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Understanding the significance of the linear correlation coefficient is
essential in statistical analysis, especially when determining the strength
and direction of a linear relationship between two variables. When working
with a sample size of N=20 and a significance level (a) of 0.01, identifying
the critical value of the correlation coefficient (r) helps in hypothesis
testing to decide whether the observed correlation is statistically
significant. In this article, we will explore how to find this critical
value, the underlying statistical principles, and practical considerations
for applying this knowledge.

Understanding the Linear Correlation
Coefficient (r)

The linear correlation coefficient, often denoted as r, measures the strength
and direction of a linear relationship between two continuous variables. Its
value ranges from -1 to +1:

- r = +1 indicates a perfect positive linear relationship.
- r = -1 indicates a perfect negative linear relationship.
- r = 0 suggests no linear relationship.

The calculation of r involves the covariance of the two variables divided by
the product of their standard deviations:

\ [
r = \frac{\text{Cov} (X, Y)}{\sigma_X \sigma_Y}
\1

This measure is vital in many fields such as psychology, economics, and
biology, where understanding relationships between variables informs
decision-making and theory testing.

Hypothesis Testing for Correlation Coefficient

To determine whether a correlation coefficient is statistically significant,
a hypothesis test is conducted:

— Null hypothesis (Hy): p

= 0 (no correlation in the population)
— Alternative hypothesis (H;):

p # 0 (there is a correlation)

The test involves computing a t-statistic derived from the sample correlation
coefficient:



t = r \sgrt{\frac{N - 2}{1 - r"2}}

where N is the sample size. This t-statistic follows a Student's t-
distribution with N - 2 degrees of freedom under H,.

The goal is to compare the computed t-value to the critical t-value from the
t-distribution for the specified significance level (a). If |t]| exceeds the

critical value, H, is rejected, indicating a statistically significant
correlation.

Finding the Critical Value for N=20 at a=0.01

Given N=20 and a=0.01, the steps to find the critical correlation coefficient
are as follows:

1. Determine Degrees of Freedom

Degrees of freedom (df) are calculated as:

2. Find the Critical t-value

Using a t-distribution table or statistical software, find the two-tailed
critical t-value for o=0.01 and df=18.

- For a two-tailed test at a=0.01:

\ [
t_{critical} \approx \pm 2.878
\]

This means that if the computed t-statistic exceeds +2.878, the correlation
is statistically significant at the 1% level.

3. Calculate the Critical r-value

Rearranging the t-test formula to solve for r:

\ [
r_{critical} = \frac{t_{critical}}{\sgrt{t_{criticall}l”"2 + N - 2}}
\1

Substituting the known values:

\ [
r_{critical} = \frac{2.878}{\sqgrt{(2.878)"2 + 18}} = \frac{2.878}{\sqgrt{8.28



+ 18}} = \frac{2.878}{\sqgrt{26.28}} \approx \frac{2.878}{5.127} \approx 0.561
\1

Because the test is two-tailed, the critical correlation coefficient in
absolute value is approximately 0.561.

Therefore, for N=20 and a=0.01, the critical value of the correlation
coefficient is approximately +0.561.

If the observed correlation coefficient exceeds this magnitude, it indicates
a statistically significant linear relationship at the 1% significance level.

Implications of the Critical Value in Practice

Knowing the critical value allows researchers to assess the significance of
their computed correlation coefficient:

- If |r| > 0.561: The correlation is statistically significant at the 0.01
level.
- If |r| < 0.561: The correlation is not statistically significant.

This threshold helps in making informed decisions about the relationships
between variables, avoiding false positives or negatives.

Additional Considerations

While the above calculations provide a robust method for hypothesis testing,
several important considerations should be kept in mind:

Assumptions Underlying the Test

— Linearity: The relationship between variables should be linear.
— Normality: The variables should be approximately normally distributed.
— Independence: Observations should be independent of each other.

Violations of these assumptions can affect the validity of the test and the
interpretation of the correlation coefficient.

Alternative Methods and Tools

- Statistical Software: Many software packages (e.g., R, SPSS, Python's
SciPy) can directly compute p-values for the correlation coefficient,
eliminating manual calculations.

— Confidence Intervals: Instead of hypothesis testing, constructing
confidence intervals for r provides an estimate of the range within which the
true correlation likely falls.



