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Use predict() with Logistic Regression Model in R

The Essential Role of Prediction in Logistic Regression Modeling in R

In data science and statistical analysis, the ultimate objective of developing sophisticated statistical
frameworks is often the capability to forecast future or previously unseen outcomes with a high
degree of confidence. Once a robust Logistic Regression model has been successfully

constructed, fitted, and rigorously validated within the powerful R environment, the transition to
applying this learned structure to make accurate predictions constitutes the next, critical phase.
This fundamental predictive capacity enables researchers and analysts to shift their focus from
mere descriptive summarization of historical data to actively anticipating results for novel scenarios
and observations, leveraging the relationships established from the training data frame.

Logistic Regression serves as a foundational technique specifically engineered to tackle binary

classification problems, where the response variable is inherently dichotomous, constrained to

two mutually exclusive states like true/false, pass/fail, or 0/1. Unlike traditional linear models
designed to estimate continuous numerical values, the core operational mechanism of Logistic
Regression is to accurately estimate the probability of one of these defined outcomes occurring.
The resulting probability score is a continuous metric, always residing between zero and one,
which is subsequently employed to determine the final, discrete class prediction by applying a
predetermined cutoff threshold.

The predict() function within R is the indispensable tool that bridges the gap between the complex
mathematical structure of the trained model and the dataset requiring forecasts. It operates as the
primary interface, allowing the model to utilize its calculated coefficients against new input values.
By invoking predict(), analysts can efficiently derive either the estimated probabilities of the
positive class or the corresponding binary class assignments for a batch of new observations.
Consequently, a deep and precise understanding of its required syntax and specialized arguments
is absolutely essential for the practical and reliable deployment of Logistic Regression models in

any real-world analytical scenario.

Understanding the Core Mechanics of the "predict()’ Function for GLMs

The predict() function in R is designed as a highly flexible generic function, meaning its internal
implementation and the set of arguments it accepts are dynamically tailored based on the specific
class of the model object provided. This inherent versatility allows it to seamlessly handle a diverse
range of statistical modeling frameworks, but its role becomes particularly vital and nuanced when
applied to Generalized Linear Models (GLMs), which is the overarching category that

encompasses Logistic Regression.

When this function is executed on a fitted Logistic Regression model--which is typically the

resulting object returned by calling the glm() function and explicitly setting the argument
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f ani | y=bi noni al --the function processes the new data using the coefficients and relationships
that were established during the training phase. This meticulous process calculates and
extrapolates the likelihood of the positive outcome for every single observation contained within the
new dataset. This action provides immediate, quantifiable, and actionable insights that directly
stem from the effort invested in the initial model training and parameter estimation.

A crucial point of distinction is that the standard, default output generated by the predict() function,
when utilized with a Logistic Regression object, is a continuous vector of predicted probabilities.

These numerical values precisely quantify the model's measured confidence that any given new
observation belongs to the positive class (conventionally labeled as 1). These continuous
probabilities are far more informative than simple discrete class labels alone, as they form the
necessary quantitative basis for subsequent decision-making processes, such as detailed risk
assessment, precise resource allocation, and advanced diagnostic analysis.

Syntax and Critical Parameters for Effective Prediction in R

To successfully and accurately generate predictions using the predict() function with any form of
GLM, including Logistic Regression, the fundamental syntax required is remarkably concise and

adheres to a highly standardized format within the R programming environment:
predi ct (object, newdata, type="response")

A comprehensive understanding of the specific role played by each primary argument is
paramount for ensuring the correct predictive output is obtained and properly interpreted:

obj ect : This parameter is absolutely mandatory and must be the fully fitted model object itself. In
the context of R, this refers to the variable that stored the output from the initial glm() function call,
which contains all the meticulously determined coefficients, weights, and the complete model
structure required for calculation.

newdat a: This must be a data frame that holds the new observations for which the prediction is
sought. A critical structural constraint is that this data frame must include every single predictor
variable that was used during the initial training of the model. Furthermore, these variables must
rigorously maintain the exact same names, the same column order, and the identical data types as
they possessed in the original training data. Any failure to strictly match this established structure
will inevitably lead to calculation errors or statistically meaningless results.

t ype: This controlling parameter dictates the specific numerical format of the prediction output. For
binary classification tasks utilizing Logistic Regression, the setting "r esponse" is nearly always

the preferred choice due to its direct interpretability as a probability score.

