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Introduction





Topics





1.		Experimental Units,  Treatments,  and


		Observational Units





2.		Experimental Designs  Distinguished  from


		Treatment Designs





3. 		Cross-sectional  versus   Longitudinal








4.		Randomization


		


				Why Randomize?





				What are the Alternatives ?





				Randomization-based inference


�
Experimental Units,    Treatments,


and   Observational Units








Experimental Unit





“The smallest subunit of the experimental material such that any two different experimental units may receive different treatments.”   


                          --Neter, Wasserman, and Kutner; 1985.     





Examples:     patient,  student,  classroom,  an animal,  litter,  plot of land,  sub-plot,  tree.





Guideline:  usually, measurements from two different EUs  are uncorrelated,   but two measurements on a single EU are correlated.    





Exceptions have special correlation structures:     


“cluster samples”,   “surveys of finite populations”,


and   “randomized block experiments”.   





(Acknowledge:   RW Helms,  Joy of Modeling,  1998)


(  Experimental Units,    Treatments,


and   Observational Units  )








Observational Unit


	( a.k.a.,   Measurement Unit,   Sampling Unit )





“The smallest unit of experimental material upon which measurements of response to treatment can be made.”     --R.W. Helms,  The Joy of Modeling, 1998.








Examples:	





the whole Experimental Unit.................................patient  





a part of the EU..................one of several blood samples





a temporal part of the EU.....................patient at visit #5





a member of litter/classroom/cluster..........Ms. “7 of  9”�
(  Experimental Units,    Treatments,


and   Observational Units  )


Treatment





Application of experimental regimen,  intervention, etc.   


Examples:   placebo,   control,   active therapy,  toxin,  elapsed time of exposure.








Treatment Design





The detailed specification of the treatments.


Example:   The particular doses in a dose-response study are 0.00,  0.12,  0.24,   0.36,   0.40  ppm Ozone gas.








Experimental Design  





The procedure for assigning treatments to the EUs.   





We will assume that the assignments are by a 


R a n d o m i z a t i o n    procedure.  





   


Distinguishing  Treatment Design


from Experimental Design





Important Classes of Treatment Designs


	one-way designs


	crossed-factors designs


	nested designs


	latin square designs


	


	can be executed as longitudinal or cross-sectional	





Important Classes of Experimental Designs


	completely random designs (CRD)


	randomized block designs 


	randomized complete block designs (RCB)


	incomplete block designs


	balanced incomplete block designs (BIB)


	partially balanced incomplete block designs (PBIB)


	split-plot designs 


	crossover designs (CO)





	can be executed as longitudinal or cross-sectional�
Distinguishing  Treatment Design


from Experimental Design





Treatment Design 


		“Which treatments do we want to compare?“





Experimental Design


		“How will we randomly assign the treatments


		   to the EUs ?”    (And what are the EUs ?)





Example:    


How do human volunteers respond to low levels of ambient Ozone  ( 0.00, 0.12,  0.24  ppm)  when resting and when exercising  ( low,  high  ventilation) ?  





Treatments	Ozone Concentration		Ventilation 	1					0.00  ppm				low


	2					0.00  ppm				high


	3					0.12  ppm				low	


	4					0.12  ppm				high


	5					0.24  ppm				low


	6					0.24  ppm				high


	�
Randomization in Experiments





Basic Design


� EMBED Word.Picture.6  ���





Key element:  Randomization.





Definition:  Randomization is the assignment of interventions to experimental units by a process that 


uses a chance mechanism. 








Why randomize?





	1.  to prevent selection bias in the allocation 


		of experimental units to treatments





	2. basis for inference














Alternatives to randomization:





	1.  subjective allocation





	2.  systematic allocation





	3.  historical controls�



Subjective Allocation  








Definition: the assignment of interventions by the


investigators in a subjective way.











“An investigator who is free to decide which of the two


treatments a subject shall receive will almost inevitably


allow his choice to be influenced, consciously or 


subconsciously, by his knowledge of the subject.”


                     D.J. Finney in 


                     Experimental Design and Its 


                     Statistical Basis





�
Example: from Planning Experiments by D.R. Cox





Lanarkshire, 1930: school based study of milk


supplementation and growth





Treatment 1: 3/4 pint of raw milk (n=5000)


Treatment 2: 3/4 pint of pasteurized milk (n=5000)


Treatment 3: no milk (10,000)





Response: growth (increase in height and weight)





Assignment at random, but teachers could subjectively


“improve” the assignment; i.e. could switch the 


treatment of individual children.





Results: Children on milk grew less than the control 


group.





Reason: teachers put lower social class children in milk


groups. �



Systematic Allocation








Definition: the assignment of treatments in an 


organized, non-random manner.





Examples:


alternating assignment


assign T on even numbered days and C on odd


numbered days





Advantage: easy to implement





Disadvantage: investigators can manipulate


allocation�
Example:  Wright, et.al. 1948





Subjects: myocardial infarction patients





Treatments: anticoagulant therapy (T)


                   no anticoagulant therapy (C)





Assignment: patients admitted on odd days--T


                     patients admitted on even days--C





Assignment: 589 patients assigned T


                     442 patients assigned C





Investigators manipulated date of admission to 


assign more patients to the preferred treatment.





�



Historical Controls








Ref. Gehan and Freireich NEJM (1974)


        Farewell and D’Angio Biometrics (1981)








Design:  Assign new treatment to all patients--


use previously treated patients as controls.





Advantage:


Cost; need fewer new patients for the study





Disadvantage: 


Selection bias cannot be eliminated.


�
Example: (Farewell and D’Angio)  


Trial of treatments for Wilms tumor





A randomized trial of three treatments was performed:


G1 on  A 	=  	[Actinomycin-D  +  Vineristine] 


G2 on  B	=	[a treatment that did not perform well]


G3 on  C	= 	[a treatment that did not perform well]





After the trial was over a new treatment was proposed:


	D	=	[a promising new treatment]





A 2nd randomized trial was performed:	


G4  on  A 	=  	[Actinomycin-D  +  Vineristine] 


G5  on  D	=	[the  promising new treatment]


Comparison yielded  (( = 4.60   so that  p-value < 0.05.





Retrospectively, a historical-controls study was performed by sustituting the “G1 on A”  data  in place of the  “G4 on A”  data. 


Comparison yielded  (( = 0.52   so that  p-value > 0.05.





Use of historical controls would have failed to detect the usefulness of the new treatment.


The Plot So Far....





Only randomization can insure the lack of selection 


bias on both measured and unmeasured variables.





Next,  randomization is also the basis for inference.





Example . . . .





		Patient		Treatment		Response


�


			1			A				 4


			2			B				10


			3			B				 6


			4			A				 8


�








��	(	=	YA  (  YB     =     6  (  8    =   -2





Is this difference significant ?





�
Example of a Test Based on Randomization


				


There are   � EMBED Equation.2  ���  possible allocations of  4 patients 


to  2 treatments  with equal sample sizes.





	All Possible 


��	Allocations		YA   	YB    	 (


�


		AABB		7		7		 0


		ABAB		5		9		-4


		ABBA		6		8		-2


		BAAB		8		6		 2


		BABA		9		5		 4


		BBAA		7		7		 0


�





We observed (obs = -2.    From table, only 2 of the 6 allocations would give a statistic this extreme:





	p  =  Pr[ ( <  (obs 
