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For each of the tests below, provide a comprehensive breakdown of what a college undergraduate
should know about them after taking a statistics course.

One-SampleZ  test
Two-SampleZ  test

One-Sample T  test
Two-Samplet  test

Paired t test

F-Test

ANOVA test

Chi-Squared test for independence

Here's a comprehensive breakdown of each of the tests listed, focusing on what a college
undergraduate should know after completing a statistics course. The breakdown will cover the purpose,
assumptions, hypotheses, test statistics, and interpretation for each test.

1. One-Sample Z-Test
Purpose:

e Used to determine if the mean of a single sample is significantly different from a known population
mean when the population standard deviation is known.

Assumptions:

e The population is normally distributed (or n > 30 for the Central Limit Theorem to apply).
e The population standard deviation (o) is known.

Hypotheses:

o Null hypothesis (Hy): 4 = po (The sample mean is equal to the population mean).
e Alternative hypothesis (H 4): & # o (The sample mean is not equal to the population mean) or
©w > po or 1 < o (depending on the direction).

Test Statistic:
o« Z =1

n
o Where T is the sample mean, g is the population mean, o is the population standard

deviation, and n is the sample size.

Interpretation:
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e Compare the calculated Z-score to critical values from the standard normal distribution to make a
decision (or use the p-value).
e If the p-value is less than the significance level (usually 0.05), reject the null hypothesis.

2. Two-Sample Z-Test
Purpose:

e Used to compare the means of two independent samples when the population standard deviations
are known.

Assumptions:

e Both populations are normally distributed (or n > 30 for the Central Limit Theorem).
e The population standard deviations are known.
e The samples are independent.

Hypotheses:

e Null hypothesis (Hp): 1 = w2 (The means of the two populations are equal).
e Alternative hypothesis (H 4): 11 # o (The means are not equal) or p1 > g or g < fo
(depending on the direction).

Test Statistic:

2
ot &
w " )

o Where Z1, T, are the sample means, oy, 02 are the population standard deviations, and
n1, Ny are the sample sizes.

Interpretation:

e Compare the calculated Z-score to critical values from the standard normal distribution or use the
p-value to make a decision.

3. One-Sample T-Test
Purpose:

e Used to determine if the mean of a single sample is significantly different from a known population
mean when the population standard deviation is unknown.

Assumptions:

e The sample is randomly selected.
e The sample data is approximately normally distributed (important for small sample sizes).

Hypotheses:
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o Null hypothesis (Hy): 4 = po (The sample mean is equal to the population mean).
e Alternative hypothesis (H 4): & # o (The sample mean is not equal to the population mean) or
w > po or i < o (depending on the direction).

Test Statistic:

o t = i’_—s&
Vn
o Where T is the sample mean, uyo is the population mean, s is the sample standard deviation,

and mn is the sample size.

Interpretation:

e Use the t-distribution (with n — 1 degrees of freedom) to find the critical value or p-value.
e If the p-value is less than the significance level (usually 0.05), reject the null hypothesis.

4. Two-Sample T-Test
Purpose:

e Used to compare the means of two independent samples when the population standard deviations
are unknown.

Assumptions:

e Both samples are randomly selected.

e The two populations are normally distributed (or n > 30 for each sample).

e The samples are independent.

e The two populations have equal variances (assumption for pooled t-test; otherwise, Welch's t-test is
used).

Hypotheses:

e Null hypothesis (Hy): 1 = o (The means of the two populations are equal).
e Alternative hypothesis (H 4): 11 # o (The means are not equal) or iy > g or pg < o
(depending on the direction).

Test Statistic:

e For equal variances (pooled):

T1—T
ot= (112)1
EAVATIED

o Where s, is the pooled standard deviation.

e For unequal variances (Welch's t-test):
o Use a modified formula for the t-statistic and degrees of freedom.

Interpretation:

e Use the t-distribution (with appropriate degrees of freedom) to find the critical value or p-value.
e If the p-value is less than the significance level, reject the null hypothesis.
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5. Paired T-Test

Purpose:

e Used to compare the means of two related (paired) samples, such as before-and-after
measurements on the same subjects.

Assumptions:

e The pairs are randomly selected.

e The differences between paired observations are approximately normally distributed.
Hypotheses:

e Null hypothesis (Hy): g = 0 (The mean difference is zero).

e Alternative hypothesis (H4): g 7 0 (The mean difference is not zero) or pg > 0 or g < 0
(depending on the direction).

Test Statistic:
[ ] t = éi;
NG

o Where d is the mean of the differences, 84 is the standard deviation of the differences, and n
is the number of pairs.
Interpretation:
e Use the t-distribution with n — 1 degrees of freedom to find the critical value or p-value.
e If the p-value is less than the significance level, reject the null hypothesis.

