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Level 5 – Continuous Improvement with Industry 4.0

Analyse 3 – ANOVA
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Analyse – Types of Errors 

Correct

Type I Error

Type II Error

Correct

Ho is 

true

Ho is 

false

Do not reject Ho Reject Ho 

You think there 

is a difference 

when there isn’t

Alpha risk

You think there 

is no difference 

when there is

Beta risk
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Analyse – Types of Errors 

Fire alarm goes off when there is no fire – false positive – type I error

Fire alarm fails to go off when there is a fire  - false negative type II 

error
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A confidence interval is a type of estimate computed from the 

statistics of the observed data. This gives a range of values 

for an unknown parameter. 

The interval has an associated confidence level that gives the 

probability with which an estimated interval will contain the 

true value of the parameter.

Analyse – Confidence Intervals 

Its use – “we can be 95% confident that a given value falls 

between x and y”

Generally, in industry it is acceptable to have 95% confidence 

or we are willing to accept 5% error
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Analyse – Confidence Intervals 
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Analyse – Confidence Intervals 

Example:-

We measured 40 men’s height and had a mean of 175cms

The Standard Deviation was 20cms

We need 95% confidence so we use a Z value of 1.96 
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Analyse – Confidence Intervals 

CI= 175 +/−1.96
20

40

CI= 175 +/− 6.20𝑐𝑚𝑠

This is known as the margin of error

Therefore, we can be 95% confident that our 

measurement will fall between 168.8 and 181.2cms

Warning :- but 5% could be outside these limits!
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Analyse – Confidence Intervals 
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Analyse – Confidence Intervals – Z values 
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CI= 71.28 +/−1.96
1.94

25

CI= 71.28 + − 0.76

Therefore, we can be 95% confident that the final round 

shots were between 70.52 and 72.04

Analyse – Confidence Intervals another example
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Hideki Matsuyama winner by 1 shot, -10 

Analyse – Confidence Intervals another example
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If we reject the null hypothesis, the P value is the 

probability of being incorrect

Or it’s the probability of making a type I error

Analyse – ‘P’ values

Put more simply if P value is less than 0.05 we reject 

the null hypothesis 
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Analyse – T Test / Analysis of Variance (ANOVA)

My Journey to Work
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• 4 different routes 

• Same time of day

• Same car

Route A Route B Route C Route D

25 28 30 34

27 32 32 45

27 38 26 43

28 28 34 32

26 36 34 41

26 29 32 34

30 30 31 41

26 35 28 35

29 33 35 35

28 30 32 39

23 34 33 42

26 38 34 41

25 33 35 37

24 30 31 31

26 32 28 37

27 37 34 31

25 29 32 41

26 37 33 34

28 29 31 40

27 34 33 40

26 34 34 38

24 29 34 44

24 35 31 34

24 31 27 34

28 33 35 38

24 37 30 43

26 32 30 33

24 29 27 32

26 32 34 32

25 34 33 42

Analyse – T Test / Analysis of Variance (ANOVA)
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Route A Route B Route C Route D

25 28 30 34

27 32 32 45

27 38 26 43

28 28 34 32

26 36 34 41

26 29 32 34

30 30 31 41

26 35 28 35

29 33 35 35

28 30 32 39

23 34 33 42

26 38 34 41

25 33 35 37

24 30 31 31

26 32 28 37

27 37 34 31

25 29 32 41

26 37 33 34

28 29 31 40

27 34 33 40

26 34 34 38

24 29 34 44

24 35 31 34

24 31 27 34

28 33 35 38

24 37 30 43

26 32 30 33

24 29 27 32

26 32 34 32

25 34 33 42

Analyse – T Test / Analysis of Variance (ANOVA)

