
Correlation and regression

(A brief interlude)



Correlation and regression
¥Regression: The problem of predicting Y from X

¥y = by.x x + c                            by.x = Covxy/Varx     

¥ or the opposite prediction

¥x = bx.y y + c                            bx.y = Covxy/Vary

¥Correlation: Measuring the relationship between 
X and Y 

¥rxy = sqrt(by.x * bx.y)  =    Covxy/sqrt(VarX * VarY)

¥Correlation as standardized regression

¥zx = rxy y



Two regressions
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Correlation + lowess smooth
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Predicting Y from X
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data(sat.act)
attach(sat.act)
plot(SATV,SATQ)



SATQ = b* SATV + C
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plot(SATV,SATQ)
abline(reg=lm(SATQ~SATV,data=sat.act))



Data = Model + Error
plot the Residuals 
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Regression
>mod1 <- lm(SATQ~SATV,data=sat.act)
>summary(mod1)
Call:
lm(formula = SATQ ~ SATV, data = sat.act)
Residuals:
     Min       1Q   Median       3Q      Max 
-302.105  -46.477    2.403   51.319  282.845 
Coefficients:
             Estimate Std. Error t value Pr(>|t|)    
(Intercept) 207.52528   18.57250   11.17   <2e-16 ***
SATV          0.65763    0.02983   22.05   <2e-16 ***
---
Signif. codes:  0 Ô***Õ 0.001 Ô**Õ 0.01 Ô*Õ 0.05 Ô.Õ 
0.1 Ô Õ 1 
Residual standard error: 88.5 on 685 degrees of freedom
  (13 observations deleted due to missingness)
Multiple R-Squared: 0.4151,! Adjusted R-squared: 0.4143 
F-statistic: 486.2 on 1 and 685 DF,  p-value: < 2.2e-16 



Scatter Plot Matrix

With ÒloessÓ regression

pairs.panels(sat.act[,5:6])
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Scatter Plot Matrix (SPLOM)
pairs.panels(sat.act)

gender

0 1 2 3 4 5

0.09 -0.02

5 15 25 35

-0.04 -0.02

200 500 800

1.
0

1.
4

1.
8

-0.17
0

1
2

3
4

5

education

0.55 0.15 0.05 0.03

age

0.11 -0.04

20
40

60

-0.03

5
15

25
35 ACT

0.56 0.59

SATV

20
0

50
0

80
0

0.64

1.0 1.4 1.8

20
0

50
0

80
0

20 40 60 200 500 800

SATQ



Alternative forms of r
r=covxy/Sqrt(Vx*V y) = 

(!xy/N)(sqrt(!x 2/N*!y 2/N)= (!xy)(sqrt(!x 2*!y 2)

Correlation X Y

Pearson Continuous Continuous

Spearman Ranks ranks

Point biserial Dichotomous Continuous

Phi Dichotomous Dichotomous

Biserial Dichotomous 
(assumed normal)

Continuous

Tetrachoric Dichotomous 
(assumed normal)

Dichotomous 
(assumed normal

Polychoric categorical
(assumed normal)

categorical
(assumed normal)



Phi coefÞcient of correlation

VP

FP

FN

VN

HR

1-HR

SR1-SR

Hit Rate = Valid Positive + False Negative

Selection Ratio = Valid Positive + False Positive

Phi =(VP - HR*SR) /sqrt(HR*(1-HR)*(SR)*(1-SR)



Correlation size " causal importance

Pregnant Not 
Pregnant

Total

Intercourse 2 1,041 1,043

No 
intercourse

0 6,257 6,257

Total 2 7,298 7,300



Correlation size " causal importance
Pregnant Not 

Pregnant
Total

Intercourse 0.0003 0.1426 0.1429

No 
intercourse

0.0000 0.8571 0.8571

Total 0.0003 0.9997 1.0000

Phi =(VP - HR*SR) /sqrt(HR*(1-HR)*(SR)*(1-SR)= .04 
polychoric rho  = .53   



Correlation: Problems

¥Non linearity of regression

¥The Anscombe data set

¥Within versus between groups (SimpsonÕs 
paradox)

