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1.1: Study Guide

Chapter 1 Study Guide Questions

The following are meant to guide your exploration and discussion of chapter 1.

1. Define data analytics and explain its significance in business decision-making.

2. Differentiate between the four types of data analytics—descriptive, diagnostic, predictive, and prescriptive—using
business examples.

3. Identify and describe various types of data (structured, semi-structured, unstructured) and their relevance to analytical
tasks.

4. Explain the “5 Vs” of Big Data (Volume, Velocity, Variety, Veracity, Value) and how they affect data management and
analysis.

5. Recognize the roles of AI and machine learning in transforming raw data into actionable insights across functions like
marketing, supply chain, and HR.

6. List and describe common tools and platforms used in analytics (e.g., Python, R, Tableau, SQL, Hadoop, AWS), along with
their primary applications.

7. Explain the importance of data governance and ethical data practices, and summarize key global and U.S. data
regulations such as GDPR, HIPAA, and CCPA.

8. Explore diverse career opportunities in data analytics, identifying typical roles, required skills, industry demand, and
salary expectations.

9. Analyze how companies like Amazon apply analytics concepts, tools, and ethics to gain a competitive edge.

This page titled 1.1: Study Guide is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
M.S..
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1.2: INTRODUCTION TO DATA ANALYTICS AND ITS CATEGORIES
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1.2.1: What is Data Analytics
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In today's data-driven world, businesses constantly ask: How can we make optimal decisions? How can we predict what will
happen next? Data analytics answers these questions and many other by transforming raw data into meaningful insights.

Data analytics is the process of examining data sets to uncover patterns, trends, and insights that inform decision-making and
drive business success. By collecting, organizing, and analyzing data, organizations can solve problems, improve operations,
and make optimal decisions. For instance, a retail company may use data analytics to predict customer preferences, enabling
personalized product recommendations and efficient inventory management.

The significance of data analytics lies in its ability to transform raw data into valuable information. This capability not only explains
what has happened but also predicts future outcomes and prescribes actions for achieving desired goals. Data analytics is vital
across disciplines such as marketing, sales, customer relationship management, retail, finance, e-commerce, banking, healthcare,
logistics, manufacturing, energy, operations, and many other areas where timely and accurate decisions are crucial. For example:

e In marketing, predictive analytics identifies customer segments and tailor campaigns.
e In finance, diagnostic analytics supports fraud detection and credit risk modeling.

e In retail, customer experiences are personalized through recommendation systems.

¢ In healthcare, patient care is improved by predicting readmission risks.

e In sports, game strategies are enhanced using player performance data.

Understanding these applications begins with categorizing analytics into four key types, each addressing a specific question.

This page titled 1.2.1: What is Data Analytics is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A,, M.S..
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1.2.2: Types of Analytics
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How do organizations move from only describing past events to determining the future? The answer resides in the four types of

analytics: descriptive, diagnostic, predictive, and prescriptive.

Details for the Types of Analytics

Type of Analytics

Question Addressed

Description

Techniques Used

Descriptive Analytics

What happened?

Summarizes historical data to
uncover trends and patterns

Data aggregation,
visualization

Diagnostic Analytics

Why did it happen?

Identifies causality using
statistical techniques

Hypothesis testing,
correlation analysis

Predictive Analytics

What is likely to happen next?

Uses models to forecast
future events based on
historical data

Machine learning, regression
analysis

Prescriptive Analytics

What should we do?

Recommends actions by
combining data analysis with
optimization techniques

Optimization, decision
science

Together, these analytics categories provide a roadmap for transitioning from understanding the past to shaping the future.

©@®
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1.2.3: Review Questions

Based on information covered in this sections, answer the following questions.

1. What is the primary goal of data analytics, and how does it help businesses make better decisions?
Provide two real-world examples of how data analytics is used in different industries, and explain the value it provides in each
case.

3. What are the four types of analytics, and what key question does each type aim to answer?

4. How do predictive and prescriptive analytics differ in terms of techniques used and the value they offer?

5. Why is data analytics considered essential across diverse fields such as retail, finance, and healthcare?

The next section delves deeper into the data that fuels these analyses, exploring the distinction between traditional data sets

and the vast, complex ecosystems of big data. It highlights the technological and analytical tools necessary to derive meaningful
insights from large-scale data environments.

This page titled 1.2.3: Review Questions is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A., M.S..
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1.3.1: Types of Data
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Every analytics process begins with data, but the nature of that data profoundly impacts how it can be analyzed and used. Data
comes in many forms, each with distinct characteristics and challenges: structured data with defined schemas, semi-structured
data with flexible formats, and unstructured data without predefined organization. Recognizing these differences is crucial for
businesses to unlock the full potential of their analytics efforts. The following breakdown explores these data types and their role
in driving insights.

Descriptions and Examples by Types of Data

Type of Data Description Examples

Structured Data Organized in fixed schemas, such as Sales figures, customer records
rows and columns in relational
databases

Semi-Structured Data Lacks a rigid schema but uses markers | JSON, XML files

like metadata

Unstructured Data Has no predefined format Social media posts, images

In summary, understanding the structure and variety of data types is critical for effective analytics. By combining structured, semi-
structured, and unstructured data, businesses can gain a holistic view of their operations.

This page titled 1.3.1: Types of Data is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
M.S..
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1.3.2: Big Data Analytics and the "5 V's"
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In an era where data generation is accelerating at unprecedented rates, traditional tools often struggle to keep up with the
complexity of Big Data. Big Data encompasses vast and intricate datasets that require specialized approaches to process and
analyze effectively. To better understand its challenges and opportunities, Big Data is characterized by the “5 Vs”: Volume,
Velocity, Variety, Veracity, and Value. Each of these dimensions, described below, sheds light on a specific aspect of managing
large-scale datasets, as outlined below:

The 5 V's of Big Data

Dimension Description

Volume Terabytes of data are generated daily from sources like social media and sensors.

Velocity Data is generated and processed at unprecedented speeds. Real-time data processing is
essential for applications like fraud detection.

Variety Data exists in diverse forms, from spreadsheets to videos.
Veracity Ensuring data accuracy from diverse sources is critical.
Value Transforming raw data into insights drives business outcomes.

The “5 Vs” of Big Data provide a framework for addressing the challenges and opportunities of managing large-scale datasets.
Next will be an exploration of technologies that enable organizations to harness the power of Big Data.

©® 11 (1.3.2.1)
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1.3.3: Technology Used in Big Data Analytics
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Big data analytics involves a wide array of technologies that enable organizations to collect, store, process, analyze, and visualize
vast amounts of data. These technologies range from open-source tools that are popular in research and startup environments to
robust commercial platforms widely used in enterprise settings. The tools vary in terms of functionality, ease of use, scalability,
and licensing models. Understanding the landscape of available technologies helps businesses choose the right combination to
meet their data analytics needs. The tables below categorize these tools based on their primary functions and indicate whether
they are open source or commercial solutions.

Data Storage & Processing Frameworks

Data Storage & Processing Frameworks

Technology Description Typical Use Case License Type

Hadoop Open-source framework for Batch processing, data Open Source
distributed storage and storage
processing of large data sets.

Spark Unified analytics engine for Real-time and in-memory Open Source
big data processing, with data processing
built-in modules for
streaming, SQL, machine
learning, and graph
processing.

©@® 13 (1.3.3.1)
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Streaming & Data Ingestion Tools

Streaming & Data Ingestion Tools

Technology Description

Kafka Distributed streaming
platform used for building
real-time data pipelines and
streaming applications.

Typical Use Case

Real-time data streaming

License Type

Open Source

Flume Service for efficiently
collecting, aggregating, and
moving large amounts of log
data.

Log data aggregation

Open Source

Data Storage & Management

Data Storage & Management

Technology Description

NoSQL Databases (e.g., Non-relational databases
MongoDB, Cassandra) designed for scalability and
flexibility with large volumes
of varied data.

Typical Use Case

Storing semi-structured or
unstructured data

License Type

Open Source

Querying & Scripting Tools

Querying & Scripting Tools

Technology Description

Hive Data warehouse software that
facilitates reading, writing,
and managing large datasets
residing in distributed
storage using SQL.

Typical Use Case

Data querying on Hadoop

License Type

Open Source

Pig Platform for analyzing large
datasets using a high-level
scripting language.

Data transformation and
analysis

Open Source

©@® 14 (1.3.3.2)
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Visualization & BI Tools

Visualization & BI Tools

Description

Technology

Typical Use Case

License Type

visualization and business
intelligence tool.

visualization

Tableau Visual analytics platform for Business intelligence and Commercial
creating interactive data dashboarding
visualizations.

Power BI Microsoft’s interactive data Data reporting and Commercial

Machine Learning & Advanced Analytics

Machine Learning & Advanced Analytics

Description

Technology

Typical Use Case

License Type

languages for statistical
computing and machine
learning.

and model building

TensorFlow Open-source platform for Deep learning and predictive | Open Source
machine learning. analytics
R & Python Popular programming Data analysis, visualization, Open Source

Development & Exploration Environments

Development & Exploration Environments

Description

Technology

Web-based interactive
computational environment.

Jupyter Notebook

Typical Use Case

Data exploration, modeling,
and documentation

License Type

Open Source

©@®
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Commercial Enterprise Analytics Platforms

Commercial Enterprise Analytics Platforms

Technology

SAS Viya

IBM Watson Studio

Alteryx

Microsoft Azure Synapse

Google BigQuery

Amazon Redshift

This page titled 1.3.3: Technology Used in Big Data Analytics is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
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Description

Cloud-native platform for
advanced analytics, machine
learning, and forecasting.

Collaborative environment to
build and train AI and
machine learning models.

Self-service data analytics
platform for data blending,
preparation, and modeling.

Integrated analytics service
for big data and data
warehousing.

Serverless, highly scalable
data warehouse designed for
business agility.

Fully managed cloud data
warehouse service by AWS.

Typical Use Case

Enterprise-level statistical
analysis and model
deployment

AI model development and
deployment

Data analytics automation
and reporting

Enterprise analytics and data
integration

Cloud-based data querying
and analysis

Analytics on large-scale data
sets
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Commercial

Commercial

Commercial

Commercial

Commercial

Commercial


https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/01%3A_Introduction_to_Data_Analytics/1.03%3A_Understanding_Big_Data_and_Big_Data_Analytics/1.3.03%3A_Technology_Used_in_Big_Data_Analytics
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTextS“'

1.3.4: Machine Learning and Artificial Intelligence in
Analytics
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Artificial Intelligence (AI) and Machine Learning (ML) are transforming the landscape of business analytics by enabling
organizations to derive deeper insights, automate processes, and make smarter, faster decisions. Al refers to the broader field of
developing computer systems capable of performing tasks that typically require human intelligence—such as reasoning, learning,
and decision-making. Within AI, machine learning focuses specifically on algorithms that allow systems to learn patterns from
data and improve their performance over time without being explicitly programmed.

In modern business environments, AI and ML are no longer futuristic concepts—they are essential tools deployed across
industries. From enhancing customer engagement with personalized recommendations to improving supply chain efficiency
and detecting fraud in real time, these technologies are helping companies solve complex problems and stay competitive. The
following table outlines common business functions and illustrates where Al, machine learning, or both technologies are being
applied to create value.

Business functions that illustrates where AI, machine learning, or both technologies are being applied.

Application Area Machine Learning

Marketing & Customer Sentiment Analysis for Personalized Customer Segmentation
Engagement customer feedback Recommendations
Sales Optimization Dynamic Pricing Sales Forecasting Identifying cross-selling

opportunities

Supply Chain Robotics in Warehousing Inventory Forecasting Optimizing delivery schedules

©@® 17 (1.3.4.1)
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Application Area

Machine Learning

Human Resources

Financial Services

Customer Experience

Manufacturing

Data Analytics & Decision

Support

E-commerce

Security & Risk Management

Automated Resume
Screening

Fraud detection in real-time

Virtual Assistants (e.g., Alexa,
Google Assistant)

Al-based visual inspection for
defects

Big Data processing for
insights

Voice search for seamless
shopping

Cybersecurity threat
detection

Attrition Prediction

Credit Scoring

Customer churn Prediction

Predictive maintenance using
IoT sensor data

Forecasting KPIs (Key
Performance Indicators)

Predicting seasonal trends

Threat prediction based on
historical data

Automated learning path
recommendations

Identifying fraudulent
transactions

QProactive issue resolution
based on customer behavior

Automated quality control
systems

Business Intelligence
dashboards

Enhancing customer service
with hybrid AI and machine
learning tools

Intrusion Detection Systems

This page titled 1.3.4: Machine Learning and Artificial Intelligence in Analytics is shared under a CC BY 4.0 license and was authored, remixed,
and/or curated by Elbert L. Hearon, M.B.A., M.S..
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1.3.5: Review questions

Types of Data and Big Data Analytics

What are the key differences between structured, semi-structured, and unstructured data? Provide an example of each.

Why is it important for businesses to understand the type of data they are working with when conducting analytics?

Define the '5 Vs' of Big Data and explain how each dimension influences the challenges of managing large-scale datasets.
How do technologies like Hadoop, Spark, and cloud platforms support Big Data Analytics? Mention one benefit of each.

In the context of Amazon’s supply chain, how does combining various types of data and addressing the '5 Vs' create a
competitive advantage?

akrowd o

This page titled 1.3.5: Review questions is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A,, M.S..
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1.4: TOOLS AND TECHNOLOGIES

To succeed in today’s data-driven business environment, professionals need to understand the key tools that support analytics,
artificial intelligence (AI), and machine learning (ML). These tools simplify data collection, analysis, and visualization, enabling
companies to make smarter decisions and stay competitive. This section provides a high-level overview of commonly used,
beginner-friendly tools across various categories. You don't need to be a programmer to understand them—just be aware of what
they do and when they’re used.

Programming Languages

e Python - A flexible language used in data analysis, machine learning, and automation.
e R - Often used for statistics and academic research.

Visualization Tools

e Tableau - Creates interactive dashboards and visual storytelling.
e Power BI - Microsoft’s tool for dynamic business reports and charts.

Spreadsheet Tools

e Excel - A familiar tool for modeling, cleaning, and analyzing data.

Cloud Platforms

e Google Cloud & AWS - Used to store data and run analytics or machine learning models online.

Database & Query Tools

e SQL - A language to retrieve and manage data stored in tables.

Beginner-Friendly Machine Learning Tools

e AutoML - Automates the process of building and deploying ML models.
e Alteryx - Allows non-programmers to perform analytics using a visual interface.

These tools are not just for data scientists—they're useful for managers, marketers, and analysts who work with data-driven
insights. Understanding what these tools do can help you work more effectively with technical teams and make better business
decisions.

Review Questions

What types of tools are commonly used in business analytics and machine learning? Name at least three categories.
Why is Python often used in data analysis and machine learning projects?

What is the main purpose of visualization tools like Tableau or Power BI in analytics?

How does AutoML support non-technical users in applying machine learning?

In your opinion, which tool would be most useful for a marketing manager and why?

arwd o
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1.4.3: Spreadsheet Software

This page titled 1.4: Tools and Technologies is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
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1.4.1: Programming Languages

When it comes to working with data, two of the most widely used programming languages are Python and R. Both are powerful

tools in the world of analytics, but they serve slightly different purposes.

Python is known for its simplicity, flexibility, and broad range of applications. It is widely used in business and industry because
it can handle everything from data cleaning and visualization to building machine learning models and automating repetitive
tasks. Its vast collection of libraries—like pandas, scikit-learn, and TensorFlow—makes it a go-to language for both beginners and

experts. Learn more about Python.

R, on the other hand, was built specifically for statistical computing and data analysis. It is especially popular in academic and
research settings due to its strong capabilities in statistical modeling and data visualization. While most business analytics roles
lean toward Python, R remains an important option for deeper statistical analysis. Learn more about R.

Understanding the strengths of each language helps professionals better communicate with analytics teams and choose the right

tool for the job. Following is a comparison between Python and R.

Use Cases

This page titled 1.4.1: Programming Languages is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L.

Programming Languages

%

PYTHON

Purpose Flexible language used
in data analysis,
machine learning,

and automation
Versatile applications
across various fields
Widely used in
business and industry

Industry

Hearon, M.B.A.,, M.S..
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R

Purpose Often used for
statistics and academic
research

Use Cases Specialized in statistical
analysis and data
Popular in academia
and research

Industry
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1.4.2: Visualization Tools

In the world of data analytics, the ability to communicate insights clearly and effectively is just as important as performing
the analysis itself. Visualization tools like Tableau and Power BI play a vital role in translating raw data into intuitive, easy-to-
understand visuals that support better decision-making at all levels of a business.

Tableau, developed by Salesforce, is one of the most widely used platforms for creating interactive dashboards and engaging
data stories. Its drag-and-drop interface allows users—even those without programming experience—to visualize large, complex
datasets through bar charts, maps, time-series plots, and more. Tableau is particularly strong in exploring data trends, segmenting
performance across business units, and sharing insights in real time with decision-makers. For marketing, finance, and operations
teams alike, Tableau is a powerful storytelling tool that makes data approachable and impactful.

Power BI, a Microsoft product, is a popular alternative—especially in organizations that already use Microsoft Excel, SharePoint, or
Teams. It offers dynamic reporting capabilities and strong integration with Excel formulas and pivot tables. Business professionals
can quickly create reports, track KPIs, and build dashboards that automatically update with new data. Its familiarity within the
Microsoft ecosystem makes it a go-to tool for many departments looking to scale analytics without steep learning curves.

Both Tableau and Power BI empower business users to become more data-driven without needing deep technical skills. These
tools don't just show what’s happening—they help explain why it's happening, turning analytics into action. For MBA students and
future managers, understanding how to interpret and design visual dashboards is essential for communicating with stakeholders,
presenting findings, and driving informed decisions.

Following is an illustration of a dashboard that was created using Salesforce Tableau, and it presents a multi-view layout that
combines three types of visualizations:

1. Line Chart (Top) - This chart likely tracks a time series trend, such as monthly or quarterly sales or revenue. It shows
fluctuations over time, with a notable spike toward the end, indicating a strong upward trend in performance.

2. Stacked Bar Chart (Bottom Left) - This chart displays category-wise contributions over different time periods or regions.
Each color represents a subcategory (e.g., product type, market segment), helping to compare how different components
contribute to the overall total.

3. Treemap (Bottom Right) - The treemap shows proportional values across categories or subcategories—larger rectangles
represent higher values. It's useful for visualizing hierarchical data or identifying which products or segments generate the
most revenue or activity.

Overall, this dashboard effectively combines trend analysis, comparative breakdowns, and proportional visual insights to help
users identify key business drivers and areas of opportunity. It's a strong example of Tableau’s ability to turn data into actionable
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visual stories.

Following are two videos that demonstrate how to create dashboards in Salesforce Tableau and Power BI.

Make an AWESOME Tableau Dashboard in Only 1® Minutes

Make a Power BI Dashboard in 15 Minutes!

To summarize, visualization tools like Tableau and Power BI bridge the gap between raw data and strategic action. By enabling
professionals to uncover insights and present them visually, these platforms support clear communication, foster collaboration,

and enhance decision-making across departments. As data continues to shape how businesses operate, mastering these tools
will equip future managers with the skills to lead confidently in a data-driven world.

This page titled 1.4.2: Visualization Tools is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A., M.S..
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1.4.3: Spreadsheet Software

Spreadsheet software remains one of the most accessible and widely used tools in business analytics. Among these, Microsoft
Excel stands out as a foundational platform for data modeling, cleaning, analysis, and visualization. Its versatility, ease of use, and
deep integration into business workflows make it a critical first step for professionals exploring data-driven decision-making.

Excel provides a flexible environment for working with structured data. Users can import datasets from a variety of sources,
perform data cleaning through filters and formulas, and build models that range from simple calculations to complex forecasting
scenarios. With built-in functions such as VLOOKUP, IF statements, pivot tables, and conditional formatting, Excel enables users
to manipulate and summarize data with minimal technical background.

In business settings, Excel is commonly used for financial modeling, marketing analysis, operations tracking, and inventory
management. Its charting tools allow for quick creation of bar charts, line graphs, scatter plots, and dashboards that communicate
key findings effectively. In recent years, Microsoft has added more advanced capabilities, such as Power Query for data
preparation and Power Pivot for relational data modeling—bringing Excel closer to the capabilities of a full analytics platform.

For MBA students, Excel provides an accessible entry point into the world of data analytics. It supports the development of
analytical thinking without requiring programming skills, while also serving as a bridge to more advanced tools like Python, R,
Tableau, or Power BI. Mastering Excel empowers students to work efficiently with data in internships, consulting projects, and
managerial roles, where quick insights and clear presentation are often valued more than code-based complexity.

Whether used for exploratory analysis, forecasting, optimization, or visual storytelling, Excel remains an indispensable tool in the
business analyst's toolkit—making it an ideal starting point for developing the skills needed in today’s data-driven world.

Basic Excel Topics for Business Users

The following table summarizes basic Excel topics that are essential for MBA students and business professionals. These skills are
widely used in roles involving marketing, operations, finance, and general business analysis. Advanced tools such as regression
analysis using the Data Analysis ToolPak will be demonstrated in a future chapter.
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Basic Excel skill topics noting skill level and referencing instructional videos.

Category

Topics Covered

Skill Level

Video Link

Data Entry & Basics

Excel tutorial

Data entry tips

Beginner

Excel Tutorial for Beginners

Working with Functions

VLOOKUP

Common Excel functions

Beginner to Intermediate

Top 10 Essential Excel
Formulas for Analysts in 2025

Excel Formulas and Functions
Tutorial (2025)

VLOOKUP in Excel | Step-by-
Step Tutorial for Beginners

Visualization

Charts and graphs

Beginner to Intermediate

Excel Charts and Graphs
Tutorial

Turn Raw Data into a Clear,
Interactive Dashboard in
Excel

Data Analysis

Pivot tables

Conditional formatting

Intermediate

Pivot Table Excel Tutorial

Excel Conditional Formatting:
Beginners to Advanced

Data Cleaning

Remove duplicates

Flash fill

Beginner to Intermediate

How to Remove Duplicates in
Excel

How to use AutFill & Flash Fill
in Excel - Tips for Beginners

See the Appendix to this section for short videos pertaining to the above-mentioned categories.

This page titled 1.4.3: Spreadsheet Software is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A,, M.S..
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1.5: Data Governance

Data Governance and Ethics

Data governance is about managing data in a way that keeps it accurate, secure, and trustworthy. It helps companies stay
compliant with laws, avoid costly data breaches, and build trust with customers, employees, and regulators. At the same time,
ethical use of data means being fair, transparent, and respectful of people’s privacy. Both are essential for making responsible,
data-driven decisions.

Why Data Governance Matters
Strong data governance helps companies avoid legal trouble, protect their reputation, and ensure their data is accurate and
reliable. Clear rules and processes can reduce mistakes, prevent misuse, and support smooth business operations—especially in

areas like finance, marketing, and healthcare. Good governance also makes it easier to operate internationally, especially under
global laws like the GDPR, which protects consumer privacy and builds trust.

Key Regulations and Frameworks
Here are a few key laws that businesses should understand:

Key business regulations, their region, purpose, and why they matter.

Regulation Purpose Why It Matters

General Data Protection European Union Protects consumer data and | Applies to companies with EU
Regulation (GDPR) privacy customers; requires
transparency and consent

California Consumer Privacy California, USA Gives people control over Requires companies to
Act (CCPA) personal data disclose data practices and
allow opt-outs

Health Insurance Portability USA (Healthcare) Protects patient health data Essential for any organization
and Accontability Act (HIPAA) handling medical data

Ethical Considerations in Data Governance
Ethical data governance means treating people’s data with care. Companies should be open about how they collect and use data,
avoid bias in algorithms, and take responsibility for how their data decisions affect people. This builds trust, promotes fairness,

and strengthens credibility.

For example, a retailer that uses customer browsing data to recommend products must be clear about what data is collected and
how it's used. If they sell that data without permission, they could face fines or lose customer trust.

Review Questions: Data Governance and Ethics

1. Imagine your company wants to launch a new mobile app that collects user location and purchase history. What steps would
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you take to ensure compliance with GDPR and CCPA? Why?

2. Consider a healthcare startup that uses patient data to train a machine learning model for early disease detection. How
would HIPAA influence the company's data handling strategy? What ethical challenges might arise?

3. Your marketing team is planning to use third-party data to target ads on social media. What legal and ethical issues should
be considered to avoid violating CCPA or GDPR?

4. If a company is found to have biased AI algorithms that result in unfair outcomes (e.g., in hiring or lending decisions), who
should be held accountable—and what role does ethical governance play in preventing this?

5. A global retailer operates in the U.S. and Europe. How might differences in GDPR and U.S.-based laws like CCPA or HIPAA
affect their approach to data storage, consent, and transparency?

6. You're the Chief Data Officer of a growing firm. A junior employee suggests purchasing consumer data from a third-party
broker. What ethical and legal questions would you raise before approving this idea?

7. How can clear communication with customers about data practices increase trust—and reduce legal risk? Provide a real-
world example (or create a hypothetical one).

Summary
Data governance and ethics are foundational in today’s data-driven world. Companies need clear rules for how data is collected,
stored, and used—and they must also consider the ethical impact of those choices. By doing so, businesses protect themselves

legally and build lasting trust with stakeholders.

Next, we'll explore how these data principles open the door to exciting career opportunities in analytics—and what skills are
needed to thrive in this growing field.

