14.5.4

Analysis of Variance with Minitab

One-way ANOVA

One-way ANOVA, it can be thought of as an extension to the two-sample t-test.

5.4.1
Open Worksheet Merlin3 saved while working through the Worksheet 14.5.3.

5.4.2
Check by describing the variable XE "variable" , AGE, to be used in this analysis:

Stat / Basic Statistics / Display Descriptive Statistics AGE 

 Descriptive Statistics: Age 

Variable N  N*  Mean  SE Mean  StDev  Minimum     Q1  Median     Q3  Maximum

Age     60  0  37.75     1.42  11.04    17.00  32.00   39.00  45.75    64.00

   

5.4.3
Carry out a 2-sample t-test on ages grouped by sex.  

Stat / Basic Statistics / 2-Sample t / Samples in one column / Samples AGE 

Subscripts SEX / Options / Alternative not equal 

Two-sample T for Age




Sex   N  Mean  StDev  SE Mean

1    30  38.9   10.8      2.0

2    30  36.6   11.3      2.1

Difference = mu (1) - mu (2)

Estimate for difference:  2.36667

95% CI for difference:  (-3.35514, 8.08848)

T-Test of difference = 0 (vs not =): T-Value = 0.83  P-Value = 0.411  DF = 57

· State the mean values for the males and the females             . . . .38.9 . . . 36.6. . . . .

· The null hypothesis for this test is that the means are the same, that is, that 

      the difference is zero.  What is the probability that this is true?   . . . 0.411   . . . . . . . . . 

· What do you conclude?
   . . .The population mean ages could be the same . . . . . . . . .  

5.4.4
Stat / ANOVA / One-way / Response AGE / Factor SEX . 

One-way ANOVA: Age versus Sex 

Source  DF    SS   MS     F      P

Sex      1    84   84  0.69  0.411

Error   58  7103  122

Total   59  7187

S = 11.07   R-Sq = 1.17%   R-Sq(adj) = 0.00%

                         Individual 95% CIs For Mean Based on

                         Pooled StDev

Level   N   Mean  StDev   --+---------+---------+---------+-------

1      30  38.93  10.83           (-------------*------------)

2      30  36.57  11.29   (-------------*------------)

                          --+---------+---------+---------+-------

                         33.0      36.0      39.0      42.0

Pooled StDev = 11.07

· State the null hypothesis

The population mean age is the same for both sexes .

· What is the probability that it is true?



             
0.411. .  

· What do you conclude?
That the population mean age is the same for both sexes
 . . .

· Look at the confidence intervals.  

    Indicate why these lead to the same conclusion       . . They overlap. . . . . . . . . . . . . . . . . . .

· Compare with results of Task 5.4.3.


Same result
5.4.5
In the first empty column type Jobcat (Job categories) for the heading and the following list of codes (without spaces which are here just to ease checking) 

Type in the codes:   
4 3 4 1 1   3 3 3 2 1   2 1 1 3 4   1 4 4 2 1   2 1 3 2 3   1 3 3 1 2

1 3 3 3 3   1 1 2 4 1   2 1 1 3 3   1 3 2 3 3   3 1 1 2 3   3 1 3 3 3

(1 = Clerical, 2 = Management, 3 = Production, 4 = Security )


Save your revised current worksheet as Merlin4
5.4.6
Stat / ANOVA / One-way / Response AGE / Factor JOBCAT.


One-way ANOVA: Age versus Jobcat 

Source  DF      SS      MS      F      P

Jobcat   3  3987.1  1329.0  23.26  0.000

Error   56  3200.1    57.1

Total   59  7187.3

S = 7.559   R-Sq = 55.48%   R-Sq(adj) = 53.09%

                          Individual 95% CIs For Mean Based on

                          Pooled StDev

Level   N    Mean  StDev  ---------+---------+---------+---------+

1      20  28.050  7.990  (---*---)

2      10  51.500  6.023                             (-----*-----)

3      24  40.583  8.010                  (---*---)

4       6  35.833  6.080        (-------*-------)

                          ---------+---------+---------+---------+

                                32.0      40.0      48.0      56.0

Pooled StDev = 7.559

· State the null hypothesis
   The mean age for the job categories are all the same
· State the alternative hypothesis
That for at least one of the categories is different. . . .

· What is the probability that the null hypothesis is true?
             
 . . ..0.000 . . . . . . .  

· What do you conclude?

That for at least one of the categories is different. . . .

· Look at the confidence interval for each of the means.  

Indicate why these lead to the same conclusion.
. Some have no overlap. . . .. . . . . . . . . .

