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Question 1.

a)  
	A
	B
	C
	D
	E

	0.125
	0.118
	0.123
	0.126
	0.118

	0.127
	0.122
	0.125
	0.128
	0.129

	0.125
	0.12
	0.125
	0.126
	0.127

	0.126
	0.124
	0.124
	0.127
	0.12

	0.128
	0.119
	0.126
	0.129
	0.121

	MEANS
	
	
	
	

	0.1262
	0.1206
	0.1246
	0.1272
	0.123



One-way ANOVA: Pin Size versus Machine 

Source   DF         SS         MS     F      P
Machine   4  0.0001374  0.0000344  5.21  0.005
Error    20  0.0001320  0.0000066
Total    24  0.0002694

S = 0.002569   R-Sq = 51.01%   R-Sq(adj) = 41.21%


                            Individual 95% CIs For Mean Based on
                            Pooled StDev
Level  N     Mean    StDev  ------+---------+---------+---------+---
A      5  0.12620  0.00130                     (-------*-------)
B      5  0.12060  0.00241  (-------*-------)
C      5  0.12460  0.00114               (-------*-------)
D      5  0.12720  0.00130                        (-------*-------)
E      5  0.12300  0.00474          (-------*-------)
                            ------+---------+---------+---------+---
                                0.1200    0.1230    0.1260    0.1290

Pooled StDev = 0.00257

Ho: μA= μB= μC= μD = μE
HA: At least one mean is different

Since the p(0.005) < α (0.05), and F-stat(5.21)< F-crit(4.60), we reject the null hypothesis. Therefore, there is enough evidence of a difference in mean performance between the five pin machines.

b) Assumptions:
1. Independence assumption : we assume that each machines producing pins is not affected by other machines.
2. Randomization: we assume that this data was chosen at random.
3. It is a one-way or one-factor ANOVA: assumption is valid because there is only one variable: machines.
4. Equal variance assumption: By observing the residual versus fits graph, the vertical spreads of the residuals are not equal for the different samples as denoted by their treatment means.







5. Normal population assumption: 
We can assume the normal population assumption since the points plotted in the following probability plot are pretty close to the straight line.
Also, no outliers seem to exist in the boxplots of pin sizes. 







c) Using Tukeys Method, the differences in mean performance are as follows:

Grouping Information Using Tukey Method

Machine  N      Mean  Grouping
D        5  0.127200  A
A        5  0.126200  A
C        5  0.124600  A B
E        5  0.123000  A B
B        5  0.120600    B

Means that do not share a letter are significantly different.


Tukey 95% Simultaneous Confidence Intervals
All Pairwise Comparisons among Levels of Machine

Individual confidence level = 99.28%


Machine = A subtracted from:

Machine      Lower     Center      Upper
B        -0.010460  -0.005600  -0.000740
C        -0.006460  -0.001600   0.003260
D        -0.003860   0.001000   0.005860
E        -0.008060  -0.003200   0.001660

Machine  ---------+---------+---------+---------+
B          (-------*-------)
C                (-------*-------)
D                     (-------*-------)
E              (-------*-------)
         ---------+---------+---------+---------+
               -0.0060    0.0000    0.0060    0.0120


Machine = B subtracted from:

Machine      Lower    Center     Upper
C        -0.000860  0.004000  0.008860
D         0.001740  0.006600  0.011460
E        -0.002460  0.002400  0.007260

Machine  ---------+---------+---------+---------+
C                          (-------*-------)
D                              (-------*-------)
E                       (-------*-------)
         ---------+---------+---------+---------+
               -0.0060    0.0000    0.0060    0.0120


Machine = C subtracted from:

Machine      Lower     Center     Upper
D        -0.002260   0.002600  0.007460
E        -0.006460  -0.001600  0.003260

Machine  ---------+---------+---------+---------+
D                       (-------*-------)
E                (-------*-------)
         ---------+---------+---------+---------+
               -0.0060    0.0000    0.0060    0.0120


Machine = D subtracted from:

Machine      Lower     Center     Upper
E        -0.009060  -0.004200  0.000660

Machine  ---------+---------+---------+---------+
E            (-------*-------)
         ---------+---------+---------+---------+
               -0.0060    0.0000    0.0060    0.0120

By observing this information, the mean of A and B are different, as well as the mean of B and D.

d) 	Ho: μA= μB= μC= μD = μE
HA: At least one mean is different





Kruskal-Wallis Test: Pin Size versus Machine 

Kruskal-Wallis Test on Pin Size

Machine   N  Median  Ave Rank      Z
A         5  0.1260      16.8   1.29
B         5  0.1200       5.1  -2.68
C         5  0.1250      11.8  -0.41
D         5  0.1270      20.0   2.38
E         5  0.1210      11.3  -0.58
Overall  25              13.0

H = 12.02  DF = 4  P = 0.017
H = 12.15  DF = 4  P = 0.016  (adjusted for ties)

The non parametric test used is the Kruskal-Wallis test. Since the p-value (0.017)< α (0.05), we reject the hypothesis and confirm our conclusion from part a).

