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The One-Sample T-Test is a fundamental statistical procedure utilized across various fields, from

social sciences to engineering. It serves a specific, crucial purpose: to determine whether the

average, or mean, of a single population is statistically different from a known or hypothesized

value. This test is appropriate when the population standard deviation is unknown and the sample

size is relatively small, typically relying on the assumption that the population from which the

sample is drawn is approximately normally distributed.

Understanding the application and mechanics of this test is essential for rigorous data analysis. It

allows researchers to validate theories or benchmarks against empirical evidence gathered from a

sample. For instance, a quality control specialist might use it to check if the average weight of

products coming off an assembly line meets the required specification, or a psychologist might test

if the average response time of a group deviates significantly from a national standard. This tutorial

provides a comprehensive, step-by-step guide on how to successfully conduct and interpret a One-

Sample T-Test using the powerful statistical software package, IBM SPSS Statistics.

Theoretical Foundation of the One-Sample T-Test

Before diving into the software execution, it is critical to grasp the underlying statistical principles.

The One-Sample T-Test compares the sample mean ($bar{x}$) to a specific value ($mu_0$), often

called the test value or hypothesized population mean. The test generates a T-statistic, which

essentially measures the difference between the sample mean and the hypothesized mean relative

to the variability observed within the sample data. A larger absolute T-statistic suggests a greater

deviation from the hypothesized value, potentially indicating a significant difference.

The core of the test revolves around establishing a null hypothesis ($H_0$) and an alternative

hypothesis ($H_1$). The null hypothesis always states that there is no difference--that the true

population mean is equal to the hypothesized value. Conversely, the alternative hypothesis asserts

that a statistically significant difference exists. The choice between a two-tailed (non-directional) or

a one-tailed (directional) alternative hypothesis depends entirely on the research question,

although the two-tailed test is the default and most common approach in general research settings.

For this specific demonstration, we will employ a two-tailed test, meaning we are simply looking for

evidence that the mean is different, whether higher or lower.

The T-distribution, which is used to evaluate the T-statistic, varies based on the sample size. This

variability is accounted for through the concept of degrees of freedom (df), calculated as $n-1$,

where $n$ is the sample size. The degrees of freedom determine the specific shape of the

distribution, which in turn influences the critical values used to determine statistical significance.

This careful consideration ensures that the test correctly adjusts for uncertainty introduced by using

a sample rather than the entire population.
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Setting Up the Research Scenario in SPSS

To illustrate the procedure, we will use a classic biological research scenario. Suppose a dedicated

botanist is investigating a specific, newly discovered plant species. Based on prior theoretical

models and observations of related species, she hypothesizes that the mean mature height of this

plant species should be exactly 15 inches. To test this hypothesis empirically, she collects a

random sample of 12 mature plants and meticulously records their individual heights in inches.

The data collected from the 12 plants must first be entered into the SPSS Data View, typically

under a variable name such as height. The data set used for this example is visually represented

below, showing the measured height values for each observation:

We must formally state the hypotheses that will guide our analysis. The botanist is interested in

whether the true mean height ($mu$) deviates from 15 inches. We will conduct the One-Sample T-

Test using a conventional significance level ($alpha$) of 0.05. This $alpha$ value dictates our

threshold for rejecting the null hypothesis; if the probability of observing our data (or more extreme

data) given $H_0$ is true is less than 5%, we reject $H_0$.

H0: $mu = 15$ (The true population mean height is equal to 15 inches.)

H1: $mu neq 15$ (The true population mean height is not equal to 15 inches.)

https://en.wikipedia.org/wiki/Botanist
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The choice of $alpha = 0.05$ is standard practice, indicating that we are willing to accept a 5% risk

of committing a Type I error--incorrectly rejecting a true null hypothesis. The subsequent steps will

involve navigating SPSS to calculate the necessary test statistic and the associated p-value, which

will ultimately allow us to make an informed decision regarding these hypotheses.

Step 1: Executing the One-Sample T-Test in SPSS

The process of initiating the T-test in SPSS is straightforward, following a logical path through the

main menu structure. This procedure ensures that SPSS correctly identifies the type of analysis

required and prompts the user for the necessary variables and parameters.

The first action required is to locate the statistical analysis options. Navigate to the top menu bar

and click the Analyze tab. Within the extensive drop-down menu that appears, hover over the

Compare Means option. This section of SPSS is dedicated to all analyses involving the

comparison of means, including independent samples T-tests, paired samples T-tests, and,

crucially, the One-Sample T-Test.

Finally, click on the One-Sample T Test option. This action opens the dedicated dialogue box

where the variables will be selected and the test parameters will be defined. This streamlined

menu navigation is a key feature of SPSS, designed to make complex statistical procedures

accessible to users.
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Step 2: Defining Variables and Test Parameters

Once the One-Sample T Test dialogue box is open, the user must specify two critical pieces of

information: the variable being tested and the hypothesized value against which the sample mean

is compared. This step is where the research question is formally translated into the statistical

model.

The primary variable of interest, height, must be moved from the list of available variables into the

Test Variable(s) box. This tells SPSS which data column should be used for calculating the

sample mean and variance. In the context of our botanist example, the variable height contains

the measurements we are using to test the population mean.

The second crucial parameter is the Test Value. This numerical input represents the hypothesized

population mean ($mu_0$) as stated in the null hypothesis. Since the botanist hypothesized that

the mean height is 15 inches, we must enter 15 into the Test Value field. This value serves as the

fixed benchmark for comparison. After correctly dragging the variable and setting the Test Value to

15, click OK to execute the analysis. SPSS will then generate the output tables in the dedicated

Viewer window.

