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Multiple linear regression is a statistical method used to analyze the relationship between multiple

independent variables and a single dependent variable. It is a type of linear regression that allows

for the examination of more than one independent variable in predicting the value of the dependent

variable. This method is commonly used in statistical modeling to understand and predict the value

of a variable based on the influence of several other variables. It helps to identify the strength and

direction of the relationships between the variables, and can be used to make predictions and

inform decision-making in various fields such as economics, social sciences, and business.

Multiple linear regression is a powerful tool for understanding complex data and is widely used in

statistical analysis and research.

Introduction to Multiple Linear Regression

When we want to understand the relationship between a

single predictor variable and a response variable, we

often use simple linear regression.

However, if we'd like to understand the relationship

between multiple predictor variables and a response

variable then we can instead use multiple linear

regression.

If we have p predictor variables, then a multiple linear

regression model takes the form:

Y = β0 + β1X1 + β2X2 + ... + βpXp + ε

where:

Y: The response variableXj: The jth predictor variableβj:
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The average effect on Y of a one unit increase in Xj,

holding all other predictors fixed ε: The error term

The values for β0, β1, B2, ... , βp are chosen using the

least square method, which minimizes the sum of

squared residuals (RSS):

RSS = Σ(yi - ?i)2

where:

Σ: A greek symbol that means sumyi: The actual

response value for the ith observation?i: The predicted

response value based on the multiple linear regression

model

The method used to find these coefficient estimates

relies on matrix algebra and we will not cover the

details here. Fortunately, any statistical software can

calculate these coefficients for you.

How to Interpret Multiple Linear Regression Output

Suppose we fit a multiple linear regression model using

the predictor variables hours studied and prep exams

taken and a response variable exam score.
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The following screenshot shows what the multiple

linear regression output might look like for this model:

Note: The screenshot below shows multiple linear

regression output for Excel, but the numbers shown in

the output are typical of the regression output you'll see

using any statistical software.

From the model output, the coefficients allow us to form

an estimated multiple linear regression model:

The way to interpret the coefficients are as follows:

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/stats/multiple-linear-regression-excel/
https://scales.arabpsychology.com/stats/multiple-linear-regression-excel/
https://scales.arabpsychology.com/?p=137728
https://scales.arabpsychology.com
https://scales.arabpsychology.com


What is multiple linear regression and how is it used in statistical modeling? 5

PSYCHOLOGICAL SCALES scales.arabpsychology.com

Each additional one unit increase in hours studied is

associated with an average increase of 5.56 points in

exam score,  assuming prep exams is held

constant.Each additional one unit increase in prep

exams taken is associated with an average decrease of

0.60 points in exam score, assuming hours studied is

held constant.

We can also use this model to find the expected exam

score a student will receive based on their total hours

studied and prep exams taken. For example, a student

who studies for 4 hours and takes 1 prep exam is

expected to score a 89.31 on the exam:

Exam score = 67.67 + 5.56*(4) -0.60*(1) = 89.31

Here is how to interpret the rest of the model output:

R-Square: This is known as the coefficient of

determination. It is the proportion of the variance in the

response variable that can be explained by the

explanatory variables. In this example, 73.4% of the

variation in the exam scores can be explained by the

number of hours studied and the number of prep exams

taken.Standard error: This is the average distance that
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the observed values fall from the regression line. In this

example, the observed values fall an average of 5.366

units from the regression line.F: This is the overall F

statistic for the regression model, calculated as

regression MS / residual MS.Significance F: This is the

p-value associated with the overall F statistic. It tells us

whether or not the regression model as a whole is

statistically significant. In other words, it tells us if the

two explanatory variables combined have a statistically

significant association with the response variable. In

this case the p-value is less than 0.05, which indicates

that the explanatory variables hours studied and prep

exams taken combined have a statistically significant

association with exam score.Coefficient P-values. The

individual p-values tell us whether or not each

explanatory variable is statistically significant. We can

see that hours studied is statistically significant (p =

0.00) while prep exams taken (p = 0.52) is not

statistically significant at α = 0.05. Since prep exams

taken is not statistically significant, we may end up

deciding to remove it from the model.

How to Assess the Fit of a Multiple Linear Regression Model

There are two numbers that are commonly used to
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assess how well a multiple linear regression model

"fits" a dataset:

1. R-Squared: This is the proportion of the variance in

the response variable that can be explained by the

predictor variables.

The value for R-squared can range from 0 to 1. A value

of 0 indicates that the response variable cannot be

explained by the predictor variable at all. A value of 1

indicates that the response variable can be perfectly

explained without error by the predictor variable.

The higher the R-squared of a model, the better the

model is able to fit the data.

2. Standard Error: This is the average distance that the

observed values fall from the regression line. The

smaller the standard error, the better a model is able to

fit the data.

If we're interested in making predictions using a

regression model, the standard error of the regression

can be a more useful metric to know than R-squared

because it gives us an idea of how precise our
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predictions will be in terms of units.

For a complete explanation of the pros and cons of

using R-squared vs. Standard Error for assessing

model fit, check out the following articles:

What is a Good R-squared Value?Understanding the

Standard Error of a Regression Model

Assumptions of Multiple Linear Regression

There are four key assumptions that multiple linear

regression makes about the data:

1. Linear relationship: There exists a linear relationship

between the independent variable, x, and the dependent

variable, y.

2. Independence: The residuals are independent. In

particular, there is no correlation between consecutive

residuals in time series data.

3. Homoscedasticity: The residuals have constant

variance at every level of x.

4. Normality: The residuals of the model are normally

distributed.
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For a complete explanation of how to test these

assumptions, check out this article.

Multiple Linear Regression Using Software

The following tutorials provide step-by-step examples

of how to perform multiple linear regression using

different statistical software:

How to Perform Multiple Linear Regression in R

How to Perform Multiple Linear Regression in Python

How to Perform Multiple Linear Regression in Excel

How to Perform Multiple Linear Regression in SPSS

How to Perform Multiple Linear Regression in Stata

How to Perform Linear Regression in Google Sheets
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