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1. The Foundation: Understanding Covariance and the Covariance Matrix

In the expansive field of statistical analysis, the ability to quantify the relationship between different

measures is paramount. At the core of this quantification lies the concept of Covariance, a powerful

metric designed to assess the degree to which changes in one variable are linearly associated with

changes in a second variable. Unlike simple correlation, covariance expresses this joint variability

in the original units of the data, providing a fundamental measure of how two variables tend to

move together--either increasing or decreasing simultaneously, or moving in opposite directions.

This initial insight into linear association is critical for almost all subsequent multivariate statistical

modeling, forming the basis for understanding complex data structures.

While covariance effectively handles the relationship between just two factors, most real-world

research involves datasets comprised of numerous interacting variables. To manage, visualize,

and analyze these intricate, multi-variate relationships efficiently, statisticians employ the

Covariance matrix. This structure is fundamentally a square matrix that systematically maps out

the descriptive statistics for every possible pair of variables within a defined dataset. The matrix not

only includes the covariances between different variable pairs (the off-diagonal elements) but also

contains the individual variable variances along its main diagonal. Analyzing this centralized

structure allows researchers to quickly grasp the interconnectedness and dispersion characteristics

of their data components, serving as the essential starting point for complex procedures like

Principal Component Analysis or Factor Analysis.

This comprehensive, expert tutorial provides a detailed, step-by-step guide explaining precisely

how to generate and, more importantly, how to accurately interpret a covariance matrix using

SPSS (Statistical Package for the Social Sciences). SPSS remains a dominant and powerful

software tool widely utilized across academic research, social sciences, and professional data

analysis environments for complex statistical computing. By mastering the specific workflow in

SPSS needed to extract the raw components of this matrix, users can move beyond simple

correlation and gain a deeper understanding of the joint variability present in their observations.

2. Unpacking the Mathematical Foundation of Covariance

Before relying solely on the software output generated by SPSS, it is highly beneficial for the

analyst to understand the mathematical definition underpinning the calculation. Covariance

quantifies the joint variability of two random variables, designated here as X and Y, relative to their

respective means. The formula used for calculating the descriptive covariance, assuming a dataset

size of n observations, is expressed as:

COV(X, Y) = Σ(x-x?)(y-?) / n

The critical element in this equation is the numerator, which is mathematically defined as the Sum
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of Squares and Cross-products (SSCP). This SSCP value, represented by Σ(x-x?)(y-?),

essentially captures the total raw deviation from the mean across both variables simultaneously. It

is this specific raw component--the SSCP--that SPSS calculates directly when we adjust the

standard correlation output settings. Once this total sum of joint deviation is calculated, we then

divide it by the total number of observations, n, to normalize the result and obtain the final

descriptive covariance value, representing the average joint variability.

The resulting covariance value offers key insights into the relationship's direction. A result that is

positive indicates a positive linear relationship, meaning that as variable X increases in value,

variable Y tends to increase as well. Conversely, a negative covariance suggests an inverse

relationship, where an increase in X is typically associated with a decrease in Y. A value close to

zero suggests a very weak or non-existent linear relationship. However, it is fundamentally

important to recognize a key limitation: the magnitude of covariance is directly affected by the scale

and units of measurement of the variables, making it unsuitable for directly comparing the strength

of relationships across different datasets or differently scaled variables.

3. Practical Application Setup: Preparing Example Data in SPSS

To provide a clear, practical demonstration of the covariance generation process, we will utilize a

small, hypothetical dataset. This example tracks the test scores of 10 individual students across

three distinct academic subjects: Math, Science, and History. Our core research objective is highly

practical: to accurately determine the interconnectedness of performance across these subjects--

specifically, whether high achievement in one area is statistically associated with high or low

achievement in another. Such an analysis is crucial in educational research for identifying

complementary or competing skill sets.

