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Introduction

When students first encounter statistical inference, the world of data analysis can feel intimidating. Chapter 6, titled 

“The t Test and Basic Inference Principles” , is often the turning point where abstract concepts begin to take

shape through practical, hands �on techniques. This chapter bridges the gap between raw data and meaningful

conclusions by teaching the t test—a cornerstone method for comparing means—and laying out the foundational

principles that guide sound inference. In this article we will walk through the core ideas of Chapter 6, explain the

mechanics of t tests in depth, and illustrate how to apply basic inference principles to real �world data. Whether you

are a statistics student, a researcher, or a data enthusiast, mastering these concepts will give you a powerful

toolset for making evidence �based decisions.

Why the t Test Matters in Statistical Inference

The t test is a statistical procedure used to determine whether there is a significant difference between the means

of two groups. Unlike the z test, which relies on known population variances, the t test is designed for situations

where the sample size is small or the population variance is unknown—scenarios that are common in many

research settings. The t test’s flexibility makes it one of the most widely used techniques in fields ranging from

psychology and medicine to economics and engineering.

Chapter 6 introduces the t test as a gateway to broader inference principles, such as hypothesis testing, confidence

intervals, and effect size. By mastering the t test, you gain a foundation that extends to more advanced topics like

ANOVA, regression analysis, and non �parametric tests. The chapter’s structure is intentionally progressive: it starts

with the simplest scenario—a one �sample t test—and gradually builds to more complex designs, ensuring that

readers develop both conceptual understanding and practical skills.

Core Concepts Covered in Chapter 6

•  Hypothesis Testing Framework – Setting up null and alternative hypotheses.

•  Sampling Distribution of the Mean – Understanding the role of the t distribution.

•  One �Sample t Test – Comparing a sample mean to a known value.

•  Independent Two �Sample t Test – Comparing means across two independent groups.

•  Paired Sample t Test – Comparing means within the same group at two time points.

•  Assumptions and Diagnostics – Checking normality, independence, and equal variances.

•  Effect Size and Practical Significance – Interpreting results beyond p �values.

•  Confidence Intervals for Mean Differences – Quantifying uncertainty.

•  Multiple Comparisons and Adjustments – Controlling Type I error.

Each section is complemented by worked examples, visual illustrations, and discussion of common pitfalls. By the

end of Chapter 6, readers should be comfortable designing experiments, performing t tests, and interpreting

outcomes in a statistically rigorous manner.

Hypothesis Testing: The Foundation of Inference



Before diving into the mechanics of the t test, Chapter 6 emphasizes that all inferential procedures rest on a clear

hypothesis framework. The framework involves two competing statements:

1.  Null Hypothesis (H €) – Represents the status quo or no effect. For a mean comparison, it typically states that 

the population mean equals a specified value or that the means of two populations are equal.

2.  Alternative Hypothesis (H • or Ha) – Represents the research question or the effect you expect to find. It can 

be one �sided (greater than or less than) or two �sided (not equal).

The goal of hypothesis testing is to evaluate whether the observed data are sufficiently unlikely under the null

hypothesis to warrant rejection in favor of the alternative. This evaluation is quantified using a test statistic and a

corresponding p �value.

The Sampling Distribution and the t Distribution

The t test relies on the sampling distribution of the sample meanwhen the population standard deviation is

unknown. While the Central Limit Theorem guarantees that the sampling distribution approaches normality as

sample size increases, the t distribution accounts for extra variability introduced by estimating the population

standard deviation from the sample. The t distribution is bell �shaped like the normal distribution but has heavier tails,

reflecting the higher uncertainty in small samples.

Key properties of the t distribution:

•  It is symmetric around zero.

•  Its shape depends on the degrees of freedom (df), which are typically related to sample size.

•  As df increase, the t distribution converges to the standard normal distribution.

Understanding the t distribution is essential because the test statistic in a t test follows this distribution under the

null hypothesis.

One �Sample t Test: Comparing a Sample Mean to a Population Value

The one �sample t test is the most straightforward application. It tests whether the mean of a single sample differs

from a known or hypothesized population mean.