This page titled 1.5: Data Governance is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
M.S..
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1.6: Careers in Analytics

Careers in analytics are growing rapidly across industries such as finance, healthcare, retail, and technology. For MBA students,
this translates into a wide range of career paths—from entry-level analysts to senior data-driven decision-makers. Employers
increasingly seek professionals who can extract insights from data and communicate them effectively. Skills in tools like Excel,
SQL, Tableau, Python, and cloud-based platforms such as AWS or Azure can significantly boost your value in the job market.

The table below outlines some common analytics roles, along with median salaries and typical tools used. While salaries vary by
location and company, this serves as a starting point for understanding the opportunities ahead.

Sample Analytics Careers Overview

Analytic occupations, 2023 median salaries, relevant industries, and skills/tools required for the career.

Occupation 2023 Median Salary Relevant Industry Skills/Tools Required

Business Analyst $93,000 Finance, Healthcare, Excel, SQL, Tableau
Technology
Marketing Analyst $76,000 Retail, Advertising, E- Google Analytics, Tableau
commerce
Data Analyst $98,500 Finance, Healthcare, Excel, SQL, Python
Technology
Operations Analyst $85,300 Logistics, Manufacturing, Excel, Simulation Tools,
Retail Tableau
Financial Analyst $95,570 Banking, Investment Firms Excel, SQL, Power BI
Business Intelligence Analyst | $100,910 Healthcare, Technology SQL, Tableau, R/Python
Data Scientist $117,910 Tech, Finance, E-commerce Python, Machine Learning
Frameworks
Logistics Analyst $77,520 Transportation, Supply Chain | Data Analysis Tools, ERP
Systems

Review Questions

1. Which analytics career aligns best with your current interests and background? Why?
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How do skill requirements differ between entry-level and senior-level analytics positions?

3. What steps could you take over the next 6 months to strengthen your qualifications for a role like Data Analyst or Marketing
Analyst?

Why might salaries for analytics roles vary between industries like healthcare and retail?

5. How could cloud computing and Al tools (e.g., AWS, machine learning) shape the future of analytics jobs?

N

E

Summary

Careers in analytics span a wide spectrum based on skill level, industry, and company size. There are roles for those just starting
out as well as for those with advanced technical and leadership capabilities. Entry-level roles focus on foundational skills like
Excel, SQL, and Tableau, while mid- and senior-level positions demand expertise in tools such as Python, R, and cloud platforms.
Emerging areas like sustainability analytics and risk management continue to expand career possibilities. Advanced degrees and
professional certifications often lead to greater opportunities and higher compensation.

Sources and Citations

U.S. Bureau of Labor Statistics (BLS) - Market Research Analysts: https://www.bls.gov/ooh/business-and...h-analysts.htm
U.S. Bureau of Labor Statistics (BLS) - Financial Analysts: https://www.bls.gov/ooh/business-and...l-analysts.htm

U.S. Bureau of Labor Statistics (BLS) - Data Scientists: https://www.bls.gov/ooh/math/data-scientists.htm

Coursera - Data Analyst Salary Guide: https://www.coursera.org/articles/ho...e-salary-guide

Discover Data Science - Business Analyst Salary: https://www.discoverdatascience.org/...nalyst/salary/

Glassdoor - Business Intelligence Analyst Salary and Tools: https://www.glassdoor.com/Salaries/b..RCH_KO®,31.htm

OO, WN
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1.7: Chapter 1 Summary

Chapter 1 introduces the foundational concepts of data analytics, emphasizing its transformative role in decision-making,
problem-solving, and operational efficiency. By exploring how raw data can be transformed into actionable insights, this chapter
sets the stage for understanding the applications, tools, and career opportunities within the field of analytics.

Key Topics Covered

Introduction to Data Analytics and Its Categories
This section defines data analytics as the process of examining datasets to uncover patterns, trends, and insights. It introduces

the four types of data analytics—descriptive, diagnostic, predictive, and prescriptive—each addressing specific business
questions.

Understanding Data and Big Data Analytics
This section discusses the types of data used in analytics: structured, semi-structured, and unstructured. It highlights the
importance of understanding data types to derive meaningful insights. The “5 Vs” of Big Data—Volume, Velocity, Variety, Veracity,

and Value—are introduced as a framework for managing large-scale datasets. Technologies such as Hadoop, Spark, and cloud
platforms are presented as enablers of big data analytics.

Machine Learning and Artificial Intelligence in Analytics

Machine Learning and Artificial Intelligence (AI) are explored as key drivers of innovation in analytics. This section explains their
roles in business, with examples of supervised, unsupervised, and reinforcement learning applications.

Tools and Technologies
This section provides an overview of essential tools for data analytics, including programming languages (Python, R), big data

frameworks (Hadoop, Spark), visualization tools (Tableau, Power BI), and cloud platforms (AWS, Google Cloud). These tools
empower businesses to process data, build predictive models, and enhance decision-making capabilities.

Data Governance and Ethics

Data governance and ethics are critical for managing data responsibly. This section outlines key regulations, such as GDPR and
CCPA, and emphasizes ethical principles like transparency, fairness, and accountability.

Careers in Analytics

This section explores career opportunities in analytics. It highlights required skills, educational qualifications, and the importance
of advanced tools like Python and R. Emerging areas, such as sustainability and risk management analytics, were also discussed.

Conclusion

Chapter 1 establishes a comprehensive foundation for understanding data analytics, its categories, and its applications across
industries. The integration of tools, governance principles, and career insights provides a roadmap for professionals aspiring to
excel in this dynamic field. Subsequent chapters build on these concepts, delving deeper into advanced analytics techniques and
methodologies.

©@® 31 (1.7.1)
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1.8: Chapter 1 Exercises

1. What is the primary goal of data analytics?
a. To collect as much data as possible
b. To transform raw data into meaningful insights
c. To store data securely
d. To create visually appealing dashboards
2. Which type of analytics answers the question, “Why did it happen?”
a. Descriptive Analytics
b. Diagnostic Analytics
c. Predictive Analytics
d. Prescriptive Analytics
3. Which of the following is NOT a characteristic of Big Data?

a. Volume
b. Velocity
c. Visibility
d. Variety

4. True or False: Descriptive analytics is used to recommend future actions.
5. True or False: Unstructured data includes information such as social media posts and videos.
6. Explain how structured and unstructured data differ, providing an example of each.
7. What are the “5 Vs” of Big Data, and why are they important?
8. Which of the following tools is primarily used for data visualization?
a. Hadoop
b. Spark
c. Tableau
d. SQL

9. Why is data governance critical for ensuring ethical analytics practices?
10. True or False: Machine learning is a subset of artificial intelligence focused on algorithms that improve over time with data.

This page titled 1.8: Chapter 1 Exercises is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A., M.S..

©@® 33 (1.8.1)


https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/01%3A_Introduction_to_Data_Analytics/1.08%3A_Chapter_1_Exercises
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTextS'“

2: DATA PREPARATION

2.1: Study Guide
2.2: Data Preparation
2.3: Data Collection
2.4: Data Quality
2.5: Data Cleaning
2.5.1: Removing Duplicates
2.5.2: Handling Missing Data
2.5.3: Text Cleaning and Standardization
2.5.4: Formatting Inconsistencies
2.5.5: Outlier Detection
2.5.6: Data Validation and Restriction
2.5.7: Combining and Separating Data
2.5.8: Filtering and Sorting for Quality Checks
2.5.9: Error Checking

2.6: Comparing Tools for Enterprise Data Preparation and Visualization
2.7: Ethical and Legal Considerations

2.8: Chapter 2 Summary

2.9: Chapter 2 Exercises

2.10: Chapter 2 References

[LM1]I'm feeling like I need something in between all of these charts. Some way to capture student attention so it doesn’t wander
while glancing at the charts.
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2.1: Study Guide

The following are meant to guide your exploration and discussion of chapter 2.

What is the role of data preparation in the analytics process, and why is it essential before performing analysis?

What are the key considerations and potential challenges when collecting data for business analytics?

Compare different methods of data collection (e.g., surveys, web scraping, sensors). When is each most appropriate?

What types of issues are addressed during data cleaning, and how can these impact the outcome of an analysis?

What are common data transformation techniques, and how do they support better analysis and model performance?
Which tools are most commonly used for data preparation, and what are the strengths of each?

What ethical considerations must analysts keep in mind during the data preparation process?

What are some legal implications of collecting and preparing data, especially in regard to privacy and data protection laws?

NP ON
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2.2: Data Preparation

In the world of data analytics, the phrase “garbage in, garbage out” holds true. The quality of insights derived from data
analytics is directly tied to the quality of the data being analyzed. This makes data preparation—the process of collecting,
cleaning, transforming, and validating data—an essential step in the analytics workflow. Without proper preparation, even the most
advanced algorithms and visualization tools will struggle to deliver meaningful results.

Why Data Preparation Matters

Data preparation lays the foundation for all analytics activities. Clean, well-structured data ensures that models are accurate,
visualizations are reliable, and business decisions are well-informed. It is estimated that data analysts spend up to 80% of their
time preparing data, underscoring the importance of this often-overlooked stage.

The following table shows key benefits of data preparation.

Benefits of data preparation.

Benefit Description

Improved Accuracy Clean data reduces errors in predictive and prescriptive
analytics

Enhanced Efficiency Preprocessed data allows for smoother workflows and faster
analysis

Greater Trust Decision-makers can rely on analytics outputs when the

underlying data is accurate

Data Consistency Ensures uniform formatting and structure across datasets,
critical for integration

Better Data Quality Identifies and addresses missing or incomplete data,
reducing misleading conclusions

Scalability for Large Datasets Organizes data for scalability, facilitating analysis of larger
datasets in the future

Ease of Automation Prepared datasets enable automation for repetitive
processes, saving time and resources

Compliance with Regulations Aligns data with privacy laws and industry standards, reducing
legal risks
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Benefit Description

Facilitates Collaboration Organized data is easier to share and interpret across teams

Review Questions

1. Why is data preparation considered a critical step in the data analytics workflow? Provide examples of the consequences of
skipping this step.

2. Describe how issues like duplicate transactions and inconsistent date formats could affect predictive models. What steps in
the data preparation process would address these issues?

3. What are the key benefits of data preparation, and how do they contribute to improved business decision-making? Provide
specific examples for each benefit.

This page titled 2.2: Data Preparation is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
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2.3: Data Collection

Data collection is the cornerstone of the analytics process, serving as the foundation upon which all subsequent steps are
built. The quality, accuracy, and relevance of collected data directly impact the insights derived from analysis. In today’s
digital landscape, data collection extends far beyond traditional methods, encompassing diverse techniques such as Application
Programming Interface (API) integrations, Internet of Things (IoT) devices, and web scraping.

Effective data collection not only captures what is happening within an organization but also draws on external data to provide
a broader context, enabling organizations to make informed, data-driven decisions. As businesses strive to remain competitive,
mastering data collection techniques is essential for uncovering trends, predicting outcomes, and optimizing operations.

Data analytics spans a wide range of industries, each utilizing distinct types of data to drive insights and decisions. The table
below highlights key industries, the types of data commonly used within them, and leading sources of these data.

Key Industries and Data Types in Analytics

Key industries and data types in analytics with leading sources.

Industry

Data Types/Applications

Leading Sources

Retail and E-commerce

Finance and Banking

Healthcare and Life Sciences

Supply Chain and Logistics

Marketing and Advertising

Energy and Utilities

©@®

Transaction data (sales, returns),
customer segmentation, market trends,
inventory management

Credit risk data, transactional logs, fraud
detection, stock market trends

Patient records, genomic data, claims
data, treatment outcomes, healthcare
utilization

Inventory data, transportation data,
supplier performance metrics, route
optimization

Consumer behavior data, social media
analytics, campaign performance,
customer segmentation

Energy consumption data, pricing
trends, weather data for forecasting,
renewable energy metrics
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Amazon, Shopify, Nielsen, Experian

Bloomberg, FactSet, Equifax,
TransUnion, S&P Global (Standard &
Poor's Global)

Centers for Disease Control and
Prevention (CDC), World Health
Organization (WHO), National Institutes
of Health (NIH), Genomics England

Freightos, SAP Supply Chain Solutions,
Global Trade Atlas

Google Analytics, Nielsen, HubSpot,
Claritas

U.S. Energy Information Administration
(EIA), National Oceanic and
Atmospheric Administration (NOAA),
S&P Platts
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Industry

Data Types/Applications

Leading Sources

Insurance

analytics

Automotive

Investment and Asset Management

modeling

Methods of Data Collection

Policyholder data, claims data, risk
assessment metrics, fraud detection

Vehicle sales data, powertrain trends,
consumer preferences, production
metrics, maintenance records

Portfolio performance data, financial
market trends, economic indicators, risk | Capital IQ

LexisNexis, Experian, Equifax, ISO
(Insurance Services Office)

JD Power, IHS Markit (Information
Handling Services Markit), Kelley Blue
Book, Automotive OEM Data

Morningstar, Bloomberg, FactSet, S&P

Data collection methods play a critical role in ensuring the quality, accuracy, and reliability of datasets. These methods vary
depending on the type of data being collected, the industry, and the intended use. Below are some of the most common methods:

Methods of data collection with descriptions, applications, and examples.

Description

Applications

Example

Collect data directly from
individuals through structured
or semi-structured forms

Surveys and Questionnaires

Automate the collection of
data from external systems or
platforms

Application Programming
Interfaces (APIs)

Capture real-time data
through devices connected to
the Internet of Things (IoT)

Internet of Things (IoT)
Devices and Sensors

Extract data from websites
using automated tools

Web Scraping

©@®

Understanding customer
preferences, measuring
employee satisfaction,
gathering patient feedback

Retrieving website traffic
data, accessing financial data
for investment analysis

Monitoring warehouse
inventory levels, tracking
vehicle performance,
collecting environmental data

Monitoring competitor
pricing, gathering reviews for
sentiment analysis
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A retailer company uses
customer surveys to assess
satisfaction with their online
shopping experience.

A manufacturing organization
uses APIs to gather real-time
inventory data from its
warehouse management
system.

A logistics company employ
IoT sensors to monitor
temperature and humidity in
their storage facilities.

A retail company scrapes
competitor websites to
analyze pricing trends during
holiday seasons.
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Description Applications Example

Observational Data Collect data through direct Studying in-store customer A marketing company
observation of behaviors, behaviors, observing observes customer
processes, or environments production line efficiency interactions with displays to

optimize product placement.

Transaction Logs Record data automatically Tracking sales and returns, A retail company uses
during transactions recording payments and transaction logs to analyze
claims peak sales periods.
Third-Party Data Providers Purchase or license data from | Accessing credit risk data, A consumer goods company
external providers using market trend data in integrates Experian’s market
marketing analytics trend data to forecast

seasonal demand.

Focus Groups and Interviews | Gather qualitative insights Developing new product A market research company
through small group ideas, evaluating employee conducts focus groups to test
discussions or one-on-one feedback reactions to new store
interviews layouts.

Effective data collection is the cornerstone of any successful analytics project, ensuring that the raw inputs are comprehensive,
relevant, and timely. By leveraging diverse methods such as surveys, APIs, and IoT devices, organizations can gather the insights
needed to address complex challenges across industries. However, the value of collected data depends not only on how it is
gathered but also on its quality.

In the next section, we delve into the concept of data quality, exploring how accuracy, consistency, and reliability transform raw
data into actionable insights.

This page titled 2.3: Data Collection is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
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2.4: Data Quality

Building on the importance of data preparation and collection, the next critical factor in the analytics workflow is ensuring the
quality of the data. Even well-prepared and meticulously collected data can fall short if it lacks accuracy, consistency, or relevance.
Poor data quality not only undermines the reliability of insights but can also lead to costly mistakes, such as flawed predictions or
ineffective strategies. By understanding and addressing the key dimensions of data quality, businesses can maximize the value of
their analytics efforts and make informed decisions.

The table below shows key dimensions of data quality.

Key Dimensions of Data Quality

Key dimensions of data quality and why it matters with examples.

Dimension Why It Matters Example

Accuracy

Completeness

Consistency

Inaccurate data leads to incorrect
conclusions and flawed decisions.

Missing data creates blind spots in
understanding problems or
opportunities.

Discrepancies across systems cause
confusion and inefficiencies.

A retailer’s sales data errors result in
overestimating profits.

Lack of demographic data hampers
customer segmentation efforts.

Inventory inconsistencies mislead
customers about product availability.

Timeliness Outdated data limits the relevance of Using last month's trends for holiday
insights. planning misses current trends.

Relevance Irrelevant data wastes resources and Including unrelated market data
confuses objectives. complicates sales forecasts.

Integrity Trustworthy data prevents reputational Encryption and access controls protect a

and operational risks. company’s sales data.

Review Questions

1. Why is accuracy considered a critical dimension of data quality, and what are some potential consequences of inaccurate
data in business analytics?

2. Describe the role of consistency in maintaining high-quality data. How could inconsistencies across systems impact a
company?

3. Identify and explain three key dimensions of data quality, providing a specific example of how each dimension can affect
business outcomes.
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Data quality is the backbone of effective analytics, ensuring that insights are accurate, reliable, and actionable. By focusing on
dimensions such as accuracy, completeness, consistency, timeliness, and integrity, businesses can avoid costly errors and build
trust in their decisions. Organizations like Amazon highlight the importance of maintaining high data quality to stay competitive
in today’s data-driven world.

With a solid understanding of data quality, the next step is to explore data cleaning—how organizations address quality issues to
prepare their data for analysis.

This page titled 2.4: Data Quality is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
M.S..
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2.5: DATA CLEANING

Data cleaning is a crucial step in the analytics workflow, ensuring datasets are accurate, consistent, and complete before analysis.
Even the most advanced analytics tools cannot produce reliable insights if the data is riddled with errors, missing values, or
inconsistencies. By addressing these issues through systematic cleaning techniques, organizations can improve data quality and
maximize the value of their analytics efforts.

Common Issues and Solutions

Errors and inconsistencies in datasets can arise from various sources, such as human error, system glitches, or data integration
challenges. The table that follows contains some common issues and their solutions.

Common Data issues and Solutions

Common data issues and solutions with examples.

Solution Example

Missing Values Imputation techniques, such as A data analyst replaces missing product
replacing missing values with the mean, | ratings with the average rating across all
median, or mode products to ensure consistent review

data.

Duplicates Deduplication using unique identifiers, A data analyst removes duplicate
such as customer IDs customer records in its CRM system to

avoid redundancy and improve reporting
accuracy.

Outliers Statistical methods like z-scores, IQR A data analyst flags an unusually large
(Interquartile Range), or box plots to order as an outlier caused by a system
detect and address outliers error and removes it from the dataset.

Inconsistent Formats Standardization techniques for A data analyst standardizes date
formatting (e.g., dates, units, and case formats to ensure consistency across
sensitivity) sales data from its e-commerce and in-

store platforms.

Erroneous Entries Manual review or validation scripts to A data analyst corrects an erroneous
identify and correct errors entry in sales data where a product
price is recorded as $0 due to a system
glitch.
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Solution Example

Irrelevant Data Filtering or removing irrelevant records | A data analyst removes unrelated fields,
or fields such as internal notes, from datasets
used for customer segmentation
analysis.

Review Questions

1. What are some common issues in datasets that data cleaning addresses, and why is cleaning these issues important for

accurate analysis?

Describe two techniques used to handle missing values and provide an example of when each might be appropriate.

3. Why is deduplication critical for maintaining accurate customer relationship management data, and what challenges could
arise in implementing this process?

N

Summary

In summary, data cleaning is an essential process for ensuring datasets are accurate, consistent, and free from errors before
analysis. By addressing common issues like missing values, duplicates, and outliers, organizations can improve the reliability of
their analytics outputs and make better-informed decisions. Without effective data cleaning, even the most advanced analytics
tools and models are prone to delivering flawed insights.

Once data has been cleaned, the next critical step in the analytics workflow is data transformation. In this stage, data is
reformatted, aggregated, or structured to align with the requirements of the intended analysis, enabling more meaningful insights
and efficient processing.

2.5.1: Removing Duplicates

2.5.2: Handling Missing Data

2.5.3: Text Cleaning and Standardization

2.5.4: Formatting Inconsistencies

2.5.5: Outlier Detection

2.5.6: Data Validation and Restriction

2.5.7: Combining and Separating Data

2.5.8: Filtering and Sorting for Quality Checks

2.5.9: Error Checking

This page titled 2.5: Data Cleaning is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
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2.5.1: Removing Duplicates

In any data preparation process, ensuring the uniqueness and accuracy of records is essential. Duplicate entries can distort
analysis, inflate counts, skew summary statistics, and ultimately lead to misguided business decisions. Whether due to manual
entry errors, system imports, or data aggregation from multiple sources, duplicates are a common data quality issue. Fortunately,
spreadsheet tools like Microsoft Excel offer several intuitive and powerful techniques to identify and remove duplicates efficiently.

Remove Duplicates Feature (Data Tab)

The Remove Duplicates tool in Excel, located under the Data tab, offers a quick and effective way to eliminate redundant rows from
a dataset. Users can specify one or more columns to evaluate for duplication. For example, in a customer contact list, selecting
the "Email" column ensures that each email address appears only once, even if other fields like name or phone number differ.

Steps to Use:

Select your dataset.

Navigate to the Data tab.

Click Remove Duplicates.

In the dialog box, choose which columns to check for duplicates.

Click OK—Excel will remove duplicate entries and notify you how many were removed.

abrwN

Tip: Always make a backup copy of your data or work on a duplicate worksheet before performing this operation, as the removal
is irreversible.

Conditional Formatting to Highlight Duplicates

If you prefer to visualize duplicates before removing them, Excel's Conditional Formatting feature is an excellent tool. This method
highlights duplicate values using color, helping you spot patterns or identify anomalies.

Steps to Use:
1. Select the column or range to inspect.
2. Go to the Home tab - Conditional Formatting — Highlight Cells Rules — Duplicate Values.

3. Choose a color scheme and click OK.

This is particularly useful when you want to review duplicates manually or when you're only interested in highlighting—not
deleting—them.

Using COUNTIF or COUNTIFS to Flag Duplicates

For more customizable and flexible control, Excel formulas like COUNTIF and COUNTIFS allow users to flag duplicate entries by
returning a count of how many times each value appears.

e =COUNTIF(A:A, A2) returns the number of times the value in cell A2 appears in column A.
e =COUNTIFS(A:A, A2, B:B, B2) counts how many rows contain both the values in A2 and B2 across columns A and B.

If the result is greater than 1, the value is a duplicate. You can then use a filter to isolate and manage these flagged rows.
This formula-based method is especially helpful when:

e Working with large datasets.
e Combining conditions across multiple columns.

©@® 46 (2.5.1.1)



LibreTexts"

e Creating dashboards or automated reports that need to track and respond to duplicates dynamically.

In Practice:
Removing duplicates is not just a technical operation—it's a decision-making step. Analysts must carefully define what constitutes
a “duplicate” within the business context. For instance, two customers may share the same name but be different individuals;

hence, deeper criteria (e.g., email address, customer ID) must be used.

Whether using built-in tools like Remove Duplicates, visual techniques like Conditional Formatting, or custom formulas like
COUNTIF/COUNTIFS, understanding and managing duplicates is a key part of maintaining clean, reliable data.

This page titled 2.5.1: Removing Duplicates is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
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2.5.2: Handling Missing Data

Missing data is a common and often unavoidable challenge in real-world datasets. It can occur due to a variety of reasons such
as human error, system limitations, incomplete forms, or data integration issues. If left unaddressed, missing values can lead
to inaccurate analyses, biased models, and misleading conclusions. Therefore, identifying and handling missing data is a crucial
step in the data preparation process.

There is no one-size-fits-all solution for handling missing data. The best approach depends on the context, the amount of missing

information, and the intended use of the data. Microsoft Excel offers several practical techniques for identifying and addressing
missing values.

Filtering or Sorting to Find Blanks

The first step in handling missing data is identifying where it exists. Excel's filtering and sorting features make this task
straightforward. By applying filters, users can quickly isolate rows with blank cells in one or more columns.

Steps to use filtering:
1. Select the dataset and apply a filter (Home tab - Sort & Filter - Filter).
2. Click the drop-down arrow in the desired column.

3. Choose “Blanks” to view only rows with missing entries.

Alternatively, sorting a column A to Z or Z to A will group blank cells at the top or bottom, making them easier to locate and
address manually.

Replacing Blanks with Default Values

In cases where blank values can be reasonably replaced, Excel allows you to use formulas to substitute missing entries with
default placeholders or contextually relevant values.

One useful formula is:
=IF(A2="", "Missing", A2)

This formula checks whether cell A2 is blank. If it is, it inserts the word “Missing”; otherwise, it retains the original value. This
approach helps maintain consistency and avoids introducing null values into analysis or reports.

Filling 1n Previous or Next Values
Another common strategy, particularly in time series or sequential data, is to fill in missing values using a nearby valid entry.

Excel’s Fill Down or Fill Up features can be used for this purpose when a missing cell should inherit a previous or subsequent
value.

Steps:
1. Select the blank cell.

2. Use Ctrl + D (Fill Down) or Ctrl + Shift + " (to copy from the cell above).
3. Alternatively, use the Fill Handle by dragging from an adjacent populated cell.
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Using IF, ISBLANK, and IFERROR Functions

Excel provides a suite of logical functions that can help manage missing data more dynamically:

e ISBLANK(cell) returns TRUE if the cell is empty, allowing for custom logic using IF.
Example: =IF(ISBLANK(A2), "Unknown", A2)

o IFERROR(formula, value_if_error) handles scenarios where a formula may produce an error due to a missing value.
Example: =IFERROR(A2/B2, "Error in data")

e IF(condition, value_if_true, value_if_false) can be used in combination with ISBLANK or any condition to replace or flag blanks.
Example: =IF(A2="", "N/A", A2)

In Practice

When deciding how to handle missing data, it's important to consider the potential impact on analysis. Replacing missing values
with defaults may preserve data structure but could introduce bias. Conversely, removing rows or columns with missing data might
lead to loss of valuable information.