Which levels of JOBCATS differ in their mean ages?   
Management are older than all the rest. Clerical are younger than all the rest.

Two-way ANOVA

Two-way ANOVA is the simplest extension of One-way ANOVA.

We shall now split the ages by both factors simultaneously.

5.4.8
Stat / ANOVA / General Linear Model / Responses AGE / Model JOBCAT and SEX 

General Linear Model: Age versus Jobcat, Sex 

Factor  Type   Levels  Values

Jobcat  fixed       4  1, 2, 3, 4

Sex     fixed       2  1, 2

Analysis of Variance for Age, using Adjusted SS for Tests

Source  DF  Seq SS  Adj SS  Adj MS      F      P

Jobcat   3  3987.1  3986.9  1329.0  23.46  0.000

Sex      1    83.8    83.8    83.8   1.48  0.229

Error   55  3116.3  3116.3    56.7

Total   59  7187.2

S = 7.52727   R-Sq = 56.64%   R-Sq(adj) = 53.49%

State the two null hypotheses
The mean age for the job categories are all the same

. . . . . . . . . . . . . . . . .   The population mean age is the same for both sexes. . . 

· State the two alternative hypothesis
The mean age of at least one of the job categories is different
The mean age of at least one of the sex groups is different.. .

· What are the probabilities that each null hypothesis is true?      
0.000     . . .0.299 .  .. . . . . 

· What do you conclude?
The mean age of at least one of the job categories is different     . . The population mean age is the same for both sexes . . . . . . . . . . . . . . .

5.4.9Compare the subgroups graphically

Graph / Barchart / Cluster / Select JOBCAT and SEX
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5.4.10 Carry out a two-way Analysis of Variance, without interactions, for the Laboratories and Brand of Peanut Butter as given in Tutorial Question 8.3.

You will need one column for all the fat contents, another column for the Laboratory codes: 1 = A, 2 = B, etc., and a third for the Brands.

General Linear Model: Fat versus Labs, Brands 

Factor  Type   Levels  Values

Labs    fixed       4  1, 2, 3, 4

Brands  fixed       3  1, 2, 3

Analysis of Variance for Fat, using Adjusted SS for Tests

Source  DF  Seq SS  Adj SS  Adj MS     F      P

Labs     3  0.7400  0.7400  0.2467  1.21  0.383

Brands   2  1.6200  1.6200  0.8100  3.98  0.079

Error    6  1.2200  1.2200  0.2033

Total   11  3.5800

S = 0.450925   R-Sq = 65.92%   R-Sq(adj) = 37.52%

Use the output to answer Tutorial Question 8.3.

5.4.11Carry out a two-way Analysis of Variance for the electronics firm data, without interactions, in Tutorial Question 8.4.

You will need one column for all numbers of monitors produced, another column for the employees: 1 = A, 2 = B, etc., and a third for the times of day.

General Linear Model: Monitors versus Time, Employee 

Factor    Type   Levels  Values

Time      fixed       3  1, 2, 3

Employee  fixed       5  1, 2, 3, 4, 5

Analysis of Variance for Monitors, using Adjusted SS for Tests

Source    DF   Seq SS  Adj SS  Adj MS     F      P

Time       2   62.533  62.533  31.267  5.75  0.028

Employee   4   33.733  33.733   8.433  1.55  0.276

Error      8   43.467  43.467   5.433

Total     14  139.733

S = 2.33095   R-Sq = 68.89%   R-Sq(adj) = 45.56%
Use the output to answer Tutorial Question 8.4.

5.4.12Carry out a chi-square test to see if there is any association between job categories and Sex:  Open file Merlin3

Stat / Tables / Crosstabulations and Chi-Square / For Rows JOBCAT / For columns Columns SEX / Chisquare / Display Chi-Square analysis , Expected Cell Counts


Tabulated statistics: Sex, Jobcat 

Rows: Sex   Columns: Jobcat

        1   2   3  4  All

1      10   6   9  5   30

       10   5  12  3   30

2      10   4  15  1   30

       10   5  12  3   30

All    20  10  24  6   60

       20  10  24  6   60

Cell Contents:      Count

                    Expected count


Pearson Chi-Square = 4.567, DF = 3, P-Value = 0.206

Likelihood Ratio Chi-Square = 4.830, DF = 3, P-Value = 0.185

* NOTE * 2 cells with expected counts less than 5

· State the null hypothesis ……There is no association between a workers job category and their sex.…………………………………………………………….

· State the alternative hypothesis…There is an association between them………

· What is the probability that the null hypothesis is true     0.206
· What conclusion do you draw? . . There is no association between them. . . . . .
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