Route A Route B

Mean 26 Mean 32.6

Standard Error 0.31 Standard Error 0.57

Median 26 Median 32.5

Mode 26 Mode 29

Standard 

Deviation 1.68

Standard 

Deviation 3.10

Sample Variance 2.83 Sample Variance 9.63

Kurtosis -0.23 Kurtosis -1.09

Skewness 0.37 Skewness 0.20

Range 7 Range 10

Minimum 23 Minimum 28

Maximum 30 Maximum 38

Sum 780 Sum 978

Count 30 Count 30

Route C Route D

Mean 31.77 Mean 37.43

Standard Error 0.47 Standard Error 0.78

Median 32 Median 37.5

Mode 34 Mode 34

Standard 

Deviation 2.57

Standard 

Deviation 4.29

Sample Variance 6.60 Sample Variance 18.39

Kurtosis -0.33 Kurtosis -1.35

Skewness -0.76 Skewness 0.07

Range 9 Range 14

Minimum 26 Minimum 31

Maximum 35 Maximum 45

Sum 953 Sum 1123

Count 30 Count 30
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• Paint in ALL numbers choose ‘Insert’ tab 

click on histogram icon

• Choose ‘Box and Whisker’

Route A Route B Route C Route D

25 28 30 34

27 32 32 45

27 38 26 43

28 28 34 32

26 36 34 41

26 29 32 34

30 30 31 41

26 35 28 35

29 33 35 35

28 30 32 39

23 34 33 42

26 38 34 41

25 33 35 37

24 30 31 31

26 32 28 37

27 37 34 31

25 29 32 41

26 37 33 34

28 29 31 40

27 34 33 40

26 34 34 38

24 29 34 44

24 35 31 34

24 31 27 34

28 33 35 38

24 37 30 43

26 32 30 33

24 29 27 32

26 32 34 32

25 34 33 42

Analyse – T Test / Analysis of Variance (ANOVA)
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• Choose ‘add chart element’

• Choose ‘Data Labels’ to display values 

on chart

Route A Route B Route C Route D

25 28 30 34

27 32 32 45

27 38 26 43

28 28 34 32

26 36 34 41

26 29 32 34

30 30 31 41

26 35 28 35

29 33 35 35

28 30 32 39

23 34 33 42

26 38 34 41

25 33 35 37

24 30 31 31

26 32 28 37

27 37 34 31

25 29 32 41

26 37 33 34

28 29 31 40

27 34 33 40

26 34 34 38

24 29 34 44

24 35 31 34

24 31 27 34

28 33 35 38

24 37 30 43

26 32 30 33

24 29 27 32

26 32 34 32

25 34 33 42

Analyse – T Test / Analysis of Variance (ANOVA)
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Analyse – T Test / Analysis of Variance (ANOVA)



21

Analyse – T Test in Excel

• Open new excel spreadsheet and key in 

the following numbers into a column and 

click on ‘Data’ tab

• Click on the ‘Data Analysis’ icon

Route A Route B Route C Route D

25 28 30 34

27 32 32 45

27 38 26 43

28 28 34 32

26 36 34 41

26 29 32 34

30 30 31 41

26 35 28 35

29 33 35 35

28 30 32 39

23 34 33 42

26 38 34 41

25 33 35 37

24 30 31 31

26 32 28 37

27 37 34 31

25 29 32 41

26 37 33 34

28 29 31 40

27 34 33 40

26 34 34 38

24 29 34 44

24 35 31 34

24 31 27 34

28 33 35 38

24 37 30 43

26 32 30 33

24 29 27 32

26 32 34 32

25 34 33 42
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Route A Route B Route C Route D

25 28 30 34

27 32 32 45

27 38 26 43

28 28 34 32

26 36 34 41

26 29 32 34

30 30 31 41

26 35 28 35

29 33 35 35

28 30 32 39

23 34 33 42

26 38 34 41

25 33 35 37

24 30 31 31

26 32 28 37

27 37 34 31

25 29 32 41

26 37 33 34

28 29 31 40

27 34 33 40

26 34 34 38

24 29 34 44

24 35 31 34

24 31 27 34

28 33 35 38

24 37 30 43

26 32 30 33

24 29 27 32

26 32 34 32

25 34 33 42

• Click on T- test: two sample 

assuming unequal variances

• Click on input range and paint columns 

of A and D, check alpha 0.05 and click 

OK

Analyse – T Test in Excel
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Route A Route B Route C Route D

