How to Perform a Paired Samples t-
test: A Step-by-Step Guide

Authored by
stats writer

December 31, 2025

RECOMMENDED CITATION

stats writer (2025). How to Perform a Paired Samples t-test: A Step-by-Step Guide.
PSYCHOLOGICAL SCALES. Retrieved from https://scales.arabpsychology.com/?p=110274

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://scales.arabpsychology.com/?p=110274
https://scales.arabpsychology.com/?p=110274
https://scales.arabpsychology.com/?p=110274
https://scales.arabpsychology.com
https://scales.arabpsychology.com

How to Perform a Paired Samples t-test: A Step-by-Step Guide

The Paired Samples t-test, often referred to as the dependent t-test, is a fundamental statistical

test employed to analyze and compare two sets of observations that are related or paired. This test
is specifically designed for situations where measurements consist of continuous data collected

from the same subjects under two different conditions or time points. Its primary purpose is to
ascertain whether the mean difference between these two related variables is statistically

significant--meaning, if the observed change or difference is unlikely to have occurred by random
chance alone. By performing this analysis on a sample, researchers gain valuable insights,
allowing them to draw inferences about the larger population from which the data originated.

A paired samples t-test is specifically utilized to compare the means of two dependent samples,
where each observation in one sample is intrinsically linked, or paired, with a corresponding
observation in the second sample. This dependency is the defining characteristic that distinguishes
it from independent sample t-tests.

This comprehensive guide will explain the critical aspects of this powerful statistical tool, covering:

Understanding the core motivation and practical applications requiring a paired samples t-test.
A detailed breakdown of the statistical formula used for calculation.

The key statistical assumptions that must be rigorously satisfied for valid results.

A step-by-step, practical example demonstrating the entire procedure.

The Rationale and Applications of the Paired Samples t-test

The utility of the paired samples t-test stems from its ability to control for inter-subject variability,
making it particularly powerful in experimental designs where the same participants are measured
multiple times. This setup minimizes the influence of individual differences on the outcome, thereby
increasing the statistical power to detect a genuine effect. There are typically two major scenarios
where this test proves indispensable in quantitative research.

The first common application involves a pre-test/post-test design. In this structure, a
measurement is collected from a subject before the implementation of an intervention or treatment,
and then the same measurement is taken again after the treatment has concluded. A classic
example illustrating this is measuring the maximum vertical jump height of college basketball
players initially, followed by having them complete a specialized training program for a designated
period, and finally remeasuring their jump height. The goal is to determine if the training program
induced a significant change in performance.

The second key scenario involves comparing measurements taken under two distinct
conditions. Here, subjects are exposed to two different environments, stimuli, or treatments, and
their response is recorded under both conditions. For instance, a pharmaceutical study might
measure the reaction time of patients when administered Drug A versus when administered Drug
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B. Because the data points are collected from the same individual (the subject acts as their own
control), the paired structure ensures that the comparison focuses exclusively on the difference
between the two conditions. In essence, both cases seek to compare the average measurement
between two dependent groups where a natural pairing exists between observations.

Formulating the Hypothesis and Calculating the Test Statistic

Before calculating the test statistic, researchers must formally define the hypotheses being tested.
The core of any statistical analysis rests on the assertion that we are testing against the status
qguo, which is formalized through the null hypothesis (HO). In the context of the paired samples t-

test, the null hypothesis posits that there is no true difference between the population means of the
paired observations.

The specific formulation of the null hypothesis is always:

HO: u1 = p2 (This implies the mean difference between the two population groups is zero.)

Conversely, the alternative hypothesis (H1) states that a statistically significant difference does

exist. The structure of H1 depends entirely on the directionality of the research question:

H1 (Two-tailed test): ul ? u2 (Used when the researcher is simply testing if the means are
different, without predicting the direction.)

H1 (Left-tailed test): ul < py2 (Used when predicting that population 1 mean is substantially less
than population 2 mean.)

