2.
Interpretation of Data and Hypothesis Testing
Objectives:
»

Compare inferential statistics with descriptive statistics.

»

Describe how a confidence interval relates sample data to population data.

»

Understand how p-values are used in determining statistically significant
differences and what lower or higher p-values mean.

»

Be able to state the null and alternative hypotheses for an example study.

»

Describe type I and type II errors.

»

Describe how power is affected by changes in sample size.

»

Understand the correct uses for the three statistical tests discussed (T-test, ANOVA,
chi-square).

»

Describe an association between two variables in terms of the Pearson correlation
coefficient.

After describing the data using descriptive statistics, inferential statistics are used
to draw general conclusions (inferences) about the sample data and how well it

represents the population. Inferential statistics includes many measures, such as
standard error, confidence intervals, and p-values.
Standard
error

A measure of the variability between sample values and the true

(population) values. Like standard deviation, it is often calculated
to determine an estimate for the variability between sample

means and the true (population) mean. The standard error is

equal to the standard deviation divided by the square root of the
number of observations (n); it follows that as the number of
observations increases, standard error decreases.
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Confidence
interval

Calculated as the range of values within which the true

(population) value is most likely to fall. Confidence Intervals (CIs)
can be calculated for any value, but are commonly used for
means.

The formula to calculate CIs is shown in Figure 5. The z-score is a constant which
varies depending on the degree of confidence required. For a 95% confidence

interval z=1.96; for a 99% confidence interval, z=2.58. Because the formula for CI

includes standard deviation, the two are inherently mathematically related and it

follows that a sample with a large variation (and therefore standard deviation) will
have wide confidence intervals when compared to a sample with small variation.
Sample size also affects CI: a larger sample size leads to a more narrow CI.

As an example, consider a sample population with a mean age of 40 years, and a
95% CI of 38-42. To interpret this CI in plain English, one would say, “The measured
sample mean age is 40 years and we are 95% confident that the true population
mean age is between 38 and 42 years.”

Be careful interpreting CIs: they do not mean that 95% of the data falls within the CI
(in the example, it would be incorrect to say that 95% of the population is between
ages 38 and 42).

5. THE CONFIDENCE INTERVAL FORMULA
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The confidence interval formula. The confidence interval is equal to the mean plus or
minus the z-score (a constant) multiplied times the standard deviation divided by the
square root of the sample size.

Related to confidence intervals are p-values.
P-value

A probability measure that an observed difference is due to

random chance. Lower p values correspond to greater statistical
significance of an observed difference.
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Figure 6 is a graphical representation of p-values using significance levels, “alpha
values”. The alpha value is set by a researcher, and is often set at 0.1 or 0.05

(corresponding to a p-value of 0.05 and 0.025). For two-sided tests (as shown in

Figure 6), the p-value is equal to alpha/2. If a p-value is at-or-below the designated
level (p≤0.05), then there is said to be a statistically significant difference between
the values being tested.

6. A GRAPHICAL VIEW OF P VALUES
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A. A graphical representation of a 90% confidence interval, therefore alpha=0.1, p=0.05. In this scenario there is a
5% chance that an observed value falls at one extreme of the confidence interval by random chance.
B. A graphical representation of a 95% confidence interval, alpha =0.05, p=0.025. In this scenario there is a 2.5%
chance that an observed value falls at one extreme of the confidence interval by random chance.

For example, if the mean ages of two samples were being compared and were

found to be 20 years (95% CI 18-22 years) and 30 years (95% CI 28-32 years), the

p-value would be less than 0.025, and the researcher could conclude that the mean
ages of the two samples are significantly different. In contrast, because of the

relationship between confidence intervals and p-values, if the distributions were

different such that the two sample mean ages were: 20 years (95% CI 10-30 years)

and 30 years (95% CI 25-35 years), the p-value would be greater than 0.025 (can be

concluded due to overlapping confidence intervals), and the scientist can conclude
there is no significant difference in mean age in the two samples.
Importantly, P-values do not confer clinical significance.
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For example, a new medication may “statistically significantly” lower blood pressure
more than another medication; however if that decrease is 2mmHg, although the
difference is statistically significant, it is not clinically significant (no change in
clinical outcomes).

P-values are commonly used in hypothesis testing, as they provide a probability
value for determining if there is a true difference between two values. When
designing a scientific study, one of the first steps is to develop a hypothesis

regarding the outcome of the experiment. After data is collected, hypothesis testing
is then used to make a determination regarding whether the hypothesis is true or
false. However, the terminology used is slightly nuanced.
Null
Hypothesis

States that there is no difference or relationship between the

Alternative
Hypothesis

States that there is a difference or relationship between the values

values being tested. Denoted as H0.

being tested.