As a rule of thumb:

e Use filtering to understand the extent of missing data.
e Choose appropriate imputation methods based on the variable type and context.
e Document every modification made during the process for transparency and reproducibility.

Mastering techniques for identifying and resolving missing data prepares analysts to produce cleaner, more reliable
datasets—ultimately leading to better business insights.
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2.5.3: Text Cleaning and Standardization

In data analytics, especially when working with customer names, product descriptions, addresses, or survey responses, it's
common to encounter inconsistencies or irregularities in text-based data. These inconsistencies—such as extra spaces, mixed
capitalization, non-printable characters, or improperly structured entries—can interfere with sorting, filtering, joining datasets, or
performing reliable analyses.

To ensure data consistency and improve usability, text cleaning and standardization are essential parts of the data preparation

process. Microsoft Excel offers a wide array of functions that help analysts clean and transform textual data into a consistent and
usable format.

TRIM() — Removes Extra Spaces

The TRIM() function is used to remove all leading, trailing, and excess spaces between words. It is especially useful when
importing data from external sources (e.g., CSV files) where extra spaces are invisible but can cause matching errors.

Example:
=TRIM(A2)
If cell A2 contains " John Smith ", the result will be "John Smith".

This function preserves single spaces between words while eliminating unnecessary spacing.

CLEAN() — Removes Non-Printable Characters

The CLEAN() function removes non-printable characters that may be introduced from copied data or system-generated exports.
These characters are often invisible but can corrupt formulas or create issues when exporting to other systems.

Example:

=CLEAN(A2)
If cell A2 contains hidden line breaks or carriage returns, this function will return a clean string free from those characters.

UPPER(), LOWER(), and PROPER() — Standardize Text Case

Text case inconsistencies can affect sorting, filtering, and data merges. Excel offers functions to standardize the format of text:
o =UPPER(A2) converts all text to uppercase (e.g., "JOHN SMITH").
e =LOWER(A2) converts all text to lowercase (e.g., "john smith").
¢ =PROPER(A2) capitalizes the first letter of each word (e.g., "John Smith").

These functions are especially helpful for formatting names, product titles, and city names uniformly.

LEFT(), RIGHT(), and MID() — Extract Portions of Text

Sometimes only part of a string is needed—such as extracting an area code from a phone number or a code prefix from a product
ID. These functions allow you to isolate portions of text:

e =LEFT(A2, 3) extracts the first 3 characters from the left.
¢ =RIGHT(A2, 4) extracts the last 4 characters.
e =MID(A2, 2, 5) extracts 5 characters starting from the 2nd character.

These are often used in combination with other functions for structured string parsing or reformatting.
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TEXTSPLIT() or TEXT TO COLUMNS — Split Data into Separate Columns

When text data includes multiple values in a single cell (e.g., "Chicago, IL"), it's often necessary to split the contents into separate
columns for analysis.

e TEXTSPLIT() is a new dynamic array function that splits text based on a specified delimiter:
o =TEXTSPLIT(A2,", ") will return "Chicago" and "IL" in adjacent cells.

e Text to Columns (under the Data tab) is a manual method for splitting columns based on a delimiter (comma, space, tab,
etc.).

Both approaches help restructure unorganized text for easier data analysis.

FIND(), SEARCH(), SUBSTITUTE(), REPLACE() — Text Manipulation

Excel includes powerful string functions for locating and replacing text within cells:

o FIND(find_text, within_text) locates a substring (case-sensitive).

e SEARCH(find_text, within_text) performs the same task but is case-insensitive.

e SUBSTITUTE(text, old_text, new_text) replaces specific characters or words.

e REPLACE(old_text, start_num, num_chars, new_text) replaces characters at a specific location in the text.

Examples:
o =FIND("-", A2) might return 5 if the dash appears in the 5th position.

e =SUBSTITUTE(A2, "-", "/") replaces all dashes with slashes.
e =REPLACE(A2, 1, 3, "XYZ") replaces the first 3 characters with "XYZ".

In Practice
Clean and standardized text data reduces errors, supports better model performance, and ensures consistent reporting. Text
cleaning is often overlooked, but in real-world business contexts—where messy inputs are the norm—it can dramatically improve

the reliability of analytical outcomes.

Analysts who master these Excel text functions can effectively transform chaotic data into structured, accurate, and actionable
information.

This page titled 2.5.3: Text Cleaning and Standardization is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..

©@® 51 (2.5.3.2)


https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/02%3A_Data_Preparation/2.05%3A_Data_Cleaning/2.5.03%3A_Text_Cleaning_and_Standardization
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTexts"

2.5.4: Formatting Inconsistencies

In real-world datasets, it is common to encounter formatting inconsistencies that can interfere with analysis. These
inconsistencies may stem from manual data entry, differing regional settings, or varied software exports. Without addressing
these issues, your data analysis tools may misinterpret values or fail to apply functions properly. As a result, it is crucial to
standardize formats for numerical data, text, and date/time fields early in the data preparation process.

Converting Text to Numbers

One frequent problem is that numerical data are stored as text, which prevents calculations or statistical functions from working
correctly. This can happen when numbers are imported from external systems like text files or web pages. To correct this:

e Use Excel’'s VALUE() function to convert a number stored as text into a proper numeric format.
Example: =VALUE("123") - 123

e Alternatively, use Paste Special — Values after performing an operation like multiplying by 1 or adding ® to coerce Excel into
recognizing the value as numeric.
Example: If column A contains "123" as text, enter =A1*1 in another cell, then copy and paste the result as values.

Standardizing Dates and Times

Date and time values are another common source of inconsistency. Dates might appear in various formats such as MM/DD/YYYY,
DD-MM-YYYY, or even YYYY/MM/DD. In some cases, Excel might misinterpret the format altogether, especially if it's not aligned
with the system’s regional settings.

e Use Excel’s built-in date formatting by selecting the cells, right-clicking, choosing Format Cells, and selecting a consistent
date format under the Date category.

e Alternatively, use the TEXT() function to convert dates into a desired format.
Example: =TEXT(A1,"MM/DD/YYYY")

Using the TEXT() Function to Format Numbers and Dates

The TEXT() function is also valuable for formatting numbers and dates as text in a standardized way. This is helpful when creating
labels, concatenating values, or exporting data where specific formatting is required.

e Format numbers with commas and decimals:
=TEXT(12345.678, "# ##0.00") - "12,345.68"
o Format percentages: =TEXT(0.752, "0.0%") - "75.2%"
e Format dates for consistency across records: =TEXT(A1, "YYYY-MM-DD") - "2025-07-18"

By mastering these formatting techniques, students can ensure that datasets are clean, uniform, and ready for accurate analysis.
This attention to detail helps avoid common pitfalls and enhances the credibility of any analytical output.
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2.5.5: Outlier Detection

Outlier detection is an essential step in the data preparation process, helping to identify values that are significantly different
from the rest of the dataset. These values may result from data entry errors, measurement inconsistencies, or valid but extreme
occurrences. Regardless of the cause, outliers can distort statistical analysis and model results if left unaddressed. Detecting and
appropriately handling these outliers is critical to maintaining the integrity of analytical outcomes.

Outlier detection techniques range from visual inspection to statistical methods and rule-based approaches. Below are some
common ways to detect outliers using spreadsheet tools like Microsoft Excel.

Using Filters, Sorting, or Conditional Formatting

The simplest way to spot outliers is by visually scanning the data using:
e Filters: Use Excel’s filter feature to sort data columns and review the highest or lowest values quickly.
e Sorting: Sorting a column in ascending or descending order allows users to easily spot unusually high or low entries.

e Conditional Formatting: Use color scales or rules (e.g., highlight cells greater than a certain threshold) to draw attention to
potential outliers.

Example:

Apply a conditional formatting rule to highlight all sales figures above $10,000 or below $500, depending on the expected sales
range for your business.

Basic Statistics: Mean and Standard Deviation

A more data-driven method involves statistical metrics, particularly the mean and standard deviation, to define what is considered
“normal” in a dataset.

e Use the =AVERAGE(range) function to calculate the mean of a numeric column.
e Use =STDEV.S(range) to calculate the standard deviation (for a sample).

Once the mean (u) and standard deviation (o) are known, outliers can be defined as any value falling outside a certain number of
standard deviations from the mean. A common rule of thumb is:

e Values more than 2 or 3 standard deviations from the mean may be considered outliers.
Example:

If the mean weekly sales is $2,000 and the standard deviation is $400, then any value below $1,200 or above $2,800 (mean *
20) might be flagged for further review.

Creating Flag Columns for Values Outside Expected Ranges

To automate the detection of outliers, you can create a flag column that checks whether a value falls outside a defined range. This
is particularly helpful when preparing data for analysis or sharing with others.

Example formula in Excel: =IF(OR(A2 < $C$1 - 2*$D$1, A2 > $C$1 + 2*$D%$1), "Outlier", "OK")
Where:

e A2 is the value being checked

¢ $C$%$1 contains the mean

e $D$1 contains the standard deviation

This formula flags any value in cell A2 that is more than 2 standard deviations away from the mean as an “Outlier.”
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These flag columns can then be used to filter the data, highlight anomalies, or exclude extreme values from specific
analyses—such as calculating trends or building predictive models.
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2.5.6: Data Validation and Restriction

Data validation is a critical component of data preparation, particularly during the data entry or collection stage. It ensures
that the data entered into a worksheet or database conforms to specific rules or formats, minimizing the risk of errors and
inconsistencies. By restricting inputs and guiding users with clear prompts, data validation enhances the accuracy, reliability, and
uniformity of datasets.

Microsoft Excel’'s Data Validation tool is a widely used feature for enforcing such rules. It allows users to define acceptable input
types—such as numbers within a certain range, valid dates, or selections from a pre-approved list—directly within the spreadsheet.

Data Validation Tool (Restrict Input to Numbers, Dates, Lists, etc.)

Excel's Data Validation tool can be accessed via the Data tab on the ribbon. With this feature, you can control what type of data is
allowed in a particular cell or range of cells. This reduces the chances of erroneous entries and enforces consistency across the
dataset.

Examples of validation rules include:

e Restricting input to whole numbers: Only allow values between 1 and 100 (e.g., useful for test scores, product quantities).
e Restricting to valid dates: Only allow dates within a specific fiscal year (e.g., January 1, 2024 to December 31, 2024).

e Restricting to text of a certain length: Limit entries to 10 characters or fewer (e.g., for codes or IDs).

e Custom formulas: Apply more complex logic, such as requiring one cell to be greater than another.

Drop-Down Lists for Standard Inputs

A particularly user-friendly feature of data validation is the ability to create drop-down lists. This allows users to select from a
predefined list of acceptable values, reducing ambiguity and eliminating variation in spelling or terminology.

Common uses include:

e Selecting a department from a list (e.g., Marketing, Finance, Operations).
e Choosing a product category (e.g., Electronics, Furniture, Office Supplies).
e Picking a region or location (e.g., North, South, East, West).

To set up a drop-down list in Excel:

1. Highlight the target cell(s).

2. Click Data — Data Validation.

3. In the dialog box, choose List as the validation criteria.

4. Enter the list items directly or refer to a range containing the values.

Error Alerts and Input Messages

To further guide users during data entry, Excel's Data Validation tool offers two helpful messaging options:

e Input Message: A brief note that appears when the user selects the cell, offering guidance on the expected input.
Example: “Enter a date between 1/1/2024 and 12/31/2024."
e Error Alert: A message that appears if the user tries to enter invalid data. You can choose from three alert styles:
o Stop (blocks the entry)
o Warning (allows the entry but prompts the user)
o Information (gives feedback without blocking)

Well-designed input messages and error alerts can greatly reduce user confusion and improve the quality of the data being
collected.
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2.5.7: Combining and Separating Data

In many data analytics tasks, you'll encounter datasets that need to be restructured by either combining data from multiple
cells into one or separating information in a single cell into multiple columns. These transformations are common in business
scenarios such as standardizing customer names, parsing addresses, or merging data fields for reporting. Excel offers several
tools to facilitate these operations efficiently, ranging from simple formulas to advanced features like Power Query.

Merging Data: CONCAT(), TEXTJOIN(), and the & Operator

To combine values from two or more cells into one, Excel provides three primary methods:

e & Operator: The simplest method for joining text. It allows you to concatenate cells or strings manually.
Example: =A2 & " " & B2

e CONCAT() Function: A more modern replacement for the older CONCATENATE() function. It allows you to join text strings or
cell values, but does not insert delimiters between them unless explicitly added.
Example: =CONCAT(A2," ", B2)

e TEXTJOIN() Function: A powerful function that allows you to specify a delimiter (such as a space, comma, or dash) and choose
whether to ignore empty cells.
Example: =TEXTJOIN(" ", TRUE, A2, B2)

These techniques are essential for preparing data for standardized formatting, reporting, or creating lookup keys across datasets.

Splitting Data: Text to Columns Wizard

Conversely, you may need to separate content from a single cell into multiple columns. Excel's Text to Columns wizard is a
powerful tool for this task, especially when data fields are separated by recognizable delimiters like commas, spaces, or tabs.

To use the wizard:

1. Select the column with the data you want to split.

2. Go to the Data tab and click Text to Columns.

3. Choose Delimited or Fixed Width.

4. Define your delimiter(s), preview the results, and click Finish.

Example:
If cell A2 contains "Chicago, IL, 60601, you can use Text to Columns with a comma delimiter to split it into separate columns for
city, state, and ZIP code.

Merging and Transforming with Power Query

For larger and more complex datasets, especially those coming from multiple sources or needing repeatable steps, Power Query
(also known as Get & Transform Data in Excel) is the preferred tool. Power Query provides a user-friendly interface for:

e Merging tables using keys (e.g., Customer ID, Product Code)
Appending multiple datasets into one

e Transforming data through filtering, renaming, reshaping, and splitting
e Automating repeatable steps with minimal coding

To launch Power Query:

1. Go to the Data tab.
2. Choose Get Data (from Workbook, Text/CSV, Web, etc.).
3. Use the Query Editor to apply transformations and combine data as needed.
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Example:
You may have two separate sales reports — one for Q1 and one for Q2 — stored in different Excel files. With Power Query, you
can load both files, transform them to ensure identical column structures, and append them into one unified dataset ready for
analysis.

Because Power Query maintains a record of all steps taken, it enables automation — you can refresh the data later without
repeating the manual steps.
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2.5.8: Filtering and Sorting for Quality Checks

Before conducting any analysis, it is essential to verify the quality and consistency of your dataset. Filtering and sorting are simple
yet powerful techniques that allow users to quickly identify and investigate issues such as blank fields, outliers, inconsistencies,
and other anomalies. These functions, built into spreadsheet software like Microsoft Excel, are foundational tools for any data
professional.

Filter Out Blanks or Invalid Values

One of the first steps in quality assurance is identifying missing or invalid values. These can significantly distort results, especially
if the missing entries are concentrated in key variables such as sales figures, dates, or customer identifiers.

To filter out blanks:

Select the column you want to check.

Use the Filter option under the Data tab.

Click the dropdown arrow for the selected column.
Uncheck "(Blanks)" to view only records with data.

HPwWN

This makes it easy to isolate and examine records with complete information or, conversely, to focus solely on missing entries for
review or correction.

In addition to blanks, filters can also help identify invalid values, such as:
e Entries outside expected ranges (e.g., negative ages or prices)
e Text in a column that should contain numbers

e Unexpected categories or typos (e.g., “CA” vs. “Calif” vs. “California”)

By applying filters to spot such irregularities, you can clean and standardize your data before analysis, ensuring more accurate
insights.

Sort by Numeric or Date Values to Spot Anomalies

Sorting allows you to quickly detect anomalies in numerical or date-based fields. For instance:

e Sorting a revenue column from largest to smallest can reveal implausibly high values.
e Sorting a date column in ascending order may uncover future dates or dates outside your analysis window.
e Sorting by quantity sold can highlight negative sales or extremely large transactions that warrant further investigation.

To sort data in Excel:

1. Select the data range or click inside the dataset.
2. Go to the Data tab.
3. Use the Sort A to Z or Sort Z to A options for numeric and text fields.

Sorting is particularly effective when combined with conditional formatting, allowing users to flag outliers visually while organizing
the dataset by magnitude or sequence.

By incorporating regular filtering and sorting into your data preparation workflow, you create a critical first line of defense against
poor data quality. These techniques not only enhance accuracy but also help uncover stories hidden in the data—stories that
might otherwise go unnoticed.
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2.5.9: Error Checking

Error checking is a vital step in data preparation and analysis. Inconsistent formulas, broken references, or incorrect calculations
can lead to misleading results. Microsoft Excel offers a variety of tools and functions to help users detect, understand, and correct
errors in their worksheets. These tools not only save time but also improve the accuracy and reliability of your work.

IFERROR() and ISERROR() Functions

These functions are particularly useful when working with formulas that might return an error under certain conditions. Instead of
displaying error messages like #DIV/O!, #N/A, or #VALUE!, you can use these functions to substitute more user-friendly outputs
or blank cells.

e IFERROR(value, value_if_error): This function returns the result of a formula unless it results in an error, in which case it
returns the value you specify.
Example: =IFERROR(A1/B1, "Check divisor")

e ISERROR(value): This function returns TRUE if the value is any error type and FALSE otherwise.
Example: =IF(ISERROR(A1/B1), "Error", A1/B1)

Excel’'s Built-in Error Checking Tool

Excel automatically flags cells with potential errors by displaying a small green triangle in the top-left corner of the cell. By clicking
on the cell and selecting the warning icon, you can see a description of the error and suggestions for correction.

You can also run a worksheet-wide scan using the Error Checking feature:
1. Go to the Formulas tab.

2. Click on Error Checking in the Formula Auditing group.
3. Use the dialog to navigate through each issue one at a time.

Formula Auditing Tools (Trace Dependents/Precedents)

Formula auditing tools help you understand the logic and structure of complex formulas by visually showing the relationships
between cells. These tools include:

e Trace Precedents: Shows arrows pointing to cells that are used by the current formula.
e Trace Dependents: Displays arrows to cells that use the current cell in their formulas.
e Evaluate Formula: Walks through the steps of a formula to help debug complex logic.

Using these tools is especially helpful when working with large spreadsheets, inherited workbooks, or collaborative documents.
They help trace the source of an error and prevent unintended disruptions caused by changes to dependent cells.
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2.6: Comparing Tools for Enterprise Data Preparation and
Visualization

Effective data preparation is essential for ensuring the accuracy, consistency, and relevance of datasets before analysis. A wide
range of tools—both open-source and proprietary—are available to simplify and streamline this process. By organizing tools based
on their functionality, this section highlights how each category serves specific aspects of data preparation, helping businesses
optimize their workflows and enhance analytics outcomes.

Key Techniques for Data Cleaning and Transformation

The table below shows a comparison of commonly used tools for basic data cleaning and transformation.

Commonly used tools for basic data cleaning along with their key features and use cases.

Key Features Use Cases

Microsoft Excel Data cleaning, sorting, filtering, and Suitable for small datasets and
basic transformations individual-level analysis

Python (pandas, scikit-learn) Libraries for data manipulation, Ideal for scalable workflows and
automation, and machine learning advanced data preparation tasks

preprocessing

R (dplyr, tidyr) Data wrangling and transformation for Popular in academic and statistical data
statistical analysis preparation tasks

In today’s data-driven organizations, raw data rarely comes from a single source or in a ready-to-use format. Instead, data often
exists in different systems—such as sales platforms, customer databases, marketing tools, or supplier networks. To make sense
of this fragmented data, businesses rely on a process called Extract, Transform, and Load (ETL).

Extract, Transform, and Load (ETL) Tools

The ETL process plays a vital role in integrating, cleaning, and preparing data for analysis. First, data is extracted from various
sources—this could include cloud-based applications, spreadsheets, databases, or Application Programming Interfaces (APIs).
Next, during the transformation phase, the data is cleaned, reformatted, aggregated, and validated to ensure consistency and
relevance. Finally, the clean and structured data is loaded into a centralized destination such as a data warehouse, where it is
ready for analysis, reporting, or machine learning.

ETL tools automate and streamline this process, saving time, improving data accuracy, and enabling scalability. The table below
highlights several leading ETL tools, along with their key features and use cases.
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Leading ETL tools along with their key features and use cases.

Key Features

Use Cases

Alteryx

Talend

Apache NiFi

SAS

Drag-and-drop interface for data
blending and transformation

Open-source and enterprise solutions
for ETL processes and data integration

Real-time data integration and flow

automation

Data integration, cleaning, and advanced

statistical analysis

Enterprise-grade ETL for medium to
large datasets

Handling complex workflows across
multiple data sources

Useful for streaming data and

integrating multiple data pipelines

Enterprise-grade analytics for

healthcare, finance, and government

Leading Tools for Data Preparation and Visualization

Some tools specialize in data wrangling and preparation, while others focus on creating interactive dashboards and visual
reports. Increasingly, many platforms offer both capabilities. The table below provides an overview of leading tools used for data

preparation and visualization.

Leading tools for data preparation and visualization, along with their key features, use cases, and visualization capabilities.

Key Features

Use Cases

Visualization Capabilities

Microsoft Excel

Power BI

Tableau Prep

Tableau Desktop

©@®

Data cleaning (sort, filter,
remove duplicates), formulas,
pivot tables, and Power
Query.

Power Query for data
cleaning; integrates well with
Excel and Azure.

Cleans, shapes, and
combines data; feeds into
Tableau Desktop or Cloud.

Drag-and-drop interface for
building interactive
dashboards and reports.

Widely used for exploratory
analysis, quick modeling, and
business reporting.

Used in corporate settings for
business intelligence and
reporting.

Data prep before visual
analytics.

Analysts and business users
create rich visualizations.
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Built-in charts, pivot charts,
and conditional formatting;
limited interactivity.

Built-in interactive
dashboards, charts, and
visuals.

Minimal; supports previewing
but not publishing visuals.

Robust visuals: maps,
trendlines, forecasts,
interactive charts.
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Key Features

Use Cases

Visualization Capabilities

Tableau Cloud

Alteryx

IBM SPSS

SAS (Enterprise Guide, Visual
Analytics)

Python (Pandas, Seaborn,
Matplotlib)

R (dplyr, ggplot2)

Online platform for sharing
dashboards, managing
permissions, and
collaboration.

Drag-and-drop workflows for
data blending and analytics.

Data cleaning, transformation,
and statistical modeling.

Comprehensive suite for data
cleaning, manipulation, and
statistical modeling.

Programmatic data wrangling
and analytics.

Streamlined data
transformation with elegant
plotting libraries.

Mini Case: Tableau in Retail

Teams and execs access
dashboards on-demand from
any device.

Rapid prototyping, ETL
pipelines, and automation.

Academic and market
research analysis.

Used in corporate, healthcare,
and financial analytics.

Data science, machine
learning, and predictive
modeling.

Academic research,
statistical computing, and
marketing analytics.

Same visuals as Tableau
Desktop; supports embedded
dashboards and alerts.

Minimal; often integrated with
Tableau or Power BI for final
visualizations.

Basic charts and statistical
plots; not built for dynamic
dashboards.

Visual Analytics offers
interactive dashboards;
Enterprise Guide offers basic
charts.

Powerful custom
visualizations; supports
dashboards with Plotly and
Dash.

Advanced static and
interactive plots with ggplot2,
Shiny, and plotly.

A national clothing retailer uses Tableau Prep to clean and blend data from point-of-sale and e-commerce channels before
visualizing sales trends across regions in Tableau Desktop.

Summary

In summary, choosing the right tools for data preparation and visualization depends on the complexity of the data, the needs
of the organization, and the skill level of the user. From spreadsheet-based tools like Excel to enterprise platforms like Alteryx,
Tableau, and SAS, each offers unique advantages. Whether the goal is quick cleanup, robust transformation, or dashboard-ready
insights, aligning the tool with the task is key to delivering effective and reliable analytics.

Review Questions

1. What are the benefits of using ETL tools like Talend and Apache NiFi for enterprise-level data preparation?
2. How do tools like Tableau Prep and Power BI simplify the data preparation process for visualization?

©@®
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3. What factors should a company consider when choosing between open-source tools like R, Python and proprietary tools like
SAS or Alteryx for data preparation?

This page titled 2.6: Comparing Tools for Enterprise Data Preparation and Visualization is shared under a CC BY 4.0 license and was authored,
remixed, and/or curated by Elbert L. Hearon, M.B.A., M.S..
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2.7: Ethical and Legal Considerations

In today’s data-driven world, the ethical and legal dimensions of data usage have become paramount. Organizations must not
only leverage data to gain insights but also ensure that their practices uphold fairness, transparency, and accountability. Legal
frameworks like GDPR and CCPA establish the boundaries within which data must be handled, while ethical considerations ensure
that businesses act responsibly. This section explores these critical aspects, offering insights into how organizations can navigate
the complex landscape of ethical and legal data practices.

Key Ethical Considerations

As the use of data becomes increasingly central to business strategy, organizations must balance innovation with responsibility.
Ethical data practices are essential to building trust with customers, maintaining brand integrity, and ensuring compliance
with legal and societal expectations. Ethical issues often arise not just during analysis, but at the earliest stages—during data
collection, preparation, and usage.

Key ethical principles include protecting individuals' privacy, avoiding bias in algorithms and datasets, ensuring transparency in
how data is handled, taking accountability for data-driven decisions, and securing clear consent from data subjects. Neglecting
these principles can lead to reputational damage, regulatory penalties, and the erosion of public trust.