H1 (Right-tailed test): u1> p2 (Used when predicting that population 1 mean is substantially
greater than population 2 mean.)

To determine whether there is enough evidence to reject HO, we calculate the test statistic, t. This
value essentially measures how many standard errors the sample mean difference is away from
zero. The calculation relies on the following essential formula:

t = xdiff / (sdiff/Vn)

The variables within this formula represent crucial elements derived from the collected sample
data:

xdiff: Represents the observed sample mean of the differences between all paired observations.
sdiff: Represents the sample standard deviation of the differences, measuring the variability
within the paired differences.

n: Represents the total sample size, specifically the number of pairs being analyzed.
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Critical Assumptions for Valid Paired t-test Results

Like all parametric statistical tests, the paired samples t-test requires that certain underlying
assumptions about the data structure are satisfied. If these assumptions are violated significantly,
the calculated t-statistic and subsequent p-value may be unreliable, leading to incorrect statistical
conclusions.

The core assumptions that must be rigorously checked are:

Random Sampling: The participating individuals or units must be selected through a process of
random sampling from the larger population of interest. This ensures that the sample is
representative and that the findings can be generalized accurately back to the population.

Normality of Differences: The distribution of the differences calculated between the paired
observations (i.e., the column of D = X1 - X2 values) must be approximately normally distributed.

While the t-test is relatively robust to minor deviations from normality, especially with larger sample
sizes, severe skewness or multi-modality must be addressed.

Absence of Outliers: There should be no extreme outliers present within the calculated
differences. Outliers can heavily skew the mean difference (xdiff) and inflate the standard
deviation, severely distorting the resultant t-statistic and increasing the likelihood of a Type | or
Type Il error.

Researchers often use visual checks (like Q-Q plots or histograms of the differences) and formal
tests (like the Shapiro-Wilk test) to confirm these assumptions are reasonably met before
interpreting the final results of the paired t-test.

Practical Example: Assessing a Training Program's Effectiveness

To fully grasp the application of the paired samples t-test, let us walk through a typical research
scenario. Imagine a sports science team aiming to evaluate the efficacy of a specialized, one-
month strength and conditioning training program designed to enhance the maximum vertical jump
capacity (measured in inches) of collegiate basketball players. This scenario perfectly fits the
paired design, as we are measuring the same subjects before and after an intervention.

The study design involves recruiting a sample of 20 college basketball players. Initially, a baseline
measurement of the maximum vertical jump is recorded for all 20 athletes (Pre-Training data).
Subsequently, all players participate in the training program for one month. At the conclusion of the
month, a second measurement is taken (Post-Training data). The resulting dataset, containing the
paired observations for each athlete, is crucial for our analysis, as illustrated below.
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Max Vertical Jump | Max Vertical Jump
Before Training After Training
Player Program Program
Player 1 22 24
Player 2 20 22
Player 3 19 19
Player 4 24 22
Player 5 25 28
Player 6 25 26
Player 7 28 28
Player 8 22 24
Player 9 30 30
Player 10 27 29
Player 11 24 25
Player 12 18 20
Player 13 16 17
Player 14 19 18
Player 15 19 18
Player 16 28 28
Player 17 24 26
Player 18 25 27
Player 19 25 27
Player 20 23 24

We must determine if the training program yielded a statistically significant impact on the vertical
jump height. We will proceed with a paired samples t-test, setting the significance level (a) to the

standard threshold of 0.05. This test will be executed across five methodical steps.

Step 1 & 2: Summary Data Calculation and Hypothesis Definition

The first critical step in manual computation is calculating the difference score for every pair (Post
minus Pre) and subsequently deriving the necessary descriptive statistics from this difference
column. These summary statistics--the mean difference, standard deviation of the differences, and
the sample size (n)--are the required inputs for the t-statistic formula.

