
PSYCHOLOGICAL SCALES scales.arabpsychology.com

# How to Calculate a Phi Coefficient
in R

Authored by

stats writer

December 15, 2025

RECOMMENDED CITATION

stats writer (2025). # How to Calculate a Phi Coefficient in R. PSYCHOLOGICAL SCALES.

Retrieved from https://scales.arabpsychology.com/?p=107561

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=107561
https://scales.arabpsychology.com/?p=107561
https://scales.arabpsychology.com/?p=107561
https://scales.arabpsychology.com
https://scales.arabpsychology.com


# How to Calculate a Phi Coefficient in R 2

PSYCHOLOGICAL SCALES scales.arabpsychology.com

The Phi Coefficient, a crucial metric in descriptive statistics, serves as a robust measure for

determining the strength and direction of the association between two categorical variables,

provided both are strictly binary variables (dichotomous). This powerful statistical tool is

indispensable in research fields ranging from epidemiology to social sciences, where researchers

frequently encounter outcomes that are naturally split into two groups, such as presence/absence,

success/failure, or male/female. Calculating this metric efficiently and accurately is paramount for

drawing valid conclusions, and the statistical programming environment R offers streamlined

functionality through specialized packages like 'psych' to handle this calculation.

The inherent value of the Phi Coefficient lies in its normalization: its result is constrained to the

interval between -1 and +1. This standardization allows for direct comparison across different

studies and datasets. A coefficient closer to 1 signals a strong positive association, implying that

the categories of the two variables tend to co-occur systematically. Conversely, a value

approaching -1 indicates a strong negative relationship, where the presence of one category

strongly predicts the absence of the other. The simplicity of implementing this calculation using the

`phi()` command in R transforms what could be a cumbersome manual process into a quick and

reliable statistical output, which is the cornerstone of effective data analysis.

The Phi Coefficient ($Phi$), sometimes referenced as the mean square contingency coefficient, is

specifically designed to analyze the relationship captured within a 2x2 contingency table. Unlike

general correlation measures like Pearson's $r$, which assumes continuous data, Phi is perfectly

suited for nominal, dichotomous data structures. It essentially calculates the product-moment

correlation coefficient for two variables that have been coded numerically as 0 or 1, making it a

direct measure of dependency between the paired observations.

This coefficient is particularly sensitive to patterns of co-occurrence. If the variables are completely

independent, the coefficient will be zero. As the variables become more dependent, the absolute

magnitude of the coefficient increases. It is important to distinguish the Phi Coefficient from related

tests, such as the Chi-Squared test of independence. While the Chi-Squared test tells us if an

association exists (i.e., whether the variables are independent), the Phi Coefficient quantifies the

strength and direction of that relationship. Understanding this distinction is vital for selecting the

appropriate statistical procedure based on the research question.

Understanding the Phi Coefficient

The Phi Coefficient originated from classical statistics and remains relevant because of its

straightforward interpretability and its direct relationship with the Chi-Squared statistic ($chi^2$).

For a 2x2 table, the relationship between Phi and Chi-Squared is straightforward: $Phi =

sqrt{frac{chi^2}{N}}$, where $N$ is the total number of observations. This mathematical link

confirms that whenever a significant association is found using the Chi-Squared test, the Phi
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Coefficient provides the necessary measure of effect size for that relationship.

In practice, researchers use the Phi Coefficient extensively in situations requiring the assessment

of agreement or concordance between two binary diagnostic outcomes. For instance, in clinical

trials, it might be used to assess the association between exposure (e.g., received drug vs.

placebo) and outcome (e.g., recovery vs. non-recovery). Because the data must be organized into

a 2x2 format--representing the frequencies of four possible pairings of the two variables--the

calculation is highly structured and provides a clear quantification of how often the specific

outcomes are observed together relative to what would be expected under conditions of

independence.

The reliability of the Phi Coefficient is tied directly to the assumption that both variables are truly

dichotomous. If a variable is ordinal or continuous but has been arbitrarily split into two categories

(a practice known as dichotomization), the resulting Phi Coefficient may underestimate the true

strength of the relationship inherent in the continuous data. Therefore, careful consideration of the

nature of the variables is crucial before applying this specific correlation measure. When used

appropriately, however, Phi offers one of the clearest and most standardized ways to report the

correlation for two binary variables.

The Mathematical Foundation of Phi

To calculate the Phi Coefficient manually, the data must first be arranged into a standard 2x2

contingency table. This table organizes the joint frequencies of the two binary variables,

conventionally labeled $x$ and $y$. Let the categories for variable $x$ be $x_1$ and $x_2$, and

the categories for variable $y$ be $y_1$ and $y_2$. The four cells of the table contain the counts

of joint occurrences:

For a given 2×2 table for two random variables $x$ and $y$:

In this structure, Cell A represents the frequency of $(x_1, y_1)$ co-occurrence, Cell B is the

frequency of $(x_1, y_2)$, Cell C is the frequency of $(x_2, y_1)$, and Cell D is the frequency of

$(x_2, y_2)$. The marginal totals are also critical: $(A+B)$ is the total count for category $x_1$,
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$(C+D)$ is the total count for category $x_2$, and similarly for $y$. These marginal totals form the

basis of the denominator in the Phi formula, ensuring the coefficient is properly normalized by the

sample size and marginal distributions.