Formulation

Let X0@ be the sample mean, s the sample standard deviation, n the sample size, and ;Â��the hypothesized population

mean. The test statistic is:

t = (X0B	b�¼ €) / (s / "�n)

This statistic follows a t distribution with df = n – 1 under the null hypothesis.

Example

Suppose a nutritionist wants to determine whether a new diet plan reduces average daily calorie intake from the

national average of 2,000 calories. She collects data from 25 participants and finds a sample mean of 1,850

calories with a sample standard deviation of 120 calories.

1.  Set up hypotheses:

2.  H €: ;Â�Ò�"Ã����†æò�F–f`erence)

3.  H •: ;Â�&��"Ã����‡Gpo �sided alternative)

•  t = (1,850 – 2,000) / (120 / "�25) = (–150) / (24) = –6.25



Interpretation

Rejecting the null hypothesis indicates that the sample provides sufficient evidence that the population mean differs

from 2,000 calories. However, the magnitude of the difference—150 calories—needs contextualization. This is

where effect size and confidence intervals become valuable.

Independent Two �Sample t Test: Comparing Two Separate Groups

When comparing means from two independent populations, the independent two �sample t test is appropriate. This 

test has two variants: the equal variance (pooled) t test and the unequal variance (Welch’s) t test. The choice

depends on whether the populations are assumed to have equal variances.

Equal Variance t Test

Assumes that both populations share the same variance. The pooled standard deviation is calculated as:

sp = sqrt [ ((n • – 1)s •² + (n ‚ – 1)s ‚²) / (n • + n ‚ – 2) ]

The test statistic is:

t = (X0B��	b�ƒ� ‚) / (sp * sqrt(1/n • + 1/n ‚))

Degrees of freedom: df = n • + n ‚ – 2.

Unequal Variance t Test (Welch’s)

Does not assume equal variances. The test statistic remains the same as the pooled version but uses the individual

sample standard deviations in the denominator:

t = (X0B��	b�ƒ� ‚) / sqrt( (s •² / n •) + (s ‚² / n ‚) )

Degrees of freedom are calculated using the Welch–Satterthwaite equation:

df = [ (s •² / n • + s ‚² / n ‚)² ] / [ (s •² / n •)²/(n • – 1) + (s ‚² / n ‚)²/(n ‚ – 1) ]

Example

A researcher wants to compare test scores between students taught with a new curriculum (Group A) and those

taught with the traditional method (Group B). Group A has 30 students with a mean score of 78 and standard

deviation of 10. Group B has 28 students with a mean of 70 and standard deviation of 12.

1.  Assumptions check: Levene’s test indicates equal variances (p > 0.05).

2.  Compute pooled standard deviation:

3.  sp = sqrt [ ((30 – 1)*10² + (28 – 1)*12²) / (30 + 28 – 2) ] "H sqrt [ (29*100 + 27*144) / 56 ] "H sqrt [ (2900 + 3888) / 

56 ] "H sqrt [ 6788 / 56 ] "H sqrt[121.36] "H 11.01

•  t = (78 – 70) / (11.01 * sqrt(1/30 + 1/28)) = 8 / (11.01 * sqrt(0.0333 + 0.0357)) = 8 / (11.01 * sqrt(0.069)) = 8 / 

(11.01 * 0.2627) = 8 / 2.894 "H 2.76

Interpretation

Beyond the statistical significance, the researcher should consider the practical significance: the mean difference of

8 points may or may not be meaningful in educational settings. Confidence intervals and effect sizes help

contextualize this difference.

Paired Sample t Test: Within �Subject Comparisons



The paired sample t test is used when the same subjects are measured twice, such as before and after an

intervention. Because the observations are dependent, the test focuses on the difference scores.

Procedure

1.  Calculate difference scores: d�b = X�b • – X�b ‚ for each subject.

2.  Compute the mean difference: d0B�Ò�£d�b / n.

3.  Compute the standard deviation of differences: s_d = sqrt [ :2†AÖ"	b�C�)² / (n – 1) ].

4.  Test statistic:
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