"response": This setting delivers the predicted probabilities, which are naturally scaled to lie
between 0 and 1. These probabilities directly estimate the model's calculated likelihood of the
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positive class occurring (for instance, the likelihood of an individual defaulting on a loan or a
component failing).

Other available options, such as "1 i nk", return the linear predictor values (which correspond to
the log-odds). While mathematically significant for diagnostics and model tuning, these values are
far less intuitive for general classification interpretation purposes.

Practical Demonstration: Predicting Transmission Type using the ‘'mtcars’
Dataset

To fully illustrate the practical utility and deployment of the predict() function, we will proceed with
a detailed, step-by-step example using one of R's readily available, native datasets. This exercise
will meticulously cover all necessary stages: comprehensive data preparation, accurate model
fitting, the crucial application of the prediction function to a synthetic new dataset, and finally, the
rigorous interpretation of the resulting numerical outputs.

Data Preparation and Model Fitting

Our demonstration utilizes the well-known mtcars dataset, which provides a detailed catalog of

technical specifications for 32 distinct types of automobiles. The primary goal here is to predict the
transmission type, which is represented by the binary variable am where 0 signifies an automatic
transmission and 1 signifies a manual transmission, based on key engine attributes.

We begin by visually inspecting the initial structure of the mtcars dataset to quickly familiarize

ourselves with the included variables and data types:

#view first six rows of mtcars dataset
head(mtcars)

mpg cyl disp hp drat wt gsec vs am gear carb

Mazda RX4 21.0 6 160 110 3.90 2.620 16.46 014 4
Mazda RX4 Wag 21.0 6 160 110 3.90 2.87517.02014 4
Datsun 710 22.8 4108 93 3.852.32018.611141

Hornet 4 Drive 21.4 6 258 110 3.08 3.21519.441031
Hornet Sportabout 18.7 8 360 175 3.15 3.44017.02003 2
Valiant 18.1 6 225 105 2.76 3.460 20.22103 1

Next, we proceed to build the Logistic Regression model itself. We select two powerful predictor

variables, di sp (engine displacement) and hp (horsepower), to estimate the likelihood of a manual
transmission (the amresponse). The model is formally fitted using the glm() function, ensuring we
specify f ami | y=bi nomi al , which is necessary to select the appropriate distribution for modeling
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binary outcomes.

#fit logistic regression model
model <- glm(am ~ disp + hp, data=mtcars, family=binomial)

#view model summary
summary(model)

Call:
glm(formula = am ~ disp + hp, family = binomial, data = mtcars)

Deviance Residuals:
Min 1Q Median 3Q Max
-1.9665 -0.3090 -0.0017 0.3934 1.3682

Coefficients:

Estimate Std. Error z value Pr(>|z|)
(Intercept) 1.40342 1.36757 1.026 0.3048
disp -0.09518 0.04800 -1.983 0.0474 *
hp 0.12170 0.06777 1.796 0.0725 .

Signif. codes: 0 ***' 0.001 **' 0.01*' 0.05'.'0.1"'"'1
(Dispersion parameter for binomial family taken to be 1)

Null deviance: 43.230 on 31 degrees of freedom
Residual deviance: 16.713 on 29 degrees of freedom
AlIC: 22.713

Number of Fisher Scoring iterations: 8

The resulting summary confirms the specific coefficients determined by the training process. The
calculated negative coefficient for di sp strongly suggests that, holding all other factors constant,
increasing engine displacement decreases the probability of the car having a manual
transmission. Conversely, the positive coefficient for hp indicates the opposite relationship. These
precise coefficients are the mathematical foundation that the predict() function will use in the
subsequent step to generate all new forecasts.

Generating Probabilistic Forecasts and Classification

With the model now fully trained and its parameters validated, our next action is to forecast the
transmission type for a new set of vehicles that were intentionally not included in the original
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training set. We first meticulously define a new data frame, logically named newdat a, ensuring that

it contains the necessary predictor variables (di sp and hp) and that their column names match
the model's expectations exactly.

We then formally invoke the predict() function, passing our fitted nodel and the newdat a as
arguments. Critically, we include the argument t ype="r esponse" to guarantee that the output
consists of the estimated probabilities of the positive class, which, in this context, is having a
manual transmission (am=1).