25 28 30 34

27 32 32 45

27 38 26 43

28 28 34 32

26 36 34 41

26 29 32 34

30 30 31 41

26 35 28 35

29 33 35 35

28 30 32 39

23 34 33 42

26 38 34 41

25 33 35 37

24 30 31 31

26 32 28 37

27 37 34 31

25 29 32 41

26 37 33 34

28 29 31 40

27 34 33 40

26 34 34 38

24 29 34 44

24 35 31 34

24 31 27 34

28 33 35 38

24 37 30 43

26 32 30 33

24 29 27 32

26 32 34 32

25 34 33 42

t-Test: Two-Sample Assuming Unequal 

Variances

route A route D

Mean 26.0 37.4

Variance 2.8 18.4

Observations 30.0 30.0

Hypothesized Mean Difference 0.0

df 38.0

t Stat -13.6

P(T<=t) one-tail 0.0

t Critical one-tail 1.7

P(T<=t) two-tail 0.0

t Critical two-tail 2.0

Analyse – T Test in Excel

P less than 0.05 

therefore difference is 

significant
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Route A Route B Route C Route D

25 28 30 34

27 32 32 45

27 38 26 43

28 28 34 32

26 36 34 41

26 29 32 34

30 30 31 41

26 35 28 35

29 33 35 35

28 30 32 39

23 34 33 42

26 38 34 41

25 33 35 37

24 30 31 31

26 32 28 37

27 37 34 31

25 29 32 41

26 37 33 34

28 29 31 40

27 34 33 40

26 34 34 38

24 29 34 44

24 35 31 34

24 31 27 34

28 33 35 38

24 37 30 43

26 32 30 33

24 29 27 32

26 32 34 32

25 34 33 42

• Click on T- test: two sample 

assuming unequal variances

• Click on input range and paint columns 

of B and C, check alpha 0.05 and click 

OK

Analyse – T Test in Excel
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Route A Route B Route C Route D

25 28 30 34

27 32 32 45

27 38 26 43

28 28 34 32

26 36 34 41

26 29 32 34

30 30 31 41

26 35 28 35

29 33 35 35

28 30 32 39

23 34 33 42

26 38 34 41

25 33 35 37

24 30 31 31

26 32 28 37

27 37 34 31

25 29 32 41

26 37 33 34

28 29 31 40

27 34 33 40

26 34 34 38

24 29 34 44

24 35 31 34

24 31 27 34

28 33 35 38

24 37 30 43

26 32 30 33

24 29 27 32

26 32 34 32

25 34 33 42

Analyse – T Test in Excel

t-Test: Two-Sample Assuming Unequal 

Variances

Route B Route C

Mean 32.60 31.77

Variance 9.63 6.60

Observations 30.00 30.00

Hypothesized Mean Difference 0.00

df 56.00

t Stat 1.13

P(T<=t) one-tail 0.13

t Critical one-tail 1.67

P(T<=t) two-tail 0.26

t Critical two-tail 2.00

P greater than 0.05 

therefore difference is 

not significant
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Analyse – T Test / Analysis of Variance (ANOVA)

All the data looks normal but how do we test to see if they 

are different? 

