
SOC 3811/5811: 
BASIC SOCIAL STATISTICS

Associations Between Continuous Variables
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Inferences About Associations

Hypothesis Tests About r2
YX

R2
YX is a sample estimate of population parameter r2

YX

If r2
YX equals zero, then X does nothing to explain variability in Y

Hypothesis Tests About rYX

rYX is a sample estimate of population parameter rYX

If rYX equals zero, then there is no correlation between X and Y

Hypothesis Tests About Slope bYX

bYX is a sample estimate of population parameter bYX

If bYX equals zero, then the regression of Y on X has a zero slope



Inferences About Associations

Hypothesis Testing in 6 Steps

1. State the null (H0) and alternative (H1) hypotheses

2. Check that the sample data conform to basic assumptions; if 
they do not, then do not go any further

3. Choose an a probability level … that is, a probability associated 
with incorrectly rejecting the null hypothesis

4. Determine the “critical value” … that is, how large the test 
statistic must be in order to reject the null hypothesis at the 
given a level

5. Calculate the test statistic … F or Z or t, depending

6. Compare the test statistic to the critical value



Inferences About r2
YX



Inferences About r2
YX

State the null (H0) and alternative (H1) hypotheses

H0: r2
YX = 0

H1: r2
YX > 0

This is a one-sided test (with no <) because r2
YX cannot 

possibly be less than zero

Failing to reject the null means failing to reject the 
hypothesis that X explains none of the variation in Y



Inferences About r2
YX

Check that the sample data conform to basic assumptions; 
if they do not, then do not go any further

The assumptions of the regression model described earlier 
must hold for hypothesis tests about r2

YX to be valid



Inferences About r2
YX

Choose an a probability level … that is, a probability 
associated with incorrectly rejecting the null hypothesis

Let’s choose a=0.05



Inferences About r2
YX

Determine the “critical value” … that is, how large the test 
statistic must be in order to reject the null hypothesis at the 
given a level

The hypothesis test for r2
YX is (as described below) an F test 

with dfNUM=1 and dfDENOM=n-2

In our example, we want F1,2997 for a=0.05 which is 3.84

We will thus reject H0 if our F statistic exceeds 3.84





Inferences About r2
YX

Calculate the test statistic

SSERROR = SSTOTAL − SSREGRESSION =

SSTOTAL = sY
2 n − 1 =

SSREGRESSION = RYX
2 SSTOTAL =

F1,n−2 =
SSREGRESSION/1

SSERROR/n − 2
=
𝑀𝑆𝑅𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝑀𝑆𝐸𝑟𝑟𝑜𝑟
=

ryx = −0.42

byx = − 0.48a = 65.6

RYX
2 = 0.18

ഥY = 42.1 sY = 38.9

ഥX = 48.9 sX = 34.3



Inferences About r2
YX

Calculate the test statistic

SSERROR = SSTOTAL − SSREGRESSION = 3,720,015

SSTOTAL = sY
2 n − 1 = 38.92 2,999 − 1 = 4,536,603

SSREGRESSION = RYX
2 SSTOTAL = 0.18 4,536,603 = 816,588

F1,n−2 =
SSREGRESSION/1

SSERROR/n − 2
=
𝑀𝑆𝑅𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝑀𝑆𝐸𝑟𝑟𝑜𝑟
=

Τ816,588 1

Τ3,720,015 2997
= 657

ryx = −0.42

byx = − 0.48a = 65.6

RYX
2 = 0.18

ഥY = 42.1 sY = 38.9

ഥX = 48.9 sX = 34.3



Inferences About r2
YX

Compare the test statistic to the critical value

– If the test statistic is larger than the critical value, then reject H0

– If the test statistic is less than or equal to the critical value, 
then do not reject H0

We can restate the hypotheses:

H0: r2
YX = 0 ➔ Fail to reject H0 if F ≤ 3.84

H1: r2
YX > 0 ➔ Reject H0 if F > 3.84

Since F=657, we reject H0 … so it appears that in the 
population X and Y are associated, such that X accounts 
for some of the variability in Y



Inferences About Correlation (rYX)



Inferences About Correlation (rYX)

State the null (H0) and alternative (H1) hypotheses

H0: rYX = 0

H1: rYX ≠ 0

This is a two-sided test since rYX can range from -1 to +1

Failing to reject the null means failing to reject the 
hypothesis that X and Y are uncorrelated in the population



Inferences About Correlation (rYX)

Check that the sample data conform to basic assumptions; 
if they do not, then do not go any further

The assumptions of the regression model described earlier 
must hold for hypothesis tests about rYX to be valid



Inferences About Correlation (rYX)

Choose an a probability level … that is, a probability 
associated with incorrectly rejecting the null hypothesis

Let’s choose a=0.05



Inferences About Correlation (rYX)

Determine the “critical value” … that is, how large the test 
statistic must be in order to reject the null hypothesis at the 
given a level

Given a=0.05 for this two-sided test, the critical value Z* 
equals 1.96





Inferences About Correlation (rYX)

Calculate the test statistic

Zr =
1

2
ln

1 + rYX
1 − rYX

=

Z =
Zr − 0

1/n − 3
=

ryx = −0.42

byx = − 0.48a = 65.6

RYX
2 = 0.18

ഥY = 42.1 sY = 38.9

ഥX = 48.9 sX = 34.3



Inferences About Correlation (rYX)

Calculate the test statistic

Zr =
1

2
ln

1 + rYX
1 − rYX

=
1

2
𝑙𝑛

1 − 0.42

1 + 0.42
= −0.447

Z =
Zr − 0

1/n − 3
=

−0.447

Τ1 2,996
= −24.46

ryx = −0.42

byx = − 0.48a = 65.6

RYX
2 = 0.18

ഥY = 42.1 sY = 38.9

ഥX = 48.9 sX = 34.3



Inferences About Correlation (rYX)

