Margin Makers’ PDI DOE Plan and Results

After mapping the PDI Field Operation process and reviewing the available data, the Margin Makers believe dispatch time is critical to minimizing both price rebates and idle time cost. To adjust the dispatch time, the team needs to have an accurate prediction of travel time to the customer location. They know travel time is a result of distance to the customer and speed (mph) of the Field Operator. They believe Field Operator speed may be determined by vehicle type, package weight, facility location, and time slot and have therefore designed their experimental runs to test these factors. If the team can successfully predict speed, they can choose the least expensive vehicle and adjust the dispatch time accordingly.

The team set up a full factorial experimental design with two replicates using Vehicle, Time Slot, Facility and Weight as factors. They randomized the run order and recorded MPH as the response variable. Their results and analysis follow:

	StdOrder
	RunOrder
	Vehicle
	TimeSlot
	Facility
	Weight
	MPH

	26
	1
	Truck
	AM
	Suburbia
	50
	30.2

	30
	2
	Truck
	AM
	Downtown
	50
	24.2

	21
	3
	Bike
	AM
	Downtown
	0
	19.8

	32
	4
	Truck
	PM
	Downtown
	50
	14.3

	14
	5
	Truck
	AM
	Downtown
	50
	25.4

	3
	6
	Bike
	PM
	Suburbia
	0
	19.7

	17
	7
	Bike
	AM
	Suburbia
	0
	20.1

	9
	8
	Bike
	AM
	Suburbia
	50
	9.5

	4
	9
	Truck
	PM
	Suburbia
	0
	19.8

	8
	10
	Truck
	PM
	Downtown
	0
	14.2

	10
	11
	Truck
	AM
	Suburbia
	50
	30.7

	12
	12
	Truck
	PM
	Suburbia
	50
	19.2

	15
	13
	Bike
	PM
	Downtown
	50
	10.0

	16
	14
	Truck
	PM
	Downtown
	50
	14.7

	18
	15
	Truck
	AM
	Suburbia
	0
	30.2

	28
	16
	Truck
	PM
	Suburbia
	50
	20.3

	19
	17
	Bike
	PM
	Suburbia
	0
	20.4

	25
	18
	Bike
	AM
	Suburbia
	50
	8.7

	2
	19
	Truck
	AM
	Suburbia
	0
	30.2

	7
	20
	Bike
	PM
	Downtown
	0
	19.8

	20
	21
	Truck
	PM
	Suburbia
	0
	19.9

	13
	22
	Bike
	AM
	Downtown
	50
	12.5

	23
	23
	Bike
	PM
	Downtown
	0
	19.7

	24
	24
	Truck
	PM
	Downtown
	0
	14.7

	22
	25
	Truck
	AM
	Downtown
	0
	25.4

	11
	26
	Bike
	PM
	Suburbia
	50
	9.2

	31
	27
	Bike
	PM
	Downtown
	50
	8.9

	1
	28
	Bike
	AM
	Suburbia
	0
	20.2

	5
	29
	Bike
	AM
	Downtown
	0
	20.1

	6
	30
	Truck
	AM
	Downtown
	0
	23.8

	27
	31
	Bike
	PM
	Suburbia
	50
	10.4

	29
	32
	Bike
	AM
	Downtown
	50
	8.8


Factorial Fit: MPH versus Vehicle, Time Slot, Facility, Weight Estimated Effects and Coefficients for MPH (coded units)

	Term
	Effect
	Coef
	SE Coef
	T
	P

	Constant
	
	18.594
	0.1514
	122.84
	0.000

	Vehicle
	7.463
	3.731
	0.1514
	24.65
	0.000

	Time Slot
	–5.288
	–2.644
	0.1514
	–17.47
	0.000

	Facility
	–2.650
	–1.325
	0.1514
	–8.75
	0.000

	Weight
	–5.062
	–2.531
	0.1514
	–16.72
	0.000

	Vehicle*Time Slot
	–5.087
	–2.544
	0.1514
	–16.81
	0.000

	Vehicle*Facility
	–2.825
	–1.413
	0.1514
	–9.33
	0.000

	Vehicle*Weight
	5.163
	2.581
	0.1514
	17.05
	0.000

	Time Slot*Facility
	–0.175
	–0.087
	0.1514
	–0.58
	0.571

	Time Slot*Weight
	–0.087
	–0.044
	0.1514
	–0.29
	0.776

	Facility*Weight
	0.225
	0.112
	0.1514
	0.74
	0.468

	Vehicle*Time Slot*Facility
	0.325
	0.163
	0.1514
	1.07
	0.299

	Vehicle*Time Slot*Weight
	–0.037
	–0.019
	0.1514
	–0.12
	0.903

	Vehicle*Facility*Weight
	–0.200
	–0.100
	0.1514
	–0.66
	0.518

	Time Slot*Facility*Weight
	–0.200
	–0.100
	0.1514
	–0.66
	0.518

	Vehicle*Time Slot*Facility*Weight
	0.250
	0.125
	0.1514
	0.83
	0.421


S = 0.856227 R-Sq = 99.18% R-Sq(adj) = 98.41%

Analysis of Variance for MPH (coded units)

	Source
	DF
	Seq SS
	Adj SS
	Adj MS
	F
	P

	Main Effects
	4
	930.38
	930.384
	232.596
	317.27
	0.000

	2-Way Interactions
	6
	484.83
	484.829
	80.805
	110.22
	0.000

	3-Way Interactions
	4
	1.50
	1.496
	0.374
	0.51
	0.729

	4-Way Interactions
	1
	0.50
	0.500
	0.500
	0.68
	0.421

	Residual Error
	16
	11.73
	11.730
	0.733
	
	

	Pure Error
	16
	11.73
	11.730
	0.733
	
	

	Total
	31
	1428.94
	
	
	
	


Unusual Observations for MPH

	Obs
	StdOrder
	MPH
	Fit
	SE Fit
	Residual
	St Resid

	22
	13
	12.5000
	10.6500
	0.6054
	1.8500
	3.06R

	32
	 29
	8.8000
	10.6500
	0.6054
	–1.8500
	–3.06R


R denotes an observation with a large standardized residual.

Estimated Coefficients for MPH

(using data in uncoded units)

	Term
	Coefficient

	Constant
	21.1250

	Vehicle
	1.15000

	Time Slot
	–2.60000

	Facility
	–1.43750

	Weight
	–0.101250

	Vehicle*Time Slot
	–2.52500

	Vehicle*Facility
	–1.31250

	Vehicle*Weight
	0.103250

	Time Slot*Facility
	0.012500

	Time Slot*Weight
	–0.00175000

	Facility*Weight
	0.00450000

	Vehicle*Time Slot*Facility
	0.037500

	Vehicle*Time Slot*Weight
	–0.00075000

	Vehicle*Facility*Weight
	–0.00400000

	Time Slot*Facility*Weight
	-0.00400000

	Vehicle*Time Slot*Facility*Weight
	0.00500000


� AU:  Please review this table carefully to ensure that it is still okay after editing and coding.





