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�
Balanced Incomplete Block Designs (BIBD)








Challenge





Suppose...





	Blocking was desired, and 





	there were more treatments than 


	units per block.





And we wanted ....





	To estimate treatment effects as


	 precisely as possible,





	with similar accuracy for each treatment





	via relatively simple estimation


�
Design Solution





Let 	n  be the number of blocks





Let	k  be the number of units in a block 





		Let  g   be the number of treatments.


		( g > k )





Apply each treatment  r  times in the study (no more than once per block)





Each pair of treatments occurs together 


	(  times  (balanced)





		The “balance” will simplify analysis.





		Now how do we find  r  and   (    ?





Biochemical example (Cox)


		n=10   k=3   g=5    and   r=6    (=3


�
Biochemical example (Cox):  


	Given  n=10   k=3  <  g=5,     	we find that  r=6    (=3.


Y = “concentration of a substance in blood”


Have g=5 treatments:        � EMBED "Equation" \* mergeformat  ���


Only k=3  measurements are feasible per day.


Each day is a block.   





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


Day  						 means


�


  1	1.40	-	-	4.43	3.16	3.00


  2	-	1.81	-	5.09	4.54	3.81


  3	3.32	3.91	-	6.02	-	4.42


  4	3.56	-	3.09	-	4.66	3.77


  5	-	-	3.66	2.81	4.66	3.71


  6	1.31	1.60	2.13	-	-	1.68


  7	3.86	-	4.26	5.87	-	4.66


  8	-	3.45	2.57	-	3.06	2.27


  9	-	3.31	5.10	5.42	-	4.61


10	4.46	3.94	-	-	5.53	4.64





means


	2.98	3.00	3.47	4.94	4.27	3.77


Unadjusted analysis:





� EMBED "Equation" \* mergeformat  ��� 	is  


the mean over all units receiving treatment  j  


	minus 


the grand mean











Ordinary least squares (OLS) analysis:








� EMBED "Equation" \* mergeformat  ���





� EMBED "Equation" \* mergeformat  ���              block differences





� EMBED "Equation" \* mergeformat  ���             treatment differences





�
Efficiency factor  (Fleiss)





� EMBED "Equation" \* mergeformat  ���








Adjusted treatment difference





Let � EMBED "Equation" \* mergeformat  ��� be the block mean for those block having a unit that received treatment � EMBED "Equation" \* mergeformat  ���





� EMBED "Equation" \* mergeformat  ���








Standard error





� EMBED Equation.2  ���








Example








� EMBED "Equation" \* mergeformat  ���











Treatment	unadjusted	adjusted





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





1	-0.79	-0.89


2	-0.77	-0.87


3	-0.30	-0.17


4	1.17	1.05


5	0.50	0.69


�
Finding BIBD's





Relatively few such design exists





Find them in experimental design books (Cochran and Cox)





Constraints





	gr=nk





	� EMBED "Equation" \* mergeformat  ���





	g < n








Practical approaches





Eliminate a treatment





Expand  block sizes





Replicate BIBD designs


Stratified randomization








Large blocks:  strata





gender, race, high/low blood pressure, etc.





centers in multi-center clinical trials





many patients within each strata








Randomize within strata





separate study for each strata





typically small number of treatments





Examples





Lipids reduction trial stratified on clinic


ENRICHD stratified on clinic and ?social isolation, depression? criteria


�
Additive model  for  outcome variable  Y





Stratum	Trt 1 mean	Trt 2 mean





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


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


	.	.	.


	.	.	.


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





Variance-covariance model:


within stratum variance is constant = � EMBED "Equation" "Word Object1" \* mergeformat  ���



































Data





Stratum	Trt 1 	Trt 2 	





		n     data     � EMBED "Equation" "Word Object1" \* mergeformat  ���    sd	n     data     � EMBED "Equation" "Word Object1" \* mergeformat  ���    sd	





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





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


	.	.	.


	.	.	.	


	.	.	.


   


	I	


�
Estimation within strata








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








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





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





�
Combined estimates








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





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





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





� EMBED "Equation" \* mergeformat  ���         total number in all strata





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





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


�
Efficiency








randomization yields approximately equal number of units assigned to each treatment within each strata





small gains unless there are small sample sizes and large differences between strata
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