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Visualizations of partial and part correlation coefficients

偏相関係数および部分相関係数の視覚化
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Abstract

　 Partial and part correlations are often used in a psychological research.  They represent the relationships 
between variables x and y after removing the effects of another variable z on x and/or y.  In order to achieve a 
better understanding of partial and part correlations, their coefficients were visualized using surface and contour 
maps in this study.  It was revealed that a partial or part correlation coefficient is mapped onto a curved surface 
like a horse saddle in a coordinate space with axes of a correlation coefficient between x and z, a correlation 
coefficient between y and z, and a partial or part correlation coefficient.
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1．Introduction

　 Pearson’s product-moment correlation coefficient is an index for representing the relationships between 
two variables x and y, and is widely employed in statistical analyses.  However, it does not reflect the true 
relationship between two variables when a third variable z has an effect on x and/or y.  That is, x and y 
may have a spurious correlation caused by z.  In such cases, a partial or part correlation is a valid index for 
representing the relationships, because it removes the effects that z has on x and/or y.
　 A partial correlation coefficient is defined by Equation 1.  It represents the relationship between x and y 

after removing the influence of z from both x and y.

  （1）

　 where r(x|z)(y|z) is a partial correlation coefficient, and rxy, rxz, and ryz are the correlation coefficients 
between x and y, x and z, and y and z, respectively.  A partial correlation is frequently applied in 
psychological research (e.g., Ebisu & Iwanaga, 2016; Kashiwagi & Hirayama, 2003; Sasaki, Sugawara, & 
Tanno, 2005; Segerstrom, Taylor, Kemeny, & Fahey, 1998; Shibata, 2016; Shimotsukasa & Oshio, 2016; 
Ueyama & Sugimura, 2015; Yoshida & Murayama, 2013; Walberg & Tsai, 1983).
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　 A part correlation coefficient is defined by Equation 2, which represents the relationship between x and 
y after removing the influence of z from x.

  （2）

　 where r(x|z)y is a part correlation coefficient, and rxy, rxz, and ryz are the correlation coefficients between x 
and y, x and z, and y and z, respectively.  A part correlation is also called as a semi-partial correlation.  It is 
often used to indicate a strength of relationship between a dependent variable and an independent variable 
removing effects of other variables in a multiple regression analysis in psychological researches (e.g., 
Davoudi & Chavosh, 2016; Fichten et al., 2016; Gilden & Wilson, 1995; Kajabadi, HajiMohammadi, & 
Pahlavani, 2016; Thorsteinsson, Brown, & Richards, 2014).
　 Although partial and part correlations play an important role in psychological research, it is somewhat 
difficult to achieve an intuitive understanding of how the correlations change as functions of rxy, rxz, and ryz, in 
Equations 1 and 2.  This study attempts to overcome this difficulty and convey a better understanding by 
visualizing partial and part correlation coefficients using surface and contour maps.

2．Map of Partial Correlation

　 Surface and contour maps for the partial correlation coefficient defined by Equation 1 are plotted with a 
range of － 1.0≦rxz≦1.0 and －1.0≦ryz≦1.0, for rxy at －0.9, －0.6, －0.3, 0.0, 0.3, 0.6, and 0.9 (Figure 1).  Each 
panel of Figure 1 indicates that a partial correlation coefficient is mapped onto a curved surface, similar to 
a horse saddle.  The curved surface is symmetric with respect to the planes rxz＝ryz and rxz＝－ryz.  A shape of 
the curved surface changes according to rxy.  It should be noted that the partial correlation coefficient is 
equal to rxy at the point of origin, (rxz, ryz)＝(0.0, 0.0).  This means that the height of the center of the surface 
represents correlation between x and y.

3．Map of Part Correlation

　 Surface and contour maps for the part correlation coefficient defined by Equation 2 are plotted with a 
range of －1.0≦rxz≦1.0 and －1.0≦ryz≦1.0, for rxy at －0.9, －0.6, －0.3, 0.0, 0.3, 0.6, and 0.9 (Figure 2).  Each 
panel of Figure 2 indicates that the part correlation coefficient is mapped onto a curved surface, similar to a 
distorted horse saddle.  Unlike in Figure 1, the curved surface in Figure 2 is symmetric with respect to the 
vertical line through the point of origin, (rxz, ryz) ＝ (0.0, 0.0).  It should be noted that just like the partial 
correlation coefficient, the part correlation coefficient is equal to rxy at the origin point, and the curved shape 
systematically changes according to rxy.

4．Discussion

　 This study has presented surface and contour maps of partial and part correlation coefficients.  Equation 
1 and 2 indicate that the partial and part correlations coefficients have similar values when ryz goes to zero, 
but they have different values when ryz goes to 1 or －1.  This tendency can be seen in right panels of 
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Figure 1． Surface maps (left column) and contour maps (right column) of a partial correlation coefficient. rxy, 
rxz, and ryz are the correlation coefficients between x and y, x and z, and y and z, respectively.
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Figure 2． Surface maps (left column) and contour maps (right column) of a part correlation 
coefficient. rxy, rxz, and ryz are the correlation coefficients between x and y, x and z, and y 
and z, respectively.
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Figure 1 and 2.  That is, the curves of partial and part correlation coefficients pass through similar points 
when ryz goes to zero, but different points when ryz goes to 1 or －1.  Figure 1 and 2 should help to develop a 
concrete intuition of the correlations, and to achieve an understanding of the similarities and differences 
between the coefficients.
　 The surface and contour maps were drawn as a function of rxz and ryz by fixing rxy at －0.9, －0.6, －0.3, 0.0, 
0.3, 0.6, and 0.9 in this study.  However, they are one of possible representations of the coefficients.  The 
coefficients can be plotted as a function of rxy and rxz by fixing ryz, or as a function of rxy and ryz by fixing or rxz.  
Such plots also help to understand the characteristics of the coefficients.
　 This study has covered partial and part correlations involving three variables (Equations 1 and 2).  
These are the simplest forms of the partial and part correlations.  These correlations can be extended to 
general forms, in which multiple variables z1, z2, ..., zn are removed from x and/or y (cf. Anderson, 2003).  
Visualization of the correlations in the general forms remains an issue for future study.
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