The Phi Coefficient is calculated using the following formula, which is designed to assess the

deviation of the observed frequencies from those expected under the null hypothesis of no

association:

Φ = (AD-BC) / √(A+B)(C+D)(A+C)(B+D)

The numerator, $(AD-BC)$, is the difference between the products of the cell counts along the

main diagonal $(AD)$ and the anti-diagonal $(BC)$. This term is highly sensitive to the patterns of

association; if $A$ and $D$ are much larger than $B$ and $C$, indicating a positive relationship,

the numerator will be positive. The denominator, which involves the square root of the product of

all four marginal totals, serves as a scaling factor. This scaling ensures that the resulting coefficient

is bounded between -1 and +1, regardless of the sample size or the underlying distribution of the

variables.

Prerequisites for Calculating Phi in R

To successfully calculate the Phi Coefficient in the R environment, the primary requirement is the

installation and loading of the statistical package, specifically the psych package. The 'psych'

package is widely used by statisticians and psychometricians for multivariate analysis, factor

analysis, and various correlation metrics. Before any function within the package can be accessed,

the user must ensure the package is installed using the `install.packages("psych")` command (if

not already present on the system) and then loaded into the current R session using the

`library(psych)` command.

Beyond the necessary software package, the data itself must be meticulously prepared. Since the

`phi()` function is designed to work directly on contingency tables, the input data must be

structured as an R matrix or a table object that represents the 2x2 cell counts. Misformatting the

data--for instance, inputting raw data vectors instead of the summarized frequency matrix--will lead

to errors. The matrix must contain exactly four cell counts (A, B, C, D) organized consistently with

the standard 2x2 layout, typically specified by row and column.

The arrangement of data within the matrix is critical for correct interpretation. If, for example, the

rows represent Gender (Male/Female) and the columns represent Political Preference (Party

X/Party Y), the user must explicitly know which cell corresponds to which combination (e.g., Cell =

Male and Party X). Although the magnitude of the Phi Coefficient will remain the same regardless

of how the rows and columns are arranged, the sign (positive or negative) of the result is entirely

dependent on the ordering of categories used when constructing the matrix. Consistency and clear
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labeling are essential to avoid misinterpreting the direction of the association.

Setting Up the Data Matrix in R: A Practical Example

Consider a practical scenario where a researcher wishes to determine whether there is an

association between gender and political party preference. A sample of 25 voters is surveyed,

yielding the following frequency counts organized by category. This type of research question is

perfectly suited for the Phi Coefficient analysis because both variables are dichotomous.

The following table shows the results of the survey:

This raw data must be translated into an R matrix. The `matrix()` function in R is the standard tool

for this purpose. When defining the matrix, the cell counts are typically entered sequentially by

column or by row, depending on the `byrow` argument. In the following example, we input the

counts (4, 8, 9, 4) and specify that the matrix should have 2 rows, which results in the data being

filled by column by default (4, 8 in column 1; 9, 4 in column 2). This arrangement is consistent with

the visual presentation of the contingency table above.

We can use the following code to enter this data into a 2×2 matrix in R:

#create 2x2 table

data = matrix(c(4, 8, 9, 4), nrow = 2)

#view dataset

data

4 9

8 4

By executing the code snippet, the output confirms the structure of the data matrix, where row 1

(corresponding to Female) has counts of 4 and 9, and row 2 (corresponding to Male) has counts of
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8 and 4. This carefully constructed matrix is now ready to be passed as an argument to the

specialized function from the psych package, ensuring that the statistical calculation processes the

frequencies in the correct relational order.

Utilizing the 'psych' Package for Calculation

Once the 2x2 frequency matrix is defined and stored in an R object (in this case, named `data`),

the next step is to load the necessary library and execute the `phi()` function. The psych package

is designed for ease of use in common psychometric procedures, and its `phi()` function automates

the complex mathematical steps involving the marginal totals and the square root calculation, as

outlined earlier in the formula derivation.

The code sequence begins by ensuring the psych package is active. If the package has not been

installed, this step will fail, highlighting the importance of the installation prerequisite. Assuming the

package is loaded, simply passing the matrix object `data` to the `phi()` function is sufficient to

generate the coefficient. The function recognizes the matrix dimensions and automatically

interprets the cell counts A, B, C, and D based on the input structure.

We can then use the `phi()` function from the psych package to calculate the Phi Coefficient

between the two variables:

#load psych package

library(psych)

#calculate Phi Coefficient

phi(data)

-0.36

The output shows that the Phi Coefficient turns out to be -0.36. This result immediately provides

two pieces of critical information: the association is moderate in strength (since 0.36 is a noticeable

deviation from zero) and negative in direction. The negative sign suggests that the categories

paired in the main diagonal (Female/Party X and Male/Party Y) occurred less frequently than

expected, while the anti-diagonal pairs (Female/Party Y and Male/Party X) occurred more

frequently than expected under the null hypothesis.