Question 2

a) It is important that they use the same drivers for each route because if they don’t, the data won’t represent the relation between the route travel time and driver since each driver will have a different style, affecting the travel time for each person, which creates a lurking variable and cancels the validity of the test.

b) A two way ANOVA test is apporpriate in this situation because it is the same 5 drivers on each route, which means there are the drivers and the route to take into consideration. 

c) If I had not recognized that it was the same 5 drivers on each route, I would have done a one way ANOVA test. Essentially youre not taking all the factors into consideration and a lurking or hidden  variable could occur.

d)	One-way ANOVA

Assumptions:
1. Independence assumption : we assume that each route is not affected by other routes. 
2. Randomization: we assume that this data was chosen at random.
3. It is a one-way or one-factor ANOVA: this assumption is not valid because there are 2 variables: driver and route. 
4. Equal variance assumption: By observing the residual versus fits graph, the vertical spreads of the residuals are not equal for the different samples as denoted by their treatment means.




5. Normal population assumption: 
We can assume the normal population assumption since the points plotted in the following probability plot are pretty close to the straight line.




Ho: μ1= μ2= μ3= μ4
HA: At least one route mean is different

One-way ANOVA: Travel Time versus Route

Source  DF      SS     MS     F      P
Route    3   68.15  22.72  2.63  0.086
Error   16  138.40   8.65
Total   19  206.55

S = 2.941   R-Sq = 32.99%   R-Sq(adj) = 20.43%


                         Individual 95% CIs For Mean Based on Pooled StDev
Level  N    Mean  StDev    -+---------+---------+---------+--------
R1     5  20.600  3.647    (---------*--------)
R2     5  21.400  2.702       (--------*---------)
R3     5  25.400  3.362                    (---------*--------)
R4     5  23.200  1.643             (--------*---------)
                           -+---------+---------+---------+--------
                         18.0      21.0      24.0      27.0

Pooled StDev = 2.941

Since the p-value (0.086) > α (0.05), we fail to reject the null hypothesis. Therefore at least one route mean is different. 

Two-way ANOVA

Assumptions:
1. Independence assumption : we assume that each route is not affected by other routes.
2. Randomization: we assume that this data was chosen at random.
3. Equal variance assumption: By observing the residual versus fits graph, the vertical spreads of the residuals are not equal for the different samples as denoted by their treatment means.



4. Normal population assumption: 
We can assume the normal population assumption since the points plotted in the following probability plot are pretty close to the straight line.




H0: There are no significant differences between travel time and driver
HA: There are significant differences between travel time and driver

H0: There are no significant differences between travel time and route
HA: There are significant differences between travel time and route

Two-way ANOVA: Travel Time versus Route, Driver 

Source  DF      SS       MS     F      P
Route    3   68.15  22.7167  7.25  0.005
Driver   4  100.80  25.2000  8.04  0.002
Error   12   37.60   3.1333
Total   19  206.55

S = 1.770   R-Sq = 81.80%   R-Sq(adj) = 71.18%


             Individual 95% CIs For Mean Based on
             Pooled StDev
Route  Mean  ----+---------+---------+---------+-----
R1     20.6  (-----*------)
R2     21.4     (------*-----)
R3     25.4                     (------*-----)
R4     23.2            (------*------)
             ----+---------+---------+---------+-----
              20.0      22.5      25.0      27.5


               Individual 95% CIs For Mean Based on Pooled StDev
Driver   Mean     +---------+---------+---------+---------
1       19.50     (-------*-------)
2       21.00           (-------*-------)
3       22.50                 (-------*-------)
4       24.75                          (-------*-------)
5       25.50                             (-------*-------)
                  +---------+---------+---------+---------
               17.5      20.0      22.5      25.0

Driver
Since the p-value(0.002) < α (0.05), we reject the null hypothesis. Therefore there is significant evidence to show there are differences between travel time and driver.

