] i
1
—- i Significance level
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Test of Homogeneity of Variances

2

HO:O_

As P —value > .05 .S0, we except

— 2 — .2 — 2
program1l — Uprogram 2 Uprogram3 - 0program4—

MumberOfTask
Levene
Statistic df1 df2 Sig.
190 3 16 802
ANOVA =20—-4
MumberofTask /
Sum of
Squares df ean S re F Sig. = 20 —_ 1
Between Groups 54.950 3 18.317 7.045 ﬁﬁ
Within Groups 41.600 16 }m’/
Total 96.550 19

/

as P — value < .05 ,then we reject Hy: Hprogram1 = Hprogram 2 = Hprogram3 = Hprogram 4-
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= Post Hoc Tests

Multiple Comparisons

DependentVWariable: MNMumberOfTask
LSD
_Mean 95% Confidence Interval
Difference (I-
(1) TypesOfProgram (J) TypesOfProgram J) Std. Error Sig. Lower Bound LUpper Bound
1.00 2.00 3.00000° 1.01980 o010 831 51619
3.00 -.40000 1.01980 Foo -2.5618 1.7619
4.00 3.20000° 1.01980 oG 1.0381 53619
2.00 1.00 -3.00000° 1.01980 o010 -5.1618 -.8381
2.00 -3.40000° 1.01980 oo4 -5.56148 -1.2381
4.00 20000 1.01980 847 -1.9618 23619
2.00 1.00 40000 1.01980 .Foo -1.7619 25619
2.00 3.40000° 1.01980 oo4 1.2381 55619
4.00 3.60000° 1.01980 003 1.4381 57619
4.00 1.00 -3.20000° 1.01980 006 -5.36149 -1.0381
2.00 -.20000 1.01980 847 -2.3618 1.9619
3.00 -3.60000° 1.01980 003 -5. 7619 -1.4381
* The mean difference is significant atthe 0.05 level.
1) HO: Hprogram1 = Hprogramz2 VS Hl: Hprogram 1 * Hprogram 2 at a = .05

as P — value = .7 > .05, then we except H,,.

as P —value = .01 < .05, then we reject H,.

as P — value = .006 < .05, then we reject H,.

as P — value = .004 < .05, then we reject H,,.

as P — value = .847 > .05, then we except H,.

as P — value = .003 < .05, then we reject H,,.

3) HO: /’Lprogram 1= Uprogramél vs Hl: ﬂprogram 1 * ﬂprogramzl ata =

5) HO: .uprogram 2 = .uprogramél» vs Hl: ﬂprogram 2 s Mprogramzl- at a =

2) Hy: Uprogram1 = HUprogram3 VS H;: Mprogram 1 * Uprogram3 at @ = .05

.05

4) HO: .uprogram 2 = .uprogram 3 US Hl: ﬂprogram 2 s .uprogram 3 at a =.05

.05

6) HO: //lprogram3 = ,uprogram4 vs Hl: uprogramS * uprogramzl- ata = 05
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