The following table outlines the most common ethical concerns in data preparation and usage. It includes a brief description of
each issue and a real-world example to illustrate how organizations can proactively address these challenges.

Common Ethical Concerns in Data Preparation and Usage

Ethical Concern Description Example

Privacy Protecting individuals’ personal data | Organizations anonymizes customer
from misuse or unauthorized access | transaction data before using it for analysis to
protect privacy.

Bias and Fairness Avoiding biases in data that lead to Organizations reviews its predictive models to
unfair or discriminatory outcomes ensure they do not favor specific demographic
groups.
Transparency Clearly communicating how data is Organizations informs customers about how
collected, used, and shared their data will be used in personalized

marketing campaigns.

Accountability Taking responsibility for the Organizations sets up review processes to
outcomes of data-driven decisions ensure ethical use of predictive analytics in
hiring decisions.

Consent Ensuring individuals agree to the Organizations obtains explicit consent from
collection and use of their data customers before collecting data through
loyalty programs.

©@® 65 (2.7.1)



LibreTexts"

Review Questions

Why is transparency essential in data usage, and how can organizations communicate their data practices effectively?
Describe two potential biases in predictive analytics and how they could impact decision-making.

3. What are the key requirements of General Data Protection Regulation (GDPR), and how might these influence data
preparation and analysis for global businesses?

N =

Summary

In summary, ethical and legal considerations are integral to responsible data usage, helping organizations balance innovation
with accountability. By addressing issues like privacy, bias, and regulatory compliance, businesses can build trust with
stakeholders and avoid reputational or legal risks. These practices ensure that data analytics contributes positively to both
organizational goals and societal values.

This page titled 2.7: Ethical and Legal Considerations is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert
L. Hearon, M.B.A., M.S..
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2.8: Chapter 2 Summary

Effective data analysis begins with high-quality data. This chapter introduced the core steps of data preparation, including
collecting, cleaning, transforming, and organizing datasets for analysis. Students learned how to identify and address common
data issues such as missing values, duplicate entries, outliers, and inconsistent formats using tools like Microsoft Excel.

We explored the importance of data quality and how it impacts the reliability of insights. We also reviewed a variety of tools—from
spreadsheets to advanced platforms like Python, R, Tableau, and Alteryx—that support different levels of data preparation. The
Extract, Transform, and Load (ETL) process was introduced as a structured method for integrating data from multiple sources into
a single, usable format.

Ultimately, the chapter emphasized that thoughtful data preparation leads to better decisions and more accurate models. Whether

students are using basic tools or enterprise-grade platforms, their ability to clean and structure data lays the foundation for
effective analytics and impactful storytelling.

This page titled 2.8: Chapter 2 Summary is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A,, M.S..
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2.9: Chapter 2 Exercises

Answer each question using information provided in this chapter or based on your research using other credible sources.
Multiple Choice Questions
1. Which of the following is NOT a key dimension of data quality?
a) Accuracy
b) Completeness
c) Scalability

d) Timeliness

2. Which data collection method is most suitable for gathering real-time data from connected devices?

a) Surveys and Questionnaires
b) APIs

c) IoT Devices

d) Web Scraping

3. In data cleaning, which technique is typically used to address missing values?

a) Deduplication

b) Imputation

c) Pivoting

d) Aggregation

4. What is the primary benefit of using ETL tools like Talend or Alteryx?

a) Data visualization

b) Data integration and transformation
c) Statistical modeling

d) Real-time data scraping

5. Which regulation focuses on protecting children’s privacy online?

a) GDPR

b) HIPAA
c) COPPA
d) PCI DSS

Short Answer Questions

6. Why is data preparation considered a critical step in the data analytics workflow? Provide an example of the consequences of
skipping this step.

7. Describe two techniques used to handle outliers in a dataset and explain when each technique might be most appropriate.

8. What are three key benefits of data preparation, and how do they contribute to better business decision-making? Provide
specific examples for each benefit.

Case-Based Questions

9. How can IoT devices and APIs enhance a company’s inventory management system. What challenges might arise in integrating
these data sources?

10. A credit card company integrates data from warehouses, third-party sellers, and customer feedback. Discuss the potential
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consistency issues that could occur during this process and recommend steps that a company like Amazon could take to address
these challenges.

11. Imagine a company faces an issue with duplicate customer records in its customer relationship management system. Describe
the steps the company should take to resolve this issue and the tools it might use.

This page titled 2.9: Chapter 2 Exercises is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A., M.S..
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3: EXPLORATORY DATA ANALYSIS
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3.2: Visualizing Data
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3.5: Chapter 3 Exercises

3.6: Appendix 1 - Creating Visualizations in Microsoft Excel

EXPLORATORY
DATA ANALYSIS

Data Pattern
Summarization Identification
Calculating measures Uncovering trends,

like the mean, median relationships, and outliers
and standard deviation in the data
Visualization Feature
Creating plots such as Extraction
histograms, scatter plots, Deriving new variables
and box plots and reducing

dimensionality

This page titled 3: Exploratory Data Analysis is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
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3.1: INTRODUCTION TO EXPLORATORY DATA ANALYSIS

Exploratory Data Analysis (EDA) is a critical step in the analytics workflow, bridging the gap between data preparation and
modeling. EDA involves examining datasets to uncover patterns, detect anomalies, and test hypotheses using visual and
quantitative techniques. By thoroughly exploring data, analysts can ensure that the dataset is well-prepared and aligned with
analytical objectives, reducing the risk of flawed insights in subsequent steps.

EDA provides the foundation for meaningful and accurate analytics by revealing data distributions, relationships, and potential
outliers. With this understanding, we proceed to explore descriptive statistics and their role in EDA.

Descriptive Statistics Basics

Descriptive statistics summarize the main characteristics of a dataset, providing insights into central tendency, variability, and
distribution. These measures are essential for understanding the structure of data before applying advanced analyses. In this
section, we explore numerical summaries and their practical applications.

Numerical Summaries of Descriptive Statistics

Numerical summaries condense datasets into digestible metrics, highlighting key statistical measures. Below is a detailed table
outlining common descriptive statistics, their formulas, and purposes.

Common descriptive statistics, their formulas, and purposes.

Measure Definition Formula/Method Purpose

Minimum Smallest value in the dataset Identify the smallest data Establishes the lower
point boundary of the data
Maximum Largest value in the dataset Identify the largest data point | Establishes the upper

boundary of the data

Quartiles Values dividing data into four equal | Find: Understands data spread and

parts identifies potential outliers
(Q1, @2, Q3) Q1(25%)

Q2 (Median, 580%) Q3 (75%)

Percentiles Value below which a given Use software to calculate Provides insight into specific
percentage of observations fall (e.g., 90th percentile) data thresholds
Mean Arithmetic average of the dataset Mean = Sum(x) / n Indicates central tendency;

sensitive to outliers

Median Middle value when data is ordered | Middle value or average of Robust to outliers; shows
two middle values central value
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Measure Definition Formula/Method Purpose

Mode Most frequently occurring value(s) | Identify the most common Useful for categorical or
value(s) repeated data
Range Difference between maximum and | Range = Maximum - Indicates the overall spread
minimum Minimum of the data
Variance Average squared deviation from Population: Measures variability in data
the mean

o?=Z%(x-u)?/N
Sample:

s?2=3(x-x)?/ (n-1)

Standard Deviation Square root of variance Population: Quantifies spread in original
o = 40? units of data

Sample: s = s?

The following table outlines Microsoft Excel functions for calculating these descriptive statistics, providing quick and practical
methods for analysis. [Note: "(range)" denotes the data cells (i.e., A2:A15) that consist of numbers to be calculated.]

Excel Functions for Calculating Descriptive Statistics

Microsoft Excel functions noting measure and description.

Measure Excel Function Description

Minimum =MIN(range) Finds the smallest value in the
specified range.

Maximum =MAX(range) Finds the largest value in the specified
range.
Quartiles =QUARTILE.EXC(range, quart) Finds specified quartile; EXC excludes

extremes, INC includes them.
=QUARTILE.INC(range, quart)

Percentiles =PERCENTILE.EXC(range, k) Finds the value below which k% of the
data falls.
=PERCENTILE.INC(range, k)
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Measure Excel Function Description

Mean =AVERAGE(range) Calculates the arithmetic average of the
data.

Median =MEDIAN(range) Finds the middle value in the dataset.

Mode =MODE.SNGL(range) Finds the most frequently occurring

value in the dataset.

Range =MAX(range) - MIN(range) Calculates the difference between the
maximum and minimum values.

Variance =VAR.P(range) Calculates variance for population
(VAR.P) or sample (VAR.S).
=VAR.S(range)
Standard Deviation =STDEV.P(range) Calculates standard deviation for
population (STDEV.P) or sample
=STDEV.S(range) (STDEV.S).

With a clear understanding of what descriptive statistics are and how they summarize key aspects of a dataset, we are now ready
to apply these concepts using real-world tools. In the next sections, we will demonstrate how to compute and interpret descriptive
statistics using two commonly used platforms in business analytics: Microsoft Excel and Tableau Desktop. These tools not only
streamline the process of summarizing data but also enhance our ability to identify patterns, anomalies, and trends visually and
numerically. Let’s begin by exploring how Excel can be used to generate these foundational statistics with ease.

3.1.1: Descriptive Statistics using Excel

3.1.2: Descriptive Statistics and Visual Exploration Using Tableau Public
3.1.2.1: Introduction to Tableau Public - Connecting an Excel File
3.1.2.2: Show Me Function- Tableau Basics
3.1.2.3: Building Charts and Graphs in Tableau

This page titled 3.1: Introduction to Exploratory Data Analysis is shared under a CC BY 4.0 license and was authored, remixed, and/or curated
by Elbert L. Hearon, M.B.A., M.S..
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3.1.1: Descriptive Statistics using Excel

Descriptive statistics summarize the central tendency and variability in a dataset. The following examples demonstrate how to
calculate these statistics using built-in Excel functions based on the dataset: 10, 20, 30, 40, 50, located in cells A1 through A5 of
an Excel spreadsheet.

Minimum

Excel Function: =MIN(A1:A5)
Result: 10

1st Quartile (Q1)

Excel Function: =QUARTILE.EXC(AT:A5, 1) or =QUARTILE.INC(AT:A5, 1)
Result: 20 (either function in this case)

Median (Q2)

Excel Function: =MEDIAN(AT:A5)
Result: 30

3rd Quartile (Q3)

Excel Function: =QUARTILE.EXC(A1:A5, 3) or =QUARTILE.INC(A1:A5, 3)
Result: 40

Maximum

Excel Function: =MAX(A1:A5)
Result: 50

Range

Excel Function: =MAX(A1:A5) - MIN(AT:A5)
Result: 50 - 10 = 40

Variance

The average of the squared deviations from the mean.

Sample Variance: =VAR.S(A1:A5) - Result: 250
Population Variance: =VAR.P(A1:A5) — Result: 200

Use the sample version when analyzing a portion of a larger group. Use the population version when analyzing the entire group.

Standard Deviation

The square root of the variance.
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Sample Std. Dev.: =STDEV.S(A1:A5) — Approx. 15.81
Population Std. Dev.: =STDEV.P(A1:A5) - Approx. 14.14

Using Excel’'s Data Analysis ToolPak

The information above shows how to compute descriptive statistics using Excel functions directly. Alternatively, Excel's Data
Analysis ToolPak provides a built-in feature to generate summary statistics more quickly and visually.

Watch this video for a brief demonstration for generating descriptive statistics using Excel's Data Analysis ToolPak: Descriptive
Statistics in Excel.

This page titled 3.1.1: Descriptive Statistics using Excel is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert
L. Hearon, M.B.A., M.S..
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3.1.2: DESCRIPTIVE STATISTICS AND VISUAL EXPLORATION

USING TABLEAU PUBLIC

Tableau Public is a free and accessible data visualization tool that empowers users to explore and analyze datasets through
interactive charts, graphs, and dashboards. In the context of Exploratory Data Analysis (EDA), Tableau Public enables
users—especially students and beginners—to uncover patterns, identify trends, and summarize descriptive statistics without
requiring programming or a paid license.

Unlike static spreadsheets, Tableau Public allows users to interact with data by dragging and dropping fields, applying filters, and
instantly changing visual perspectives. This dynamic interaction helps analysts examine data distributions, understand variability,
and identify potential outliers in a visual and intuitive way.

Key capabilities of Tableau Public relevant to descriptive and exploratory analysis include:

e Connecting to structured data files such as Microsoft Excel and CSV formats.

e Building visual summaries including bar charts, histograms, scatter plots, box plots, and line graphs.

e Using the “Show Me” panel to automatically generate recommended charts based on selected variables.

o Displaying descriptive statistics—such as sum, average, median, minimum, maximum, and standard deviation—through the
built-in Summary card.

e Enhancing charts with trend lines and reference lines to support further interpretation.

¢ Creating dashboards that consolidate multiple charts for multi-faceted insights.

Tableau Public does more than calculate summary metrics—it provides an engaging and exploratory environment where users

can visually interpret those statistics in real-time. This makes it a powerful tool for anyone seeking to understand the structure
and behavior of data before performing more complex analysis.

Video Demonstration
Title: Tableau Public for ULTRA Beginners
Tableau Public for ULTRA Beginners

3.1.2.1: Introduction to Tableau Public - Connecting an Excel File
3.1.2.2: Show Me Function- Tableau Basics
3.1.2.3: Building Charts and Graphs in Tableau

This page titled 3.1.2: Descriptive Statistics and Visual Exploration Using Tableau Public is shared under a CC BY 4.0 license and was authored,
remixed, and/or curated by Elbert L. Hearon, M.B.A., M.S..
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3.1.2.1: Introduction to Tableau Public - Connecting an Excel
File

Tableau Public makes it easy for users to get started with data visualization by offering a free, accessible platform for building
charts and dashboards. One of the most common use cases in both business and academic settings is connecting Tableau to
Microsoft Excel files. Excel remains a dominant format for storing, organizing, and analyzing structured data, making it an ideal
starting point for visual analysis.

When opening Tableau Public, users are greeted with a connection panel that offers options for importing different types of files,
such as Microsoft Excel, text files (CSV), and Google Sheets. For this course, we focus on connecting Excel files, since they are
widely available, easy to edit, and commonly used in business analytics.

Connecting to an Excel file in Tableau involves just a few simple steps: selecting the file, choosing the sheet(s) to import, and
viewing the fields in Tableau's data source page. Once connected, Tableau automatically categorizes the fields into dimensions
(categorical data) and measures (numeric data), and assigns data types such as text, number, or date. This streamlined process
allows users to begin building visualizations almost immediately.

The following short video demonstrates how to connect an Excel file in Tableau Public. It provides a step-by-step overview of
navigating the interface, selecting the appropriate file, and preparing it for visualization.

Video Demonstration - Title: Connecting an Excel File in Tableau Public

Connecting to Tableau Public - Connecting an Excel File

This page titled 3.1.2.1: Introduction to Tableau Public - Connecting an Excel File is shared under a CC BY 4.0 license and was authored, remixed,
and/or curated by Elbert L. Hearon, M.B.A., M.S..
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3.1.2.2: Show Me Function- Tableau Basics

The “Show Me” panel in Tableau Desktop is a core feature designed to simplify the process of building visualizations. It serves as
a recommendation engine that suggests appropriate chart types based on the data fields selected. This makes it an especially
helpful tool for beginners who may not yet be familiar with which visual best fits a given analysis.

When a user selects one or more fields in the data pane, the Show Me panel highlights compatible chart options, such as bar
charts, scatter plots, line graphs, maps, pie charts, and more. With a single click, Tableau automatically generates the selected
chart and places the fields into the correct roles on the Columns, Rows, and Marks shelves. This eliminates the need to know
precise chart-building mechanics and allows the user to focus more on interpreting insights.

While advanced users may eventually prefer to build charts manually for greater control, the Show Me panel remains a valuable
feature for rapid prototyping, teaching, and exploratory analysis. It enables users to try out multiple chart types quickly and
compare how different visuals represent the same data.

The following short video demonstrates how the Show Me function works in Tableau Desktop, providing a practical overview for
new users.

Video Demonstration - Title: Show Me Function: Tableau Basics

Show Me Function: Tableau Basics

This page titled 3.1.2.2: Show Me Function- Tableau Basics is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..
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3.1.2.3: Building Charts and Graphs in Tableau

One of Tableau Desktop’s most powerful features is its ability to help users build a wide variety of charts and graphs with minimal
effort. Visualizing data in multiple formats is essential for uncovering trends, comparing categories, highlighting outliers, and
telling compelling data stories. In Tableau, users can select data fields and instantly transform them into meaningful visualizations
using the drag-and-drop interface combined with the “Show Me” panel.

Charts are not just visual decorations—they communicate the structure of data. For example, a bar chart makes it easy to compare
total sales across regions, while a scatter plot helps visualize the relationship between two numeric variables such as sales and
profit. Line graphs are excellent for showing trends over time, while pie charts, though used sparingly, help illustrate parts of a
whole. Tableau allows for the creation of each of these chart types—and more—within seconds.

The “Show Me” panel is particularly useful when getting started. After selecting one or more fields in the data pane, Tableau
highlights which chart types are appropriate and automatically generates the visual when a selection is made. Users can also
build visuals manually by dragging fields into the Columns and Rows shelves, then fine-tuning marks, colors, labels, and tooltips
to enhance interpretation.

To gain a clear understanding of how to build charts and graphs using Tableau, the following short video demonstrates the process

of creating 10 different chart types in just over 1® minutes. It is ideal for beginners who want a quick overview of Tableau’s chart-
building functionality.

Video Demonstration - Title: How to Build 10 Tableau Charts in 10-ish
Minutes

How to Build 10 Tableau Charts

This page titled 3.1.2.3: Building Charts and Graphs in Tableau is shared under a CC BY 4.0 license and was authored, remixed, and/or curated
by Elbert L. Hearon, M.B.A., M.S..
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3.2: VISUALIZING DATA

Data visualization bridges the gap between raw data and actionable insights by presenting information in a graphical format. It
allows analysts to identify patterns, trends, and anomalies that might be difficult to detect in numerical data alone. From simple
charts to complex, interactive dashboards, visualization techniques enable clear communication of findings, support data-driven
decision-making, and enhance storytelling. In this section, we explore various visualization tools and techniques that are essential
for effective data analysis and presentation.

The choice of visualization technique depends on the type of data and the specific insights being sought. The following table
outlines some of the most commonly used visualization tools and techniques, their descriptions, and typical use cases, along with
examples of software that can create these visualizations.

Commonly used visualization tools and techniques, their descriptions, and typical use cases, along with examples of software that

can create these visualizations.

Visualization Technique

Description

Use Cases

Example Tool

Histogram

Scatter Diagram (Scatterplot)

Box Plot

Heatmap

Line Chart

Bar Chart

Pie Chart

©@®

Graphically represents the
frequency distribution of a
dataset.

Displays relationships
between two numerical
variables as individual points.

Summarizes data using
quartiles, showing spread and
potential outliers.

Uses color intensity to
represent values in a matrix
or grid.

Displays trends over time or
sequential data points.

Represents categorical data
with rectangular bars
proportional to their values.

Displays proportions of a
whole as slices of a circle.

Understanding the
distribution of numerical
data.

Identifying correlations or
trends between variables.

Comparing distributions
across categories.

Identifying patterns in large
datasets (e.g., correlation
matrices, sales trends).

Monitoring changes over
time, such as stock prices or
sales.

Comparing quantities across
different groups or
categories.

Showing percentage
breakdowns (e.g., market
share).
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Microsoft Excel, R/RStudio,
Python, Tableau Desktop,
Power BI

Microsoft Excel, R/RStudio,
Python, Tableau Desktop,
Power BI

Microsoft Excel, R/RStudio,
Python, Tableau Desktop,
Power BI

Tableau Desktop, Power BI,
R/RStudio, Python

Microsoft Excel, R/RStudio,
Python, Tableau Desktop,
Power BI

Microsoft Excel, R/RStudio,
Python, Tableau Desktop,
Power BI

Microsoft Excel, R/RStudio,
Python, Tableau Desktop,
Power BI
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Visualization Technique Description Use Cases Example Tool

Stem-and-Leaf Plot Represents data distribution | Highlighting data distribution | Microsoft Excel, R/RStudio,
and preserves individual data | for small datasets. Python, Tableau Desktop,
points. Power BI

Word Cloud Represents text data where Analyzing keywords in R/RStudio, Python, Tableau
word frequency determines customer reviews or survey Desktop, Power BI
the size of the word. responses.

Bubble Chart Extends a scatterplot by Visualizing three-variable R/RStudio, Python, Tableau
adding a size dimension to relationships (e.g., sales by Desktop, Power BI
each data point. region and product category

size).
Example

Suppose a retail company seeks to leverage data visualization to uncover actionable insights from its sales performance. By
creating a Tableau dashboard, the retailer can explore key metrics such as daily sales, foot traffic, and customer satisfaction.
Visualizations like histograms, scatter plots, and heatmaps will help identify patterns, relationships, and anomalies, enabling
better decision-making and strategic planning.

Review Questions

How can a company use a histogram of daily sales to identify peak performance periods across stores?

What insights might a company gain from a scatter plot showing the relationship between foot traffic and daily sales,

particularly when promotions are applied?

3. How could a heatmap highlighting correlations among sales, foot traffic, and customer satisfaction help a company prioritize
operational improvements?

4. Why is data visualization considered a crucial part of exploratory data analysis? Provide examples of how visualizations can
reveal patterns or trends that might not be evident in raw data.

5. Describe the differences between a histogram, scatter plot, and heatmap. In what scenarios would each visualization be most
effective?

6. How can visualization techniques like heatmaps and box plots help businesses address outliers or inconsistencies in their

data? Provide examples.

N~

Data visualization plays a vital role in transforming raw data into meaningful insights. By converting complex datasets into clear
graphical formats, visualization enables analysts and decision-makers to quickly grasp patterns, detect trends, and uncover
anomalies that might otherwise be hidden in rows of numbers. Whether it's a simple bar chart or an interactive dashboard,
effective visualization elevates data analysis by improving communication, enhancing storytelling, and driving smarter decisions.

This section introduces students to a wide array of visualization techniques, each suited to different types of data and analytical
objectives. For example, histograms are ideal for examining the distribution of numerical variables, while scatter plots help
identify relationships between two continuous variables. Box plots offer a concise summary of data dispersion and potential
outliers, and heatmaps use color intensity to reveal patterns within large datasets, such as correlations among variables. Other
techniques such as line charts, bar charts, and pie charts are commonly used to monitor trends, compare categories, or illustrate
proportional breakdowns.

More specialized tools like stem-and-leaf plots, bubble charts, and word clouds serve niche purposes—ranging from preserving

exact data points in small samples to visualizing relationships among three variables or analyzing text data. Software platforms
like Microsoft Excel, Python, RStudio, Tableau, and Power BI enable users to create these visualizations with varying levels of
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customization and interactivity.

A real-world example of this comes from a retail company that uses Tableau dashboards to monitor sales, foot traffic, and
customer satisfaction. By incorporating various visualizations—such as histograms for sales distribution, scatterplots for analyzing
promotional impact, and heatmaps for multi-variable correlation—the company can gain a comprehensive view of operational
performance and identify opportunities for strategic improvement.

Before exploring the limitations of data visualization and exploratory analysis, let’'s apply what we've learned by walking through
concrete examples. The next section demonstrates how to construct and interpret commonly used visualizations—including
histograms, bar charts, scatterplots, pie charts, and dual-axis charts—using a single dataset. Each example includes step-by-step
instructions in Microsoft Excel and a brief business interpretation.

3.2.1: Distribution and Spread
3.2.2: Comparison and Trends
3.2.3: Quick Reference - Chart Types for EDA

This page titled 3.2: Visualizing Data is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
M.S..
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3.2.1: Distribution and Spread

Understanding the distribution and spread of data is a key element of Exploratory Data Analysis (EDA). Visual tools such as
scatter plots, histograms, and box plots provide intuitive insights into relationships, patterns, and outliers within a dataset. These
visualizations help analysts detect trends, spot anomalies, and summarize variation in the data. Note: There are brief videos
after each chart type that demonstrates how to create them in Excel.

Scatter Plot

A scatter plot is a type of data visualization used to display the relationship between two numerical variables. Each point on the
plot represents a single observation in the dataset, with the position determined by the values of the two variables—one plotted
along the x-axis and the other along the y-axis.

Scatter plots help identify patterns such as positive or negative relationships, clusters of data, and potential outliers. A positive
relationship is shown when points trend upward from left to right, meaning as one variable increases, the other tends to increase
as well. A negative relationship appears when points trend downward, indicating that as one variable increases, the other
decreases.

Scatter plots are especially useful in exploratory data analysis and in assessing whether a linear regression model may be
appropriate to describe the relationship between the variables.

In the example below, sales and profit are plotted to examine whether a positive relationship exists. The upward trend of points
suggests that higher sales are generally associated with higher profit, which can help guide predictive or strategic analysis.

Scatter Plot of Sales vs Profit
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Click on the following link for a brief video for creating a scatter chart in Excel: Create an XY Scatter Chart in Excel

Histogram

A histogram is a graphical representation that shows the distribution of a single numerical variable. It works by dividing the data
into continuous intervals, called bins or classes, and then counting how many data points fall into each bin. These counts are
represented as vertical bars, with the height of each bar corresponding to the frequency of data within that interval.

Histograms are useful for identifying the shape of the data distribution—such as whether it is symmetric, skewed, uniform, or
bell-shaped. They also help reveal patterns such as modality (e.g., unimodal or bimodal distributions), as well as the presence of
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gaps or outliers in the data.

By examining a histogram, one can quickly get a sense of where values are concentrated, how spread out they are, and whether
the data appear to follow a normal distribution or not.

