STRIP_MACRO: A SAS MACRO FOR ANLYSIS OF STRIP PLOT DESIGNS 
Introduction

The macro, strip_macro.sas provides a customized macro for analyzing of data generated from  Strip Plot Designs. The macro produces the output as Rich Text Format (RTF) file. It also gives the list output in SAS Output Window. The macro will run perfectly in the version SAS 9.2 or higher. In the sequel, we give some guidelines on How to use this macro?

Dataset Preparation

The macro (strip_macro.sas) requires that the dataset should be prepared as follows:

· Create a SAS dataset with at least 4 variables, one for block or replication, one for vertical plot treatment, one for horizontal plot treatment and one for the dependent or analysis variables. If the data on more than one dependent variable is collected in the same experiment, the data on all variables may be entered in additional columns. The macro can handle and analyze data on more than one dependent variable in one go.
· One may give actual levels used for different factors applied in vertical plot and horizontal plot. Please remember that there should not be any space between a single data value. Vertical plot and Horizontal plot treatments and block numbers may be coded as 1, 2, 3 and so on. One can have character values also. 
Using strip_macro.sas
· Download strip_macro.sas and Using_strip_macro.sas program files to your computer system.
· First file viz. strip_macro.sas contains the macro program and the second one Using_strip_macro.sas contains an example experimental data generated through a Strip Plot Design with one factor in Vertical plot and one factor in Horizontal plot having two dependent variables. 

· Copy the “strip_macro.sas” in any folder. 

· Open Using strip_macro.sas program in SAS. 
The codes for creating the SAS dataset using DATA step are included in the file. If one would like to use the same file, replace the datalines within the DATA step with the data to be analyzed. Remember to add/remove dependent variables in INPUT line of the DATA step. An example of data set preparation with 3 levels of vertical plot treatment and 4 levels of horizontal plot treatment arranged in 3 blocks or replications is given below.

data strip;

input Rep
Phos $
Tillage $
Yield  S_yield;

cards;

1
P1
T1
2837.63
3414.77


1
P1
T2
2212.39
3270.49


1
P1
T3
2452.87
2500.96


1
P1
T4
2837.63
4328.59


1
P2
T1
4424.78
3847.63


1
P2
T2
4809.54
3510.97


1
P2
T3
4184.30
2693.34


1
P2
T4
4184.30
3510.97


1
P3
T1
4184.30
3078.11


1
P3
T2
4617.16
3510.97


1
P3
T3
3943.82
2693.34


1
P3
T4
5915.74
2981.92


2
P1
T1
2837.63
3991.92


2
P1
T2
2645.25
3751.44


2
P1
T3
3174.30
3174.30


2
P1
T4
3270.49
4184.30


2
P2
T1
4040.02
3847.63


2
P2
T2
4713.35
3943.82


2
P2
T3
4953.83
3318.58


2
P2
T4
5579.07
3847.63


2
P3
T1
5146.21
3078.11


2
P3
T2
5386.69
3655.25


2
P3
T3
4905.73
2837.63


2
P3
T4
5530.97
3510.97


3
P1
T1
3174.30
3607.16


3
P1
T2
2452.87
3174.30


3
P1
T3
3318.58
3270.49


3
P1
T4
3462.87
3943.82


3
P2
T1
3462.87
3318.58


3
P2
T2
3751.44
3078.11


3
P2
T3
3847.63
2693.34


3
P2
T4
4713.35
3847.63


3
P3
T1
5050.02
3655.25


3
P3
T2
4713.35
3318.58


3
P3
T3
4809.54
3078.11


3
P3
T4
5627.16
3318.58


;

run;

The different variable names used in the above example are

1. Rep - Block variable name. In this Example there are 3 blocks numbered as 1, 2 and 3.
2. Phos – Vertical Plot variable name represented by P1, P2 and P3. 
3. Tillage – Horizontal Plot variable name represented by T1, T2,T3 and T4. 
$ Sign indicates the variables Phos and Tillage having alpha numeric values.
4. Yield S_yield - One can have several response/dependent variables. In this Example there are two dependent variables, namely Yield and Y_yield. 

Assigning values to various macro variables names. For details on these variables, please see after this paragraph

%let ds = split;
%let dep_var = Yield S_yield;
%let block_var = Rep; 
%let Vertical = Phos;

%let Horizontal = Tillage; 

%let adjust = t;
%let alpha = 0.05; 




%let rtf = Strip plot result.rtf; 

The macro takes the following arguments. All these are macro variables written after %let statement.