6. F-Test

Purpose:

e Used to compare the variances of two populations to determine if they are significantly different.
Assumptions:

e The populations are normally distributed.
e The samples are independent.

Hypotheses:

o Null hypothesis (Hp): 07 = o3 (The variances are equal).
o Alternative hypothesis (H 4): 02 # o3 (The variances are not equal).

Test Statistic:

[

.F:Z

[N
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o Where s? and s3 are the sample variances.

Interpretation:
e Compare the calculated F-statistic to the critical value from the F-distribution with degrees of

freedom (ny — 1) and (ny — 1).
e If the p-value is less than the significance level, reject the null hypothesis.

7. ANOVA Test (Analysis of Variance)
Purpose:

e Used to compare the means of three or more independent groups to see if there is a significant
difference among them.

Assumptions:
e The groups are independent.
e The populations are normally distributed.
e The populations have equal variances (homogeneity of variances).

Hypotheses:

e Null hypothesis (Hy): 1 = po = - -+ = g (All group means are equal).
e Alternative hypothesis (H 4): At least one group mean is different.

Test Statistic:

e F-statistic from the ratio of between-group variance to within-group variance:
o F = Between-group variance
" Within-group variance

Interpretation:

e If the p-value is less than the significance level, reject the null hypothesis and conclude that there is
a significant difference between at least two group means.
e Post-hoc tests (like Tukey’s HSD) may be performed to identify which groups are different.

8. Chi-Squared Test for Independence
Purpose:

e Used to determine if there is a significant association between two categorical variables in a
contingency table.

Assumptions:

e The observations are independent.
e The expected frequency for each cell in the contingency table should be at least 5.
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Hypotheses:

e Null hypothesis (Hy): The variables are independent (no association).
e Alternative hypothesis (H 4): The variables are dependent (there is an association).

Test Statistic:

O-E)*
e 2= ( = )
o Where O is the observed frequency and F is the expected frequency.

Interpretation:

e Compare the calculated x?-statistic to the critical value from the chi-squared distribution with
appropriate degrees of freedom.

e If the p-value is less than the significance level, reject the null hypothesis and conclude that there is
a significant association between the variables.

These breakdowns provide a solid foundation for an undergraduate student to understand these
statistical tests, from theory to application. The key takeaway for each test is how to set up hypotheses,
perform the test, and interpret the results in the context of a real-world problem.

Explain p-values, test statistics and their distributions, critical values, and anything else related to
understanding these tests. The list you provided seems to omit these details.

You're absolutely right! To gain a complete understanding of statistical hypothesis testing, it's important
to understand p-values, test statistics, distributions, and critical values. Let me break these concepts
down clearly, addressing the key components of statistical tests that are vital for interpreting the results.

1. Test Statistics

A test statistic is a standardized value that is calculated from sample data during a hypothesis test. It is
used to determine whether to reject the null hypothesis.

e Purpose: The test statistic measures the degree to which your sample data deviates from the null
hypothesis. Larger deviations indicate stronger evidence against the null hypothesis.

e Types of Test Statistics:

o Z-test statistic: Used when the population standard deviation is known, and the sample size
is sufficiently large.
» Formula: Z = &£
NG
o t-test statistic: Used when the population standard deviation is unknown and the sample
size is small (typically n. < 30).
» Formula:t = S5&¢
=
o F-test statistic: Used in ANOVA to compare variances between groups.

= Formula: F — Yariance be‘?wejen groups
variance within groups

Printed using , powered by PDFCrowd . 6/9


https://chat.openai.com/
https://pdfcrowd.com/chatgpt-to-pdf/?ref=chatgpt
https://pdfcrowd.com/api/html-to-pdf-api/?ref=chatgpt

@OpenAl
o Chi-squared statistic: Used to compare observed frequencies with expected frequencies in

categorical data.
2
= Formula: % =Y _(O;EE)

o Interpretation: Once the test statistic is calculated, it is compared to a critical value (or used to
find a p-value) to determine whether to reject the null hypothesis.

2. Distributions of Test Statistics

Different hypothesis tests use different probability distributions for their test statistics. These
distributions define the expected behavior of the test statistic under the null hypothesis.

¢ Normal distribution: Used in the Z-test when the sample size is large, or the population is
normally distributed with a known standard deviation. The Z-distribution has a mean of 0 and a
standard deviation of 1.

o t-distribution: Used in the t-test when the population standard deviation is unknown and the
sample size is small. The t-distribution is similar to the normal distribution but has heavier tails,
especially for smaller sample sizes. The shape of the t-distribution depends on the degrees of
freedom (df), which is typically n — 1 for a one-sample t-test or ny + no — 2 for a two-sample t-
test.

e Chi-squared distribution: Used in the chi-squared test for independence. The chi-squared
distribution is positively skewed and depends on the degrees of freedom (df), which is related to
the number of categories or groups in the contingency table.

