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What is Cohen's d and How to Report Effect Size (With

Detailed Examples)

Understanding Effect Size and Its Importance

In the realm of statistical analysis, it is critical not only to determine if an effect exists but also to

assess its practical significance. This is where the concept of effect size becomes paramount.

While traditional hypothesis testing relies on p-values to indicate statistical significance--the

probability of observing the data given the null hypothesis is true--it does not convey the magnitude

or practical relevance of the finding. A study involving thousands of participants might yield a

statistically significant result (a very small p-value) even if the observed difference is negligible in a

real-world context.

Effect size measures address this gap by providing a quantitative measure of the strength of a

phenomenon. They offer an objective, standardized measure that can be compared across

different studies and research domains. Reporting effect sizes is now a mandatory requirement for

many academic journals and institutions, reflecting a global shift toward more transparent and

clinically meaningful research results. These measures bridge the gap between abstract statistical

conclusions and practical implications for practitioners and policymakers.

There are numerous types of effect size metrics, depending on the statistical test employed, such

as eta-squared, omega-squared, and correlation coefficients (like Pearson's r). However, when

comparing the means of two groups--such as in an independent samples T-test--one measure

stands out for its simplicity and widespread use: Cohen's d.

Defining Cohen's d: The Standardized Mean Difference

Cohen's d is perhaps the most common measure of effect size when comparing two means. It

calculates the standardized difference between the means of two groups, which means the

difference is expressed in units of the standard deviation rather than the original units of the

measured variable. This standardization is crucial because it makes the effect size unitless,

allowing researchers to compare the findings of studies that use entirely different scales or

measurements.

The core concept behind Cohen's d is straightforward: How far apart are the two group means,

relative to the variability within those groups? If the means are far apart, but the data points within

each group are tightly clustered (low variability), the effect size will be large. Conversely, if the

means are close together, or if the data points within each group are highly dispersed (high

variability), the effect size will be small. This metric provides essential context for interpreting the
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results of inferential statistics.

Cohen's d is particularly powerful because it allows researchers to visualize the non-overlap

between two distributions. For instance, a Cohen's d of 1 indicates that the average score of the

treatment group is one standard deviation above the average score of the control group.

Understanding this degree of separation is vital for assessing the effectiveness of an intervention,

such as a new teaching method or a clinical drug trial.

The Calculation of Cohen's d (Formula Deep Dive)

The generalized formula for Cohen's d involves calculating the difference between the two group

means and then dividing that difference by the pooled standard deviation (often denoted as

$s_p$). Using the pooled standard deviation provides a single, representative estimate of the

population variability based on both samples, assuming the variances of the two populations are

equal (the homogeneity of variance assumption).

The calculation is expressed mathematically as:

Cohen's d = (x1 - x2) / sp

Where $s_p$ (the pooled standard deviation) is derived from the variances of the two samples.

The original content provided a slightly different, more complex representation of this calculation,

which explicitly shows the derivation of the pooled variance within the denominator:

Cohen's d = (x1 - x2) / √(s12 + s22) / 2

Let's define the elements of this formula clearly:

x1 : The mean of the first sample (e.g., the treatment group).

x2 : The mean of the second sample (e.g., the control group).

s12, s22: The variance of sample 1 and sample 2, respectively.

√(s12 + s22) / 2: This calculation represents the pooled standard deviation ($s_p$), which is the

square root of the average of the two sample variances.

When the sample sizes are unequal, a more precise formula for the pooled standard deviation,

which weights the variances by their respective degrees of freedom, is often used. However, for

most basic statistical reporting and interpretation, especially when sample sizes are similar, the

formula focusing on the standardized difference remains the core concept. The resulting value of

Cohen's d is always positive if the absolute difference is taken, but it is often reported with a sign

to indicate the direction of the effect (e.g., a positive sign if Group 1 scored higher, and a negative

sign if Group 2 scored higher).
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Interpreting the Magnitude: Rules of Thumb

While Cohen's d provides a continuous numerical output, interpreting what constitutes a "small,"

"medium," or "large" effect requires a standardized framework. Jacob Cohen, who popularized this

measure, established general guidelines--often referred to as the rules of thumb--to help

researchers contextualize their findings. It is essential to remember that these thresholds are

merely guidelines and the practical interpretation should always be grounded in the specific context

of the research field. For highly sensitive fields (e.g., drug development), even a small effect size

might be medically significant, while in social sciences, a medium effect size might be needed to

warrant policy change.

The common interpretations of Cohen's d values relate the standardized difference directly to the

degree of non-overlap between the two group distributions:

A d of 0.5 indicates that the two group means differ by 0.5 standard deviations. This implies that

the mean of the higher group is 0.5 standard deviations above the mean of the lower group.

A d of 1 indicates that the group means differ by 1 standard deviation. At this magnitude, there is

substantial separation between the distributions.

A d of 2 indicates that the group means differ by 2 standard deviations, representing a massive

effect where there is almost no overlap between the two group distributions.

The widely accepted rules of thumb are structured as follows:

A value of 0.2 represents a small effect size. This indicates a minimal, though potentially

detectable, difference between the two groups.

A value of 0.5 represents a medium effect size. This is often considered the threshold for a

practically significant difference, one that is visible to the naked eye.

A value of 0.8 represents a large effect size. This suggests a major difference, where the

intervention or difference between groups has a substantial impact on the measured outcome.

These benchmarks offer a common language for discussing research findings, making it easier for

reviewers and practitioners to compare the strength of findings across disparate psychological,

educational, or engineering studies. By focusing on these standardized benchmarks, researchers

move beyond simple statistical rejection of the null hypothesis towards quantifying the practical

utility of their results.