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

2. dep_var - Write response variable(s) names separated by at least one space. In this example there are two dependent variables, namely “Yield” and “S_yield” separated by a space.

3. block_var - Write block variable name as given in above dataset. In this example its Rep.

4. Vertical - Write vertical plot treatment variable name as defined in above dataset. In this example its Phos.

5. Horizontal - Write horizontal plot treatment variable name as defined in above dataset. In this example its Tillage.

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

7. alpha - Level of Significance (as a fraction) to be used in the multiple comparison test. Typically, 0.01 or 0.05 for 1% and 5% level of significance respectively. One can specify any value for level of significance between 0 and 1. 
8. rtf - Output file Name. In this Example the output file name is ‘Strip plot result’. You may change the folder in which output is desired. Make sure that you have write permissions for the defined folder. It is advisable to save the output file before opening instead of opening before saving. It may be noted that in the Versions earlier than 9.2 file would not open before saving. The important thing to remember the extension .rtf should remain as such.

/* Modify to change the path to the file containing Strip Plot macro. (stip_macro.sas) */
%include 'E:\Documents and Settings\Hod\Desktop\macros\strip\strip_macro.sas';
This can be used when the directory in which macro is saved is E:\Documents and Settings\Hod\Desktop\macros\strip. In case the macro is saved at another location then the path of that location should be completely specified.

If one is not sure of the path of the macro and don't want to use this, then open the file strip_macro.sas and run it once. It will not produce any output. Don't include above statement in program or make it as comment by writing * in the beginning of %include statement.

%strip (ds=&ds, block=&block_var, vertical=&vertical, horizontal= &horizontal , adjust=&adjust, alpha=&alpha, dep=&dep_var, rtffile=&rtf);
This above 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. dep=&dep_var - passing the dependent variable(s) to macro variable dep.

3. block_var=&block_var - passing the block variable to macro variable block_var.

4. vertical=&vertical - passing the vertical plot variable to macro variable vertical.
5. horizontal=& horizontal - passing the horizontal plot variable to macro variable horizontal.
6. adjust=&adjust - passing the value of adjust macro variable to adjust.

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

8. rtffile=&rtf – passing the value of rtf macro variable to rtffile.
STANDARD ERRORS OF DIFFERENCES AND RESPECTIVE LEAST SIGNIFICANT DIFFERENCES

	No
	Type of pair Comparison Between
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	LSD

	1
	Two vertical plot means
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* ta


	2
	Two horizontal plot means 
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 (2) * tb 

	3
	Two vertical plot means at the same or different levels of horizontal plot means
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 (3) *TWB


	4
	Two horizontal plot means at the same or different levels of vertical plot means
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 (4)* TWA



where  
Ea = Error(A) MS, 
Eb = Error(B) MS, 
Ec = Error(C) MS, 
r = number of replications, 
a = number of vertical plot treatments, 
b = number of horizontal plot treatments, 
ta = t-value at Error(A) df and at desired level of significance
tb = t-value at Error(B) df and at desired level of significance
tc = t-value at Error(C) df and at desired level of significance

TWB = [image: image15.png]U Eetet Egety
-0 E+E,
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If one is interested to obtain Tukey’s HSD, then ta, tb may be replaced with corresponding Studentized range values.
Output Produced

The outputs are shown for the sample data included in the second file, Using_strip_Macro.sas. The variable names are “Rep”, “Phos” and "Tillage" for block, vertical plot treatment and horizontal plot treatment respectively and the dependent variables are “Yield” & “S_yield”.

Strip Plot Details

This table provides the details of the Strip Plot Design used.

Strip Plot Design Analysis

Strip Plot Details

	Details
	Number of Levels

	Number of Replications
	3

	Number of Vertical Plots
	3

	Number of Horizontal Plots
	4


ANOVA Table - Dependent Variable:  YIELD

	Source
	DF
	Sum of Squares
	Mean Square
	F Ratio
	p-Value
	Significant

	rep
	2
	1353596.70
	676798.35
	1.85
	0.2701
	NS

	Phos
	2
	27989681.02
	13994840.51
	38.22
	0.0025
	*

	Error(A)
	4
	1464625.61
	366156.40
	.
	.
	