Summary of Key Steps

To summarize, here is a step-by-step guide for finding the critical value:

1. Identify the sample size (N=20) and significance level (a=0.01).
2. Calculate degrees of freedom: df = N - 2 = 18.
3. Find the two-tailed critical t-value for o=0.01 and df=18 (» 2.878).

4. Compute the critical correlation coefficient:

2

+ N - 2)

© rcritical = tcritical / [(tcritical

o~ 0.561

5. Compare your observed correlation coefficient with the critical wvalue to
determine significance.

Conclusion

In conclusion, when N=20 and testing at a significance level of 0.01, the
critical value of the linear correlation coefficient is approximately +0.561.
This means that only correlations with an absolute value greater than 0.561
are statistically significant at the 1% level. Recognizing and applying this
threshold is crucial in research and data analysis to accurately interpret
the strength of relationships between variables, ensuring conclusions are
supported by robust statistical evidence.

Remember: Always verify the assumptions underlying correlation tests and
consider supplementing hypothesis testing with confidence intervals and
graphical analyses for a comprehensive understanding of your data.

Frequently Asked Questions

What is the significance level used in testing the
linear correlation coefficient when N=207?

The significance level used is 0.01.

How do you determine the critical wvalue for the
linear correlation coefficient at N=20 and a=0.017?
You consult a critical value table for the correlation coefficient with

degrees of freedom df = N - 2 = 18 at a=0.01, or use statistical software to
find the wvalue.



What are the degrees of freedom when N=20 for
correlation significance testing?

The degrees of freedom are N - 2 = 18.

Why is the significance level important in testing
the correlation coefficient?

The significance level determines the threshold for rejecting the null
hypothesis, indicating whether the observed correlation is statistically
significant.

What is the approximate critical wvalue for r at N=20
and a=0.01?

The approximate critical wvalue is around *0.55, but it should be verified
with a correlation table or software for precise value.

How do you interpret the critical wvalue in relation
to the calculated correlation coefficient?

If the absolute value of the calculated correlation exceeds the critical
value, the correlation is statistically significant at the 0.01 level.

Can you use a t-distribution to find the critical
value for the correlation coefficient?

Yes, the correlation coefficient can be transformed into a t-value to
determine significance, using the formula t = r/ (N-2)/(V (1-r?)).

What is the formula to convert the correlation
coefficient to a t-value for significance testing?

t = W/ (N=-2) / V(1 - r?).

How does increasing the sample size N affect the
critical value for testing correlation significance?

Increasing N generally decreases the critical value's magnitude, making it
easier to detect a significant correlation at the same significance level.

Additional Resources
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Introduction

In the realm of statistical analysis, understanding the strength and



significance of relationships between variables is fundamental. The linear
correlation coefficient, commonly denoted as r, measures the degree of linear
association between two continuous variables. However, determining whether an
observed correlation is statistically significant requires comparison against
a critical value derived from the sampling distribution under the null
hypothesis of zero correlation.

This investigation centers on a specific scenario: when the sample size, N,
equals 20, and the significance level (a) is 0.01. The central gquestion is
how to accurately find the critical value of r corresponding to these
parameters, enabling researchers to determine if their observed correlation
is statistically significant at this stringent level.

This article provides an in-depth exploration of the concepts, the
derivation, and practical procedures for identifying the critical wvalue of
the linear correlation coefficient in this context. It aims to serve as a
comprehensive guide for statisticians, researchers, and students engaged in
hypothesis testing involving correlation.

Understanding the Linear Correlation
Coefficient and Its Distribution

The Pearson Correlation Coefficient (r)

The Pearson correlation coefficient, r, gquantifies the linear relationship
between two variables, X and Y. It ranges from -1 to 1, where:

1 indicates a perfect positive linear relationship,
-1 indicates a perfect negative linear relationship,
= 0 suggests no linear relationship.
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Mathematically, it's expressed as:

r=3[(Xi - X )((Yi - Y)] / V[Z(Xi - X )? (YL - Y)?]
where:

- Xi and Yi are individual data points,

- X and Y are the means of X and Y,
- ¥ denotes summation over all data points.

Sampling Distribution of r

Under the null hypothesis (H,: p = 0, where p is the population correlation),
the sampling distribution of r is not normal, especially for small samples.
Instead, it follows a distribution related to the Student's t-distribution.

The key to hypothesis testing is to determine whether an observed r is
significantly different from zero. To do so, the r value is transformed into
a t-statistic:



t =/ (N -2) / V(1 - r?)

This t-statistic follows a Student's t-distribution with (N - 2) degrees of
freedom under H,.

