Chapter 11 :   Canonical Correlation

Purpose:

In this lab, you will learn how to conduct and interpret Canonical Correlation Analysis (CCA).   CCA is a quantitative technique for determining if there are potential relationships between two SETS of continuous variables. 

Background:

CCA determines the best relationships between two sets of continuous measurements.  For each relationship, a Canonical Correlation Coefficient is generated which indicates the direction and strength of the relationship.  As with the Pearson Product Moment Correlation Coefficient, the values range from –1.00 to +1.00 with –1 indicating a perfect negative correlation, +1 indicating a perfect positive correlation and 0 indicating no correlation.  The strongest relationship is referred to as Root 1; the next strongest relationship is referred to as Root 2 etc.  

In addition to the correlation coefficient each root has an associated test of significance.  The Ho for each test is that the correlation coefficient = 0.  Therefore if you reject Ho, you conclude that there is a possible relationship and examine the sign of the correlation coefficient to determine the direction of that relationship.  
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For each Root, two equations are generated: one equation for each set of variables.  As with the PCA, each equation is a linear combination of all variables in that set.  The resultant scores that are generated from each equation are similar to PCA scores and are also interpreted with loadings.

Example 1: Determining if there is a relationship between water characteristics and the density of three species of aquatic invertebrates.
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For example, let’s assume that you have randomly selected several sites within several sloughs along the coast.  At each site, you measured the density of three invertebrate species, the temperature of the water and the salinity of the water.  You want to know if the relative densities of the three species are related to the water characteristics.  
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Figures 10-1 and 10-2 illustrate, respectively, the first and second roots generated from a Canonical Correlation Analysis. The first root is a highly significant (p<0.001) positive correlation (r = 0.922), which shows that, at high temperatures and low salinities, invertebrate species 1 will have a high density but invertebrate species 2 will have a low density.  However, as temperature decreases and salinity increases, the density of species 2 will increase while the density of species 1 will decrease.  The second root is also significant (p = 0.007) and is also a positive correlation (r = 0.794), which shows that, at low temperatures and low salinities, neither invertebrate species 2 or 3 will be abundant.  However, as temperature and salinity increases, the density of both species 2 and 3 will increase.

Output from a CCA Analysis

There are four important parts to a CCA, canonical correlations, test for significance of roots, canonical loadings for set 1 and canonical loadings for set 2. 
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Canonical Correlations provides the correlation coefficient for each root. The correlations range in value from –1 to 1 with –1 meaning a perfect negative association and +1 meaning a perfect positive assoctiaon
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Test of Significance tells you whether or not to accept Ho for each root.  Ho for each root is that there is no relationship between set 1 and set 2 (i.e., the correlation coefficient = 0).  Because the first root is always the best relationship, its absolute value will always be greater than the others.  Output from SPSS 10.0( for the example is illustrated in Figure 11-3.  To determine whether or not to reject Ho, examine the column labeled "Sig." in SPSS( or "p" in SYSTAT( and compare it to your alpha.  In this example, we will set alpha = 0.025.

Why?
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Because alpha (0.025) is greater than Sig. (<0.001), we reject Ho and conclude that the root 1 relationship between set 1 (Water Characteristics) and set 2 (Invertebrate Density) is significant.

Canonical Loadings are the most important part of the output because they tell you how to interpret the root scores; they tell you the relative role of each variable in computing a root score. A loading is a correlation between the original data and the root scores.  The absolute value of the loading tells you how important the variable is in computing the score.  If a variable is highly related to the score (i.e. is very important in determining the value), the absolute value of the correlation will be high.  As a rule of thumb, loadings with absolute values less than 0.300 are not considered in the interpretation.  The sign of the coefficient tells you in which way the variables are related to the scores.  If the sign is negative, it means that the higher the value of the variable, the lower the score.  There are two sets of canonical loadings for each root, one for each set of variables.  
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In our example (Figure 11-4) the loadings for set 1 were for the water characteristics.  Root 1 loadings are in column 1 and Root 2 loadings are in column 2.  The absolute value of TEMP (Temperature) (0.864) is greater than the absolute value of SAL (Salinity) (0.380).  Therefore temperature is more important than salinity for Root 1.  Because the coefficient for TEMP is negative, low water characteristic scores for Root 1 correspond to high temperatures while high scores correspond to low temperatures.  Because the coefficient for SAL is positive, low water characteristic scores for Root 1 correspond to low salinities while high scores correspond to high salinities.  

Figure 11-5 illustrates the canonical loadings for set 2, the species density variables.  In this case, the absolute value of the loading for INV3 was less than 0.3 so we will ignore that in our interpretation.  The absolute value of INV2 (0.917) is larger than the absolute value of INV1 (0.599) and is therefore more important.  The sign of the loading for INV2 is positive which means that low invertebrate scores for Root 1 correspond to low densities of species 2 while high scores correspond to high densities.  Because the coefficient for INV1 is negative, low invertebrate scores for Root 1 correspond to high densities of species 1 while high scores correspond to low densities.