The histogram below represents a normally distributed set of sales data. Most values fall within the center of the distribution,
indicating a symmetric shape.

Histogram of Simulated Sales (Normal Distribution)
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Click on the following link for a brief video on making a histogram in Excel: How to make a Histogram using Excel's
Histogram Chart tool

Box Plot

A box plot, also known as a box-and-whisker plot, is a graphical tool used to visualize the distribution of a numerical dataset based
on five summary statistics: minimum, first quartile (Q1), median (Q2), third quartile (@3), and maximum. The “box” represents the
interquartile range (IQR), which is the middle 50% of the data, stretching from Q1 to Q3. A line inside the box marks the median
value.

The “whiskers” extend from the edges of the box to the smallest and largest values within 1.5 times the IGR from the quartiles.
Values outside this range are plotted as individual points and considered potential outliers.

Box plots are useful for identifying the center, spread, and skewness of a dataset. They also highlight variability and help
detect outliers or unusual observations. Box plots are especially helpful when comparing distributions across multiple groups or
categories.

In the box plot below, profit values are represented visually with the key quartiles labeled. The blue box shows the interquartile

range (Q1 to Q3), with the median clearly marked. Whiskers extend to the minimum and maximum values. This visualization helps
quickly assess data skewness and the presence of extreme values.
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= Box Plot of Profit with Quartiles
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Click on the following link for a brief video that demonstrates how to create a box plot (i.e., Box-and-Whisker plot) in
Excel: How to create a box plot in Excel

Summary

Visualizations such as scatter plots, histograms, and box plots play a vital role in exploratory data analysis by making complex
data easier to interpret. Scatter plots help reveal relationships between variables, histograms show the distribution and frequency
of data points, and box plots highlight data spread and potential outliers. Together, these tools allow analysts to move beyond raw
numbers and begin forming meaningful insights that can guide deeper analysis or decision-making.

This page titled 3.2.1: Distribution and Spread is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L.
Hearon, M.B.A.,, M.S..
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3.2.2: Comparison and Trends

Visualizing comparisons and trends in data is a fundamental aspect of Exploratory Data Analysis (EDA). While distribution plots
help us understand the shape and spread of data, charts like bar graphs, line graphs, and pie charts allow us to compare values
across categories and observe how they change over time.

These visualizations support pattern recognition, trend analysis, and strategic comparisons, making them essential tools in both
business analytics and decision-making.

NOTE: A short video is included at the end of each chart type section below to show how are created in Excel. Just click
on the link for a brief demonstration.

Bar Chart

Bar charts are one of the most widely used visual tools for comparing categorical data. Each bar represents a distinct category,
and the height or length of the bar indicates the frequency, count, or value associated with that category.

Bar charts make it easy to:

¢ Compare the sizes of different groups at a glance

e Identify which category has the highest or lowest value

e Spot patterns or trends when bars are arranged in logical order (for example, descending)
They are particularly helpful in business analytics to display:

e Sales performance by product category

e Customer satisfaction ratings by region

e Website traffic by source
Bar charts can be presented as:

e Vertical bars (column charts)

e Horizontal bars (especially useful when category names are long)

e Stacked or clustered bars (to compare sub-groups within categories)

Effective bar charts avoid unnecessary decoration and make use of consistent spacing and clear labeling for easy interpretation.

In the example below, four categories are compared by their numerical values, making it easy to see which category has the
highest or lowest count.
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Bar Chart of Category Values
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Click on the following link for a brief video on creating a bar chart in Excel: 1 Minute Excel: Create a Bar Chart

Line Graph

A line graph is a powerful visual tool used to show how values change over time or across ordered categories. It is especially
useful for identifying trends, patterns, and fluctuations.

e Line graphs connect individual data points with straight lines, helping reveal the direction and magnitude of change.

e They are commonly used in business to track sales performance, revenue growth, customer counts, stock prices, and other
time series data.

e The horizontal axis (x-axis) typically represents time (e.g., days, months, years), while the vertical axis (y-axis) shows the
variable being measured.

e Multiple lines can be plotted on the same graph to compare different categories or groups over the same time period.

e Line graphs make it easier to detect upward or downward trends, seasonality, and sudden spikes or drops.

Because of their clarity and effectiveness, line graphs are often used in presentations and dashboards to support business
decision-making.

Click on the following link for a brief demonstration on creating line graphs: How to Make a Line Graph in Excel

In the line graph below, monthly sales are plotted to observe trends over six months. This allows analysts to detect patterns such
as growth, decline, or seasonality.
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Line Graph of Monthly Sales
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Pie Chart

Pie charts are circular graphs used to represent the proportion or percentage of a whole. Each slice of the pie corresponds to a
category's contribution to the total. The larger the slice, the greater the share that category represents. Pie charts are especially
useful when you want to compare parts of a whole across a limited number of categories.

They are best used when:
e The data represents percentages that sum to 100 percent
e There are only a few categories (ideally fewer than six)

e The goal is to quickly communicate relative sizes at a glance

While pie charts are simple and visually intuitive, they can become difficult to interpret if too many slices are used or if differences
in proportions are small. In such cases, bar charts or other alternatives may offer better clarity.

The pie chart below compares the share of three products, clearly highlighting the largest contributor and the overall composition
of the dataset. Each percentage is displayed in bold font for easy readability.

Pie Chart of Product Share

Product C

25.0%
Product A

40.0%

35.0%

Product B
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Click on the following link for a demonstration of creating pie charts in Excel: Make a Custom Pie Chart in Excel in 4
Minutes or Less!

Summary

Visualizing data through comparison and trend-based charts is essential for uncovering insights that drive informed decisions.
Bar charts help compare values across different categories, making it easy to identify which groups are performing better or
worse. Line graphs capture trends over time, providing a clear view of growth, decline, seasonality, or volatility—patterns that may
not be visible in raw data tables. Pie charts, while best used with a small number of categories, offer a quick snapshot of how a
whole is divided among its parts.

Together, these visualization tools serve as a foundational part of exploratory data analysis (EDA). They transform numbers
into narratives, helping analysts move beyond computation to interpretation. When applied thoughtfully, bar charts, line graphs,
and pie charts reveal business drivers, customer behaviors, operational performance, and strategic opportunities—empowering
stakeholders to act on data with confidence.

This page titled 3.2.2: Comparison and Trends is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L.
Hearon, M.B.A.,, M.S..
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3.2.3: Quick Reference - Chart Types for EDA

This table summarizes key chart types commonly used in Exploratory Data Analysis (EDA). It includes the purpose of each chart,

an example business use case, and whether the chart can be created in Excel and Tableau Desktop.

Key chart types commonly used in Exploratory Data Analysis (EDA) including the purpose of each chart, an example business use
case, and whether the chart can be created in Excel and Tableau Desktop.

Chart Type

Purpose

Example Use

Excel Support

Tableau Support

Scatterplot

Histogram

Box Plot

Line Chart

Bar Chart

Pie Chart

Bubble Chart

Word Cloud

Spline Chart

Show relationships
between two numeric
variables

Show frequency
distribution of a single
variable

Identify spread and
outliers in data

Show trends over time

Compare values across
categories

Show parts of a whole
(limited use)

Show relationships with
3 numeric variables

Visualize most frequent
words in text data

Show smoothed trends
over time

Sales vs. Advertising
Spend

Distribution of
purchase amounts

Compare customer
spend across regions

Monthly revenue over a
year

Sales by region or
product

Market share by brand

Sales by region, size by
population

Common terms in
customer reviews

Smoothed revenue
trend

Yes

Yes

Yes

Yes

Yes

Yes

Yes (complex)

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes (limited)

Yes

This page titled 3.2.3: Quick Reference - Chart Types for EDA is shared under a CC BY 4.0 license and was authored, remixed, and/or curated
by Elbert L. Hearon, M.B.A., M.S..
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3.3: Challenges in Exploratory Data Analysis

Exploratory Data Analysis (EDA) is a vital step in uncovering insights from data, but it is not without its challenges. Analysts
must navigate issues such as poor data quality, high dimensionality, and bias in representation, all of which can hinder accurate
interpretations. Understanding these challenges and addressing them effectively ensures that EDA yields meaningful results,
supports sound decision-making, and prepares the dataset for subsequent analysis. The following table illustrates various
challenges in data that can be uncovered by EDA and solutions.

Challenges in data along with descriptions, solutions, and videos if available.

Challenge

Description

Solution Videos (if applicable)

Data Quality Issues

Dimensionality of Data

Bias in Data Representation

Interpreting Visualizations

Time and Resource

Constraints

Subjectivity in Analysis

Scalability

Missing values, outliers, or
inconsistencies complicate
analysis.

Too many variables can
overwhelm the analysis and
introduce noise.

Non-representative datasets
lead to skewed or misleading
visualizations.

Misinterpretation of
visualizations can lead to
incorrect conclusions.

EDA can be time-intensive,

especially with large datasets.

Relying on subjective
judgment may overlook
critical variables.

Tools may not scale well for
very large datasets.

Replacing missing value in
Use imputation for missing Excel
values and statistical methods

to detect and address outliers.

Apply dimensionality reduction
techniques, like Principle
Component Analysis or select
key variables relevant to
business goals.

Use diverse and
representative data sources to
eliminate sampling bias.

Validate visual findings with
statistical analysis and domain
knowledge.

Automate repetitive tasks
using Python or R and leverage
big data tools for scalability.

Collaborate with cross-
functional teams to ensure
diverse perspectives and
balanced analysis.

Utilize tools Microsoft Excel,
Tableau, PowerBI, or R for
scalable EDA.

Exploratory Data Analysis (EDA) is a crucial step in understanding and preparing data for meaningful analysis, but it comes with
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its own set of challenges. Issues such as poor data quality, high dimensionality, bias in representation, and scalability concerns
can hinder the effectiveness of EDA. Techniques like dimensionality reduction, robust data cleaning, and using scalable tools such
Excel, Tableau, Python, or the programming language R to help address these challenges. By proactively identifying and resolving
these obstacles, an organization can ensure reliable insights and better decision-making.

With a thorough understanding of the tools, techniques, and challenges of EDA, we now turn our focus to summarizing the key
takeaways from this chapter. The chapter summary will consolidate the critical concepts discussed, highlighting the importance
of descriptive statistics, data visualization, and overcoming EDA challenges to drive actionable insights.

This page titled 3.3: Challenges in Exploratory Data Analysis is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..
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3.4: Chapter 3 Summary

Exploratory Data Analysis (EDA) is the first step in understanding data, allowing us to summarize key characteristics, uncover
patterns, and identify potential issues before moving into more advanced modeling. The process begins with descriptive statistics
in Excel (or other analytic tool), where basic measures such as averages, variation, and frequency distributions provide a
foundation for examining the structure of a dataset. From there, visualization tools become essential in making sense of complex
data. Using Tableau Public, students can connect Excel or other file types, apply the “Show Me” function to quickly generate visual
summaries, and build charts that highlight meaningful relationships within the data.

EDA also involves visualizing data in multiple ways. Distribution and spread help reveal how values are dispersed, while
comparisons and trend charts show how variables change relative to each other over time. A quick reference to chart types
ensures that the right visualization method is selected depending on the analytical objective. Finally, EDA is not without
challenges—issues such as missing data, outliers, and misleading visualizations can complicate interpretation. Recognizing these
challenges early prepares analysts to clean, refine, and structure their data effectively, setting the stage for deeper statistical
analysis and predictive modeling.

This page titled 3.4: Chapter 3 Summary is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A,, M.S..
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3.5: Chapter 3 Exercises

Complete the following exercises to reinforce your understanding of exploratory data analysis techniques, including descriptive
statistics, data visualization, and identifying EDA challenges.

1. Which of the following is NOT a common descriptive statistic?

a. Mean

b. Scatterplot
c. Median

d. Range

2. Data visualization helps analysts to:
a. Identify patterns and trends
b. Replace descriptive statistics entirely
c. Avoid data cleaning steps
d. Eliminate the need for statistical analysis

3. Define the term 'variance' and explain its importance in understanding dataset variability.

4. Why is identifying outliers critical in EDA? Provide one method to detect them and explain how it works.

5. Using the dataset [3, 8, 14, 25, 68, 42, 58, 30. 21.44. 20, 65], calculate the following descriptive statistics using Excel.
Mean
Median
Range

Variance (Sample and Population)

. Standard Deviation (Sample and Population)

6. Using the dataset from #5 above, create a histogram in Excel and describe the distribution. Is the distribution symmetric,

skewed, or other?

7. Create a scatterplot using a dataset that includes daily sales (x-axis) and foot traffic (y-axis). What patterns or trends do you

observe? Explain the implications for decision-making.

Describe how the company could use a heatmap to prioritize operational improvements across stores.

9. Walmart identifies outliers in its inventory data that are impacting predictive models. Suggest an approach to address these

outliers and explain how this would improve the accuracy of their models.

10. Compare and contrast the benefits of using the programming language R versus Tableau Desktop for data visualization in
the context of EDA. Which tool would you recommend for scalability and why?

Pop T

®

Use the following scenario to answer questions 11 thru 18.

Horizon Lending Group, a regional financial services company, has recently seen an increase in loan applications across its
consumer lending division. The company specializes in offering personal loans for purposes such as home improvements, car
purchases, education funding, debt consolidation, and more. With tightening market conditions and regulatory scrutiny increasing,
senior leadership at Horizon is seeking to better understand patterns in applicant characteristics, loan behavior, and potentia...
To support this initiative, Horizon’s analytics team has been tasked with reviewing a recent export of loan application
data—loan_default.xlsx—which contains critical fields such as applicant annual income, credit score, loan amount, loan purpose,
loan status (e.g., Default, Paid, Late), and application date.

The goal of this analysis is to generate key visual insights that will help decision-makers:

e Assess the distribution of loan amounts to inform new product tiers.

o Examine how income levels relate to loan size to improve credit policies.
e Evaluate credit score distributions and detect risky applicant segments.
e Monitor loan status trends to identify collections or underwriting issues.
¢ Understand the most common reasons borrowers request loans.

e Track application volume trends over time for staffing and marketing.

e Explore inter-variable relationships using correlation and bubble charts.

Each of the following exercises is designed to extract meaningful insight from the dataset using Microsoft Excel's powerful
visualization features. Horizon's leadership will use these visuals to refine lending strategies, streamline operations, and minimize
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default risk. Use the 'loan_default.xlsx' dataset and Microsoft Excel to create visualizations as requested in the following exercises.

1.

12.

13.

14.

15.

16.

17.

18.

Create a histogram showing the distribution of loan amounts. Label the X-axis as 'Loan Amount' and the Y-axis as 'Number
of Borrowers'. Customize bin width if needed.

Using the dataset, plot a scatterplot with '‘Annual Income' on the X-axis and 'Loan Amount' on the Y-axis. Use dots colored in
black for visibility. Label both axes and add a chart title.

Create a box plot to summarize the distribution of credit scores across all applicants. Interpret the median and presence of
outliers.

Generate a bar chart that shows the number of loans by loan status (e.g., Default, Paid, Late). Use horizontal or vertical bars
and include labels for clarity.

Create a pie chart representing the proportion of different loan purposes (e.g.,, Home, Car, Education, Debt Consolidation).
Use data labels to show category names and percentages.

Using the 'Application Date' field, count the number of applications submitted per month and create a line chart. Label the
X-axis with months and the Y-axis with the number of applications.

Use Excel's conditional formatting to create a correlation matrix heatmap among variables such as 'Annual Income', 'Loan
Amount', and 'Credit Score'. Color-code based on correlation strength.

Create a bubble chart with 'Annual Income' on the X-axis, 'lLoan Amount' on the Y-axis, and use 'Credit Score' to size the
bubbles. Ensure all axes are labeled.

This page titled 3.5: Chapter 3 Exercises is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A., M.S..
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3.6: Appendix 1 - Creating Visualizations in Microsoft Excel

Instructions: Creating Visualizations in Microsoft Excel

1. Histogram - Purchase Amount
o Step 1: Open Excel and load the dataset.
o Step 2: Select the 'PurchaseAmount’' column.
o Step 3: Go to the 'Insert' tab.
o Step 4: Click on 'Insert Statistic Chart' and select 'Histogram'.
o Step 5: Format the bars by right-clicking on them and selecting 'Format Data Series' — Change Fill color to Red.
2. Scatterplot - Age vs Purchase Amount
o Step 1: Highlight both 'Age’ and 'PurchaseAmount' columns.
o Step 2: Go to the 'Insert' tab.
o Step 3: Click 'Insert Scatter (X, Y) or Bubble Chart' - Select 'Scatter
o Step 4: Right-click the data points — Format Data Series — Change color to Black.
3. Box Plot - Age by Region
o Step 1: Organize your data such that 'Age' and 'Region' columns are next to each other.
o Step 2: Select the data.
o Step 3: Go to the 'Insert' tab — Click 'Insert Statistic Chart' — Select 'Box and Whisker'.
4. Heatmap - Correlation Table
o Step 1: Create a correlation matrix using the CORREL function in Excel.
o Step 2: Highlight the matrix — Go to 'Home' — Click 'Conditional Formatting' — Choose 'Color Scales'.
o Step 3: Use a color gradient to highlight high positive and negative correlations.
5. Line Chart - Monthly Purchase Trend
o Step 1: Highlight 'Month' and 'PurchaseAmount’ columns.
o Step 2: Go to the 'Insert' tab.
o Step 3: Click 'Insert Line or Area Chart' - Select 'Line'.
o Step 4: Customize the chart title and axis labels.
6. Bar Chart - Customers by Region
o Step 1: Create a table summarizing customer counts by region.
o Step 2: Highlight the Region and Count columns.
o Step 3: Go to the 'Insert' tab.
o Step 4: Click 'Insert Column or Bar Chart' — Choose 'Clustered Column'.
o Step 5: Format bars to Red by right-clicking — Format Data Series — Fill Color — Red.

This page titled 3.6: Appendix 1 - Creating Visualizations in Microsoft Excel is shared under a CC BY 4.0 license and was authored, remixed,
and/or curated by Elbert L. Hearon, M.B.A., M.S..
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4: CORRELATION ANALYSIS

4.1: Study Guide

4.2: Introduction to Correlation Analysis

4.3: Pearson Correlation Coefficient

4.4: Interpreting Correlation Coefficients

4.5: Visualizing Correlations

4.6: Business Applications of Correlation Analysis

4.7: Understanding Limitations of Correlation Analysis
4.8: Chapter 4 Summary

4.9: Chapter 4 Exercises

4.10: References and Tools for Correlation Analysis

This page titled 4: Correlation Analysis is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
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4.1: Study Guide

Upon completing this chapter, you will be able to:

o Define and distinguish correlation from regression

e Understand when and why to use correlation in business analytics

e Interpret the strength and direction of correlation coefficients

e Visualize relationships using scatterplots and correlation matrices

e Apply correlation analysis using Excel, RStudio, Tableau, and ChatGPT

e Recognize the limitations and potential pitfalls of correlation analysis

e Use correlation in various business domains (e.g., marketing, finance, human resources)

This page titled 4.1: Study Guide is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
M.S..
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4.2: Introduction to Correlation Analysis

Correlation analysis is a statistical method used to evaluate the degree to which two quantitative variables move in relation
to each other. It does not imply causation but serves as an important indicator of whether a potential relationship exists. For
example, a marketing manager may look at whether increases in email campaign frequency are associated with an increase in
customer engagement.

The fundamental distinction between correlation and regression analysis lies in the relationship’s directionality. Regression
analysis (discussed in Chapter 5) assumes a dependent and one or more independent variables, suggesting a predictive or causal
link. Correlation, on the other hand, is symmetric—meaning it measures how strongly variables are related, without assuming
causality or a dependent structure.

Correlation is particularly useful during the exploratory phase of data analysis. It helps identify promising variables that may
be explored further in predictive models. For instance, in customer analytics, an analyst might check for correlation between
customer income and average purchase value to decide whether income is a viable predictor.

Understanding correlation also allows managers to challenge assumptions. Just because two metrics increase together (such

as ad impressions and clicks) doesn’t necessarily mean one is causing the other. This reinforces the analytical discipline of not
jumping to conclusions based on coincidental trends, thus promoting data-driven decision-making.

Types of Correlation Patterns

To better understand what correlation looks like in practice, consider the patterns of correlation relationships that are shown in
Figure 4.1:

Correlation

Perfect Possitive Strong Possitive Weak Possitive No

Correlation Correlation Correlation Correlation
r=1 r=0.8 r=05 r=0
Weak Negative Strong Negative Perfect Negative
Correlation Correlation Correlation
r=-0.5 r=-038 r=-1

Figure 4.1: Correlation Relationships

Interpretations of Scatter Plots

Follow are interpretations of scatter plots in Figure 4.1.
1. Perfect Positive Correlation (r = 1)

o All data points lie exactly on a straight, upward-sloping line.
o This indicates a one-to-one relationship—when one variable increases, the other increases proportionally.
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o Example: Currency conversion between fixed-rate countries.
2. Strong Positive Correlation (r = 0.8)
o Points cluster tightly around an upward-sloping line.
o There is a consistent and reliable upward trend, though not perfect.
o Example: Advertising budget and sales revenue.
3. Weak Positive Correlation (r = 0.5)
o A general upward trend is visible, but the points are more spread out.
o The relationship is moderate—some association exists, but predictions are less reliable.
o Example: Customer satisfaction score and product return rate.
4. No Correlation (r = 0)
o Data points are randomly scattered with no discernible pattern.
o Changes in one variable do not predict changes in the other.
o Example: Shoe size and annual income.
5. Weak Negative Correlation (r = -0.5)
o Points show a general downward trend, but with considerable scatter.
o There is a mild inverse relationship between the variables.
o Example: Number of product defects and employee experience.
6. Strong Negative Correlation (r = -0.8)
o Points closely follow a downward-sloping line.
o As one variable increases, the other reliably decreases.
o Example: Inventory days on hand and inventory turnover rate.
7. Perfect Negative Correlation (r = -1)
o All points lie exactly on a straight, downward-sloping line.
o This denotes a perfectly inverse relationship—every increase in one variable corresponds exactly to a decrease in the
other.
o Example: Remaining budget and amount spent (in a fixed-cost project).

Now that we've examined how different strengths and directions of relationships appear visually in scatter plots, it's important
to understand how to numerically quantify those relationships. In the next section, we’ll explore three major types of correlation
coefficients (Pearson, Spearman, and Kendall's Tau), each with unique assumptions and use cases. This will help you select the
right method for analyzing data relationships in business contexts such as customer behavior, financial metrics, and employee
performance

This page titled 4.2: Introduction to Correlation Analysis is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..
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4.3: Pearson Correlation Coefficient

The Pearson Correlation Coefficient (often represented by the symbol 'r') is a statistical measure that assesses the strength and
direction of the linear relationship between two continuous variables. It is one of the most widely used metrics in correlation
analysis and ranges from -1 to +1.

A value of +1 indicates a perfect positive linear relationship, a value of -1 indicates a perfect negative linear relationship, and a
value of ® suggests no linear correlation between the variables.

The formula for the Pearson Correlation Coefficient is:
r=Z[(Xi - X)(Yi - V)] 7/ [WZ(Xi - X)* * JZ(Yi - Y)?]

Where:
e Xiand Yij are individual data points for variables X and Y
e Xand Y are the means of X and Y, respectively

e X denotes summation over all data points

The Pearson coefficient is scale-invariant. This means it does not require the variables to be standardized before computation.
For instance, you can correlate height (in inches) and weight (in pounds) directly. The coefficient naturally accounts for the
difference in units and scale.

However, standardization (converting values into z-scores) can be useful in other contexts, especially when:
e You're conducting regression analysis where comparison across variables is needed
¢ You're applying machine learning techniques that are sensitive to scale (e.g., k-NN, SVM)

e You're working with principal component analysis (PCA) or clustering algorithms

Thus, while standardization is optional for computing the Pearson Correlation Coefficient, it may become necessary when you
intend to use the correlated variables in further statistical or machine learning models that rely on scale-consistent data inputs.

Example: Using the data below, calculate the Pearson Correlation Coefficient using the Microsoft Excel function "correl".

AS - f¢ | =CORREL(A2:A6,B2:B6)

A B
1 Sales (in dollars) Advertising Expenditures (in dollars) |
2 $120,515 $2,000
3 $135,892 $2,350
4 $150,486 $2,689
5 $165,785 $2.915
6 $185,387 $3,208
-
8 0.993 |

Explanation of Pearson Correlation using Excel image above:
e The first column shows Sales data (in dollars).

e The second column shows Advertising Expenditures (in dollars).
e The CORREL function in Excel (shown in the Formula Bar) is used to compute the Pearson correlation coefficient between
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the two sets of values.
e The formula =CORREL(A2:A6, B2:B6) calculates the correlation between Sales and Advertising.
e The resulting correlation coefficient r is 8.993, indicating a very strong positive relationship.
¢ This means that as advertising expenditures increase, sales tend to increase as well.

Note: For non-numeric or ordinal data, other correlation measures like Spearman’s rho or Kendall's tau may be more appropriate.

However, in this book, we focus on Pearson’s correlation coefficient, which is ideal for analyzing relationships between two
continuous numeric variables.

This page titled 4.3: Pearson Correlation Coefficient is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert
L. Hearon, M.B.A., M.S..
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4.4: Interpreting Correlation Coefficients

Understanding a correlation coefficient involves two key elements: its direction (positive or negative) and its strength (weak,
moderate, or strong). The value of the correlation coefficient ranges from -1 to +1, where the sign indicates direction and the
magnitude indicates strength.

e A correlation of +1 indicates a perfect positive linear relationship—as one variable increases, the other increases in exact
proportion.
e A correlation of -1 indicates a perfect negative linear relationship—as one variable increases, the other decreases in exact
proportion.