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://en.wikipedia.org/wiki/Significance_level
https://scales.arabpsychology.com/?p=110274
https://scales.arabpsychology.com
https://scales.arabpsychology.com

How to Perform a Paired Samples t-test: A Step-by-Step Guide

Max Vertical Jump Max Vertical Jump
Before Training After Training
Player Program Program Difference

Player 1 22 24 -2
Player 2 20 22 -2
Player 3 19 19 0
Player 4 24 22 2
Player 5 25 28 -3
Player 6 25 26 -1
Player 7 28 28 0
Player 8 22 24 -2
Player 9 30 30 0
Player 10 27 29 -2
Player 11 24 25 -1
Player 12 18 20 -2
Player 13 16 17 -1
Player 14 19 18 1
Player 15 19 18 1
Player 16 28 28

Player 17 24 26 -2
Player 18 25 27 -2
Player 19 25 27 -2
Player 20 23 24 -1

Mean of differences -0.950
Std. dev. of differences 1.317

Based on the calculations from the difference scores in the table above, the summary data is:

xdiff: The sample mean of the differences is calculated as -0.95. (A negative mean difference
indicates the Post score was typically higher than the Pre score, suggesting improvement.)

sdiff: The sample standard deviation of the differences is calculated as 1.317.

n: The total sample size (humber of pairs) is 20.

The second step involves formally stating the hypotheses. Since we are interested in whether the
training program simply had "an effect" (meaning the jump heights are different before and after,
regardless of improvement or decline), we choose a two-tailed test:

HO (Null Hypothesis): pl = p2. This states that the mean vertical jump height is identical before
and after the training program.

H1 (Alternative Hypothesis): pl ? p2. This states that the mean vertical jump height is
significantly different before and after the training program.

Step 3 & 4: Calculating the Test Statistic and P-Value
In Step 3, we substitute the calculated summary data into the t-statistic formula to derive the
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observed test statistic. This statistic quantifies the size of the observed effect relative to the
variability within the sample differences.

t = xdiff / (sdiff/Vn) = -0.95 / (1.317/V20) = -3.226

A test statistic of t = -3.226 indicates that our observed mean difference is over three standard
errors below the hypothesized mean difference of zero. This relatively large magnitude suggests
that the results are unlikely under the assumption that the null hypothesis is true.

Step 4 requires converting this test statistic into a P-value. The P-value represents the probability

of observing a test statistic as extreme as, or more extreme than, the one calculated, assuming HO
is true. To find this probability, we use the t-distribution with the appropriate degrees of freedom

(df), calculated as n - 1. Since n = 20, our degrees of freedom is 19. Consulted T-tables or
statistical software reveal that the two-tailed P-value associated with t = -3.226 and df = 19 is
approximately 0.00445.

Step 5: Drawing the Conclusion

The final step is to compare the calculated P-value to the predefined significance level (a = 0.05). If

the P-value is less than a, we reject the null hypothesis; if it is greater than or equal to a, we fail to
reject the null hypothesis.

In this scenario, the P-value (0.00445) is significantly smaller than the significance level (a = 0.05).
Therefore, we reject HO. This statistical decision leads to the conclusion that we possess sufficient
evidence to assert that the mean maximum vertical jump of the college basketball players changed
significantly after participating in the one-month training program. Given that the mean difference
(xdiff) was negative, this indicates a statistically significant improvement in vertical jump height
following the intervention.

Important Note: While manually calculating the t-statistic is essential for understanding the
underlying principles, researchers typically utilize powerful statistical software packages (such as
R, Python, or SPSS) to conduct the full paired samples t-test efficiently and accurately, especially
when dealing with large datasets.

Summary of the Paired Samples t-test

The paired samples t-test serves as a robust and reliable method for comparing means in designs
where observations are naturally linked. By focusing on the difference scores, it effectively isolates
the effect of the intervention or condition change, providing a precise measure of change within the
same subjects. Mastery of this test is essential for researchers working in fields ranging from
clinical trials and psychology to sports science and educational research.
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For those interested in applying this test using programming languages or detailed manual
calculation, the following advanced tutorials provide further guidance:

How to Perform a Paired Samples t-Test in Python
How to Perform a Paired Samples t-Test by Hand
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