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How to Build a Simple Logistic Regression Model

Simple Logistic Regression is a powerful statistical model specifically designed to forecast binary

outcomes, such as classifying an event as occurring or not occurring (yes/no, true/false). This
technique is a specialized form of regression analysis that utilizes a single independent variable to
estimate the probability that the dependent event will take place. Crucially, the model operates by

assuming a linear relationship exists between the independent variable and the logarithm of the

odds (logit transformation) of the event occurring. Recognized for its straightforwardness and
efficiency, Simple Logistic Regression is extensively applied across numerous disciplines,
including public health, social science research, and commercial marketing analytics, providing
valuable, quantifiable insights that underpin data-driven decision-making processes.

Defining Simple Logistic Regression

The technique known as Simple Logistic Regression is a fundamental statistical test utilized when

the primary goal is to predict a single, two-category outcome variable using the information
provided by just one other variable. Beyond mere prediction, it is also employed to precisely
guantify the numerical relationship--the strength and direction--between these two variables. For its
successful application, the outcome variable, often termed the dependent variable, must be strictly
binary, and the dataset must rigorously conform to a set of underlying statistical assumptions,
which are detailed in the sections that follow.
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Simple Logistic Regression

8o ¢ 00

Simple Logistic Regression is sometimes also referred to by alternative names, including Logit
Regression or, more formally, Binary Logistic Regression, highlighting its specific focus on two-
category outcomes.

Unlike linear regression, which models a continuous outcome directly, logistic regression models

the probability of the outcome belonging to one category versus the other. This transformation
ensures that the predicted probability always falls between 0 and 1, a necessity for interpreting
probabilities accurately. The input variable, or predictor, can be either continuous or categorical,
making this model highly versatile, provided the strict binary nature of the dependent variable is
maintained.

Essential Assumptions for Simple Logistic Regression

Every statistical methodology relies upon specific core assumptions about the nature and
distribution of the data. These assumptions are not merely technical formalities; they are
prerequisite conditions that must be satisfied for the statistical method to yield accurate, unbiased,
and reliable results. When data violate these foundational properties, the conclusions drawn from
the analysis may be misleading or entirely invalid.
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Before proceeding with an analysis, researchers must meticulously verify that their dataset
adheres to the requirements of the selected test. Failure to check these assumptions can severely
compromise the integrity of the predictive model. For Simple Logistic Regression, the primary

requirements focus on the structural relationship between variables, the presence of unusual data
points, and the independence of observations.

The critical assumptions required for robust Simple Logistic Regression include the following key
properties:

Linearity in the Logit
Absence of Significant Outliers
Independence of Observations

We will now explore each of these requirements individually to provide a deeper understanding of
how they impact model validity and interpretation.

Linearity in the Logit

Logistic regression analysis fundamentally fits a characteristic S-shaped logistic curve to the binary

data. This curve is crucial because it translates the raw predictor scores into the probability
associated with each outcome category across the spectrum of independent variable values.
However, the model does not assume linearity between the predictor and the outcome probability
directly.

Instead, the core assumption of linearity stipulates that there must be a linear relationship between
the predictor variable and the natural logarithm of the odds (the logit) of the outcome occurring.

The odds represent the ratio of the probability of success to the probability of failure. By taking the
logarithm of these odds, we transform the bounded probability scale (0 to 1) into an unbounded
scale (negative infinity to positive infinity), allowing the use of linear model estimation techniques.

Absence of Significant Outliers

A major requirement for accurate model fitting is ensuring that the variables under examination do
not contain influential outliers. Outliers are defined as data points that possess values that are

unusually large or small compared to the vast majority of other observations in the dataset.

Logistic Regression is notably sensitive to these extreme data points because they can

disproportionately influence the model's coefficients and, consequently, skew the predicted
probabilities. A single, powerful outlier can drastically alter the slope of the fitted logistic curve,
leading to erroneous interpretations of the relationship between the variables.

Researchers typically identify potential outliers through visual inspection by plotting the variables
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involved or by using advanced statistical diagnostics, such as examining standardized residuals or
leverage statistics, to confirm if any points exert undue influence on the model results. Identifying
and appropriately managing (or justifying the retention of) these influential points is vital for robust
model development.

Independence of Observations

The third fundamental assumption is that every observation, or data point, within the dataset must
be statistically independent of all others. Independence implies that the value of any variable for
one unit of observation does not systematically influence or depend on the value of that variable for
any other unit.

This assumption is most frequently violated when data involves measurements taken repeatedly
over time from the same source, whether that source is a subject, participant, customer, or
geographical unit. Since the repeated measurements from the same source are inherently related
(they are all generated by the same individual or entity), they cannot be treated as separate,
independent data points. Such dependence introduces correlations that violate the basic
requirements of standard logistic regression.

If your dataset contains repeated measurements or nested data structures (e.g., students within
classrooms), where observations are expected to be related, the appropriate statistical
methodology is generally a variant such as Mixed Effects Logistic Regression, rather than the
simple form.