The following table provides general guidelines for interpreting the strength of a correlation:

Absolute value of the correlation coefficient (r) with interpretations.

Absolute Value of the Correlation Coefficient (r) Interpretation

0.00 to 0.10 No or very weak correlation
0.11 to 0.30 Weak correlation

0.31to 0.60 Moderate correlation
0.61to 0.80 Strong correlation

0.81to0 0.99 Very strong correlation
1.00 Perfect correlation

Although correlation coefficients provide useful numerical summaries, visual inspection using scatter plots is essential (see
Section 4.4 for examples). Strong correlations typically show a tight clustering of data points along an upward (positive) or
downward (negative) trend. Weak or no correlation appears as widely scattered or random patterns.

Lastly, remember that correlation measures only linear or monotonic relationships. It is possible for variables to have a non-linear
(e.g., curved) relationship that is not well-represented by the correlation coefficient alone.

While correlation coefficients offer valuable numerical summaries, visualizing these relationships is equally important—especially

when communicating findings to stakeholders or spotting non-obvious patterns. In the next section, we explore how scatter plots
and correlation matrices enhance understanding and support better decisions using tools like Excel and Tableau.

This page titled 4.4: Interpreting Correlation Coefficients is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..
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4.5: Visualizing Correlations

Data visualization enhances the clarity and understanding of correlation results. Scatterplots are the most direct method for
assessing the relationship between two variables. In Excel, users can select two columns of data and insert a scatterplot to
immediately see the distribution and any apparent trend. Figure 4.2 shows examples of scatterplots:

Advertising Expenditures vs Sales Price vs Sales
x 1701 % r=-0.98
2601 160 F
X" 150
240} Xy & x
x
4 x x
& x @ 140} =
w 2201 0 %
] 5] W X
- ® - L » x
3 x © 130 ¥
x x x
200} Xy % 120+
x x X x
x 110+ x
180} x
x x
b4
r=0.94 100 %
S b1
160 L . ; . . . : . . ; . L
80 85 90 95 100 105 110 115 40 45 50 55
Advertising Expenditure ($) Price (%)

Figure 4.2: Examples of Scatter plots

The scatterplot on the left displays the relationship between Advertising Expenditure ($) and Sales ($). Each point represents one
observation. The chart shows a strong positive correlation, with a correlation coefficient of r = 8.94.

As advertising expenditures increase, sales also tend to increase—demonstrating a consistent upward trend. This pattern
supports the typical business expectation that investing more in marketing leads to higher sales revenue. The tight clustering of
points around the trend confirms both the strength and reliability of the association.

Interpretation: Increased advertising spending is strongly associated with increased sales performance.

The scatterplot on the right illustrates the relationship between Price ($) and Sales ($). It reveals a strong negative correlation,
with a correlation coefficient of r = -0.98. As price increases, sales consistently decrease, which is consistent with traditional
economic principles of price sensitivity and demand. The pattern is very clear—when prices are lower, customers buy more;
when prices rise, purchases fall. The points are tightly aligned along a downward trend, suggesting a highly predictable inverse
relationship. Interpretation: Higher prices are strongly associated with lower sales, indicating customers respond sensitively to
pricing changes.

Correlation heatmaps present relationships across multiple variables simultaneously. In Excel, this is done by computing a
correlation matrix and using conditional formatting to create a color-coded grid. A red-to-green scale, for example, can visually
differentiate between negative and positive relationships.

Figure 4.3 displays a correlation matrix heatmap highlighting relationships among key business variables. This type of
visualization helps identify strong and weak associations that may warrant further exploration in predictive models.
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Figure 4.3: Correlation Matrix Heatmap

From the heatmap in Figure 4.3, we observe strong positive correlation between 'Marketing Spend' and 'Sales Revenue'—a
common business relationship. A strong negative correlation is seen between 'Marketing Spend' and 'Product Returns, possibly
indicating improved quality or targeting. 'Employee Satisfaction' shows weak correlations with most other variables, while
'Operational Cost' appears largely independent of other metrics. This kind of analysis guides data-driven decision-making and
variable selection for further modeling.

Tableau also supports dynamic scatterplots. By dragging two measures into the Rows and Columns shelves, users can create
interactive plots. Tableau allows adding trendlines to visually assess direction and strength, making it a great tool for
presentations and dashboards.

Figure 4.4 illustrates how Tableau Desktop can be used to create a scatterplot. The data pane on the left includes examples of
both qualitative (e.g., 'Gender') and quantitative variables (e.g., 'Advertising Expenditures', ‘Price’, ‘Sales Amount’, 'IQ'). To build
the scatterplot, 'Advertising Expenditure' is dragged to the Columns shelf and 'Sales Amount' to the Rows shelf. The chart visually
displays the positive relationship between these two variables. Using Tableau’s Analytics pane, a trendline has been added to
help visualize the strength and direction of the correlation.
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Figure 4.4: Scatterplot Created in Tableau Desktop
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The heatmap shown in Figure 4.5 visualizes the correlation among four business variables: Advertising Expenditure, Price, Sales
Amount, and IQ. Stronger correlations are indicated by more intense red or blue shades. This plot is designed to simulate output
generated by R’s “ggcorrplot” package.
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Figure 4.5: Heatmap Created using the R Programming Language

Visualizing correlations through scatter plots, heatmaps, and dashboards enhances our ability to detect and interpret meaningful
relationships within data. Whether using Excel for quick analysis, Tableau for dynamic dashboards, or advanced matrix
visualizations using Python or R, these tools help bring patterns to life—making data-driven insights more accessible. While
understanding and visualizing correlations is crucial, the real value emerges when we apply these techniques to solve real-world
business problems. In the next section, we explore how correlation analysis is used across marketing, finance, human resources,
and other domains to support strategic decisions and operational improvements.

This page titled 4.5: Visualizing Correlations is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A., M.S..

©@® 107 (4.5.3)


https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/04%3A_Correlation_Analysis/4.05%3A_Visualizing_Correlations
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTexts"

4.6: Business Applications of Correlation Analysis

Examples

The following provide examples of how correlation analysis is applied in several areas. The list below is not exhaustive.

Marketing

In marketing, correlation analysis helps optimize spending by identifying relationships between investment and return. For
example, a positive correlation between paid search budget and website conversions can guide strategic allocation of funds.
Similarly, correlations among engagement metrics across platforms can inform channel prioritization.

Finance

Finance professionals often use correlation to assess diversification strategies. Stocks that are uncorrelated or negatively
correlated with one another can reduce portfolio risk. Correlation between economic indicators and asset prices also plays a role
in macroeconomic forecasting.

Human Resources

In human resources, correlation between employee engagement scores and turnover rates can support retention strategies. If a
strong negative correlation exists, improving engagement programs could potentially reduce attrition. This kind of evidence helps
justify investment in organizational development.

Customer Analytics

Customer analytics teams analyze relationships between user behavior and outcomes. For instance, a strong correlation between
time spent on site and purchases could lead to user experience improvements aimed at increasing dwell time. Such insights
often drive changes in digital marketing strategies.

Summary

As shown across diverse functions like marketing, finance, human resources, and customer analytics, correlation analysis plays
a vital role in uncovering actionable insights. By identifying patterns in historical data, organizations can make more informed
decisions, optimize resource allocation, and proactively address performance gaps. However, to move from insight to execution,
analysts must be equipped with the right tools to compute and visualize these relationships efficiently. In the next section, we
explore how Microsoft Excel's Data Analysis ToolPak can be used to perform correlation analysis and support business decision-
making.
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4.7: Understanding Limitations of Correlation Analysis

One of the most frequent misinterpretations of correlation is assuming that correlation implies causation. Just because two
variables move together does not mean one causes the other. For example, a positive correlation between coffee consumption
and productivity does not mean coffee causes increased productivity—it could be that more productive people tend to consume
more coffee, or that a third factor influences both.

Outliers

Outliers can dramatically distort correlation results. A single extreme data point may shift the correlation coefficient significantly,
either inflating or deflating the strength of the relationship. This is why visual inspection using scatterplots is a necessary step
before trusting the numerical result.

Categorical Data or Nonlinear Relationships

Correlation is not appropriate for all types of data. Applying Pearson correlation to categorical data or nonlinear relationships can
yield misleading or invalid results. For instance, analyzing the correlation between department names and performance ratings
using Pearson’s correlation coefficient is incorrect.

Small Sample Sizes

Small sample sizes can lead to unreliable correlations. With fewer data points, random variation can create misleadingly high or
low coefficients. Significance testing (e.g., p-values) and confidence intervals should be used to assess the robustness of results
when sample sizes are small.

Summary

Understanding the limitations of correlation analysis is essential for responsible data interpretation. Analysts must be cautious
not to infer causality from correlation, overlook the influence of outliers, or apply correlation techniques
inappropriately—especially with small samples or non-numeric data. Visual tools and statistical validation (e.g., scatter plots and
significance tests) should be used in tandem with correlation coefficients to ensure sound conclusions.

In the next section, we'll summarize the key concepts covered in this chapter and highlight practical takeaways to reinforce best
practices in applying correlation analysis within business settings.
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4.8: Chapter 4 Summary

This chapter provided a comprehensive introduction to correlation analysis, a foundational technique in business analytics used
to assess the strength and direction of relationships between two variables. While correlation does not imply causation, it is a
valuable exploratory tool that often precedes more formal predictive modeling techniques.

We examined the Pearson’s correlation coefficient, which is best suited for linear relationships with continuous data. It was stated
that for non-numeric or ordinal data, other correlation measures like Spearman’s rho or Kendall’s tau may be more appropriate.
However, in this book, we focus on Pearson’s correlation coefficient, which is ideal for analyzing relationships between two
continuous numeric variables.pearman’s rho, ideal for ranked or ordinal data; and Kendall's tau, which is well-suited for small
samples or tied rankings.

The chapter emphasized interpreting correlation values and visualizing relationships using scatter plots, heatmaps, and
correlation matrices. These methods were demonstrated across several platforms—Excel and Tableau—each offering distinct
benefits for calculation, visualization, or interpretation.

Finally, we discussed the limitations and common misuses of correlation, including the influence of outliers, the risk of assuming
causality, and the inappropriateness of using correlation with small or categorical datasets. Recognizing these limitations
improves the quality and credibility of analytical insights.

In the next chapter, we build on this foundation by introducing linear regression analysis, where one or more variables are used
to predict another—allowing for deeper, more actionable business insights.
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4.9: Chapter 4 Exercises

The following practice exercises are designed to reinforce your understanding of correlation analysis. Some exercises build
directly on datasets that will also be used in Chapter 5 on Linear Regression. Be prepared to compute, interpret, and visualize
correlation coefficients.

Part A: Conceptual Questions

Define correlation and explain how it differs from regression.

What does it mean when two variables have a correlation of -0.85? What about +8.10?

Describe one scenario in business where Spearman'’s correlation might be more appropriate than Pearson'’s.
Why is it incorrect to interpret a strong correlation as evidence of a causal relationship? Give an example.
Explain how outliers can influence the correlation coefficient.

ol wN

Part B: Interpretation Questions

6. A dataset on marketing spend and customer acquisition shows a Pearson correlation coefficient of r = 8.82 between social
media spending and new customers acquired. Interpret this result.

7. The correlation between product price and sales volume is -0.75. What does this imply, and what business recommendation
might you make?

8. In a correlation heatmap, the cell for 'Employee Tenure' and 'Productivity Score' is colored deep blue and marked with a
coefficient of 8.85. What does this suggest about their relationship?

9. If Tableau displays a scatterplot of Advertising Budget vs Sales Revenue with a visible upward trend, what can you infer? How
would adding a trendline help your interpretation?

Part C: Data Exercises Using Provided Datasets (note: datasets will be
provided by instructor)

10. Using the 'home_prices.xlsx' dataset, compute and interpret the correlation matrix for Square Footage, Number of Bedrooms,
Age of Home, and Price using Excel.

11.  Using the 'home_prices.xlsx' dataset, create a scatter plot between Square Footage and Price in Excel. What is the visual
trend? Compute the Pearson correlation coefficient and interpret.

12. Using the 'Marketing_Spend.xlsx' dataset, compute and visualize the correlation matrix for all marketing channels (Email,
Social Media, In-Store Promotions, Influencer Campaigns) and Sales. Use Excel.

13. From the 'CustomerService_Performancexisx' dataset, compute the correlation between Wait Time and Customer
Satisfaction, and between Issue Resolution Rate and Satisfaction. Use Exel, and compare and discuss the strength of these
relationships.

14. Build a correlation matrix heatmap for numeric data using the 'Operations_Inventory.xlsx' dataset. Use Excel's Conditional
Formatting feature. What relationships stand out.
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4.10: References and Tools for Correlation Analysis

Core References

o Frost, J. (2020). Statistics by Jim: Interpreting Correlation Coefficients. https://statisticsbyjim.com/basics/correlations/

e Wickham, H. & Grolemund, G. (2017). R for Data Science. Chapter 3: Data Visualization. O'Reilly Media. https://r4ds.had.co.nz/
data-visualisation.html

e Tableau Help Documentation. https://help.tableau.com/support/help

Instructions for Performing Correlation Analysis using Various Tools

Microsoft Excel

1. Using =CORREL() Function:
Type =CORREL (array1, array2) into any cell.
Example: =CORREL(A2:A21, B2:B21)
Returns Pearson's r.
2. Using Data Analysis ToolPak:
o Go to File > Options > Add-ins, enable Analysis ToolPak.
o Go to Data > Data Analysis > Correlation.
o Select input range (e.g., A1:C100), check 'Labels in first row' if applicable.
o Choose output location.
o Excel generates a correlation matrix.

Tableau Cloud

e Drag one measure (e.g., Sales) to Rows and another (e.g., Advertising Spend) to Columns.
e Tableau will automatically create a scatterplot.

e Go to Analytics Pane, drag Trend Line onto the chart.

e Customize line (linear, polynomial) and review R? and p-values.

e Optionally, use Color or Size marks to add a third variable.

Al (e.g., ChatGPT) Prompt for Interpreting a Correlation Coefficient(s)

e Potential prompts:
o Interpret the correlation coefficient of x.xx.
o Based on correlation coefficients in the following matrix, which pair of variables would indicate multicollinearity (e.g.,
absolute value of "r" is greater than or equat to 0.7).

Tip for Students

Become comfortable using multiple tools (Excel, Tableau, and ChatGPT or other Al tool) to perform, validate, and communicate
your correlation analysis. Each tool offers a different strength—Excel for accessibility, Tableau for executive visualization, and
ChatGPT (or other AI tool) for interpretation and support.
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5.1: Study Guide

Study Guide

Following are areas to focus on within this chapter:

e Explain the role of linear regression in strategic business decision-making.

¢ Distinguish between simple and multiple regression with appropriate use cases.

e Interpret regression outputs and diagnose common modeling issues.

e Apply regression models in Excel, with ChatGPT assistance.

e Use linear regression to support business forecasting, optimization, and diagnostics.
e Evaluate assumptions and understand when regression models may be unreliable.
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5.2: Introduction to Linear Regression

Linear regression is a statistical tool used to explore and quantify relationships between variables. In a business setting, it can
be used to measure how one or more independent variables influence a key outcome (e.g., dependent variable) such as revenue,
cost, or profitability. Independent and dependent variables are defined as follows:

« Independent Variable (X): This is the variable that we manipulate or observe to determine its effect on another variable. In
business analytics, it might be factors like advertising spend, number of employees, or customer visits.

+ Dependent Variable (Y): This is the outcome variable that we are trying to predict or explain. Examples include sales,
revenue, customer satisfaction, or churn rate.

Understanding the distinction between these variables is critical because the regression model is designed to estimate how
changes in X are associated with changes in Y. This technique is widely applicable in sales forecasting, pricing strategies,
budgeting, and marketing ROI analysis.

The foundational premise of linear regression is to draw a straight line that best fits the relationship between dependent and
independent variables. That line is based on minimizing the difference between actual and predicted values. See Figure 5.1 for an
illustration.
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Figure 5.1: Linear Regression with Residuals (Actual vs Predicted)

Business professionals benefit from linear regression by interpreting results to guide strategy. For example, knowing how a $1
increase in digital marketing spend translates to revenue growth can justify resource allocation.

This chapter introduces linear regression through practical use cases, avoiding excessive mathematics. You will gain a solid
conceptual understanding of how to build, read, and act on regression results using familiar tools like Microsoft Excel.
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5.3: Assumptions of Linear Regression Analysis

Linear regression relies on several assumptions. Violating these can undermine the reliability of the results. The four main
assumptions are: linearity, independence, homoscedasticity, and normality of residuals.
Linearity

Linearity assumes a straight-line relationship between the independent and dependent variables. If this is not the case, model
predictions will be systematically biased. This can often be spotted with residual plots or scatter plots that curve upward or
downward.

Residual plots showing one no-violation case and three different violation examples.
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Independence

Independence means that each observation is unrelated to the others. For example, sales on one day should not influence sales
on another. Violations here often occur with time-series data and may require specialized models.

Time series plots using residuals showing independence vs. trend, cyclic behavior, and random walk violations follows, and they
are used to gauge independence.
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Homoscedasticity (Constant Variance)

Homoscedasticity (constant variance) implies equal variance of residuals across all values of the predictors. If residuals spread
out unevenly (like a fan shape), it suggests heteroscedasticity, which can affect the reliability of significance tests.

Residual plots showing constant variance vs. fan-shaped, inverse funnel, and clustered variance patterns.
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Normality of residuals ensures that standard error estimates and confidence intervals are accurate. In R, you can diagnose
assumptions visually using “plot(model)” which produces four diagnostic plots.

Q-Q plots showing normal vs. non-normal distributions including exponential, bimodal, and skewed data.
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The next section, Simple Linear Regression Analysis, will contain a video that demonstrates how to generate various plots along
with interpretations of how to check assumptions for linear regression analysis.
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5.4: SIMPLE LINEAR REGRESSION ANALYSIS

In the world of business, leaders constantly make decisions based on relationships between variables. A marketing manager may
want to understand how advertising spend influences sales. A human resources director may examine how years of experience
impact salary. An operations executive may track how processing time affects customer satisfaction. These types of questions all
center around one key idea: predicting one outcome based on another variable. This is where simple linear regression comes
into play.

Simple linear regression is one of the most widely used techniques in business analytics because of its clarity and interpretability.
At its core, it aims to answer a simple but powerful question: How does one numerical variable (the independent variable)
influence another (the dependent variable)? In other words, it quantifies the linear relationship between two continuous variables.

The technique models this relationship using a straight line—referred to as the regression line—which best fits the data points
on a scatterplot. This line is described by the equation: Y = o + B1X + €

Where:

e Y: Dependent variable

e X: Independent variable
e Bo: Intercept

e [ Slope of the line

e &: Error term

The following sub-section shows formulas and associated mathematical operations for building simple linear regression models.

At the bottom of this section are links to two videos that demonstrate how to build, analyze, utilize, and interpret
simple linear regression models.

Example: Build a Linear Regression Model using Excel's Data Analysis
ToolPak.

Suppose you want to build a linear regression equation to predict sales (Y) based Advertising Spending (X) using the data below.

Data for (X) Advertising Spending (in Thousands) and (Y) Sales (in Millions)

(X) Advertising Spending (in Thousands) (Y) Sales (in Millions)
25 27.5
30 301
35 33.8
40 41.7
45 43.8
50 47.0
55 47.9
60 48.9
65 55.5
70 62.1

Simple linear regression can be performed easily in Excel using the Data Analysis ToolPak. After installing Excel’s Analysis ToolPak
“add-in" package, select 'Regression, specify the Y and X input ranges, and review the output. Excel provides coefficients, R?
standard error, and significance levels. Following are illustrations for using Microsoft Excel's Data Analysis ToolPak for linear
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regression analysis.

Step 1: Install the Data Analysis ToolPak in Excel. On your laptop computer (this assumes Windows operating system):

1. Go to File > Options > Add-ins
2. Click “Go” next to Excel Add-ins towards the bottom, See the screenshot below.

General [E;_i;} View and manage Microsoft Office Add-ins.
Formulas
Data Add-ins
Proofing [Name = [Location |Type B
e Active Application Add-ins
Acrobat PDFMaker Office COM Addin C\..FMaker\Office\x64\PDFMOfficeAddindll  COM Add-in
Language Analysis ToolPak C\.Office16\Libran\Analysis\ANALYS32.XLL  Excel Add-in
Solver Add-in C\.Office16\Library\SOLVER\SOLVERXLAM  Excel Add-in
Ease of Access
Advanced Inactive Application Add-ins
Analysis ToolPak - VBA Ci\.ice16\Library\Analysis\ATPVBAEN.XLAM  Excel Add-in
Customize Ribbon Date (XML) Ci\.s\Microsoft Shared\Smart Tag\MOFLDLL ~ Action
Quick Access Toolbar Euro Currency Tools C\..root\Office 16\Library\EUROTOOLXLAM  Excel Add-in
Inquire C\..soft Office\Office 16\DCF\Nativeshimdll  COM Add-in
Trut Conter Microsoft Power Map for Excel C\..p Excel Add-in\EXCELPLUGINSHELLDLL  COM Add-in
Microsoft Power Pivot for Excel .| Add-in\PowerPivotExcelClientAddingdll  COM Add-in

Document Related Add-ins
No Document Related Add-ins

Pimmllasd Amlinmsine A e

Add-in: Acrobat PDFMaker Office COM Addin

Publisher: Adobe Inc.

Compatibility: No information available

Location: CA\Program Files\Adobe\Acrobat DC\PDFMaken\Office\x64\PDFMOfficeAddin.dll

Description:  Acrobat PDFMaker Office COM Addin
Manage: | Excel Add-ins - Go..

3. Click the box “Analysis ToolPak" (see the screenshot below).

4. Click ok.

Add-ins ? X
Add-ins available:
[] Analysis ToolPak | oK
:| Analysis ToolPak - VBA
[ euro currency Tools p—
| Solver Add-in L

Browse...

Automation...

Solver Add-in

Tool for optimization and equation solving

Step 2: Selecting Regression Analysis within Analysis ToolPak. See the screenshot below.
1. Go to Data > Data Analysis

2. Find and click on Regression.
3. Click ok.
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Data Analysis ? X
Analysis Tools
OK
Covariance ~
Descriptive Statistics Cancel
Exponential Smoothing
F-Test Two-Sample for Variances
Help

Fourier Analysis

Histogram

Moving Average

Random Number Generation
Rank and Percentile

| Regression

Step 3: Enter data to build the regression equation. See the screenshot below.

1.

sl2(3[@[z[2[=[2 Bl ||~ ]e || [« ||~

Input Y Range. Highlight the column that contains the dependent variable, and include the heading.
Input X Range. (Hight the column(s) that contains the independent variable(s) and include the heading(s). NOTE: If you're
including more than one independent variables, they most be contiguous (e.g., side-by-side).
Click “Labels” (assuming labels are included in Y and X ranges).
Select output options. Either select an open cell within the Workbook containing your data or select the option to put the
output in a new Workbook.
Click ok
A B c | b | E | F G H 1 T
(X) (Y)
Advertising | Sales Regression ? x
Spending (in (in —
Thousands) | Millions) nput ¥ Range: sosssi 3
25 27.5 - Cancel
30 30.1 Input X Range: SASTSASTE +
jg i?? Labels [ constant is Zero A
- [ confidence Level: 95 %
45 43.8
50 47.0 QOutput options
55 47.9 e K$23 +
0 489 g\gyteqt e 2]
65 55.5 Mew Worksheet Ply:
70 62.1 O MNew Workbook
Residuals
D Residuals D Residual Plots
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Table 5.1 shows output from the simple linear regression model to predict sales based on advertising spending.
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SUMMARY OUTPUT
Regression Statistics
Multiple R 0.981
R Square 0963
Adjusted R Square 0.958
Standard Error 2240
Observations 10
ANOVA
df 58 MSs F Significance F
Regression 1 1,0436 | 1,043.6 208.0 0.0000
Residual 8 401 50
Total 9 1,083.7
Coefficients | Standard Error | t Stat | P-value Lower 95%
Intercept 10.06 2.45 411 | 0.0034 4 41
(X) Advertising Spending (in Thousands) 071 0.05 14 42 | 0.0000 0.60

Table 5.1: Linear Regression Model Output from Predicting Sales based on Advertising Spending

Following are interpretations from the linear regression model output in Table 4.1.

Interpreting Regression Output

Interpreting regression results involves understanding several key statistics.

e The coefficient (or slope) indicates the expected change in the dependent variable for a one-unit increase in the predictor.

e The intercept tells us the expected outcome when all predictors are zero, though it's often less meaningful in isolation.

e R-squared (R?) explains how much of the variability in the dependent variable is accounted for by the predictors. For instance,
an R? of 0.80 implies that 88% of the variation in sales can be explained by the model. However, a high R?> does not
automatically imply a good model, especially in multiple regression, where overfitting can inflate R

¢ Adjusted R* compensates for the number of predictors and is more reliable for comparing models. (NOTE: Use adjusted R?
in multiple linear regression analysis._

e P-values show whether the relationship between each independent variable and the dependent variable is statistically
significant (typically a p-value below 0.095).

Excel displays these statistics in the regression output table. MBA students should focus on using these results to make
defensible business decisions: which predictors matter, how strong the relationships are, and whether the model is sufficiently
accurate for planning.

The following interprets regression output for Table 5.1.

