Understanding T-Tests

A Comprehensive Guide to Statistical Hypothesis Testing



What is a T-Test?

A t-test is a statistical hypothesis test used to determine if there is a
significant difference between the means of two groups
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Statistical Tool: Compares means between groups to determine significance L _@_ﬁ!_d_,_#._.._._, i
Parametric Test: Assumes data follows a normal distribution s
Small Sample Sizes: Effective when sample size is small (typically n < 30)

Developed by William Sealy Gosset: Published under pseudonym "Student" in
1908




When Should You Use a T-Test?

Comparing Two Groups: Testing difference between two sample means
Continuous Data: Dependent variable must be continuous (interval or ratio)
Normal Distribution: Data should be approximately normally distributed
Independent Observations: Each observation should be independent

Homogeneity of Variance: Equal variances assumed (for some t-test types)




Three Main Types of T-Tests

Independent Samples T-
Test

Compares means between two
independent groups

Assumes equal or unequal variances

Example: Treatment vs. Control group

Paired Samples T-Test

Compares means from the same group at
different times

Also called dependent t-test

Example: Before and after treatment

One-Sample T-Test

Compares sample mean to a known
population mean

Tests against a hypothesized value

Example: Sample mean vs. theoretical
value



Understanding the T-Test Formula

t=(X1-X2)/ (sV(1/m + 1/m2))

X1 and X2: Sample means of the two groups ‘ s: Pooled standard deviation

n1 and nz: Sample sizes of the two groups t-value: Test statistic that follows Student's t-distribution

Key Insight: Larger t-values indicate greater difference between groups



Hypothesis Testing with T-Tests

Null Hypothesis (Ho): No significant difference between group means (ux = p2)
Alternative Hypothesis (Hi): Significant difference exists (u1 # p2)
Significance Level (a): Typically set at 0.05 (5% error rate)

P-value: Probability of obtaining results if null hypothesis is true

Decision Rule: Reject Ho if p-value < a




Key Assumptions to Verify

Normality: Data should be approximately normally distributed (Shapiro-Wilk test)
Independence: Observations must be independent of each other

Homogeneity of Variance: Equal variances between groups (Levene's test)
Continuous Data: Dependent variable measured on continuous scale

Random Sampling: Samples drawn randomly from population

Note: Violations may require non-parametric alternatives (Mann-Whitney U test)




Example: Testing a New Study Method

Research Question: Does a new study technique improve test scores?

Group A (Traditional) Group B (New Method)
Mean = 75 Mean = 82
SD=8 SD=7
n=25 n=25

T-statistic: 3.45
Degrees of freedom: 48

P-value: 0.001

Conclusion: Reject null hypothesis; the new method significantly improves test scores




How to Interpret T-Test Results

T-statistic: Measures size of difference relative to variation (larger = more significant)
Degrees of Freedom: n1 + n2 - 2 for independent samples

P-value: If p < 0.05, difference is statistically significant

Effect Size: Cohen's d measures practical significance (small: 0.2, medium: 0.5, large: 0.8)

Confidence Intervals: 95% CI provides range of plausible values for difference



Avoiding Common Pitfalls

Common Mistakes
X Ignoring assumption violations
X Using t-test with non-normal data
X Multiple comparisons without correction

X Confusing statistical vs. practical significance

Best Practices

Always check assumptions first

Report effect sizes along with p-values

Use appropriate corrections for multiple tests

Consider sample size and power analysis



Key Takeaways

Powerful Tool: T-tests effectively compare means between groups

Three Types: Independent, paired, and one-sample t-tests for different scenarios
Check Assumptions: Normality, independence, and variance homogeneity
Interpretation Matters: Consider both statistical and practical significance

Widely Used: Essential for experimental research and data analysis
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