Preparing the data for analysis

There are two things that need to be done before you can run a Canonical Correlation Analysis. First you must make sure that the variables you include in the analysis are not highly correlated (|r| ( 0.6) within a set. In this example, the water characteristic variables should not be correlated with each other and the invertebrate variables should not be correlated with each other.  Secondly, variables used in the analysis must have normal distributions (symmetrical).

Making sure that variables selected for analysis are not highly correlated

Use the same procedure specified in the PCA lab part 2 to assess correlations but you examine each of the two sets of variables independently.  In this example, for set 1 (water characteristic variables), you should compute the correlation between TEMP and SAL.  For set 2 (invertebrate variables) you should compute all possible correlations between INV1, INV2 and INV3. 

Transforming variables that are not normally distributed.

Again, as for the PCA, you would examine each variable for skewness and transform those with an absolute value of skewness greater than 2).  See Chapter 9 for information on which transform to use.  You will use the transformed variables in place of the original variables in the CCA.

Example 2: Using SPSS 10.0( to conduct a CCA 
In this case, SPSS is easier to use than SYSTAT so we will use SPSS for this analysis.  The data for this lab is in a file entitled, “Can Corr Data”, which is located on the BIO 156 folder on the Student Data Server.  Please copy this file to YOUR diskette.

Note: Before performing any analyses with SPSS, select DRAFT OUTPUT from the FILE pull-down menu.  This will make your output easier to view and manipulate.
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ANALYSIS

 A) Getting rid of Correlated variables.

Correlated variables:  To do this you need to compute the Pearson Product Moment Correlation coefficient for each possible pair of variables within a set.  

Water Characteristic variables
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From the ANALYZE pull-down menu, select CORRELATE and then BIVARIATE.  You will see the following window (Figure 11-6).

2) Select the water characteristic variables by clicking on them and then clicking the right arrow button. In this case select TEMP and SAL.  The two variables should show up in the box labeled “Variable(s)”.

3) Click on OK. You will see the following output in the Output Window (Figure 11-7).  The correlation between TEMP and SAL is 0.138 (see A.).  Be careful not to confuse the value with the Sig. just below (0.638).  Because the absolute value of the correlation (|r| = 0.138) is less than 0.600, we can use both TEMP and SAL in the analysis.

      Invertebrate variables         
1) From the ANALYZE pull-down menu, select CORRELATE and then BIVARIATE.  You will note that TEMP and SAL are still selected. Click on the RESET button to clear the variable box.  

2) Then select INV1, INV2 and INV3.  Finally, click on OK. You will see the following output (Figure 11-8).  INV1 vs INV2 = -0.537. INV1 vs INV3 = -0.058. INV2 vs INV3 =0.136.  Because the absolute values are all less than 0.600, we can use all of the variables in the analysis.

 B) Transforming variables that are not normally distributed. 

1) Use SPSS 10.0 ( to compute skewness for variables selected for analysis.  

a) From the ANALYZE pull-down menu, select DESCRIPTIVE STATISTICS and then DESCRIPTIVES.

b) Select the variables (TEMP, SAL, INV1, INV2, and INV3). Make sure that they all are listed in VARIABLE 

c) Click on the OPTIONS button and select SKEWNESS.

d) Click on CONTINUE and then click on OK.  In this example, you will see that the absolute values for all of the variables is less than 2.00 which means that we will not have to transform them.

2) For all variables in which the absolute value of skewness is greater than 2, create new variables that are the transforms of the originals.  You will use the transformed variables in place of the original variables in the CCA.   Remember that we did not need to transform any variables for this example.  However, to know how to do this for future efforts, let's assume that we need to do a log transform for INV3.  

a) From the WINDOW pull-down menu, select SPSS Data Editor. 

b) From the TRANSFORM pull-down menu, select COMPUTE. You will see the following Window (Figure 11-9).  

b) Enter the formula as in the example above but make sure that you spell the original variable name correctly; if you don't, the new variable will not be created. At this point you would normally click on OK.  However, we do not need to transform for this example so click on CANCEL instead.

C) Compute the Canonical Correlation Analysis

Now we are ready to compute the CCA.  In SPSS, Canonical Correlation Analysis is handled through a script rather than a pull-down menu. It is a bit more tedious than using pull-down menus but still much easier than using SYSTAT.  

1) From the FILE pull-down menu, select NEW and then SYNTAX. You will see the following window (Figure 11-10). 

2) There are three elements that need to be typed into this window.  It is essential that you pay close attention to all of the punctuation or, otherwise, the analysis will not work.

3) First you have to enter the name and path of the Canonical Correlation Macro file.  This will always be the same for any CCA.  The period at the end of the line must be included. 

Enter     include file "C:\Program Files\Spss\Canonical correlation.sps".


4) Next, you need to enter the variables for the first set.  In this example we used the water characteristic variables as the first set but it really doesn't matter.



Enter    cancorr set1=TEMP, SAL 

5) Finally we will enter the variables for the second set.  For this example, we will use the invertebrate variables as the second set. It is critical to include the period at the end of the line.

Enter    /set2=INV1, INV2, INV3.

