Analysis of Augmented Designs using SAS
Introduction

In genetic resources environment, which is a field in the forefront of biological research, an essential activity is to test or evaluate the new germplasm/ provenance / superior selections (test treatments), etc. with the existing provenance or released varieties (control treatments).  A problem in these evaluation studies is that the quantity of the genetic material collected from the exploration trips is very limited or cannot be made available since a part of this is to be deposited in Gene Bank.  The available quantity of seed is often not sufficient for replicated trials. Moreover, the number of new germplasm or provenance to be tested is very high (usually about 1000-2000 and sometimes up to 3000 accessions), and it is very difficult to maintain the within block homogeneity. These experimental situations may also occur in the fields of entomology, pathology, chemistry, physiology, agronomy and perhaps others for screening experiments on new material and preliminary testing of experiments on promising material. In some other cases (e.g. physics), a single observation on new material may be desirable because of relatively low variability in the experimental material.  These types of situations came to be known to Federer around 1955 in screening new strains of sugarcane and soil fumigants used in pineapples. Augmented (Hoonuiaku) designs were introduced by Federer (1956) to fill a need arising in screening new strains of sugarcane at Experimental Station of Hawaii Sugarcane Planters Association on the basis of agronomic characters other than yield.

Thus, we have seen that we have to design an experiment in which the experimental material for new (test) treatments is just enough for a single replication. However, the connectedness property of the design is ensured by augmenting any standard connected design in control treatments with new (test) treatments and replications of the control provide the estimate of error. More precisely, an augmented experimental design is any standard experimental design in standard treatments to which additional (new) treatments have been added.  The additional treatments require enlargement of the complete block, incomplete block, row - column designs, etc. The groupings in an augmented design may be of unequal sizes.

Augmented designs eliminating heterogeneity in one direction are called augmented block designs. Federer (1956, 1961) gave the analysis, randomization procedure and construction of these designs by adding the new treatments to the blocks of RCB Design and balanced lattice designs. Federer (1963) gave procedures and designs useful for screening material inspection and allocation with a bibliography.  Federer and Raghavarao (1975) who obtained augmented designs using RCB design and linked block designs for one-way heterogeneity setting gave a general theory of augmented designs.  An analytic procedure of these designs has also been given.  The estimable contrasts in such designs may be (i) among new varieties  (test treatments), (ii) among check varieties  (control treatments), and (iii) among all check and new varieties simultaneously.  Indeed it may be possible to estimate the contrasts between check and new varieties. We shall concentrate on augmented designs for 1-way elimination of heterogeneity settings. 

The analysis of augmented designs can be easily carried out by making use of the control treatments which are appearing in every block to compare the test treatments against control treatments. For generating a randomized layout of Augmented complete block design, a web based utility is available at

 http://www.iasri.res.in/design/Augmented%20Designs/home.htm. 

The SAS® macro, augment.sas provides a convenient way to analyze the augmented block designs. The macro produces the output in the form of Rich Text File. The purpose of this document is to explain how to use this macro.

Note: This macro is capable of performing analysis of any block designs for making test treatments – control treatments comparisons.

Dataset Preparation

The macro requires that the dataset should be prepared in the following way:

· The treatments should be coded as 1, 2, 3 etc. This is required to compute different contrasts. Also, the coding must start with control treatments followed by the test treatments. For example, if there are 4 control treatments and 6 test treatments, the control treatments are coded from 1 to 4 and test treatments are coded from 5 to 10. 

· Create a SAS dataset with at least 3 variables, one for block, one for treatment and one for the dependent or analysis variables. However, if there are more than one dependent variables were collected in the same experiments, the same may be entered in additional columns. The macro can analyze more than one dependent variable in one go.
Using Macro augment.sas
· Download augment.sas and Using _Augment_Design_Macro.sas program files to your system.
· First file augment.sas  contains the macro program and the second one Using _Augment_Design_Macro.sas contains an example experimental data conducted in augmented block design with two dependent variables. 