The initial and critical requirement for any statistical procedure in SPSS is the correct organization

of the data structure. Within the SPSS Data View, each academic subject (Math, Science, History)

must be defined as a separate variable and thus occupy a distinct column. Correspondingly, the

complete set of scores for each student must occupy a single, continuous row. The correct layout,

essential for triggering the multivariate analysis, is visually represented below, illustrating the 10

observations (N=10) across the three variables:
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Once the data entry is verified for accuracy and the variables are appropriately defined and labeled

in the Variable View, we are prepared to proceed to the analysis phase. A common point of

confusion for new users is that calculating the covariance matrix in SPSS does not involve the

standard Descriptive Statistics menu. Instead, it necessitates accessing the correlation routine and

making a specific, necessary modification to the output options, a process we will detail in the

following section.

4. Executing the Analysis: Generating Covariance Output in SPSS

Generating the covariance components in SPSS requires a non-standard approach, utilizing the

Bivariate Correlation procedure, which includes the necessary hidden option to output the raw Sum

of Squares and Cross-products (SSCP) values. Follow these specific, precise steps to successfully

initiate the procedure and generate the required statistical output:

Navigate to the main menu bar located at the top of the SPSS application window and click the

Analyze tab.

Hover your cursor over the Correlate option within the dropdown menu that appears.

Select Bivariate. This action opens the primary dialog box typically used for calculating Pearson

correlation coefficients.
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This menu sequence opens the core statistical procedure we need. While its default purpose is

correlation, the Bivariate routine is versatile enough for our goal by allowing us to adjust the

specific calculation parameters, moving from standardized correlation coefficients to raw measures

of joint variability. The visualization below confirms the necessary path through the menus:

Within the newly opened Bivariate Correlations dialog window, the next step involves clearly

specifying all the variables that must be included in the matrix calculation. You must drag each of

the three subject variables--Math, Science, and History--from the list on the left side and transfer

them into the box labeled Variables on the right. It is essential to ensure that every variable

intended for the final covariance matrix is selected, as the output matrix will be constructed based

on all possible pairwise combinations of the variables currently listed in that box. Failure to include

a variable here means it will be omitted from the joint variability analysis.
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The final, most crucial modification required to obtain the covariance values involves accessing the

output settings. Click the Options button, conveniently located on the right side of the Bivariate

Correlations window. A secondary dialog box, titled "Bivariate Correlations: Options," will

immediately appear. Within this box, you must locate the Statistics section and check the option

next to Cross-product deviations and covariances. This specific selection is the key instruction

to SPSS, compelling it to calculate and display the raw Sum of Squares and Cross-products

(SSCP), which, as established, constitutes the numerator of the covariance formula. After carefully

checking this box, click Continue to apply the setting, and finally click OK in the main dialog

window to execute the statistical analysis and generate the output table.

https://www.ibm.com/products/spss-statistics
https://en.wikipedia.org/wiki/Covariance
https://statistics.arabpsychology.com/?p=12797
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com


Learning to Calculate and Interpret a Covariance Matrix in SPSS 7

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com

5. Decoding the SPSS Output and Constructing the Covariance Matrix

Upon successfully running the procedure, the SPSS output window will display a generated table

titled "Cross-product deviations and covariances." This table systematically lists the Sum of

Squares and Cross-products (SSCP) for every pairwise combination of the selected variables,

along with the total number of observations (N=10) used in the analysis. This raw output provides

all the necessary components required for the analyst to manually construct the final covariance

matrix.
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As we established in the mathematical review, converting the raw SSCP values into descriptive

covariance (COV) requires one final step: dividing the corresponding SSCP value by the sample

size, N. In this specific example, N equals 10. This manual division step effectively converts the

total raw sum of deviations into the average joint deviation, yielding the true covariance figure. Let

us perform this calculation for the off-diagonal elements, which represent the joint variability

between subjects:

For Math and Science: The reported SSCP is 332.000.

COV(Math, Science) = 332.000 / 10 = 33.2.

For Math and History: The reported SSCP is -244.400.

COV(Math, History) = -244.400 / 10 = -24.44.

For Science and History: The reported SSCP is -241.000.

COV(Science, History) = -241.000 / 10 = -24.1.