2 sample T test – tests the means of two populations to see 

if they are the same

ANOVA   – analysis of variance tests the means of two or 

more populations to see if they are the same
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Analyse – ANOVA

Analysis of variance  - ANOVA

analysis of variance tests the means of two or more 

populations to see if they are the same

Our Hypothesis is

Ho : Mu1 = Mu2 = Mu3 = Mu4
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Analyse – ANOVA

One way ANOVA tests involves one factor it tests the 

means of sets of results to see if they are the same -

it does not tell us which one is different

Two way ANOVA involves many factors
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Analyse – T Test / Analysis of Variance (ANOVA)

My Journey to Work
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Analyse – ANOVA

• Open new excel spreadsheet and key in 

the following numbers into a column and 

click on ‘Data’ tab

• Click on the ‘Data Analysis’ icon

Route A Route B Route C Route D

25 28 30 34

27 32 32 45

27 38 26 43

28 28 34 32

26 36 34 41

26 29 32 34

30 30 31 41

26 35 28 35

29 33 35 35

28 30 32 39

23 34 33 42

26 38 34 41

25 33 35 37

24 30 31 31

26 32 28 37

27 37 34 31

25 29 32 41

26 37 33 34

28 29 31 40

27 34 33 40

26 34 34 38

24 29 34 44

24 35 31 34

24 31 27 34

28 33 35 38

24 37 30 43

26 32 30 33

24 29 27 32

26 32 34 32

25 34 33 42
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Analyse – ANOVA

• Click on ANOVA Single Factor

• Paint in the 4 ranges of data and ensure 

Alpha is 0.05 (confidence of 95%) and 

press 'OK'

Route A Route B Route C Route D

25 28 30 34

27 32 32 45

27 38 26 43

28 28 34 32

26 36 34 41

26 29 32 34

30 30 31 41

26 35 28 35

29 33 35 35

28 30 32 39

23 34 33 42

26 38 34 41

25 33 35 37

24 30 31 31

26 32 28 37

27 37 34 31

25 29 32 41

26 37 33 34

28 29 31 40

27 34 33 40

26 34 34 38

24 29 34 44

24 35 31 34

24 31 27 34

28 33 35 38

24 37 30 43

26 32 30 33

24 29 27 32

26 32 34 32

25 34 33 42
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Analyse – ANOVA

Route A Route B Route C Route D

25 28 30 34

27 32 32 45

27 38 26 43

28 28 34 32

26 36 34 41

26 29 32 34

30 30 31 41

26 35 28 35

29 33 35 35

28 30 32 39

23 34 33 42

26 38 34 41

25 33 35 37

24 30 31 31

26 32 28 37

27 37 34 31

25 29 32 41

26 37 33 34

28 29 31 40

27 34 33 40

26 34 34 38

24 29 34 44

24 35 31 34

24 31 27 34

28 33 35 38

24 37 30 43

26 32 30 33

24 29 27 32

26 32 34 32

25 34 33 42

Anova: Single 

Factor

SUMMARY

Groups Count Sum Average Variance

Route A 30 780 26 2.827586

Route B 30 978 32.6 9.627586

Route C 30 953 31.76667 6.598851

Route D 30 1123 37.43333 18.39195

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 1977.767 3 659.2556 70.42204 0.00 2.682809

Within Groups 1085.933 116 9.361494

Total 3063.7 119
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Analyse – ANOVA