In statistical testing the two main outcomes are stated as “reject the null

hypothesis” (there is a significant difference between the values being tested), or
“fail to reject the null hypothesis” (there is no significant difference between the
values being tested).

Be careful, although this terminology is standard, it can be confusing because of
the double negatives.

While there are two main outcomes, there are truly four possible outcomes because
there are results from the data and there is also reality (Figure 7). Scientists do not
know reality and cannot test reality; after years of tests with similar, confirmatory
outcomes we “approximate” reality.
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7. HYPOTHESIS TESTING OUTCOMES
Scientist’s Conclusions:
Reject H0

Fail to Reject H0

Reality:
H0 is True

Type I error
(probability = α)

Probability = I- α

Reality:
H0 is False

Power= (I-β)

Type II error
(probability = β )

The four possible outcomes in hypothesis testing which take into account both the scientist’s
conclusions and reality (where H0=null hypothesis). Outcomes in blue are “good outcomes,” meaning
that the scientist’s conclusion aligns with reality. Outcomes in red are “bad outcomes,” meaning that
the scientist’s conclusion based on sample data does not align with the reality (that is based on
population data).

To clarify the four possible outcomes, consider this example: a scientist is testing a
new medication (Drug A) to determine if it cures illness in more patients than a
placebo medication. The null hypothesis: Drug A does not cure illness in more
patients than the placebo. The alternative hypothesis: Drug A cures illness in
significantly more patients than the placebo.
Type I Error

Rejecting the null hypothesis, when reality is the null hypothesis is
true. Another way of saying this: Concluding there is an effect

when in reality there is none. Applying this to the example: the

scientist analyzes the data and concludes Drug A cures illness in
more patients than placebo (rejects the null hypothesis); from

Figure 7, it shows that the probability of a type I error is equal to
alpha (α).
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Type II Error

Failing to reject the null hypothesis when it is false. Another way of
saying this: Concluding there is no effect, when in reality there is
an effect. Applying this to the example: the scientist concludes

Drug A does not cure illness in more patients than the placebo
when in reality Drug A does cure illness at a greater rate than

placebo. The probability of a type II error occurring is equal to Beta
(β).
Power

The likelihood that a study will detect an effect when there is one

to be detected. Power=1- β; therefore power is inversely related to
β. The scientist correctly rejects the null hypothesis, because in
reality the null hypothesis is false. Applied to the example: the

scientist concludes that drug A cures illness in significantly more
patients than the placebo, which is consistent with reality. Power
can be increased by increasing sample size.

The fourth outcome is failing to reject the null hypothesis when in reality it is true (a
“correct” conclusion). The probability of this outcome is 1-α.

There are many different statistical tests used in hypothesis testing, 3 commonly
used tests are the t-test, ANOVA, and chi-square. How to perform these tests is

beyond the scope of this text, what should be understood is when each test is used.
T-Test

Used to determine if there is a significant difference between the

means of two groups. Example: Was mean blood pressure lower in
the treatment group than in the control group?

ANOVA
(Analysis of
Variance)
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Used to determine if there is a statistically significant difference
between the means of 3 or more groups. Example: was mean
blood pressure different in 4 different age groups?

Chi-Square

Used to determine if there is a statistically significant association
between categorical variables. Categorical variables are those

that have a fixed number of non-ordered values (e.g. hair color).

Example: Is there an association between high blood pressure and
eye color?

Because associations are tested in chi-square tests, a brief mention of the Pearson
correlation coefficient is warranted. The Pearson correlation coefficient (r) is a

measure of the strength of an association (but is not a measure of the significance

of an association). Significance is determined using the 3 statistical tests discussed
above. R is always a value between -1 and 1, and the closer it is to either -1 or 1, the
stronger the association. A negative value means that there is an inverse

association (as one variable increases, the other decreases). A positive value means
there is a direct association (as one variable increases, the other increases as well).
It follows that a value of 0 is consistent with no association. Figure 8 provides a

graphical view of the Pearson correlation coefficient. It is important to remember

that association does not mean causation. To conclude a causal relationship exists

requires the Bradford Hill criteria to be met, a discussion that is beyond the scope of
this text.

8. PEARSON CORRELATION COEFFICIENT, (r)
r = -0.9
r = 0.9

STRONG POSITIVE
CORRELATION

r=0

STRONG NEGATIVE
CORRELATION

NO CORRELATION

The Pearson correlation coefficient (r) is a measure of the strength of an association
(either positive or negative) between two variables plotted on the x and y axes. The
strength of an association increases as the absolute value of r approaches 1. An r value
equal to zero means there is no association between the two variables.

Prostate Cancer and Age
After age 50, there is a close correlation between the incidence of prostate

cancer and age. At age 50 years, 50% of males have prostate cancer and at 100

years, 100% have prostate cancer. Most patients die with, not of their cancer and
a major challenge is trying to decide who is at risk and requires treatment.
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