Hypothesis Testing and Critical Values

Null and Alternative Hypotheses

— Null hypothesis (Hy): p

= 0 (no linear relationship)
— Alternative hypothesis (H;):

p # 0 (two-tailed test)
Depending on the research question, testing might be one-tailed or two-

tailed. In most correlation analyses, a two-tailed test is used unless
there's a specific directional hypothesis.

Significance Level (a) and Critical Value

The significance level, a, defines the threshold probability for rejecting
H,. For a = 0.01, there is a 1% risk of concluding that a correlation exists
when there is none (Type I error).

To determine whether an observed r is significant at this level, we compare
the computed t-value (from the observed r) with the critical t-value

(t (critical,) from the t-distribution for (N - 2) degrees of freedom.

- If |t| > t(critical,, reject H,.

— To find the critical r value corresponding to t(critical,, invert the
relationship between r and t.

Calculating the Critical Value for N=20 at
a=0.01

Step 1: Determine Degrees of Freedom

Given N=20,

Step 2: Find the Critical t-Value



At a two-tailed a=0.01, the critical t-value corresponds to the 0.005
quantile on each tail of the t-distribution with 18 degrees of freedom.

Consulting a t-distribution table or using statistical software:
t(critical, ~ = 2.878

This means that any t-value exceeding #2.878 in magnitude indicates a
statistically significant correlation at the 1% level.

Step 3: Convert the Critical t-Value to Critical r

Rearranged formula:

r(critical, = t critical, / vV (t(critical,® + (N - 2))
Plugging in the numbers:

r(critical, = 2.878 / v (2.878% + 18)

Calculate numerator:

2.878

Calculate denominator:

V(2.878% + 18) = v (8.283 + 18) = ¥26.283 ~ 5.127
Finally:

r(critical, =~ 2.878 / 5.127 =~ 0.561

Since it's a two-tailed test, the critical value of r is approximately
+0.561.

Implications and Practical Considerations

Interpreting the Critical r Value

With N=20 and a=0.01, any observed correlation coefficient with an absolute
value greater than approximately 0.561 is statistically significant at the 1%
level. This 1is a relatively high threshold, reflecting the stringent
criterion set by the low significance level and modest sample size.

Researchers observing an r of, say, 0.58 or higher (or -0.58 or lower) can
confidently infer the presence of a significant linear relationship, assuming
the data meet other assumptions such as normality and homoscedasticity.



Factors Affecting the Critical Value

— Sample size (N): Larger N decreases the critical r threshold, making it
easier to detect significant correlations.

— Significance level (a): Lower a (more stringent) increases the critical r,
requiring stronger observed correlation to be significant.

- Type of test: Two-tailed vs. one-tailed tests alter the critical t-value
and consequently the critical r.

Limitations and Assumptions

— The calculation assumes that the data are bivariate normally distributed.

— The correlation test is sensitive to outliers, which can inflate or deflate
r.

- The method applies to continuous, normally distributed variables, not
categorical data.

Example Scenario

Suppose a researcher measures two variables across 20 subjects and finds an
observed correlation coefficient of 0.65. To assess whether this is
statistically significant at the 0.01 level:

1. Convert r to t:

.65 V(20 - 2) / Y(1 - 0.65?%)
.65 Y18 / V(1 - 0.4225)

.65 4.243 / Y0.5775

.65 4.243 / 0.7599

.65 5.59 » 3.633
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2. Compare to critical t-value (» 2.878):

Since 3.633 > 2.878, the correlation is statistically significant at the 1%
level.

Alternatively, directly compare r to the critical r (~0.561):

|0.65] > 0.561 - significant at a = 0.01.

Conclusion

Determining the critical wvalue of the linear correlation coefficient for N=20
at a significance level of 0.01 is a precise process rooted in the
relationship between r and the Student's t-distribution. By converting the
significance level into a critical t-value and then translating that into a
critical r, researchers can confidently assess the significance of their
observed correlations.

In this case, the critical r is approximately *0.561, meaning that only



correlations exceeding this magnitude are statistically significant at the 1%
level with a sample size of 20. This threshold underscores the importance of
adequate sample sizes and stringent significance levels in correlation
analysis, ensuring that findings of linear relationships are both
statistically robust and meaningful.
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— Student's t-distribution table (or software outputs for precise critical
values) .

Note: For different sample sizes or significance levels, the critical r can
be recalculated following the same steps outlined above.
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