• Open new excel spreadsheet and key in 

the following numbers into a column and 

click on ‘Data’ tab

• Click on the ‘Data Analysis’ icon

70 66 72 70

73 70 70 65

71 73 68 66

72 66 74 66

72 68 74 65

69 67 76 67

68 68 75 68

68 70 73 69

71 69 71 69

71 68 74 67

68 69 73 70

74 69 71 66

72 68 75 65

71 72 68 70

72 72 68 69

71 72 71 67

68 70 75 68

71 70 73 68

71 68 72 71

71 72 71 68



34

Analyse – ANOVA

• Click on ANOVA Single Factor
70 66 72 70

73 70 70 65

71 73 68 66

72 66 74 66

72 68 74 65

69 67 76 67

68 68 75 68

68 70 73 69

71 69 71 69

71 68 74 67

68 69 73 70

74 69 71 66

72 68 75 65

71 72 68 70

72 72 68 69

71 72 71 67

68 70 75 68

71 70 73 68

71 68 72 71

71 72 71 68

• Paint in the 4 ranges of data and ensure 

Alpha is 0.05 (confidence of 95%) and 

press 'OK'
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Analyse – ANOVA

70 66 72 70

73 70 70 65

71 73 68 66

72 66 74 66

72 68 74 65

69 67 76 67

68 68 75 68

68 70 73 69

71 69 71 69

71 68 74 67

68 69 73 70

74 69 71 66

72 68 75 65

71 72 68 70

72 72 68 69

71 72 71 67

68 70 75 68

71 70 73 68

71 68 72 71

71 72 71 68

Anova: Single Factor

SUMMARY

Groups Count Sum Average Variance

Column 1 83 5889 70.95 4.00

Column 2 83 5816 70.07 5.46

Column 3 83 6193 74.61 13.07

Column 4 83 5832 70.27 10.08

ANOVA

Source of 

Variation SS df MS F P-value F crit

Between 

Groups 1125.602410 3.000000 375.200803 46.036825 0.000000 2.632142

Within 

Groups 2673.204819

328.00000

0 8.150015

Total 3798.807229

331.00000

0
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Analyse – ANOVA

Our Hypothesis is

Ho : Mu1 = Mu2 = Mu3 = Mu4

And P = 0.000 therefore we reject the null hypothesis

Ha : At Least One Inequality
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Analyse – ANOVA
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Analyse – T Test in Excel

• Open new excel spreadsheet and key in 

the following numbers into a column and 

click on ‘Data’ tab

• Click on the ‘Data Analysis’ icon

70 66 72 70

73 70 70 65

71 73 68 66

72 66 74 66

72 68 74 65

69 67 76 67

68 68 75 68

68 70 73 69

71 69 71 69

71 68 74 67

68 69 73 70

74 69 71 66

72 68 75 65

71 72 68 70

72 72 68 69

71 72 71 67

68 70 75 68

71 70 73 68

71 68 72 71

71 72 71 68
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• Click on T- test: two sample 

assuming unequal variances

• Click on input range and paint columns of 

R1 and R2, check alpha 0.05 and click OK

Analyse – T Test in Excel

70 66 72 70

73 70 70 65

71 73 68 66

72 66 74 66

72 68 74 65

69 67 76 67

68 68 75 68

68 70 73 69

71 69 71 69

71 68 74 67

68 69 73 70

74 69 71 66

72 68 75 65

71 72 68 70

72 72 68 69

71 72 71 67

68 70 75 68

71 70 73 68

71 68 72 71

71 72 71 68
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Analyse – T Test in Excel

P less than 0.05 

therefore difference is 

significant

70 66 72 70

73 70 70 65

71 73 68 66

72 66 74 66

72 68 74 65

69 67 76 67

68 68 75 68

68 70 73 69

71 69 71 69

71 68 74 67

68 69 73 70

74 69 71 66

72 68 75 65

71 72 68 70

72 72 68 69

71 72 71 67

68 70 75 68

71 70 73 68

71 68 72 71

71 72 71 68

t-Test: Two-Sample Assuming Unequal Variances

R1 R2

Mean 70.95180723 70.07229

Variance 3.997649133 5.458125

Observations 83 83

Hypothesized Mean Difference 0

df 160

t Stat 2.60576511

P(T<=t) one-tail 0.005015986

t Critical one-tail 1.654432901

P(T<=t) two-tail 0.01

t Critical two-tail 1.97490156
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Analyse – T Test in Excel

P less than 0.05 

therefore difference is 

significant

70 66 72 70

73 70 70 65

71 73 68 66

72 66 74 66

72 68 74 65

69 67 76 67

68 68 75 68

68 70 73 69

71 69 71 69

71 68 74 67

68 69 73 70

74 69 71 66

72 68 75 65

71 72 68 70

72 72 68 69

71 72 71 67

68 70 75 68

71 70 73 68

71 68 72 71

71 72 71 68

t-Test: Two-Sample Assuming Unequal 

Variances

R2 R3

Mean 70.07 74.61

Variance 5.46 13.07

Observations 83.00 83.00

Hypothesized Mean Difference 0.00

df 140.00

t Stat -9.61

P(T<=t) one-tail 0.00

t Critical one-tail 1.66

P(T<=t) two-tail 0.00

t Critical two-tail 1.98
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Analyse – T Test in Excel