Compare the test statistic to the critical value

– If the test statistic is larger than the critical value, then reject H0

– If the test statistic is less than or equal to the critical value, 
then do no reject H0

We can restate the hypotheses:

H0: rYX = 0 ➔ Fail to reject H0 if |Z| ≤ 1.96

H1: rYX ≠ 0 ➔ Reject H0 if |Z| > 1.96

Since Z=-24.46, we reject H0 … so it appears that in the 
population X and Y are correlated



Inferences About Slope (bYX)



Inferences About Slope (bYX)

State the null (H0) and alternative (H1) hypotheses

H0: bYX = 0

H1: bYX ≠ 0

This is normally a two-sided test, although it needn’t be



Inferences About Slope (bYX)

Check that the sample data conform to basic assumptions; 
if they do not, then do not go any further

The assumptions of the regression model described earlier 
must hold for hypothesis tests about bYX to be valid



Inferences About Slope (bYX)

Choose an a probability level … that is, a probability 
associated with incorrectly rejecting the null hypothesis

Let’s go with a=0.05



Inferences About Slope (bYX)

Determine the “critical value” … that is, how large the test 
statistic must be in order to reject the null hypothesis at the 
given a level

Because we are using sample-based estimates of the 
variability in the sampling distribution of bYX, we will 
conduct a t (instead of a Z) test

Because MSERROR has n-2 degrees of freedom, we will select 
a critical value of t with df=n-2

For a two-sided test with a=0.05 and n-2=2,997 degrees of 
freedom, the critical value t*=1.962





Inferences About Slope (bYX)

Calculate the test statistic

The test statistic t with df=N-2 equals:

In our example:

tn−2 =
bYX−0

sb
=

bYX−0

𝑀𝑆𝐸𝑟𝑟𝑜𝑟
sX
2 n − 1

tn−2 =
−0.48−0

3,720,015/2997
34.32 2,998

= −25.6

ryx = −0.42

byx = − 0.48a = 65.6

RYX
2 = 0.18

ഥY = 42.1 sY = 38.9

ഥX = 48.9 sX = 34.3

F1,n−2 =
𝑆𝑆𝑅𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛/1

𝑆𝑆𝐸𝑟𝑟𝑜𝑟/n − 2
=
𝑀𝑆𝑅𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝑀𝑆𝐸𝑟𝑟𝑜𝑟
=

Τ816,588 1

Τ3,720,015 2997
= 657



Inferences About Slope (bYX)

Calculate the test statistic

The test statistic t with df=N-2 equals:

In our example:
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Inferences About Slope (bYX)

Compare the test statistic to the critical value

– If the test statistic is larger than the critical value, then reject H0

– If the test statistic is less than or equal to the critical value, 
then do no reject H0

We can restate the hypotheses:

H0: bYX = 0 ➔ Fail to reject H0 if |t| ≤ 1.96

H1: bYX ≠ 0 ➔ Reject H0 if |t| > 1.96

Since t = -25.6, we reject H0



Confidence Intervals for bYX



Inferences About Slope (bYX)

Using the sample estimate (b1) of bXY and the standard error 
of the sampling distribution of bYX (above), we can compute 
confidence intervals for bYX

The standard error is:

So the confidence interval can be expressed as:

sb =
MSERROR
sX
2 n − 1

C.I. = b1 ± t∗
MSERROR
sX
2 n − 1



Inferences About Slope (bYX)

For our example, a 95% confidence interval would be:

C.I. = b1 ± 1.96
MSERROR
sX
2 n − 1

=

ryx = −0.42

byx = − 0.48a = 65.6

RYX
2 = 0.18

ഥY = 42.1 sY = 38.9

ഥX = 48.9 sX = 34.3

𝑀𝑆𝐸𝑟𝑟𝑜𝑟 = 1,241.24



Inferences About Slope (bYX)

For our example, a 95% confidence interval would be:

C.I. = b1 ± 1.96
MSERROR
sX
2 n − 1

=

ryx = −0.42

byx = − 0.48a = 65.6

RYX
2 = 0.18

ഥY = 42.1 sY = 38.9

ഥX = 48.9 sX = 34.3

𝑀𝑆𝐸𝑟𝑟𝑜𝑟 = 1,241.24
C.I. = −0.48 ± 1.96

1241.24

34.32 2,999 − 1

C.I. = −0.48 ± 0.037

C.I. = −0.517 to − 0.443



Standardized Regression Coefficients



Standardized Coefficients (b*YX)

For a variety of reasons researchers often like to express the 
slope of the regression line in standardized terms

This is useful when:

The metric of X is in an arbitrary scale, or a scale that is not 
intrinsically meaningful

We want to better understand the magnitude of the association 
between X and Y

Instead of asking… 
“How many units does Y change as a result of a one unit change in X?” 

we might ask, 
“How many standard deviations does Y change as a result of a one 
standard deviation change in X?”



Standardized Coefficients (b*YX)

The standardized slope, or beta coefficient (or beta weight) 
is expressed as

In bivariate regression, the standardized slope thus equals 
the correlation, rYX. In our example:

βYX
∗ = bYX

sX
sY

βYX
∗ = −0.48

34.3

38.9
= −0.42

ryx = −0.42

byx = − 0.48a = 65.6

RYX
2 = 0.18

ഥY = 42.1 sY = 38.9

ഥX = 48.9 sX = 34.3

𝑀𝑆𝐸𝑟𝑟𝑜𝑟 = 1,241.24