	Tillage
	3
	2786593.57
	928864.52
	8.87
	0.0126
	*

	Error(B)
	6
	628022.73
	104670.46
	.
	.
	

	Phos*Tillage
	6
	1419897.13
	236649.52
	1.67
	0.2118
	NS

	Error(C)
	12
	1701349.02
	141779.08
	.
	.
	

	Corrected Total
	35
	37343765.79
	.
	.
	.
	

	* - Significant at 5% (level of significance opted by user), NS - Non Significant
p-Value < 0.05 - Significant at 5%, p-Value < 0.01 - Significant at 1%


Note that the last column provides the significance level of each of the sources. A note at the bottom is given for the interpretation. * indicates significant at specified alpha level opted by user. If p-value < 0.05 indicates significant at 5% alpha level and p-Value < 0.01 indicated significant at 1% alpha level and NS indicates non-significant. We can easily conclude that the Phos and Tillage effect are significantly different at 5% level of significance.

p-Value, CVs and R-Square for Dependent Variable: YIELD

	Source
	p-Value
	CV%
	R-Square

	Phos
	0.0025
	14.80
	0.95

	Tillage
	0.0126
	7.91
	.

	Phos*Tillage
	0.2118
	9.21
	.


The above table provides the p-Value and CV% for vertical plot treatment, horizontal plot treatment and their interaction. It also gives the Model R-Square value.

Mean Interaction Table – Vertical plot vs Horizontal plot (Phos * Tillage)

This is the mean interaction table for Vertical plot vs Horizontal plot (Phos * Tillage) variable. The last horizontal row shows the averaged mean of horizontal plot levels with grouping letters as superscripts only if horizontal plot treatment effect is significant in above ANOVA table. Similarly last vertical column shows the vertical plot variable means with grouping letters as vertical plot variable effect is also significant for dependent variable - yield.

Mean Interaction Table - Phos * Tillage

	Phos_Tillage
	HP1 
	HP2 
	HP3 
	HP4 
	Vertical factor Mean

	VP1
	2949.85
	2436.84
	2981.92
	3190.33
	2889.73B

	VP2
	3975.89
	4424.78
	4328.59
	4825.57
	4388.71A

	VP3
	4793.51
	4905.73
	4553.03
	5691.29
	4985.89A

	Horizontal factor Mean
	3906.42B
	3922.45B
	3954.51B
	4569.06A
	General Mean=4088.11

	VP - Vertical plot or Phos levels    HP - Horizontal plot or Tillage levels


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


Standard Errors

This table provides the standard error of difference for main effect and interaction along with t-value (or Studentized Range value) and CD (or Tukey's HSD) at given level of significance. Note that NS is shown for the corresponding source if its non-significant in above ANOVA table.

Standard Errors for Dependent Variable: YIELD

	Source
	S.E. of Difference
	Studentized Range value at 5%
	Tukey's HSD at 5%

	Two Phos levels
	247.03
	5.04
	880.43

	Two Tillage levels
	152.51
	4.90
	527.95

	Two Phos at same/different level of Tillage
	363.20
	5.35
	NS

	Two Tillage at same/different level of Phos
	293.72
	5.42
	NS

	NS - Non Significant


Similar output was generated for dependent variable - S_YIELD also.

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. When the erroneous program is submitted, error messages/warning appears in the SAS log.  Following some common error messages/warning along with their reason of occurrence are given below. 

1. WARNING: Apparent invocation of macro SUBSRT not resolved.

Above message appears due to misspelled of function name used in program.    
2. ERROR: Open code statement recursion detected.

  
This type of error occurs due to missing semicolon after any macro statement.

3. WARNING: Apparent symbolic reference MACVAR not resolved.

This type of error occurs due to no matching macro variable name at the time of creation and at the time of recalling.

4. WARNING: DATA step interface is preproduction in this release.
This error can be safely ignored.

5. Do not use AF, DMS, or SYS as prefixes with macro variable names. 

The letters AF, DMS, and SYS are frequently used by SAS as prefixes for macro variables created by SAS. SAS does not prevent you from using AF, DMS, or SYS as a prefix for macro variable names. However, using these strings as prefixes might create a conflict between the names you specify and the name of a SAS created macro variable (including automatic macro variables in later SAS releases).

If a name conflict occurs, SAS might not issue a warning or error message, depending on the details of the conflict. Therefore, the best practice is to avoid using the strings AF, DMS, or SYS as the beginning characters of macro names and macro variable names.  