P less than 0.05 

therefore difference is 

significant

70 66 72 70

73 70 70 65

71 73 68 66

72 66 74 66

72 68 74 65

69 67 76 67

68 68 75 68

68 70 73 69

71 69 71 69

71 68 74 67

68 69 73 70

74 69 71 66

72 68 75 65

71 72 68 70

72 72 68 69

71 72 71 67

68 70 75 68

71 70 73 68

71 68 72 71

71 72 71 68

t-Test: Two-Sample Assuming Unequal 

Variances

R3 R4

Mean 74.61 70.27

Variance 13.07 10.08

Observations 83.00 83.00

Hypothesized Mean Difference 0.00

df 161.00

t Stat 8.24

P(T<=t) one-tail 0.00

t Critical one-tail 1.65

P(T<=t) two-tail 0.00

t Critical two-tail 1.97
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Analyse – T Test in Excel

P greater than 0.05 

therefore difference is 

not significant

70 66 72 70

73 70 70 65

71 73 68 66

72 66 74 66

72 68 74 65

69 67 76 67

68 68 75 68

68 70 73 69

71 69 71 69

71 68 74 67

68 69 73 70

74 69 71 66

72 68 75 65

71 72 68 70

72 72 68 69

71 72 71 67

68 70 75 68

71 70 73 68

71 68 72 71

71 72 71 68

t-Test: Two-Sample Assuming Unequal 

Variances

R2 R4

Mean 70.07229 70.26506

Variance 5.458125 10.07523

Observations 83 83

Hypothesized Mean Difference 0

df 151

t Stat -0.4456

P(T<=t) one-tail 0.328261

t Critical one-tail 1.655007

P(T<=t) two-tail 0.656522

t Critical two-tail 1.975799
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Analyse – ANOVA
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Analyse – ANOVA
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Analyse – ANOVA

trial 1 trial 2 trial 3 trial 4

20 20 13 13

22 21 20 19

34 24 15 19

19 24 20 13

19 22 11 15

25 23 11 14

19 20 18 13

29 22 14 13

26 18 12 13

39 20 17 14

18 19 14 13

31 16 11 14

29 24 13 15

22 20 10 19

20 23 12 19

29 22 17 14

18 18 18 14

24 24 20 14

22 23 11 17

32 24 11 18

21 18 16 13

19 18 20 17

18 22 18 14

18 23 18 14

29 19 18 16

30 21 14 17

20 17 13 19

18 17 14 15

24 21 11 14

32 20 10 13

38 19 13 18

20 15 14 18

32 24 11 17

18 23 17 15

24 18 11 18

20 24 18 16

17 21 20 15

34 24 14 13

33 15 17 17

23 24 19 16

29 20 15 13

22 23 14 17

18 21 20 17

33 19 18 17

34 21 18 19

37 15 12 19

18 24 18 15

30 20 16 13

25 18 16 13

18 23 19 14

Anova: Single 

Factor

SUMMARY

Groups Count Sum Average Variance

trial 1 50.00 1249.00 24.98 41.37

trial 2 50.00 1034.00 20.68 7.32

trial 3 50.00 760.00 15.20 10.37

trial 4 50.00 775.00 15.50 4.66

ANOVA

Source 

of 

Variatio

n SS df MS F P-value F crit

Betwee

n 

Groups 3262.02 3.00 1087.34 68.26 0.00 2.65

Within 

Groups 3122.36 196.00 15.93

Total 6384.38 199.00
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Analyse – ANOVA