Selecting Simple Logistic Regression: Criteria for Use

Choosing the correct statistical test hinges on understanding the research question and the
characteristics of the data. Simple Logistic Regression is the appropriate technique when the
research goals and data structure align perfectly with the following three distinct criteria:

The objective is to establish a prediction of one variable using only one other variable, or to
precisely quantify the numerical relationship between them.

The variable intended for prediction (the dependent variable) must be strictly binary, possessing
only two possible states.

The analysis relies exclusively on one independent variable, which serves as the sole predictor.

Clarifying these prerequisites will help researchers confidently determine if Simple Logistic

Regression is the optimal tool for their analytical needs.

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://en.wikipedia.org/wiki/Binary_data
https://en.wikipedia.org/wiki/Logistic_regression
https://en.wikipedia.org/wiki/Logistic_regression
https://scales.arabpsychology.com/?p=127128
https://scales.arabpsychology.com
https://scales.arabpsychology.com

How to Build a Simple Logistic Regression Model

The Goal of Prediction

The fundamental application of Simple Logistic Regression is addressing a prediction-oriented
research question: using the value of one variable to estimate the likelihood of a specific outcome
in another. This distinguishes it from other forms of statistical analysis. For instance, correlation
analyses focus only on measuring the strength and direction of the linear association between two
variables without implying causality or prediction. Similarly, difference tests (like t-tests or ANOVA)
focus on examining whether group means are statistically distinct.

When employing logistic regression, the output is not just a measure of association; it is a
probabilistic model that estimates the likelihood of the dependent variable belonging to the
'success' category based on specific values of the predictor. This predictive capacity makes it
invaluable for modeling risk, likelihood of failure, or consumer behavior.

Requirement of a Binary Dependent Variable

A strict requirement for the Simple Logistic Regression model is that the dependent, or outcome,
variable must be binary. This means the variable can assume only two mutually exclusive values,
which are typically coded as 0 and 1, representing the absence or presence of a characteristic or
event. Common examples include: success or failure, true or false, whether a patient has a
disease or not, or if a customer completed a purchase or not.

It is important to differentiate binary data from other forms of data that are incompatible with this
model. Data types that are NOT binary include ordered or ordinal data (e.g., satisfaction rankings
from 1 to 5), nominal categorical data (e.g., gender, eye color, or race, which have more than two
categories), or continuous data (e.g., height, temperature, or income, which can take any value
within a range).

If the outcome variable you wish to predict is continuous, the appropriate choice would be Simple
Linear Regression. Conversely, if your dependent variable is categorical with three or more distinct
levels, you should consider using Multinomial Logistic Regression or Linear Discriminant Analysis.

Limitation to One Independent Variable

As its name implies, Simple Logistic Regression is explicitly limited to scenarios where only one

predictor variable is measured at a single point in time to explain the outcome. This predictor
variable is used to construct the linear component of the log odds model. The nature of this
predictor (continuous, ordinal, or nominal) can vary, but its count must remain singular.

If the research model requires evaluating the simultaneous influence of multiple predictors (e.g.,
age, income, and education) on the binary outcome, the Simple Logistic Regression framework
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becomes insufficient.

If your analysis requires incorporating more than one independent variable into the model, you
must use a more complex variant of the technique, specifically called Multiple Logistic Regression.
Furthermore, if you only have one independent variable but it is measured across the same group
at repeated points in time, Mixed Effects Logistic Regression is the necessary alternative.

lllustrative Example of Simple Logistic Regression

To solidify the understanding of this model, consider a common marketing scenario where a
company seeks to predict purchasing behavior based on customer wealth.

Dependent Variable: Purchase made (Yes/No)
Independent Variable: Consumer income (Continuous)

In this context, the null hypothesis represents the baseline assumption that no meaningful effect

exists--it posits that there is absolutely no statistical relationship between a consumer's income
level and the likelihood of them making a purchase. The statistical test is designed to assess the
probability of observing our collected data if this null hypothesis were truly correct in the population.

After the data is collected and rigorously checked to ensure all assumptions of logistic regression

are met--including linearity in the log odds and the absence of influential outliers--the analysis is

performed. The resulting model provides critical coefficients and associated measures of statistical
significance.

The coefficient calculated for consumer income is central to the interpretation. It represents the
estimated change in the logarithm of the odds of the outcome variable (making a purchase) for

every one-unit increase in consumer income. Exponentiating this coefficient transforms it into an
odds ratio, which provides a more intuitive measure of the multiplicative effect of the predictor on
the odds of the outcome.

Additionally, the analysis yields a p-value linked to this coefficient. The p-value quantifies the
probability of observing a relationship as strong as, or stronger than, the one found in our sample,
assuming the null hypothesis is true. A conventional threshold for statistical significance is 0.05. If

the p-value is less than or equal to 0.05, researchers typically conclude that the observed
relationship is statistically significant, meaning it is unlikely to have occurred due to random chance
alone, allowing them to reject the null hypothesis.

Finally, the model's performance is summarized by an accuracy measure. Accuracy in this context
reflects the proportion of the binary outcome variable that the logistic regression model correctly
predicted. In our marketing example, this measure indicates the percentage of customers whose
purchasing behavior (purchased or did not purchase) was correctly identified by the model based
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on their income level. High accuracy suggests a strong predictive capability of the income variable
for the binary outcome.
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