#define new data frame

newdata = data.frame(disp=c(200, 180, 160, 140, 120, 120, 100, 160),
hp=c(100, 90, 108, 90, 80, 90, 80, 90),

am=c(0,0,0,1,0,1,1,1))

#view data frame
newdata

#use model to predict value of am for all new cars
newdata$am_prob <- predict(model, newdata, type="response")

#view updated data frame
newdata

disp hp am am_prob

1 200 100 0 0.004225640
218090 0 0.008361069
3160 108 0 0.335916069
4140901 0.275162866
512080 0 0.429961894
6 120 90 1 0.718090728
7100 80 1 0.835013994
8 160 90 1 0.053546152

The newly generated column, am pr ob, represents the direct, quantitative output of the predict()
function. It provides the estimated likelihood of a manual transmission for each car based on its
specific displacement and horsepower values. For instance, car 1, characterized by its notably high
displacement (200) and moderate horsepower (100), exhibits a very low predicted probability
(0.004) of being manual, perfectly aligning with the negative coefficient observed for di sp in the
original model summary. In contrast, car 7, featuring low displacement (100) and moderate
horsepower (80), is predicted to have a high probability (0.835) of being manual.
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Evaluating Model Performance: The Confusion Matrix and Accuracy

While continuous probability scores are inherently valuable for detailed analysis, the practical
requirement of most classification tasks necessitates a discrete binary label (0 or 1). Therefore, the
subsequent and equally crucial step after generating the “am_prob” values is to transform these
continuous probabilities into definitive class predictions. This conversion is typically accomplished
by establishing a classification threshold, conventionally set at 0.5. If the predicted probability
meets or exceeds this 0.5 threshold, the observation is classified as 1 (manual); otherwise, it is
classified as 0 (automatic).

Once the predicted class labels are established, we compare them against the actual observed
values (the amcolumn in the newdat a data frame) to construct a foundational tool for evaluation:
the confusion matrix. This matrix is absolutely fundamental for rigorously evaluating the

predictive performance of any classification model:

#create vector that contains 0 or 1 depending on predicted value of am
am_pred =rep(0, dim(newdata))
am_pred =1

#create confusion matrix
table(am_pred, newdata$am)

am_pred 01
042
102

The resulting structure of the confusion matrix provides a precise, detailed breakdown of the

model's predictive successes and failures across the test data set:

True Negatives (4): These are the cars that the model correctly identified as automatic (Actual 0,
Predicted 0).

False Negatives (2): These represent the cars that the model incorrectly predicted as automatic
when they were, in fact, manual (Actual 1, Predicted 0).

False Positives (0): These are the cars that the model incorrectly predicted as manual when they
were actually automatic (Actual O, Predicted 1).

True Positives (2): These represent the cars that the model correctly identified as manual (Actual
1, Predicted 1).

Finally, the overall model accuracy offers a single, highly interpretable metric by calculating the

ratio of all correct predictions (True Positives + True Negatives) to the total number of
observations. This quantitative measure concisely summarizes the predictive reliability and
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generalizability of the model when applied to the unseen data:

#calculate percentage of observations the model correctly predicted response value for
mean(am_pred == newdata$am)

0.75

The calculated accuracy score of 75% indicates that the Logistic Regression model successfully

classified the correct transmission type for exactly three-quarters of the new, prospective
observations, thereby providing a clear and tangible measure of its predictive power in this specific
context.

Conclusion and Next Steps

This comprehensive tutorial has established the fundamental methodology necessary for the
effective deployment of the predict() function when working with Logistic Regression models
within the R environment. We affirmed that the central objective of prediction is the transformation

of abstract model coefficients into tangible, meaningful probabilities, a process best achieved by
specifying the critical t ype="r esponse" argument within the function call.

Utilizing the practical example based on the mtcars dataset, we meticulously demonstrated the
steps required to prepare new data sets, generate accurate probabilistic forecasts, and rigorously
interpret those numerical results. Furthermore, we covered the necessary analytical transition from
raw probability scores to discrete binary classifications and validated the model's performance
using a confusion matrix and calculating overall model accuracy. Mastery of these specific

techniques is an indispensable skill set for any statistical analyst or data scientist who relies on R
for production-level predictive modeling.

Successfully integrating and implementing the predict() function strategically empowers
practitioners to convert abstract statistical insights into concrete, highly actionable predictions for
new, incoming data points. We strongly encourage readers to continue their exploration into
advanced model evaluation techniques and other sophisticated predictive modeling tools readily
available within the robust and expansive R statistical ecosystem.

Additional Resources

The following tutorials explain how to perform other common tasks in R:
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