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�



Split plot designs





Topics





Plots versus sub-plots








Examples of split plot designs 








Sacrificing some comparisons 


	to improve others





References





		Fleiss..................................................Chapter 13


		Cox ....................................................Section 7.4





�
Plots and Sub-Plots





Large units


hospitals


schools


MSA


fields





Small units


patients  	(in hospitals)


students  	(in schools)


families    	(in cities)


plots         	(in fields)





Split plot


		Situation...





Some treatments must be randomly assigned to the larger units





Other treatments can be randomly assigned to the smaller units


�
Effects of the number of items








Time allowed to take the exam 





randomly assign time limits to institutions;  all students at an institution receive the same amount of time





Number of items on the exam





different exams given in the same room


			(a.k.a.,  “spiraling”)





Systematic sampling





Testing applications


pre-testing items


security


printing


administering


scoring


�
Additive model  





� EMBED "Equation" "Word Object1" \* mergeformat  ���





� EMBED "Equation" \* mergeformat  ���   effects of time


� EMBED "Equation" \* mergeformat  ���  effects of the number of items


� EMBED "Equation" \* mergeformat  ��� difference in the average performance at 		different institutions


	� EMBED "Equation" \* mergeformat  ���





	Parameter         Estimate 	      	SE


		(       		24.75


		(2          	  1.96            	1.33


		(3  			  2.32            	1.31


		(2           	  1.31            	0.54


		(3       		  0.68            	0.54





    � EMBED Equation.2  ���


�
Additive model with covariate adjustment





� EMBED "Equation" "Word Object1" \* mergeformat  ���


� EMBED "Equation" \* mergeformat  ���   score on old section 3 








	Parameter         Estimate 	      	SE





		(       		3.04


		(2         		1.51           		0.55


		(3  			1.38            		0.54


		(2         		0.30            		0.31


		(3       		0.07           	 	0.31


		(			0.67			0.01








� EMBED Equation.2  ���


�
Eye Treatments (Rosner)





Factor A





Oral drug for ophthalmologic conditions


4 doses





� EMBED "Equation" "Word Object1" \* mergeformat  ���





Factor B





Eye drops that can be applied separately to each eye





� EMBED "Equation" "Word Object1" \* mergeformat  ���





Outcome





Measured separately for each eye














4x2 Factorial





	Randomize patients to different levels of  A





	Then randomize eyes to levels of B











Example


4 patients








left eye       � EMBED "Equation" "Word Object1" \* mergeformat  ���      � EMBED "Equation" "Word Object1" \* mergeformat  ���      � EMBED "Equation" "Word Object1" \* mergeformat  ���       � EMBED "Equation" "Word Object1" \* mergeformat  ���





right eye     � EMBED "Equation" "Word Object1" \* mergeformat  ���      � EMBED "Equation" "Word Object1" \* mergeformat  ���       � EMBED "Equation" "Word Object1" \* mergeformat  ���      � EMBED "Equation" "Word Object1" \* mergeformat  ���








randomize n patients to each dose level

















Model





� EMBED "Equation" \* mergeformat  ���








� EMBED "Equation" \* mergeformat  ���          (drug)


� EMBED "Equation" \* mergeformat  ���                (eye drops)


� EMBED "Equation" \* mergeformat  ���         patients








� EMBED "Equation" \* mergeformat  ��� is the person to person variation






































Biochemical Example


(Cox;  Planning of Experiments)





Outcome





Y  = “concentration of a substance 


		in the blood of mice”








2x2x2 factorial





Factor  A  levels:       � EMBED "Equation" "Word Object1" \* mergeformat  ���





Factor  B  levels:        � EMBED "Equation" "Word Object1" \* mergeformat  ���





Factor  C levels:     male, female








Primary Comparison





Effects of Treatment A and Treatment B


Interactions of Treatments A and B with Sex


Differences between sexes (known)


Sources of Variation


Must recalibrate the equipment each day 


due to large day-to-day variation





Constraint: Can study no more than 4 mice per day





Can “average out” the day to day variation


Day 1


           � EMBED Equation.2  ���


           � EMBED "Equation" \* mergeformat  ���


          � EMBED Equation.2  ���


          � EMBED Equation.2  ���                              


                              .


                              .


                              .


Day n


           � EMBED "Equation" \* mergeformat  ���


           � EMBED "Equation" \* mergeformat  ���


          � EMBED Equation.2  ���


          � EMBED Equation.2  ���





� EMBED "Equation" \* mergeformat  ���


�
Split plot design





Study one sex per day (randomized): 


	On half the days, male mice. 


	On the other days, female mice.





Can do a 2x2 factorial for A and B each day;


Randomly assign treatment combinations to times within the day.





day 1 (4 males):		� EMBED "Equation" "Word Object1" \* mergeformat  ���   � EMBED "Equation" "Word Object1" \* mergeformat  ���   � EMBED "Equation" "Word Object1" \* mergeformat  ���   � EMBED "Equation" "Word Object1" \* mergeformat  ���





day 2 (4 females): 		� EMBED "Equation" "Word Object1" \* mergeformat  ���   � EMBED "Equation" "Word Object1" \* mergeformat  ���   � EMBED "Equation" "Word Object1" \* mergeformat  ���   � EMBED "Equation" "Word Object1" \* mergeformat  ���


         .


         .


         .























Model


		� EMBED Equation.2  ���





� EMBED Equation.2  ���  i=1,2 indicates sex of mice





� EMBED "Equation" \* mergeformat  ���  j=1,...n,  is daily variation for the jth day 			on which the ith sex is tested





k=1,2 reference levels of  A





l=1,2  references levels of B


�
Precision





Day-to-day variation “cancels”  


in all the comparisons of A vs B





� EMBED Equation.2  ���











� EMBED Equation.2  ���











	� EMBED Equation.2  ���
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