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Pearson Plot Shows Relations between Many Variables in

One Figure

Sven Ahlinder

Abstract— Data analysis is much about correlations.
Correlations between features and responses are good.
Correlations between features are bad. Visualization of relations
between many variables is a general problem. The Pearson Plot
introduced here shows the relation of many variables to two
chosen. This may be a valuable tool in data analysis for finding
correlations in data

1. INTRODUCTION

1. Spurious correlations can make the data analyst draw

completely  wrong  conclusions. Spurious
correlations occurs when features in in-data table are
correlated.

2. In feature selection it is good to know which features
that correlates with the response and which features
that do not correlate

3. When optimizing, there is valuable to know which
responses that correlate and which responses that are
contradictive

All those three topics can be illustrated and solved using the
“Pearson plot” that is presented here. The plot is made as:

1. Concatenating features and responses into one single
table

2. Choice of two columns in the joint table of features
and responses by user

3. Constructing a plane from the points of the two

selections and center of gravity of dataset
. Projection of all features and responses on this plane
. Enable new choice of plane to investigate new
correlation structures
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EXAMPLE

Making vehicles is a struggle on keeping efficiency high and emissions low. Table 1 shows an experimental series to
simultaneously lower emissions and increase efficiency. The parameters studies are Timing, Pressure, Temperature and EGR. It
is hard to draw conclusions from the table.
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Table 1 An engine experiment. All data scaled between 0 and

e “Efficiency” lies on x= 1, y=0

o “Emission” is strong in X but reasonable strong in y too

e We should increase x and decrease y
e This is done by increasing “Temp”

Timing
Pressure
Temp
EGR
Emission
Efficency

X

y
-0.32 -0.95
0.99 0.10
0.28 -0.96
-0.62 -0.78
0.85 0.52
1.00 0.00

Table 2 Projection on Emission and Efficiency
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Efficency
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0.942913
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0.206889
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Table 2 shows the same values, but projected on the plane spanned by Emission and Efficiency. We see that
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Figure 1 shows the Matlab tool FitCorrSel.m. The diagram is the plot of Table 2 with origin in the middle of the diagram. We
can see from the diagram that:

“Efficency” and “Emission* are heavily correlated

Increasing “Pressure” will increase both “Efficency” and “Emission®.

Increasing “Timing” and “Temp” will reduce “Emission” but not effect “Efficiency” since “Emission” do correlate with the “y”
axis and “Efficency” does not.

The Matlab tool FitCorrSel.m provides buttons in top for

“Turn” to select which two variables that shoud span the projection plane
“Select in/out” to select included variables

“Fit in/out” to provide regression coefficients for selected variables

Turn Select in/out Fit in/out

Red is in plane
Black is projected

REM|spRLys here to leave

Pressure
¥Efficency

XEGR

XTImlng XTemD

Figure 1 Matlab function FitCorrSel

MATHEMATICS

The “in-data” is a matrix with variables in columns and examples in rows, Table 1.

The “projection-variables” are two columns from”in-data”.

The “projection-matrix”=

projection-variables* inv( projection-variables’* projection-variables)* projection-variables

The “projection”= projection-matrix* in-data

The “Correlation-matrix”= “pearsons-correlation-coefficents” of projection.

The “preliminary-plot-matrix™ are the two columns in correlation matrix corresponding to projection-variables
The first column, “x” of “plot matrix” is the column in preliminary-plot-matrix that contains a value exact “1”.
The second column, “y”, of “plot matrix” is

“sign of remaining column of preliminary-plot-matrix”

multiplied with the corresponding value of

square root of ( 1- *“ x with every value squared” )

Appendix, the code in program language Matlab

function PlotMatrix= PearsonplotTurn( PlottingMatrix, PlottingLabeling)
% Projects column 3 and following onto plane spanned by column 1 and 2
% Projection

% https://en.wikipedia.org/wiki/Projection (linear algebra)

Projector= PlottingMatrix( : , 1: 2)+ le-6;

Projector= Projector* inv( Projector'* Projector)* Projector';
Projection= Projector* PlottingMatrix;
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% Pearson's
% https://en.wikipedia.org/wiki/Correlation coefficient
CorrelationMatrix= corrcoef( Projection+ le-6);

)

% Correlations to spanninng variables

PlotMatrix= CorrelationMatrix( :, 1: 2);
% Correlation of spanning variable 2 to spanninng variable 1
PlotMatrix( :, 2)= sign( PlotMatrix( : ,2)).* sgrt( 1 -PlotMatrix( :, 1).7" 2);

% Projection distance according to each variables correlation to projection
Corr= corrcoef ([ Projection, PlottingMatrix]);
n= size( Projection, 2);
for i= 1: n;
PlotMatrix( i, :)= PlotMatrix( i, :)* Corr (n+ i, 1i);
end
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