¥UCB sex discrimination



Correlation: problems
Non-linearity

describe(anscombe)
   var  n mean   sd median  mad  min   max range  skew kurtosis   se
x1   1 11  9.0 3.32   9.00 4.45 4.00 14.00 10.00  0.00    -1.53 1.00
x2   2 11  9.0 3.32   9.00 4.45 4.00 14.00 10.00  0.00    -1.53 1.00
x3   3 11  9.0 3.32   9.00 4.45 4.00 14.00 10.00  0.00    -1.53 1.00
x4   4 11  9.0 3.32   8.00 0.00 8.00 19.00 11.00  2.47     4.52 1.00
y1   5 11  7.5 2.03   7.58 1.82 4.26 10.84  6.58 -0.05    -1.20 0.61
y2   6 11  7.5 2.03   8.14 1.47 3.10  9.26  6.16 -0.98    -0.51 0.61
y3   7 11  7.5 2.03   7.11 1.53 5.39 12.74  7.35  1.38     1.24 0.61
y4   8 11  7.5 2.03   7.04 1.90 5.25 12.50  7.25  1.12     0.63 0.61

The Anscombe data set



4 identical regressions

            Estimate Std. Error  t value    Pr(>|t|)
(Intercept) 3.0000909  1.1247468 2.667348 0.025734051
x1          0.5000909  0.1179055 4.241455 0.002169629

[[2]]
            Estimate Std. Error  t value    Pr(>|t|)
(Intercept) 3.000909  1.1253024 2.666758 0.025758941
x2          0.500000  0.1179637 4.238590 0.002178816

[[3]]
             Estimate Std. Error  t value    Pr(>|t|)
(Intercept) 3.0024545  1.1244812 2.670080 0.025619109
x3          0.4997273  0.1178777 4.239372 0.002176305

[[4]]
             Estimate Std. Error  t value    Pr(>|t|)
(Intercept) 3.0017273  1.1239211 2.670763 0.025590425
x4          0.4999091  0.1178189 4.243028 0.002164602



But 4 very different plots
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SPLOM of Anscombe
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SimpsonÕs paradox

¥The effect of within group and between 
group correlations

¥An example based upon Bickel, P. J., Hammel, E. A., 
and O'Connell, J. W. (1975) Sex bias in graduate admissions: Data 
from Berkeley. Science, 187, 398Ð403.



Sex discrimination?

Admit Reject Total

Male 40 10 50

Female 10 40 50

Total 50 50 100

Phi =(VP - HR*SR) /sqrt(HR*(1-HR)*(SR)*(1-SR)= -.60
polychoric rho  = -.81



Sex discrimination? 

Department 1 Department 2

Admit Reject Total Admit Reject Total

Male 40 5 45 0 5 5

Female 5 0 5 5 40 45

Total 45 5 50 5 45 50

Phi 0.11 0.11

Pooled phi -0.6



Within group vs Between Group 
correlation

Group 1

Group 2 

X 

Y

Group 3 

Group 4 



Sex discrimination at UCB
1.8 males selected/per female

Student admissions at UC Berkeley
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¥ See UCBAdmissions in R. Data from Bickel, P. J., Hammel, E. A., and O'Connell, 
J. W. (1975) Sex bias in graduate admissions: Data from Berkeley. Science, 187, 
398Ð403.



But departments choose women 
more than men!
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Correlation and Regression

¥Useful to predict outcomes given a predictor

¥Useful to describe similarities between variables

¥Susceptible to problems of non-linearity as well 
as of level (multiple groups) of analysis

¥Does not imply causality

¥Can be used as measure of effect size but effect 
size does not necessarily reßect importance of an 
effect