Controlling Output Precision and Syntax Nuances

By default, the `phi()` function in the psych package provides a rounded output, typically displaying

the result to two decimal places for simplicity, as demonstrated by the previous calculation yielding

-0.36. While this level of precision is often adequate for general reporting, advanced statistical
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analysis or documentation requiring high fidelity may necessitate reporting the coefficient with

more decimal places. Fortunately, the `phi()` function includes an optional argument, `digits`, which

allows the user to specify the desired level of numerical precision.

To obtain a more precise result, the user can modify the function call by adding the `digits`

argument and setting it to a higher integer value, such as 4 or 6. This capability is vital when

calculating Phi for academic publications where rounding errors, even minor ones, can be

scrutinized. It ensures that the reported statistic reflects the full computational accuracy of the R

program.

Note that the phi function rounds to 2 digits by default, but you can specify the function to round to

as many digits as you'd like:

#calculate Phi Coefficient and round to 6 digits

phi(data, digits = 6)

-0.358974

In this refined calculation, the true value of the Phi Coefficient is seen as -0.358974. This subtle

difference is often negligible but proves crucial in ensuring transparency in analytical reports.

Furthermore, users should be aware that the `phi()` function will often automatically handle

conversions if the input is a data frame containing only two binary variables, but for maximum

control and clarity, inputting a pre-calculated frequency matrix via the `matrix()` function is the

recommended best practice.

Detailed Interpretation of the Phi Coefficient

Interpreting the Phi Coefficient requires understanding the scale from -1 to +1. Unlike correlation

coefficients for continuous data, the interpretation of the magnitude of Phi often relies on rules of

thumb regarding effect size, though the context of the study always dictates the ultimate

conclusion. A value of zero is the statistical benchmark, indicating no systematic relationship

between the two binary variables.

The boundary values define the range of perfect relationships:

-1 indicates a perfectly negative relationship between the two variables. This means that if variable

X is present, variable Y is guaranteed to be absent, and vice versa. In the 2x2 table, this scenario

implies that two of the four cells (A and D, or B and C) must be zero.

0 indicates no association between the two variables. The observed frequencies are exactly what

would be expected if the variables were statistically independent.

1 indicates a perfectly positive relationship between the two variables. If variable X is present,
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variable Y is guaranteed to be present. In the 2x2 table, this scenario means the cell counts along

the anti-diagonal must be zero (B and C = 0).

In general, the further away a Phi Coefficient is from zero, the stronger the relationship between

the two variables. For the calculated example where $Phi = -0.36$, we interpret this as a moderate

negative association. Specifically, in the voter survey, the negative sign indicates an inverse

preference pattern: females tend to prefer Party Y (Cell B=9) over Party X (Cell A=4), while males

show a counter-tendency, preferring Party X (Cell C=8) over Party Y (Cell D=4). The magnitude of

0.36 suggests that this observed pattern is reasonably systematic and not merely random

fluctuation.

In other words, the further away a Phi Coefficient is from zero, the more evidence there is for some

type of systematic pattern between the two variables. Researchers often use general guidelines for

effect size, such as $|0.10|$ representing a small effect, $|0.30|$ a moderate effect, and $|0.50|$ or

higher representing a large effect. Based on these conventional guidelines, our result of -0.36 falls

comfortably into the moderate effect size category, confirming a meaningful level of dependency

between gender and political preference in the surveyed sample.

When to Use the Phi Coefficient (Context and Limitations)

The Phi Coefficient is the definitive choice whenever the research mandates a correlation measure

between two variables that are strictly dichotomous. It is the appropriate effect size measure to

accompany a significant Chi-Squared test performed on a 2x2 table. However, it is crucial not to

misuse Phi in situations where the variables are polytomous (having three or more categories). If

either variable has more than two categories, a generalization of the Phi Coefficient, such as

Cramer's V, should be used instead.

One known limitation of the Phi Coefficient is its sensitivity to highly unequal marginal totals (i.e.,

when one category occurs far more frequently than the other). In such cases, the maximum

possible value of Phi may be substantially less than 1, even if the association appears strong. This

ceiling effect means that a calculated Phi of, say, 0.70 might be the maximum attainable value for

that specific dataset structure, making it a "perfect" association under those constraints. Advanced

analysis sometimes involves interpreting Phi relative to its theoretical maximum given the

marginals, though the standard `phi()` function does not automatically provide this context.

Finally, researchers must ensure they are using the correct data type. If the data is ordinal (ranked

categories) or continuous, dichotomizing it merely to use the Phi Coefficient is discouraged, as it

results in a significant loss of information and often yields a correlation that is weaker than the true

underlying relationship. Therefore, applying the Phi Coefficient should be restricted to cases

involving true binary variables (e.g., dead/alive, male/female, yes/no), where the categories are

mutually exclusive and exhaustive.
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