Practical Application: A Detailed Example

To solidify the understanding of Cohen's d, let us walk through a typical scenario involving an

intervention study. Suppose a pharmaceutical company wishes to determine the effectiveness of a

new teaching method designed to improve coding fluency among computer science students
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compared to a traditional method. They conduct a study with 24 students, randomly assigning 12

to the new method (Group 1) and 12 to the old method (Group 2). After the intervention, they

measure the time taken to solve a complex coding problem, measured in minutes.

The data collected yields the following summary statistics:

Group 1 (New Method):

x1 (Mean time): 15 minutes

s1 (Standard Deviation): 3 minutes (Variance, s12: 9)

Group 2 (Traditional Method):

x2 (Mean time): 20 minutes

s2 (Standard Deviation): 4 minutes (Variance, s22: 16)

First, we calculate the difference between the means: 20 minutes - 15 minutes = 5 minutes.

Next, we calculate the pooled standard deviation ($s_p$). Since the sample sizes are equal (n=12

for both), we can use the simplified pooling method shown earlier:

Pooled Variance: (s?² + s?²) / 2

(9 + 16) / 2 = 25 / 2 = 12.5

Pooled Standard Deviation (s?): √12.5 ≈ 3.535

Finally, we calculate Cohen's d:

Cohen's d = (x? - x?) / s?

Cohen's d = (20 - 15) / 3.535

Cohen's d ≈ 1.41

In this context, the value d = 1.41 is substantially larger than the large effect size threshold of 0.8.

This indicates that the new method leads to a decrease in problem-solving time that is equivalent

to 1.41 standard deviations, suggesting a highly effective intervention. This detailed example

demonstrates how the standardized difference provides a robust measure of magnitude that is

easily interpretable regardless of the original units (minutes).

Reporting Cohen's d in Academic and Technical Documents

When preparing research papers, dissertations, or technical reports, adherence to standard

statistical reporting practices is mandatory, particularly regarding effect sizes. The American
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Psychological Association (APA style) guidelines provide specific formatting rules for reporting

Cohen's d, ensuring clarity and consistency across the scientific literature. Following these rules

allows readers to quickly identify the statistical results and the strength of the finding.

When reporting the value of Cohen's d in a final report, you should keep the following stylistic and

structural points in mind:

Use Lowercase: Always use a lowercase italicized d (e.g., d = 0.58).

Rounding: Round the value of d to two decimal places (unless institutional or journal guidelines

specify otherwise).

Contextual Interpretation: Explicitly mention whether the effect size is considered small, medium,

or large based on Cohen's benchmarks, or if necessary, provide a field-specific contextual

interpretation.

Integrate with Test Results: Report the effect size immediately following the statistical test (e.g.,

the T-test or ANOVA) that generated the comparison.

The original text provides an excellent example of how to report the results of an independent

samples t-test alongside the calculated value of Cohen's d, based on a hypothetical study

concerning fuel treatment efficiency:

Example: How to Report Cohen's d

Suppose a mechanical engineer wanted to know if a new fuel treatment leads to a change in the

average miles per gallon of a certain car. To test this, he conducts an experiment in which 12 cars

receive the new fuel treatment and 12 cars do not. The summary of the miles per gallon for each

group is provided below, where Group #1 is the no-treatment group and Group #2 is the treatment

group:

Group #1 (No Fuel Treatment):

x1: 21 miles per gallon

s1: 2.73 standard deviation

Group #2 (Fuel Treatment):

x2: 22.75 miles per gallon

s2: 3.25 standard deviation

The proper academic reporting of these findings would look like the following block, demonstrating

the integration of the descriptive statistics, the inferential test result, and the calculated effect size:

A two sample t-test was performed to compare miles per gallon between fuel treatment and no fuel
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treatment.

There was not a significant difference in miles per gallon between fuel treatment (M = 22.75, SD =

3.25) and no fuel treatment (M = 21, SD = 2.73); t(22) = -1.428, p = .167. The effect size,

measured by Cohen's d, was d = 0.58, indicating a medium effect.

This concise reporting style ensures that all necessary information is conveyed: the descriptive

statistics (M and SD), the inferential test outcome (t-statistic and p-value), and the practical

magnitude of the difference (d = 0.58, categorized as medium).

Limitations and Alternatives to Cohen's d

While Cohen's d is an invaluable tool for reporting standardized mean differences, it is not without

limitations. One primary criticism revolves around the definition of the standard deviation used in

the denominator. Cohen's original formulation assumed homogeneity of variance--that the

variability within both groups is roughly equal. If the variances are highly unequal, the pooled

standard deviation calculation can be misleading. Furthermore, Cohen's d is susceptible to

outliers, which can inflate the standard deviation and subsequently underestimate the true effect

size.

To address the dependency on pooled variance, alternatives exist. Hedges' g is a common

alternative, especially in meta-analysis, which is essentially a corrected version of Cohen's d that

accounts for small sample size bias by applying a weighting factor. Glass's delta ($Delta$) is

another alternative often used when a researcher wants to compare multiple treatment groups to a

single control group. Glass's delta uses the standard deviation of only the control group in the

denominator, which is preferable if the intervention itself is expected to affect the variance of the

treatment group.

In conclusion, while alternatives exist, Cohen's d remains the fundamental metric for quantifying

the standardized mean difference. Its wide acceptance and simple interpretability make it essential

for researchers in behavioral, social, and biomedical sciences seeking to clearly communicate the

practical significance of their findings beyond mere statistical significance. Mastery of its calculation

and proper reporting ensures research contributions are clear, comparable, and actionable.

The following tutorials provide additional information about Cohen's d:
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