¢ F-distribution: Used in ANOVA and the F-test. The F-distribution is skewed and is based on two
sets of degrees of freedom: one for the numerator (variance between groups) and one for the
denominator (variance within groups).

3. P-Values

The p-value is the probability of obtaining a result at least as extreme as the one observed, assuming
the null hypothesis is true. It is used to assess the strength of the evidence against the null hypothesis.

e Purpose: The p-value tells you how compatible your data is with the null hypothesis. A smaller p-
value indicates stronger evidence against the null hypothesis.

¢ Interpretation:

o If the p-value is smaller than or equal to the significance level (o, commonly 0.05): Reject
the null hypothesis. This means there is strong evidence that the effect exists.
o If the p-value is greater than the significance level («): Fail to reject the null hypothesis.
This means the data do not provide strong evidence against the null hypothesis.
The p-value does not tell you the probability that the null hypothesis is true. It only tells you the
probability of the observed result (or more extreme) under the assumption that the null hypothesis
is true.

4. Critical Values
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A critical value is the threshold that the test statistic must exceed in order to reject the null hypothesis.
Critical values are based on the significance level o and the distribution of the test statistic.

e Purpose: Critical values define the region of rejection for the null hypothesis. If the test statistic
falls in this region, the null hypothesis is rejected.

e How to find critical values:

o For a Z-test: Use a Z-table or standard normal distribution to find the critical value
corresponding to the significance level a. For example, for a two-tailed test at &« = 0.05, the
critical values are +1.96.

o For a t-test: Use the t-distribution table to find the critical value corresponding to the degrees
of freedom (df) and the significance level a.

o For a Chi-squared test: Use the chi-squared distribution table to find the critical value based
on the degrees of freedom and significance level.

o For an F-test: Use the F-distribution table to find the critical value based on the degrees of
freedom for the numerator and denominator.

5. Two-Tailed vs. One-Tailed Tests

e Two-Tailed Test: Used when the alternative hypothesis (H 4) suggests that the parameter of
interest could be either greater than or less than the value specified in the null hypothesis. For
example, Ha : pu # po.

o The rejection region is split between both sides of the distribution.
o Critical values are placed in both the lower and upper tails of the distribution.

e One-Tailed Test: Used when the alternative hypothesis suggests that the parameter of interest is
either greater than or less than the value specified in the null hypothesis. For example, H4 : p >
poor Hy : pu < pyo.

o The rejection region is located entirely in one tail of the distribution.
o Critical values are placed in one tail of the distribution.

6. Significance Level (o)

The significance level « is the probability of rejecting the null hypothesis when it is actually true (Type I
error). It is chosen by the researcher before conducting the test and is typically set to 0.05 (5%).

e Interpretation:
o Ifyou choose oo = 0.05, you are willing to accept a 5% chance of incorrectly rejecting the null

hypothesis.
o If the p-value is less than or equal to ¢, reject the null hypothesis. If the p-value is greater

than o, fail to reject the null hypothesis.

7. Type I and Type II Errors

e Type I Error (False Positive): Occurs when the null hypothesis is rejected when it is actually true.
o The probability of making a Type I error is equal to « (significance level).
e Type II Error (False Negative): Occurs when the null hypothesis is not rejected when it is actually
false.
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o The probability of making a Type II error is denoted as 3, and the power of the test (1 - B) is
the probability of correctly rejecting a false null hypothesis.

8. Power of a Test

The power of a test is the probability that the test will correctly reject the null hypothesis when it is false.
Power depends on:

e The sample size (larger samples generally increase power).
e The significance level a.

e The effect size (the magnitude of the difference between the null hypothesis value and the true
value).

Putting It All Together

In summary, when you conduct a hypothesis test:

1. State your hypotheses.
2. Choose your significance level a (usually 0.05).
3. Calculate the test statistic using the sample data.
4. Determine the p-value or compare the test statistic to the critical value.
o If the p-value is less than or equal to ¢, reject the null hypothesis.
o If the test statistic exceeds the critical value, reject the null hypothesis.
5. Make a decision: Reject or fail to reject the null hypothesis based on the evidence.

Understanding these key concepts—test statistics, distributions, p-values, critical values, and Type I/1I
errors—will help you effectively interpret the results of hypothesis tests in statistics.

ChatGPT can make mistakes. Check important info.
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