Regression Equation (coefficients obtained from the bottom left of Table 5.1):

Y =10.06 +0.71X

Where:

e X= Advertising Spending (in thousands of dollars)
e Y_hat = Predicted Sales

Slope (0.71) Interpretation:
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For every $1,000 increase in advertising, sales are expected to increase by $710.

e This slope reflects a positive relationship.
e It shows that investing in advertising has a measurable effect on sales growth.
e With a p-value < 0.0001, this effect is statistically very significant.

Intercept (10.06) Interpretation:
If no money is spent on advertising, predicted sales would still be $10,060.
e This intercept represents the baseline sales level.

e As with many business models, this may be theoretical (since most firms do spend something on advertising), but it's
necessary for calculation.

Key Regression Statistics (Top Panel):
e R?=0.963: 96.3% of the variation in sales is explained by advertising — excellent fit.
e Adjusted R? = 8.958: Also strong, accounts for the number of predictors (just one here).
e Standard Error = 2.24: On average, actual sales deviate from predicted sales by ~$2,240.
e Multiple R = 0.981: This is the correlation (yR?), indicating a very strong positive correlation.

See Figure 5.2 for visual representation of the regression line.

Actual Sales and Regression Line: Advertising vs. Sales

x Actual Sales x
—=-- Regression Line: Y = 10.06 + 0.71X :
60 L
55 e X
- 50 s
2 e X
2 P
= X -7
= o
£ 45 N /‘/
3 % el
& 40 e
35 s
T %
30 LT x
<
30 40 50 60 70

Advertising Spending (in $1,000s)
Figure 5.2: Simple linear regression model — Sales vs. TV Ad Spend with fitted line.

Videos: Building & analyzing simple linear regressions model in Excel

The following video demonstrates how to build and interpret a simple linear regression in 3 ways using Microsoft Excel.

e The following video provides thorough demonstrations for building a simple linear regression model, checking assumptions,
making predictions, and interpretations.)
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YouTube Video

This interactive element is not available in this format. Visit the link or scan the QR code to access it
online.

View this YouTube Video online

o Simple Linear Regression using Excel Data Analysis ToolPak
e The following video provides thorough demonstrations for building simple linear regression models in Excel in 3 different
ways.
o Linear Regression in 5 minutes!
5.4.1: Model and Equation for Simple Linear Regression Analysis

5.4.2: Simple Linear Regression Output

This page titled 5.4: Simple Linear Regression Analysis is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..
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5.4.1: Model and Equation for Simple Linear Regression
Analysis

The following show formulas for building a linear regression analysis equation.

Simple Linear Regression Model: Y = o + B1x + E, where

e Y (response variable): The target or dependent variable that is to be predicted or explained

e o (intercept): The expected value of Y when x = O, where the regression line crosses the Y-axis.

e [ (slope): The change in Y for a one-unit increase in x; it represents the strength and direction of the relationship between x
and.

e X (predictor variable): The independent variable used to predict the value of Y.

e E (error term): The different between the actual and predicted value of Y; it captures randomness or factors no included in
the model.

Simple linear regression equation: ¥ = bo + bix, where

e ¥ (y-hat): The predicted value of the response variable based on the regression model.se) value

e bo:The estimated intercept, which is the predicted value of § when x = 0.

e bi: The estimated slope, which is the amount § changes for every one-unit increase in x. It represents the strength and
direction of the relationship between x and ¥.

¢ x: The independent variable (also called the predictor or explanatory variable) used to predict y.

The calculation for the slope is as follows: b. = Z(xi - x)(yi - y¥) / Z(xi - x)?, where

e Xj = value for the it observation for the independent variable

e yj = value for the it observation for the dependent variable
e X'=mean of x
e Yy =meanofy

The calculation for the intercept is as follows: bo = y - b1x; where each term was
described above.
The error term formula is as follows: ej = y; - {, where

e ¢j = error (residual) for observation i

e yi = actual observed value of the response variable
e y = predicted value for observation i

This page titled 5.4.1: Model and Equation for Simple Linear Regression Analysis is shared under a CC BY 4.0 license and was authored, remixed,
and/or curated by Elbert L. Hearon, M.B.A., M.S..

©@® 124 (5.4.1.1)


https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/05%3A_Linear_Regression_Analysis/5.04%3A_Simple_Linear_Regression_Analysis/5.4.01%3A_Model_and_Equation_for_Simple_Linear_Regression_Analysis
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTextS“

5.4.2: Simple Linear Regression Output

Summary Statistics

This section provides general statistical output from a simple linear regression model:

Descriptions of Statistical Outputs

Statistic Description

R Correlation coefficient between observed and predicted
values

R-squared Proportion of variance in the dependent variable explained by
the model

Adjusted R-squared Adjusts R-squared for sample size and model complexity

(though k =1 here)

Standard Error Standard deviation of residuals (errors)

Number of Observations Total number of data points used in the regression analysis

ANOVA Table

This table decomposes the total variation in the dependent variable into variation explained by the model and unexplained
variation (residuals).

Total variation in the dependent variable into variation explained by the model and unexplained variation (residuals).

Significance F (p-

value)
Regression (SSR) 1 SSR MSR =SSR / 1 F = MSR / MSE p-value for F-test
Residual (SSE) n-2 SSE MSE =SSE/ (n - 2)
Total (SST) n-1 SST
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Coefficient Table

This table shows the estimated regression coefficients and statistics used to assess their significance.

Coefficient table with Variable, Standard Error, t-Statistic, and p-Value

Variable Coefficient Standard Error t-Statistic
Intercept Bo SE(Bo) B/SE P(t > |t-stat|)
X1 B1 SE(B1) B/SE P(t > |t-stat])

Relationships and Derivations

e SST (Total Sum of Squares) = SSR + SSE
e R>=SSR/SST

e Adjusted RZ=1-[(1-R*)(n-1)/(n-2)]

e MSR (Mean Square Regression) = SSR / 1
e MSE (Mean Square Error) = SSE / (n - 2)
e F-statistic = MSR / MSE

e Standard Error = sqrt(MSE)

Where:

o n = number of observations
o df = degrees of freedom

This page titled 5.4.2: Simple Linear Regression Output is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..
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5.5: MULTIPLE LINEAR REGRESSION

Multiple linear regression extends the simple model by incorporating two or more independent variables to predict the outcome.
This more complex approach reflects real-world business environments, where outcomes are rarely driven by just one factor. The
model takes the form: Y = Bo + X1 + B2Xz + ... + BOXS + €, where

e Y is the dependent variable (e.g., sales)

e [ois the intercept

e [y are the coefficients (e.g., betas) associated with each independent variable.
e Xjs are the variables (e.g., TV advertising, digital marketing spend, etc.).

e € are error terms.

For example, to predict weekly sales, a manager might consider multiple predictors such as TV advertising, digital marketing
spend, and in-store promotions. Multiple regression not only quantifies how each factor influences sales but also reveals which
variables are more impactful when controlling for others.

Excel's Data Analysis ToolPak supports multiple regression. The only difference from simple regression is selecting multiple
columns for the X range. Excel outputs coefficients for each predictor, allowing interpretation of individual effects. Pay close
attention to adjusted R? which accounts for the number of variables in the model.

The following sub-section shows formulas and associated matrix operations for building multiple linear regression models.

The following video illustrates how to build a multiple linear regression model using Excel's Data Analysis ToolPak.

e Multiple Linear Regression in Excel: Step-by-Step Analysis and Interpretation

5.5.1: Model and Equation for Multiple Linear Regression Models

5.5.2: Multiple Linear Regression Output

This page titled 5.5: Multiple Linear Regression is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L.
Hearon, M.B.A.,, M.S..
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5.5.1: Model and Equation for Multiple Linear Regression
Models

The following shows formulas for building a multiple linear regression analysis equation. Multiple linear regression allows for the
modeling of the relationship between a single response variable and two or more predictor variables.

Multiple Linear Regression Model: Y = Bo + BiXi + B2Xz2 + ... + BOXO + E,
where

e Y (response variable): The target or dependent variable to be predicted or explained.

e o (intercept): The expected value of Y when all x's = O; where the regression plane crosses the Y-axis.

o B4, B2, .., B (coefficients): Represent the change in Y for a one-unit increase in each respective x, holding all others constant.
* Xy, X2, .., X (predictor variables): Independent variables used to predict the value of Y.

e E (error term): The difference between the actual and predicted value of Y, capturing unexplained variability.

Estimated Multiple Linear Regression Equation: § = bo + bixi + ba2Xxz + ... +
b<&x<®, where

e ¥ (y-hat): The predicted value of the response variable.
e Dbo: The estimated intercept term.
e by, by, ..., b&: The estimated slopes or coefficients for each predictor variable.

Matrix Operations *

Matrix operations are used in multiple linear regression because they provide a compact, efficient way to handle large datasets
and compute regression coefficients simultaneously across multiple predictors. That is because of the following limitations of not
using matrix operations for multiple linear regression analysis:

1. Manual computation becomes tedious and error-prone:
Solving multiple equations by hand (especially with 3 or more predictors) is time-consuming and increases the likelihood of
calculation mistakes.

2. Scalability is poor:
Traditional algebraic methods (like substitution or elimination) do not scale well for large datasets or models with many
variables.

3. Inefficient for automation or programming:
Without matrices, implementing regression in software becomes more complex and less efficient, especially for generalized
solutions.

4. Harder to generalize:
Matrix notation provides a unified framework to express, derive, and extend regression models (e.g., generalized linear
models), which is difficult to achieve with scalar arithmetic.

5. Computational inefficiency:

Matrix methods use optimized linear algebra libraries that are much faster and more memory-efficient than looping through
individual calculations.

Matrix Notation: Y = XB, where

e Y is an nx1 vector of predicted values.
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e Xis an nx(k+1) matrix of independent variables, including a column of 1's for the intercept.
e [is a (k+1)x1 vector of estimated coefficients.

The estimated coefficient vector (8 is calculated as follows:
B = (XIX)&'XtY

where Xt is the transpose of X, and (XtX)&' is the inverse of XtX.

The residuals (errors) are calculated as:
ei=Yi-Vi
Where ej is the error for observation i, yi is the actual value, and i is the predicted value.

* NOTE: Matrix operations is beyond the scope of this book. For curious readers who want to delve into the matrix
operations for multiple linear regression analysis, refer to: Weisberg, S. (2014). Applied linear regression (4th ed.).
Wiley. (See pages 60 to 62 for Data and Matrix Notation)

This page titled 5.5.1: Model and Equation for Multiple Linear Regression Models is shared under a CC BY 4.0 license and was authored, remixed,
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5.5.2: Multiple Linear Regression Output

Summary Statistics

This section provides general statistical output from a multiple linear regression model:

General statistical output and descriptions.

Statistic Description

R Correlation coefficient between observed and predicted
values

R-squared Proportion of variance in the dependent variable explained by
the model

Adjusted R-squared Adjusted R-squared accounts for the number of predictors in
the model

Standard Error Standard deviation of residuals (errors)

Number of Observations Total number of data points used in the regression analysis

ANOVA Table

This table decomposes the total variation in the dependent variable into variation explained by the model and unexplained
variation (residuals).

Total variation in the dependent variable into variation explained by the model and unexplained variation (residuals).

Significance F (p-

value)
Regression (SSR) k SSR MSR = SSR / k F = MSR / MSE p-value for F-test
Residual (SSE) n-k-1 SSE MSE=SSE/(n-k
-1)
Total (SST) n-1 SST
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Coefficient Table

This table shows the estimated regression coefficients and statistics used to assess their significance.

Estimated regression coefficients and statistics used to assess their significance.

Variable Coefficient Standard Error t-Statistic

Intercept Bo SE(Bo) B/SE P(t > |t-stat|)
X1 B: SE(B.) B/SE P(t > |t-stat])
X2 B2 SE(B2) B/SE P(t > |t-stat])

Relationships and Derivations

e SST (Total Sum of Squares) = SSR + SSE

e R?=SSR/SST

e AdjustedRZ=1-[(1-R*)(n-1)/(n-k-1)]

¢ MSR (Mean Square Regression) = SSR / k

¢ MSE (Mean Square Error) =SSE/(n-k - 1)
e F-statistic = MSR / MSE

e Standard Error = sqrt(MSE)

Where:
o n = number of observations

ok = number of predictor variables
o df = degrees of freedom

This page titled 5.5.2: Multiple Linear Regression Output is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
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5.6: Business Applications of Linear Regression Analysis

Linear regression is widely used in business to derive insights and guide decisions across departments such as marketing,
finance, operations, and human resources. Its flexibility and interpretability make it suitable for applications that involve
continuous numerical outcomes and measurable predictors. Following are examples, though they are not exhaustive.

e Marketing: Regression models help quantify the impact of advertising, pricing, and promotions on sales performance. A
company might analyze how TV ad spend, email campaigns, and website traffic affect weekly sales, enabling marketing
leaders to fine-tune their strategies.

e Finance: Regression analysis is used for forecasting expenses, budgeting, and evaluating the impact of variables like interest
rates, operating costs, and capital expenditures on profitability. For example, CFOs can predict quarterly costs based on
volume growth and inflation assumptions.

¢ Human Resource Departments: Regression analysis is used to predict employee turnover based on job satisfaction and
compensation, and operations teams modeling lead time or delivery delays based on supplier distance, production volume,
and demand variability.

e Consumer Credit Risk Management: Banks and lenders use regression analysis to predict loan default probability based on
variables such as credit score, income level, outstanding debt, and past payment behavior. This supports more accurate
credit scoring and risk-based pricing.

e Retail: Regression analysis can be used to forecast in-store foot traffic based on time of day, weather patterns, day of the
week, and promotional activities—allowing better staffing and inventory decisions.

e Real Estate Firms: Regression analysis can be used to estimate property values based on square footage, number of
bedrooms, location, and proximity to amenities. This is common in pricing algorithms for home listings and appraisals.

e Supply Chain Management: Companies can use regression analysis to model shipping costs or order fulfillment times as a
function of distance, weight, fuel prices, and volume—helping optimize distribution strategies.

E-commerce: Linear regression is used to predict customer lifetime value (CLV) based on variables like recency, frequency,
and monetary value of purchases, enabling segmentation and retention strategies.

e Insurance: Actuaries use regression models to estimate expected claims costs based on age, occupation, health metrics,
and past claim history, which helps determine premium pricing.

These use cases highlight regression’s relevance to cross-functional decision-making.

The next section presents some of the leading tools that analysts use to perform linear regression analysis.

This page titled 5.6: Business Applications of Linear Regression Analysis is shared under a CC BY 4.0 license and was authored, remixed, and/
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5.7: Using Dummy Variables in Linear Regression Analysis

Rationale

In business analytics, many important predictors are categorical, such as gender, region, or product category. However, linear
regression requires numerical input. Dummy variables (also called indicator variables) allow analysts to include these qualitative
predictors by coding them numerically in a way the model can interpret. This makes it possible to explore the impact of categories
on the dependent variable, while maintaining the assumptions of linear regression.

Explanation

A dummy variable is a binary variable that takes a value of ® or 1 to indicate the presence or absence of a categorical effect.
If a variable has k categories, we create k-7 dummy variables. This avoids the "dummy variable trap" (perfect multicollinearity),
ensuring the model remains stable.

Example

Suppose a retail company wants to model sales revenue based on region (East, West, South, and Midwest). You would create three
dummy variables:

e West = 1if the region is West, O otherwise
e South = 1if the region is South, ® otherwise
¢ Midwest = 1 if the region is Midwest, ® otherwise

"East" becomes the reference category. The regression equation may look like this:

Interpreting Dummy Variables in a Regression Model
Regression Equation:
Sales = 3o + Bi(West) + B2(South) + Bs(Midwest)

e Interpretation:
o Bo (Intercept): Represents the average sales for the East region (the reference group) when all dummy variables are zero.
o 1 (West): Shows the difference in average sales between the West and East regions.
= If B1 > O, then average sales in the West are higher than in the East by 3; units.
= If B1 < O, then average sales in the West are lower than in the East by |B] units.
o [z (South): Shows the difference in average sales between the South and East regions.
= If B2 > O, then average sales in the South are higher than in the East by 3, units.
= If B2 < ®, then average sales in the South are lower than in the East by |32 units.
o s (Midwest): Shows the difference in average sales between the Midwest and East regions.
= If B3 > O, then average sales in the Midwest are higher than in the East by 33 units.
= If B3 < O, then average sales in the Midwest are lower than in the East by |Bs| units.
o Interpretation of Dummy Variables:
= Each dummy variable equals 1 if the observation belongs to that region, and ® otherwise.
= For example, if West = 1, South = 9, Midwest = ®, the equation becomes: Sales = 3o + .1 (for West).
= East Region as Reference:
= Since all dummy variables are O for the East region, the model simplifies to: Sales = 3o (for East).
> No Multicollinearity: Only three dummy variables are used for four regions to avoid the dummy variable trap. This ensures
independent variables are not perfectly correlated. This technique enables managers to identify whether regional
differences significantly affect sales.

In the next section, we'll cover interaction variables and discuss how they can enhance linear regression models.
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5.8: Using Interaction Variables in Linear Regression
Analysis

Rationale

Sometimes, the effect of one predictor on the outcome depends on the level of another predictor. Interaction variables capture
these combined effects. Ignoring interactions may oversimplify the model and lead to incorrect conclusions, especially when
different business segments behave differently depending on other variables.

Explanation

An interaction term is created by multiplying two independent variables together. This product term is then included in the
regression model. Interactions can occur between two continuous variables, two dummy variables, or one of each. Including an
interaction allows the slope of one variable to vary depending on the level of another.

Example

Consider a company modeling salary (Y) based on years of experience (Experience) and gender (Female, a dummy variable: 1 if
female, ® if male). The model without interaction assumes experience affects salary equally for all genders. But if women receive
lower returns to experience than men, an interaction term can capture that:

Salary = Bo + Bi(Experience) + B2(Female) + Bs(Experience x Female) + €
Interpretation:

e [ s the effect of experience on salary for males.
¢ [3; is the base salary difference between females and males when experience is 0.
e [3s tells us how the effect of experience on salary differs for females.

If Bs is negative and significant, it means each additional year of experience contributes less to a woman'’s salary than to a man’s
— avaluable insight for HR and compensation strategy.

While interaction variables expand the explanatory power of a regression model by capturing how variables influence each other,
they also increase the complexity of the model. As more predictors and interactions are added, the risk of multicollinearity—where
two or more variables are highly correlated—becomes greater. Multicollinearity can distort coefficient estimates, inflate standard
errors, and make it difficult to determine which variables are truly influencing the outcome. Understanding how to detect and
address multicollinearity is essential for building stable and interpretable models.
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5.9: Multicollinearity

Multicollinearity occurs when two or more independent variables in a regression model are highly correlated. This makes it
difficult to isolate the individual effect of each predictor and can result in unstable estimates of regression coefficients.

Why Multicollinearity Matters

High multicollinearity inflates the standard errors of the coefficients, making them statistically insignificant even if they are
practically important. This undermines the interpretability of the model.

How to Detect

e Correlation matrix of independent variables
(NOTE: Multicollinearity is detected if the absolute value of the correlation coefficient between any two variables is greater
than or equal to 0.7.)

The following video shows how to generate a correlation matrix in Excel and use Conditional Formatting (in Excel)
to color-code correlation coefficients based on their values. Correlation Matrix in Excel

e Variance Inflation Factor (VIF): A VIF above 5 (or 10, in some guidelines) suggests problematic multicollinearity. (NOTE: VIF
is not supported in Excel.)

What to Do if Multicollinearity is Detected

e Drop one of the correlated variables
e Combine variables (e.g., sum or average)
e Use regularized regression techniques like Ridge or Lasso (see Appendix)

Addressing multicollinearity ensures that each predictor contributes unique information to the model, resulting in more reliable
coefficient estimates and clearer interpretation. However, even with a well-structured model, extreme or unusual data
points—known as outliers—can disproportionately influence the regression line. Identifying and managing outliers is the next
critical step in ensuring that your regression model reflects the overall data pattern rather than being skewed by a few atypical
observations.
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5.10: Outliers

Outliers are data points that lie significantly outside the general pattern of the other observations in a dataset. In the context of
linear regression, outliers may occur in the dependent variable (Y), the independent variable(s) (X), or both. These unusual values
may result from data entry errors, variability in the data, or unique cases that do not follow the general trend.

Why Outliers Matter in Regression

Outliers can have a significant impact on the accuracy and reliability of a regression model. They can:
o Distort the regression line, pulling it toward the outlier and thereby affecting slope and intercept estimates.
o Inflate the error terms, leading to misleading standard errors, t-statistics, and confidence intervals.

e Violate model assumptions, such as normality of residuals and constant variance (homoscedasticity).
¢ Influence diagnostics, such as R-squared, which may appear higher or lower depending on the outlier's position.

How to Detect Outliers
The following video (up to time stamp, 5:05, demonstrates how to detect outliers in data using the Z-Score method.
e Video: Finding Outliers with Z-Scores

Summary of Best Practices for Handling Outliers

Step Action

1 Determine outliers using the Z-score method (e.g., if absolute value of Z-score is greater than 3 for any
variable of interest, then an outlier exists).

2 Determine the cause: data error, rare event, or legitimate but unusual.

3 Choose a strategy for dealing with the outlier such as retain, remove, transform, or use robust methods.

Effectively identifying and managing outliers helps preserve the integrity of a regression model by reducing the impact of
anomalous data points that can skew results or obscure true relationships. Once the dataset has been properly cleaned and
refined, analysts are often faced with the challenge of selecting the most relevant variables from a larger set of potential
predictors. This is where Stepwise Regression becomes a valuable technique—it provides a systematic, data-driven approach to
building more efficient and predictive models.
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5.11: Variable Selection Methods

Variable selection is an automated model selection technique used in multiple linear regression. It involves the iterative addition
or removal of predictor variables based on specific statistical criteria, such as p-values or Akaike Information Criterion (AIC). This
helps identify a parsimonious model that balances goodness of fit with model simplicity.

NOTE: Variable selection methods are not supported by basic Excel. However, they are covered here to provide you with
knowledge of the various techniques, and they are easily handled by open source tools such as Python or RStudio as
well as commercial software such as SAS, IBM SPSS Statistics, and others. The video at the bottom of this section
demonstrates how variable selection methods are easily handled by IBM SPSS Statistics.

Why Use Variable Selection?

In many business analytics scenarios, analysts begin with several potential predictors. Stepwise regression systematically
evaluates which variables meaningfully contribute to the predictive power of the model. This reduces the risk of overfitting and
enhances interpretability.

Benefits of Variable Selection

e Helps eliminate irrelevant or redundant variables

e Improves model interpretability and performance

e Supports automated feature selection when domain knowledge is limited
e Reduces multicollinearity by filtering out correlated variables

Variable Selection Methods

Forward Selection

This method starts with no predictors in the model. At each step, the variable that improves the model the most (based on a
criterion like AIC or p-value) is added. The process continues until no remaining variable significantly improves the model.

Use When:

e You want to build a model from scratch
e You suspect only a few predictors are useful

Backward Elimination

This method starts with all candidate predictors in the model. At each step, the least significant variable (usually with the highest
p-value) is removed. The process continues until only significant predictors remain.

Use When:

e You have a model with many predictors
e You want to simplify the model by removing redundancy

Stepwise Regression (Bidirectional)

This method uses a combination of forward and backward methods. Variables are added or removed at each step based on
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improvement in model fit. This allows for a more balanced and flexible approach.
Use When:

e You want a more dynamic model-building process
e You suspect there might be interactions among variables

Video on Variable Selection Techniques

e Forward, backward, and stepwise multiple regression options in IBM SPSS Statistics

Variable selection methods streamline the model-building process by automatically selecting variables based on statistical
criteria, helping analysts identify a more parsimonious and predictive model. However, like all automated procedures, it should
be used with caution and complemented by domain knowledge and judgment. As we wrap up our exploration of linear regression
techniques, it's important to consider some of the most common pitfalls analysts encounter—and the best practices that can help
ensure regression models are both valid and actionable.
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5.12: Common Pitfalls and Best Practices

Despite its simplicity, linear regression is often misapplied or misinterpreted. One of the most common mistakes is
overfitting—adding too many variables that don’t improve the model. This leads to inflated R? values and poor performance on
new data. Always use adjusted R? and cross-validation to detect overfitting.

Another issue is misinterpreting coefficients or p-values. A small p-value indicates statistical significance but not necessarily
practical significance. For example, a variable may have a statistically significant effect on profit, but the actual dollar amount
may be negligible.

Ignoring assumptions such as homoscedasticity and normality of residuals can also skew results. Always plot residuals and check
for patterns or outliers that may invalidate your conclusions. If assumptions are violated, consider transforming your variables

or using more robust methods like weighted regression. The following table shows transformation strategies based on issues
detected.

Decision Chart: When to Use Mathematical Transformations

Decision Chart: When to Use Mathematical Transformations

Violation Type Symptom or Plot Recommended R Function Excel Equivalent

Pattern Transformation

Non-normality Histogram or Q-Q plot | log(Y), sart(Y), Box-Cox | log(), sart() =LOG(), =SQRT()
of Y shows skewness

Non-constant variance | Residual plot shows log(Y) log() =LOG()
fan-shaped spread

Non-linearity Residuals show curve log(X), X2, sart(X) log(), (X*2) =LOG(), =SQRT()
or U-shape pattern

Non-independence Residuals show cycles, | First differencing (AY) | diff() =Y2 - Y1
trends, or
autocorrelation

General skewness or Multiple issues with Box-Cox boxcox() (in MASS) Not available directly
variance issues normality and variance | transformation
inY

Regression Transformation Comparison
The image below compares the distribution, linear relationship, and residual normality before and after applying various

transformations (Log, Square Root, Box-Cox) to the dependent variable (Sales). These transformations can help address non-
normality and non-linearity in regression analysis.
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Effect of Transformations

This section provides interpretation of the transformation effects on the regression assumptions based on the three key visual
diagnostics shown in the plots: distribution (histogram), linearity (scatterplot), and normality of residuals (Q-Q plot).