· Copy the “Augment.sas” in any folder. 
· Open Using_Augmented_Design_Macro.sas program in SAS. 
The codes for creating the SAS dataset using DATA step are included in the file. If you would like to use the same file, replace the datalines within the DATA step with your own data. Remember to add/remove dependent variables in INPUT line of the DATA step. An example of data set preparation with 4 controls and 8 Tests treatments arranged in 3 blocks is given below.
data dset;   





input blk trt yld s_yld;


cards;
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;run;

The different variable names used in the above example are

1. blk - Block variable name. In this Example there are 3 blocks numbered as 1,2 and 3.
2. trt - Make sure that all your control treatments are coded first. For example, if you have 4 control treatments and 8 test treatments, control treatments are coded from 1 to 4 and test treatments are coded from 5 to 12.
3. yld syld - One can have several response/dependent variables. In this Example there are two dependent variables, namely yld and syld. 
The macro takes the following arguments:

· SAS Dataset to be used as 
· Number of control treatments

· Number of test treatments

· Variable Name for block in the SAS dataset
· Variable Name for treatment in the SAS dataset

· Variable Name(s) for dependent variables in the SAS dataset to be analyzed. In case of multiple dependent variables, separate the variable names by space

· Multiple Comparison Test to be used. Accepted values are Tukey  (for Tukey’s HSD) or T (Fisher’s LSD)

· Level of Significance (as a fraction) to be used in the multiple comparison test. Typical values are 0.01, 0.05 etc.

· RTF File to be created. Provide Name of the output file to be created with full path. If you are using Microsoft® Windows Vista or Windows 7, make sure you have write permission to create files in that folder.

Assigning values to various macro variables names
%let ds = dset;


%let dep_var = yld s_yld; 


%let block_var = blk; 


%let trt_var = trt; 


%let adjust = t; 




%let alpha = 0.05; 




%let controls = 4; 




%let tests = 8; 






%let rtf = D:\augment_result.rtf; 

All these are macro variables written after %let statement.

1. ds - Write your data set name. It should be same as defined in data step.

2. dep_var - Write your response variables names separated by a single space. In this example there are two dependent variables, namely yld and syld. So these are written separated by a space.

3. block_var - Write your Block variable name as given in above dataset. In this example its blk.

4. trt_var - Write your Treatment variable as defined in above dataset. In this example its trt.

5. adjust - Enter Multiple Comparison Adjustment variable here. Accepted values are TUKEY for Tuley's Honest Significant Difference or T for Least Significant Difference.

6. alpha - Alpha level to be used in Multiple comparison. Typically, 0.01 or 0.05 for 1% and 5% level of significance respectively.

7. controls - Enter the number of Controls treatments.

8. tests - Enter the number of Tests treatments.

9. rtf - Output file Name. In this Example the output file name is augment_result and it gets saved in D: drive of the system. One can give any name of the output file and any location of the system to save it. The important thing to remember the extension .rtf should remain as such.

%include 'D:\New Downloads (2011)\augment.sas';

/* Modfiy to change the path to the file containing Augument macro. (augment.sas) */
The above statement is optional. It would be better if you use this. But one has to change 'D:\New Downloads (2011) to the actual path of your downloaded augment.sas macro.
If you are not sure of the path of the macro and don't want to use this, then open the file augment.sas and run it once. It will not produce any output. Don't include this statement in your program or make it as comment by writing * in the beginning of %include statement.

%augment(ds=&ds,c=&controls,t=&tests,adjust=&adjust,alpha=&alpha, rtffile=&rtf);

This statement is calling the macro. Make sure you are using appropriate macro variables. If you have changed it, make sure that you have changed it here also. 

1. ds=&ds - passing the name of data set to macro variable ds
2. c=&controls - passing the value of controls macro variable to c.

3. t=&tests - passing the value of tests macro variable to t.
4. ds=dset - passing the name of SAS dataset name. If you have used another name then give that name instead of dset.

5. adjust=&adjust - passing the value of adjust macro variable to adjust.

6. alpha=&alpha - passing the value of alpha macro variable to alpha.

7. rtffile=&rtf - passing the value of rtf macro variable to rtffile.
You can make necessary changes to the following SAS Code to run the macro:
%let ds = dset;


/* Name of the SAS dataset */
%let dep_var = yld s_yld;  
/* Give dependent variables separated by space */
%let block_var = blk; 
/* Give Block variable here */
%let trt_var = trt; 

/* Give Treatment variable here */
%let adjust = t; 



/* Enter Multiple Comparison Adjustment Variable here. Accepted values are TUKEY or T */
%let alpha = 0.05; 

/* Alpha level to be used in Multiple comparison */
%let controls = 4; 

/* Give the number of Controls */
%let tests = 8; 


/* Give the number of Tests */


%let rtf = D:\augment_result.rtf; /* Output file Name. Make sure that you have write permissions for the folder. */
/* Modify to change the path to the file containing Augment macro. (augment.sas) */
%include 'D:\New Downloads (2011)\augment.sas';

/* if you are not sure of the path of the macro, then make the %include statement as comment and open augment.sas and run it once

before executing this program*/
/* Calling the macro. Make sure you are using appropriate macro variables */
%augment(ds=&ds,c=&controls,t=&tests,adjust=&adjust,alpha=&alpha,rtffile=&rtf);
Output Produced
The outputs are shown for the sample data included in the second file, Using_Augmented_Design_Macro.sas. Note that there are 4 control treatments and 8 test treatments. The variable names are “blk”, “trt” for block and treatment respectively and the dependent variables are yld & s_yld.