6) Your window should look like Figure 11-11.  You can save the SYNTAX script file for later use by selecting SAVE AS from the FILE pull-down menu.  To use it again, from the FILE pull-down menu, select OPEN and then SYNTAX.

7) From the RUN pull-down menu, select ALL.  The compute will create several files and you will see the values in the data editor change.  Do not worry; this is supposed to happen.

8) The script will cause a temporary file to be created which contains all of your original data plus the Root scores.  The Root 1 scores for set 1 (water characteristic variables) are in the variable S1_CV001.  Root 1 scores for set 2 (invertebrate variables) are in the variable S2_CV001.  The Root 2 scores for set 1 (water characteristic variables) are in the variable S1_CV002.  Root 2 scores for set 2 (invertebrate variables) are in the variable S2_CV002.  

It is highly recommended that you save the temporary file to your diskette.  Give it another name such as Can Corr Data Final.  

9) Your results will be listed in the DRAFT OUTPUT WINDOW.  You should eliminate all unnecessary output before saving to an RTF file or printing.  Also be aware of the little square boxes in the printout; they are page breaks!  If you do not want to waste a ton of paper, remove the little boxes!

10) SPSS saves draft output files as RTF files which means that you can open them from your word processor (e.g., MS Word().  To save the output select SAVE AS from the FILE pull-down menu when you are viewing your output.

D) Making a plot of the first canonical root.

SPSS graphs are different from SYSTAT in that you do all of your changes AFTER you make the original graph.  However, in order to do this, you need to close the DRAFT output window because you can't make changes to a graph in the DRAFT OUTPUT window.  This will force SPSS to use its normal output window.

1) From the GRAPHS pull-down, select SCATTER.

2) Click on SIMPLE and then click on the DEFINE button.  You will see the window illustrated in Figure 11-12.

3) Select s1_cv001 for the Y-axis and s2_cv001 for the X-axis.  Click on OK.

4) To modify the graph and be able to save it into an MS Word file:

a) Click ONCE on the graph to select it.

b) Click TWICE on the graph to bring up the CHART EDITOR (Figure 11-13).

5) To change the color of the points:

a) Click once on any point to select all of them.

b) Click on the button that looks like a color crayon.

c) Select BLACK as the color.

d) Click on APPLY and then click on CLOSE.

6) To change the symbol or size of the symbol:

a) Click on the Symbol button.

b) Click on a symbol.

c) Click on a size.

d) Click on APPLY ALL and then click on CLOSE.

7) To change the size of the axis labels or axis numbers, click on them.

8) To save the graph, from the FILE pull-down menu, select EXPORT CHART.

a) If you want to edit the file in a drawing program such as Drawplus( or Corel Draw(, save the file as an Encapsulated Post Script (EPS) file.

b) If you just want to insert it into an MS Word file and use the drawing tools in MS Word, save it as a JPEG file.

9) To insert the graph into an MS Word document:

a) Using MS Word, from the INSERT pull-down menu, select PICTURE and then FROM FILE.

b) Locate the picture (either EPS or JPEG will work) in the open window and double-click on it.

c) Use the drawing tools to properly label the axes (e.g. with arrows and variable names) with respect to the loadings (see Figures 1 and 2).

d) Add text showing the value for the correlation coefficient and p-value (see Figures 1 and 2). 

Paste your graph on the following page:

Interpret the plot for Root 1.

Create a graph for Root 2 and paste it here

Interpret the plot for Root 2.
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Figure 11- � SEQ Figure_9- \* ARABIC �7�: output from Correlation analysis for the water characteristic variables





Figure 11- � SEQ Figure_9- \* ARABIC �6�: Variable selection Window





Figure 11- � SEQ Figure_9- \* ARABIC �2�: Plot of Canonical Root 2





Figure 11- � SEQ Figure_9- \* ARABIC �3�: Test of roots - SPSS 10.0 Canonical Correlation output. 





Figure 11- � SEQ Figure_9- \* ARABIC �1�: Plot of Canonical Root 1





Figure 11- � SEQ Figure_9- \* ARABIC �11�: Command statements for running a Canonical Correlation analysis.








Formula for transform. Note that SPSS uses LN instead of LOG for the natural log.
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Figure 11- � SEQ Figure_9- \* ARABIC �13�: SPSS Chart Editor window.





Figure 11- � SEQ Figure_9- \* ARABIC �5�: Canonical Loadings for Species Variables.





Figure 11- � SEQ Figure_9- \* ARABIC �4�: Canonical Loadings for Water Characteristic variables.
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Figure 11-7: SPSS 10 simple correlation output for water characteristic variables.





A.





Symbol button





Figure 11-8: SPSS 10.0 simple correlation output for invertebrate variables





Figure 11- � SEQ Figure_9- \* ARABIC �12�: Simple scatterplot window.
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Figure 11- � SEQ Figure_9- \* ARABIC �9�: Computation window: making transformations





Figure 11- � SEQ Figure_9- \* ARABIC �8�: output from Correlation analysis for the species variables.





Figure 11- � SEQ Figure_9- \* ARABIC �10�: Syntax Window
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