Furthermore, we must address the diagonal elements, which are equally important. The values

located along the main diagonal of the SSCP table represent the Sum of Squares (SS) for each
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individual variable. Dividing this value by N yields the descriptive variance (VAR) for that subject,

quantifying the spread of scores around the mean:

For Math: The SS is 649.600.

VAR(Math) = 649.600 / 10 = 64.96.

For Science: The SS is 564.000.

VAR(Science) = 564.000 / 10 = 56.4.

For History: The SS is 755.600.

VAR(History) = 755.600 / 10 = 75.56.

By compiling these calculated values, we finalize the structure. The resulting matrix below

represents the complete descriptive covariance matrix for the student score dataset, ready for

expert interpretation.

6. Interpreting the Key Insights from the Covariance Matrix

The completed covariance matrix is a symmetrical square arrangement, providing a consolidated

view where rows and columns correspond to the analyzed variables. Interpreting this structure

requires focusing on two distinct types of values: the diagonal elements, which represent the

individual variable spread, and the off-diagonal elements, which quantify the joint linear relationship

between pairs.

The values resting along the main diagonal of the matrix are the descriptive variance figures for

each respective subject. This statistic is crucial as it quantifies the average squared deviation of

scores from the mean for a single subject, serving as a robust measure of the data's dispersion or

spread. A higher variance indicates a greater heterogeneity of scores among the students in that

subject, suggesting a wider range between the highest and lowest performers. Based on our

calculations:

The variance of the Math scores is 64.96.

The variance of the Science scores is 56.4.
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The variance of the History scores is 75.56.

The remaining off-diagonal values represent the covariance between pairs of subjects. These

figures are the primary indicators of the linear association between the two variables, detailing both

the direction (positive or negative) and the degree of that relationship. Because the matrix is

inherently symmetric, the covariance of Math and Science (33.2) is mathematically identical to the

covariance of Science and Math, reflecting the non-directional nature of the relationship measure.

The key pairwise relationships observed in our matrix are:

The covariance between the Math and Science scores is 33.2.

The covariance between the Math and History scores is -24.44.

The covariance between the Science and History scores is -24.1.

These calculated figures enable powerful, actionable conclusions regarding student performance

patterns. For instance, the highly positive covariance observed between Math and Science (33.2)

suggests a robust, directly proportional relationship; students who achieve high scores in Math

generally tend to perform equally well in Science. Conversely, the significant negative covariance

observed between Science and History (-24.1) indicates a strong inverse relationship. This pattern

suggests that students who achieve high scores in Science may concurrently achieve lower scores

in History, potentially indicating competitive demands on study time, differing cognitive skill

requirements, or a common preference among the student population for one subject type over the

other. Interpreting these signs correctly is vital for targeted intervention or curriculum design.

7. Conclusion: The Importance of Covariance in Multivariate Analysis

The covariance matrix stands as an indispensable tool within the domain of multivariate statistics,

offering analysts a comprehensive and consolidated view of the joint variability and data dispersion

across multiple measures. By systematically navigating the Bivariate Correlation routine in SPSS

and specifically utilizing the Sum of Squares and Cross-products output, researchers can

accurately construct and interpret this matrix, gaining immediate clarity on the linear relationships

inherent in their dataset.

Mastery of covariance analysis is not merely an end in itself; rather, it is crucial because it

establishes the foundational understanding necessary for executing and interpreting far more

complex statistical methods. These advanced techniques rely heavily on the concepts quantified in

the matrix, including sophisticated procedures such as multivariate regression, Principal

Component Analysis (PCA), and Factor Analysis (FA). Understanding how variables co-vary allows

researchers to select appropriate models and properly interpret the outputs derived from these

powerful statistical frameworks.

For those interested in extending their knowledge of statistical relationships and exploring related
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multivariate analyses or different types of association matrices within the SPSS environment, the

following resources may be highly beneficial for continued learning and application:

How to Create a Correlation Matrix in SPSS

How to Calculate Partial Correlation in SPSS
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