It is worth noting that within the dialogue box, there is also an "Options" button that allows the user

to adjust the confidence level for the confidence interval (CI). By default, SPSS uses a 95%

confidence level, which aligns perfectly with our chosen $alpha = 0.05$. Unless the research

design requires a different confidence level (e.g., 90% or 99%), the default settings are usually

adequate. Ensuring these parameters are set correctly is vital, as any error in the Test Value will

render the resulting statistical conclusion invalid.
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Step 3: Interpreting the SPSS Output - Descriptive Statistics

The output generated by SPSS typically consists of two main tables. The first table, often titled

"One-Sample Statistics," provides essential descriptive or summary statistics for the test variable.

Interpreting these preliminary metrics is crucial for understanding the characteristics of the sample

before evaluating the inferential test results.

The descriptive statistics table contains four key metrics:

N: This value represents the sample size, which is the total number of observations included in the

analysis. In our case, $N = 12$, corresponding to the 12 plants measured.

Mean: This is the calculated sample mean ($bar{x}$) for the height variable. The output shows a

https://en.wikipedia.org/wiki/Summary_statistics
https://en.wikipedia.org/wiki/Sample_size
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Mean of 14.3333 inches. This value is the observed average height based on the collected sample

data.

Std. Deviation: The Standard Deviation ($s$) measures the dispersion or variability of the data

points around the sample mean. A higher standard deviation indicates greater spread in the plant

heights. Here, $s$ is 1.3700 inches.

Std. Error Mean: The Standard Error Mean (SEM) is a critical measure that estimates how far the

sample mean is likely to be from the true population mean. It is calculated as the Standard

Deviation divided by the square root of the sample size ($s/sqrt{n}$). In this output, the SEM is

0.3958 inches. This value is used directly in the denominator of the T-statistic formula,

representing the estimated standard deviation of the sampling distribution of the mean.

By reviewing these statistics, we immediately observe that the sample mean (14.3333) is lower

than the hypothesized value (15). The subsequent inferential test will tell us if this observed

difference is large enough, given the sample variability, to be considered statistically significant or if

it is merely due to random chance.

Step 4: Interpreting the SPSS Output - Inferential Results

The second table, typically titled "One-Sample Test," presents the core inferential results needed

to make a statistical decision. This table contains the T-statistic, degrees of freedom, the p-value,

and the confidence interval for the difference.

Key components of the inferential results:

t: This is the calculated test statistic, which quantifies the difference between the sample mean and

the hypothesized mean in standard error units. The formula used is $t = (bar{x} - mu_0) /

(s/sqrt{n})$. Substituting our values: $t = (14.3333 - 15) / 0.3958 approx -1.685$. The negative sign

indicates that the sample mean is lower than the test value.

df: The degrees of freedom are $n-1 = 12 - 1 = 11$. This value is crucial for determining the

correct T-distribution shape used to find the p-value.

Sig. (2-tailed): This is the calculated p-value. It represents the probability of observing a T-statistic

as extreme as -1.685 (or more extreme in either tail) if the null hypothesis ($H_0$) were true. Our

p-value is 0.120.

Mean Difference: This is the absolute difference between the sample mean and the hypothesized

mean: $14.3333 - 15 = -0.6667$.

95% C.I. of the Difference: This provides the 95% Confidence Interval (CI) for the true population

mean difference. The interval runs from the Lower bound (-1.536) to the Upper bound (0.203).

Because this interval captures the difference between the sample mean and the hypothesized

value, we are 95% confident that the true difference between the population mean and 15 inches

lies within this range. Importantly, since this interval includes zero (meaning no difference), it

https://en.wikipedia.org/wiki/Standard_deviation
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suggests that the true mean might indeed be 15, reinforcing the statistical decision derived from

the p-value.

Drawing Statistical Conclusions and Reporting Findings

The final step of the analysis involves comparing the calculated p-value to the predetermined

significance level ($alpha$). This comparison dictates whether we retain or reject the null

hypothesis, providing the answer to the botanist's research question.

Our calculated p-value is 0.120, and our significance level $alpha$ is set at 0.05. The decision rule

states: if the p-value is less than or equal to $alpha$, we reject $H_0$. If the p-value is greater

than $alpha$, we fail to reject $H_0$. In this case, 0.120 > 0.05, meaning the p-value is not

statistically significant.

Therefore, we fail to reject the null hypothesis. The observed difference between the sample

mean height (14.3333 inches) and the hypothesized mean (15 inches) is not large enough to be

considered statistically significant at the 0.05 level. In practical terms, this means that the data

collected from the 12 plants does not provide sufficient evidence to conclude that the true mean

height of this species of plant is different from 15 inches. The deviation we observed is likely

attributable to random sampling variability rather than a true difference in the population mean.

When reporting these findings, it is essential to present the results clearly and concisely. The

conclusion should state the statistical test used, the degrees of freedom, the calculated T-statistic,

and the exact p-value. For this example, one would report: "A one-sample t-test was conducted to

compare the mean plant height to 15 inches. The results showed no statistically significant

difference, $t(11) = -1.685, p = 0.120$. We conclude that we do not have sufficient evidence to

suggest that the true mean height of the plant species differs from 15 inches." This formal reporting

style adheres to statistical guidelines and provides all the necessary information for the audience to

evaluate the conclusion.
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