Table: Augmented Design Details

This table provides the details of the Augmented Design used.

	Details
	Number of Levels

	Number of Blocks
	3

	Total Number of Treatments
	12

	Number of Control Treatments
	4

	Number of Test Treatments
	8


Table: ANOVA Table

The second table printed is the ANOVA table for the first dependent variable.

	Source
	DF
	Type III SS
	Mean Square
	F Value
	Pr > F
	sigLevel

	blk
	2
	1277.16667
	638.58333
	2.23
	0.1886
	Non-Significant

	trt
	11
	58965.35714
	5360.48701
	18.73
	0.0009
	Significant ( P < 0.05)

	Tests
	7
	30900.76000
	4414.39429
	15.42
	0.0019
	Significant ( P < 0.05)

	Controls
	3
	2150.25000
	716.75000
	2.50
	0.1561
	Non-Significant

	Tests vs Controls
	1
	26202.04167
	26202.04167
	91.54
	<.0001
	Significant ( P < 0.05)

	Error
	6
	1717.50000
	286.25000
	_
	_
	

	Corrected Total
	19
	67702.20000
	_
	_
	_
	


Note that the last column provides the Significance level of each of the Sources. We can easily conclude that the Treatments are significantly different. However, if we further divide the treatments into Tests , Controls and Tests vs Controls, the tests and Tests vs Controls are significantly different where as the control treatments are not significant among themselves. This shows that the test treatments are performing differently and there is a significant difference between test and control treatments where as there is no significant difference between control treatments.

Table: Means

The next table printed in the output is the table of means of the first dependent variable.

	trt
	Adjusted Mean
	Group Letter

	1
	256.000000
	DEFG

	2
	228.000000
	G

	3
	247.666667
	EFG

	4
	264.000000
	DEF

	5
	293.916667
	CDE

	6
	299.416667
	CD

	7
	213.666667
	FG

	8
	346.416667
	BC

	9
	323.916667
	BC

	10
	288.416667
	CDE

	11
	382.666667
	AB

	12
	437.666667
	A


The following footnote also appears below the table:

“Means with at least one letter common are not statistically significant. In case, treatment effect is insignificant, no grouping letter is produced in the output “

Note that when the treatment effect is not significant, there would be no grouping letter as it is meaningless to conduct multiple comparison test when the treatment effects are not significant.

From the table, it is clear that Test Treatments 5, 6, 7 and 10 are at par with the control treatments 1 and 4 whereas test treatments 8, 9, 11 and 12 are significantly different from Control treatments. Treatment number 12 is significantly different from all other treatments except treatment number 11.

The group letters are produced using the macro, PDGLM800 by Arnold M. Saxton (asaxton@utk.edu) University of Tennessee, Knoxville TN 37996-4500.
Table: Other statistics

The Coefficient of Variation, Root Mean Square Error (Root MSE) and Overall (Grand) Mean of the dependent variables are printed. 

	Coeff Var
	Root MSE
	s_yld Overall Mean

	6.057617
	16.91892
	279.3000


Table: Standard Errors

	Source
	S.E. of Difference
	CD(5%)

	Control Treatment Means
	13.8142
	26.8436

	Test Treatment in the same Block
	23.9270
	46.4944

	Test Treatment not in the same Block
	26.7512
	51.9823

	Test Treatment and a Control Treatment
	20.7214
	40.2653


The table shows the Standard Error of Difference between various combinations along with Critical Difference. Note that the last column is printed only when it is possible to compute. 
Errors in Log Files
When you are running the macro, it is better to check the log files to make sure that the macro runs correctly. Some basic checks such as number of parameters, acceptable values are included in the program. However, the following error may appear in the SAS Log if you run “Augmented.SAS” macro:
ERROR: No entry found for class "NULL_VIEW" in appendage "SASMONO".
This error can be safely ignored.
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