Route
Since the p-value(0.005) < α (0.05), we reject the null hypothesis. Therefore there is also significant evidence to show there are differences between travel time and route.

e) The one-way ANOVA test is different from the two-way ANOVA test because the one-way test only takes the route into consideration, while the two-way test takes both the route and the driver, which eliminates the possibility of lurking or hidden variables.

f) Based on the two-way ANOVA test, the company should consider Route 1 since it has the smallest mean travel time of 20.6.

Level  N    Mean  StDev    
R1     5  20.600  3.647    
R2     5  21.400  2.702       
R3     5  25.400  3.362                   
R4     5  23.200  1.643             
                          

Question 3

a) 


 

In this interaction plot, the lines are intecerpting instead of staying parallel. Therefore, we can say there is an interaction between route and driver. 






b) Two-way ANOVA test

Assumptions:
1. Independence assumption : we assume that route is not affected by other routes.
2. Randomization: we assume that this data was chosen at random.
3. Equal variance assumption: By observing the residual versus fits graph, the vertical spreads of the residuals are not equal for the different samples as denoted by their treatment means.



4. Normal population assumption: 
We can assume the normal population assumption since the points plotted in the following probability plot are pretty close to the straight line.







H0: There are no significant differences between travel time and driver2
HA: There are significant differences between travel time and driver2

H0: There are no significant differences between travel time and route2
HA: There are significant differences between travel time and route2

Two-way ANOVA: Travel Time 2 versus Driver 2, Route 2 

Source       DF       SS       MS      F      P
Driver 2      4  355.267  88.8167  21.06  0.000
Route 2       3  222.850  74.2833  17.62  0.000
Interaction  12  109.400   9.1167   2.16  0.034
Error        40  168.667   4.2167
Total        59  856.183

S = 2.053   R-Sq = 80.30%   R-Sq(adj) = 70.94%


                   Individual 95% CIs For Mean Based on
                   Pooled StDev
Driver 2     Mean  -------+---------+---------+---------+--
1         19.5000  (----*----)
2         21.0000        (----*----)
3         22.5000              (----*----)
4         24.6667                       (----*---)
5         26.2500                             (----*----)
                   -------+---------+---------+---------+--
                       20.0      22.5      25.0      27.5


                  Individual 95% CIs For Mean Based on
                  Pooled StDev
Route 2     Mean  ---+---------+---------+---------+------
R1       20.5333  (-----*----)
R2       21.4000       (----*----)
R3       25.4000                           (----*----)
R4       23.8000                   (----*----)
                  ---+---------+---------+---------+------
                  20.0      22.0      24.0      26.0

Driver 2
We reject the null hypothesis since the p-value(0.00)< α(0.05), therefore there is enough evidence to show that there is a difference between travel time and driver 2.

Route 2
We reject the null hypothesis since the p-value(0.00)< α(0.05), therefore there is enough evidence to show that there is a difference between travel time and route 2.

c) Bonferroni Test

Confidence interval:
X1-bar – X3-bar ± ME

X1-bar = average (19,15,14) = 16
X2-bar = average (25,29,24) = 26
dfE= 40
Sp = √(MSE)  = √(4.2167)
α = 0.05
j= 4! / (4-2)! 2!  = 6

ME=  tα/2j (dfE) * Sp  √[(1/n1) + (1/n2)]
= (0.05/12) (40) (√4.2167) √ [1/5 + 1/5]
= 0.216

CI= 16 – 26 ± 0.216
= (-10.216, -9.784)

Therefore, there is a difference in means between driver 2 (R1) and driver 3(R3).





d) 
Driver 2     Mean  
1         19.5000  
2         21.0000        
3         22.5000              
4         24.6667                       
5         26.2500                             

Confidence interval:
X1-bar – X3-bar ± ME

X2-bar  = 21
X3-bar = 22.5
dfE= 40
Sp = √(MSE)  = √(4.2167)
α = 0.05
j= 4! / (4-2)! 2!  = 6

ME=  tα/2j (dfE) * Sp  √[(1/n1) + (1/n2)]
= (0.05/12) (40) (√4.2167) √ [1/5 + 1/5]
= 0.216

CI= 21-22.5 ± 0.216
= (-1.716, -1.284)

Therefore, there is a difference in means between driver 2  and driver 3 because zero is not within the confidence interval.
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