1. Histogram: Distribution of Sales
a. Before Transformation (Original Sales):
i. The original sales distribution is right-skewed, with a long tail to the right.
ii. Indicates outliers or extreme high values.
iii. Violates the assumption of normally distributed residuals.
b. After Transformation (Box-Cox, Log, Sart):
i. Box-Cox provides the most symmetric and nearly normal distribution.
ii. Log and Square Root transformations reduce skewness but are less effective than Box-Cox.
iii. These transformations stabilize variance and make the model more valid.
2. Scatterplot: Relationship Between Web_Traffic and Sales
a. Before Transformation:
i. The original scatterplot shows a nonlinear (curved) relationship.
ii. Signs of heteroscedasticity: spread increases with Web_Traffic.
b. After Transformation:
i. The Box-Cox transformation produces the clearest linear pattern between Sales and Web_Traffic, which is exactly
what we want in linear regression.
3. Q-Q Plot of Residuals
a. Before Transformation:
i. Residuals deviate sharply from the diagonal line in the Q-Q plot.
ii. Indicates non-normal residuals, violating regression assumptions.
b. After Transformation:
i. Box-Cox and Log transformations align residuals closer to the diagonal.
ii. Residuals are more normally distributed, satisfying model assumptions.

Summary
The original Sales data exhibited skewness, nonlinearity, and non-normal residuals. These issues violate key regression
assumptions. After applying transformations—especially Box-Cox—the data distribution became more normal, the relationship

between variables more linear, and the residuals better aligned with normality. This enhances the accuracy, interpretability, and
statistical reliability of the regression model.

Lastly, be cautious not to confuse correlation with causation. Even if a regression model shows a strong relationship, it doesn’t
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mean one variable causes the other. Supplement regression results with domain knowledge, experiments, or causal analysis when
possible.

This page titled 5.12: Common Pitfalls and Best Practices is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
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5.13: Leading Tools for Performing Linear Regression
Analysis

Linear regression is a foundational technique in data analytics used to examine the relationship between one dependent variable
and one or more independent variables. A variety of tools are available to help analysts and business professionals build,
interpret, and communicate linear regression models effectively. These tools range from widely accessible spreadsheet platforms
to advanced statistical and machine learning environments.

Microsoft Excel

Excel is one of the most accessible platforms for performing linear regression, especially for users without a programming
background. Through its Data Analysis ToolPak, users can quickly generate regression output that includes coefficients, R-
squared, p-values, standard error, and residual plots. It is commonly used in business settings for introductory and mid-level
regression tasks.

Tableau

Tableau, while primarily a data visualization tool, allows users to create trend lines, including linear regressions, within visual
dashboards. This feature helps non-technical users visualize regression insights as part of a broader narrative. Tableau is best
used when the goal is to present findings in a compelling, visual format rather than perform in-depth statistical analysis.

Python

Python is a powerful, open-source programming language that supports regression analysis through libraries such as scikit-learn,
statsmodels, and pandas. With Python, analysts can preprocess data, build complex regression models, and visualize diagnostic
plots. It is ideal for users who want to automate workflows or scale their analysis using scripting.

RStudio

RStudio is a widely used integrated development environment for the R programming language, which excels in statistical
computing. It includes robust support for linear regression through built-in functions such as Im(). R and RStudio provide detailed
output and flexible diagnostic capabilities, making them popular choices among statisticians and data scientists.

Commercial Software

Commercial software such as SAS, IBM SPSS Statistics, and Alteryx also provide strong support for linear regression. SAS is
well-known in enterprise environments for its reliability, scalability, and detailed statistical procedures. IBM SPSS Statistics offers
a user-friendly interface for performing regression without requiring programming skills, making it attractive to social scientists
and business analysts. Alteryx offers a drag-and-drop environment with built-in tools for predictive analytics, including regression,
often favored by business users.

Other Tools

In addition to these leading tools, there are many others available, including JMP, Minitab, and RapidMiner. The choice of tool
depends on the user's background, the complexity of the analysis, and the need for scalability, automation, or visualization.

This page titled 5.13: Leading Tools for Performing Linear Regression Analysis is shared under a CC BY 4.0 license and was authored, remixed,
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5.14: Steps for Building a Linear Regression Model

The flowchart below outlines the logical steps in developing a linear regression model, from understanding the business problem
through model interpretation. It includes decision points, feedback loops, and key activities such as data preparation, exploratory
data analysis (EDA), diagnostic checks, and variable selection.

Understand the Busness Problem

Prepare Data
(cleaning, handle missing)
Perform EDA
(visuals, stats)
Create Dummy Variables
Build Initial Linear Model

Check Model Diagnostics
(residual plots, assumptions)

Modify Model
remove violations)

¢

Check for Outliers
and Influential Points

‘Assess Model Significance
(R, pvalues, Ftest)

Explore Interactions
‘among Variables

“Apply Variable Selection
(stepwise, LASSO, etc.)

Refine and Finalize Model
Interpret Results
& Make Recommendations

This page titled 5.14: Steps for Building a Linear Regression Model is shared under a CC BY 4.0 license and was authored, remixed, and/or
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5.15: Summary

Linear regression is a cornerstone of business analytics. It provides a clear framework for understanding how changes in input
variables affect outcomes and supports predictive forecasting. By modeling relationships based on data, business leaders can
reduce uncertainty and improve planning.

Simple linear regression is useful for quick insights with one predictor, while multiple regression captures more realistic business
scenarios involving several inputs. The key to leveraging regression is understanding the outputs—especially coefficients, R?
adjusted R?, and p-values—and validating the model’'s assumptions.

Different tools support different needs: Excel for accessibility, Python or RStudio for statistical depth, Tableau for communication,
and ChatGPT for concept clarification. Used solo or in combination, they empower MBA students and managers to incorporate
data into their decision-making process effectively.

Ultimately, regression is not just a math technique—it’s a storytelling tool. When done correctly, it allows business professionals
to craft evidence-based narratives that inform action and strategy.
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5.16: CASE STUDY USING LINEAR REGRESSION ANALYSIS

In this case study, we explore how advertising investments influence product sales using real-world-style data from a company
that promotes its products across three marketing channels: television, radio, and social media. The company operates both
online and retail channels and seeks to better understand how individual advertising strategies affect revenue. The goal of this
section is to conduct a simple linear regression analysis that evaluates the impact of TV advertising spend alone on product
sales. This allows decision-makers to isolate and quantify the linear relationship between one key marketing variable and revenue
performance, providing a foundation for more advanced models that incorporate additional predictors and interaction effects in
later sections.

5.16.1: Dataset

5.16.2: Data Exploration

5.16.3: Simple Linear Regression Model Output
5.16.4: Multiple Regression Model

This page titled 5.16: Case Study using Linear Regression Analysis is shared under a CC BY 4.0 license and was authored, remixed, and/or
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5.16.1: Dataset

The dataset used throughout this case study consists of 180 observations representing weekly advertising and sales data for a
consumer goods company. Each observation includes the amount spent on TV, radio, and social media advertising, as well as the
primary sales channel—either online or retail. The dataset also records total product sales for each week. This structured dataset
enables students to apply a variety of modeling techniques, beginning with simple linear regression and progressing to more
advanced methods such as multiple linear regression, regression trees, support vector machines, and random forests. Notice the
column entitled, "Channel_Code" is the dummy variable created from "Channel", where '1' and '0' are Retail and Online channels,
respectively.

Dataset from Excel

Dataset from Excel

Row_Number Sales TV_Ad_Spend Radio_Ad_Spend Social_Ad_Spend Channel_Code Channel
1 205.02 54.97 22.92 105.37 o Online
2 211.85 48.62 27.9 108.41 1 Retail
3 222.43 56.48 28.29 116.25 1 Retail
4 228.25 65.23 25.99 115.81 o Online
5 171.99 47.66 29.19 79.33 o Online
6 187.2 47.66 32.02 85.93 1 Retail
7 244.89 65.79 39.43 107.73 1 Retail
8 229.47 57.67 30.87 107.71 o Online
9 211.92 45.31 31.29 107.73 0 Online
10 275.07 5543 29.63 157.79 o Online
1 198.6 45.37 20.41 108.56 1 Retail
12 213.76 45.34 29.87 117.03 1 Retail
13 224.63 52.42 30.3 114.31 1 Retail
14 203.19 30.87 42.32 109.77 o Online
15 177.5 32.75 29.04 95.27 o Online
16 208.8 44.38 31.51 111.38 1 Retail
17 182.04 39.87 29.83 88.41 1 Retail
18 203.91 53.14 2416 96.45 o Online
19 191.54 40.92 35.71 92.72 1 Retail
20 195.59 35.88 33.76 101.23 1 Retail
21 268.83 64.66 33.96 134.72 o Online
22 163.14 47.74 25.45 71.99 1 Retail
23 224.49 50.68 37.01 110.29 o Online
24 150.78 35.75 22.99 75.81 o Online
25 192.08 44.56 32.93 92.92 o Online
26 231.32 51.11 40.95 116.33 o Online
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Row_Number TV_Ad_Spend Radio_Ad_Spend Social_Ad_Spend Channel_Code Channel
27 184.96 38.49 25.85 100.96 o Online
28 188.23 53.76 2717 83.83 ® Online
29 191.32 43.99 30.5 89.27 0 Online
30 215.22 47.08 27.48 110.19 1 Retail
31 185.48 43.98 2225 89.04 0 Online
32 225.56 68.52 30.34 103.25 ) Online
33 204.14 49.87 24.69 100.68 1 Retail
34 184.69 39.42 32.37 90.23 1 Retail
35 258.01 58.23 25.4 132.16 1 Retail
36 203.65 3779 37.75 109.51 V] Online
37 164 52.09 26.08 69.62 1 Retail
38 177.88 30.4 28.39 102.8 0 Online
39 169.63 36.72 34.07 90.807 0 Online
40 210.69 51.97 23.85 112.79 ® Online
41 195.56 57.38 31.14 88.11 0 Online
42 213.02 51.71 36.54 98.28 1 Retail
43 205.18 48.84 21.96 107.57 1 Retail
44 224.68 46.99 30.92 112.99 0 Online
45 171 35.21 313 82 o Online
46 190.04 42.8 33.91 94.98 ® Online
47 180.02 45.39 23.82 92.88 1 Retail
48 199.51 60.57 23.4 90.2 V] Online
49 233.94 53.44 32.61 126.48 0 Online
50 201.51 32.37 31.48 106.07 1 Retail
51 194.35 53.24 31.25 81.09 1 Retail
52 213.72 46.15 31.73 113.77 ® Online
53 220.96 43.23 26.6 131.83 1 Retail
54 238.29 56.12 31.16 115.49 1 Retail
55 189.97 60.31 31.47 77.21 0 Online
56 210.01 59.31 26.43 9274 1 Retail
57 216.91 41.61 39.33 19 o Online
58 188.72 46.91 32.37 89.38 1 Retail
59 208.13 53.31 24.04 106.66 0 Online
60 232.03 59.76 33.28 111.62 V] Online
61 173.72 45.21 2513 86.1 0 Online
62 209.19 48.14 33.94 99.11 1 Retail
63 145.2 38.94 35.79 60 o Online
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Row_Number TV_Ad_Spend Radio_Ad_Spend Social_Ad_Spend Channel_Code Channel
64 167.93 38.04 25.9 84.63 1 Retail
65 214.26 58.13 34.82 96.21 0 Online
66 202.34 63.56 32.06 81.28 0 Online
67 240.36 49.28 34.11 124.49 1 Retail
68 194.97 60.04 39.48 78.55 ) Online
69 190.7 53.62 28.77 93.4 0 Online
70 201.74 43.55 26.23 101.96 1 Retail
71 229.85 53.61 25.55 121.62 0 Online
72 188.13 65.38 25.92 78.46 o Online
73 229.96 49.64 29.61 117.45 ) Online
74 224.41 65.65 31.71 100.15 0 Online
75 171.78 30 31.38 85.28 1 Retail
76 227.78 58.22 34.14 106.93 1 Retail
77 217.86 50.87 30.07 102.99 0 Online
78 207.86 47.01 37.27 91 1 Retail
79 202.61 50.92 28.68 101.85 ) Online
80 194.44 30.12 43.6 94.22 1 Retail
81 208.99 47.8 33.13 101.7 0 Online
82 220.87 53.57 25.71 109.93 0 Online
83 237.73 64.78 24.65 123.79 0 Online
84 181.61 44.82 32.41 81.43 0 Online
85 233.9 41.92 28.88 132 ) Online
86 158.59 4498 33.57 70.72 0 Online
87 210.83 59.15 32.37 97.72 1 Retail
88 206.53 53.29 29.64 108.82 0 Online
89 197.46 447 25.77 104.21 1 Retail
90 193.63 55.13 22.43 90.66 0 Online
91 207.63 50.97 27.77 96.88 1 Retail
92 21313 59.69 34.28 92.6 1 Retail
93 195.79 4298 31.87 91.16 1 Retail
94 199.93 46.72 23.77 112.74 0 Online
95 196.87 46.08 30.87 105.36 0 Online
96 177.48 35.36 31.93 89.61 1 Retail
97 219.17 52.96 25.58 113.49 ) Online
98 21413 52.61 30.77 104.61 1 Retail
99 207.07 50.85 30.29 112.19 0 Online
100 206.29 47.65 24.29 109.44 1 Retail
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5.16.2: Data Exploration

Before we begin the task of modeling, exploratory data analysis is performed to ensure the input data do not pose any problems.
The following will be checked:

e Data distributions to check for imbalances or inconsistencies across sales and advertising variables by channel
e Scatter plots to check for linearity
e Histograms to check for normality

e Box plots to check for outliers
e Correlation matrix to check for multicollinearity

Distributions of Frequencies, Sales, and Advertising Expenditures (#'s

and $'s)

Distributions of Frequencies, Sales, and Advertising Expenditures (#'s and $'s).

Channel Counts by Total Sales Total TV Total Radio Total Social Total of All
Channel Advertising Advertising Media Advertising
Expenditures Expenditures Advertising Expenditures
Expenditures
Online 58 $11,865 $2,911 $1,744 $5,890 $10,545
Retail 42 $8,566 $1,992 $1,267 $4,216 $7,475
Grand Total 100 $20,430 $4,902 $3,011 $10,106 $18,020

Distributions of Frequencies, Sales, and Advertising Expenditures (% of

Total)

Distributions of Frequencies, Sales, and Advertising Expenditures (% of Total).

Channel Counts by Total Sales Total TV Total Radio Total Social Total of All

Channel Advertising Advertising Media Advertising
Expenditures Expenditures Advertising Expenditures
Expenditures

Online 58.0% 58.1% 59.4% 57.9% 58.3% 58.5%

Retail 42.0% 41.9% 40.6% 421% 41.7% 41.5%

Grand Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.80%

Observations:

e Online channel accounts for 58 percent of records and sales
e Ad spending across TV, Radio, and Social Media closely matches channel split
e Online receives a slightly higher share of TV advertising (59.4 percent)

e Channel should be included as a categorical variable, as it may interact with advertising types
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Scatter Plots for Linearity
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e TV Advertising Expenditures has a weak positive relationship with sales (r =0.5518).
e Radio Advertising Expenditures has no relationship with sales (r = 8.1187).

e Social Advertising Expenditures has a strong positive relationship with sales (r = 0.8643).

NOTE: Recall, "r" is the the correlation coefficient, which is the square root or R-squared.

Histograms for Normality
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Social Advertisting Expenditures

e Sales (dependent variable): Slight right skew, but no transformation needed since it's the response variable.
e TV Ad Spend (TV Advertising Expenditures): Nearly symmetric distribution; transformation is optional.
e Radio Ad Spend: Noticeable right skew; log1® transformation recommended.

e Social Media Advertising Spend: Fairly balanced with mild skew; no transformation needed.

©@®

152 (5.16.2.2)

$300



LibreTextS“

Log10 Transformation of Radio Ad Spend

Log10 (Radio_Ad_Spend)

Comments:
e Improves symmetry and reduces skewness

e Stabilizes variance and helps meet regression assumptions
e Coefficients represent percent change in radio spend

Box Plots for Outliers
The following box plots show the following:

e OQutliers appear in Sales and Social Ad Spend
¢ No transformation applied to Sales since distribution looks acceptable
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Correlation Matrix

Below is the correlation matrix that shows relationships between each numeric variables.

Correlation matrix that shows relationships between each numeric variables.

TV_Ad_Spend Radio_Ad_Spend Social_Ad_Spend
Sales 1
0.552
TV_Ad_Spend 1
0.119
Radio_Ad_Spend -0.137 1
0.864 0.184
Social_Ad_Spend -0.031 1

Observations from the Correlation Matrix

e Social ad spend has strongest correlation with sales (r = 0.864)
e No evidence of multicollinearity (all correlations < 0.7)

Conclusions

e No issues with linearity, outliers, or multicollinearity
e For multiple linear regression analysis, Log10 transformation will be applied to the skewed variable: Radio Ad Spend
¢ Simple and multiple regression modeling will proceed, with the transformed variable for the latter.

This page titled 5.16.2: Data Exploration is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A., M.S..
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5.16.3: Simple Linear Regression Model Output

As stated in the prior section, simple linear regression analysis will be used to predict Sales based on a single variable, Social
Advertising Expenditures. Results from this model is presented below.

Summary Output

Regression Statistics

Multiple R 0.864
R Square 0.747

Adjusted R Square 0.745

Standard Error 11.840
Observations 100

Comments on Summary Statistics

e The simple linear regression model was built using 180 observations.

e There is a strong correlation between Social Advertising Expenditures and Sales (i.e, r = 8.747).

e The standard error is relatively low at 11.84. (NOTE: In linear regression analysis, the standard error measures the average
distance that the observed values fall from the regression line. It reflects the typical size of the residuals (errors) and
helps assess how well the model fits the data—smaller standard error means better fit.)

ANOVA (Analysis of Variance)

df SS Ms F Significance F
Regression 1 40,585.66 40,585.66 | 289.52 | 0.0000
Residual 98 13,737.85 140.18
Total 99 54,323.52
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Comments:

Using data from the ANOVA table, hypothesis testing will be conducted to determine the efficacy of the linear regression
model. We'll state the null hypothesis, alternative hypothesis, decision criteria, and conclusion about the model.

¢ Null Hypothesis (H®): The coefficient of the slope (i.e., 1.26) is not statistically different than zero.

e Alternative Hypothesis (H1): The coefficient of the slope (i.e., 1.26) is statistically different than zero.

e Decision criteria: Let the level of significance (i.e., alpha) = 8.85. So, reject the null hypothesis if the Significance F (p-
value) is less than 0.85. Otherwise, do not reject the null hypothesis.

e Conclusion: Since the value for Significance F (i.e., 0.0000) is less than 0.85, reject the null hypothesis. Therefore, we
conclude the model is significant.

Coefficient Table

Coefficients | Standard Error t Stat P-value | Lower 95% Upper 95%
Intercept 76.58 7.60 10.08 0.0000 | 61.50 91.66
Social_Ad_Spend 1.26 0.07 17.02 0.0000 | 1.12 1.41

Comments:
e Based on numbers in the Coefficients column above, the equation to predict sales is:

Predicted Sales = 76.58 + 1.26 x Social Advertising Expenditures
e Interpretation of coefficients:
o If $0 are spent on Social Advertising Expenditures, then Predict Sales would be approximately $76.58 (or $76,5880 if
converted to thousands).
o For each $1increase in Social Advertising Expenditures, Predicted Sales would increase by $1.26 (or 1,260 if
converted to thousands).

Diagnostics

Before closing out this section, diagnostic plots will be explored to check for linear regression assumptions as related to this case
study: constant variance, linearity, and normality.

In the next section, an attempt will be made to improve our prediction of sales by using multiple linear regression analysis.

Residual and Scatter Plots

The following residual plot indicates constant variance given the randomness of the points around the center line. Therefore, the
constant variance assumption is satisfied. The residual plot as well as the scatter plot that follows, also indicate the linearity
assumption is satisfied.
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Normal Probability Plot (Q-Q Plot)

The following normal probability plot shows a slight curve at the tails suggests mild non-normality. However, no immediate
transformation is necessary because: 1) the residuals are approximately symmetric and homoscedastic (constant variance) as
indicated above; and 2) the model performs reasonably well based on the above diagnostics as well as R-squared). Hence, there
are no major issues for this simple linear regression analysis.
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Normal Probability Plot
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Summary

The simple linear regression model to estimate sales based on Social Media Advertising Expenditures is reasonable. We are now
ready to proceed with multiple linear regression analysis.

This page titled 5.16.3: Simple Linear Regression Model Output is shared under a CC BY 4.0 license and was authored, remixed, and/or curated
by Elbert L. Hearon, M.B.A., M.S..

©® 158 (5.16.3.4)


https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/05%3A_Linear_Regression_Analysis/5.16%3A_Case_Study_using_Linear_Regression_Analysis/5.16.03%3A_Simple_Linear_Regression_Model_Output
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTexts"

5.16.4: Multiple Regression Model

Using the dataset presented in the case, a multiple linear regression model was built using Microsoft Excel's Data Analysis
ToolPak. The goal was to predict Sales based on all numeric and categorical variables.

Scatter Plots of Each Independent Variable against Sales

As shown in a prior section, TV Advertising Expenditures and Social Advertising Expenditures show weak and strong positive
relationships with Sales, respectively. Radio Advertising Expenditures show no relationship with Sales. Since there are no irregular
patterns detected (e.g., curvatures), transformations are not needed.
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Multiple Linear Regression Analysis Output

The multiple linear regression model developed in this section uses the following independent variables to predict sales: log-
transformed TV advertising spend, log-transformed radio advertising spend, social media advertising spend (in dollars), and a
binary channel code indicating Online versus Retail. The log1® (e.g., log base 10) transformations for TV and radio ad spend were
applied to reduce skewness and stabilize variance, as explained in the Exploratory Data Analysis (EDA) section of this case study.
Following are results.

Summary Output

Regression Statistics

0.974
Multiple R

0.949
R Square

0.947
Adjusted R Square

5.405
Standard Error
Observations 100
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Comments on Regression Statistics:

e Adjusted R-squared is 8.947, meaning the model explains about 94.7 percent of the variation in sales after accounting
for the number of variables included.

e Standard error is approximately 5.41, indicating the average prediction error from the model is about 5.41 units of sales.

e The analysis is based on 100 observations.

ANOVA (Analysis of Variance)

df SS MS F Significance F
51,548.00 12,887.00 441.09 0.0000
Regression 4
2,775.51 29.22
Residual 95
54,323.52
Total 99

Global Hypothesis Test (from the ANOVA Table)

e Purpose: To test whether the model is statistically useful in explaining variation in sales.

¢ Null hypothesis (Ho): All coefficients are equal to zero (no relationship with sales).

e Alternative hypothesis (H;): At least one coefficient is not equal to zero (there is a relationship).

e Decision rule: If Significance F is less than 0.085, reject the null hypothesis.

e Conclusion: Since Significance F is 0.9000, we reject the null hypothesis and conclude the model is statistically
significant overall.

Coefficients and Associated Data

Coefficients Standard Error t Stat P-value Lower 95% Upper
95%
Intercept -231.08 17.65 -13.09 0.0000 -266.13 -196.04
TV_Ad_Spend_Log 124.61 6.83 18.25 0.0000 111.85 138.16
Radio_Ad_Spend_Log 72.95 8.01 9.10 0.0000 57.04 88.86
Social_Ad_Spend 115 0.83 3343 0.0000 1.09 122
Channel_Code 3.54 1.11 3.20 0.0019 1.35 5.74

Comments and Interpretations of Comments and Associated Data:

e Intercept: When all predictors are zero, the model predicts sales of about -231.88. This value is not meaningful by itself but
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needed for the equation.
e TV_Ad_Spend_Log: For every 1 percent increase in TV ad spend, sales are expected to increase by about 1.25 units, holding

other variables constant.
e Radio_Ad_Spend_Log: For every 1 percent increase in radio ad spend, sales are expected to increase by about .73 units,

holding other variables constant.
e Social_Ad_Spend: For every additional dollar spent on social media ads, sales increase by about 1.15 units.
e Channel_Code: Retail channel increases sales by 3.54 units on average compared to the Online channel, all else being equal.

Variable Significance (using p-values)

e All p-values are less than 0.85, meaning each variable in the model is statistically significant in predicting sales.

Additional Notes
e High adjusted R-squared shows that the model fits the data very well.

e No variable appears to be redundant, and all are meaningful contributors to predicting sales.
¢ No immediate need for adding interaction terms unless future diagnostics or business logic strongly support it.

Model Diagnostics
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Diagnostic Interpretations of Model Assumptions

¢ TV Ad Spend (Log10) Residual Plot
o The residuals are fairly evenly scattered around zero, suggesting the log-transformed TV variable has a linear
relationship with sales.
> No funnel shape or strong curve is present, which supports the constant variance and linearity assumptions.
¢ Radio Ad Spend (Log10) Residual Plot
o The residuals appear somewhat concentrated but still reasonably symmetric around zero.
o No major pattern or trend is visible, which indicates the model handles the log-transformed radio variable acceptably
well.
¢ Social Media Ad Spend Residual Plot
o The residuals are spread across the full range of ad spend values and centered around zero.
o There is no strong pattern or curvature, which means the linear relationship with sales is likely valid and constant
variance is satisfied.

« Normal Probability Plot (Q-Q Plot)
o Most points follow a fairly straight diagonal line, indicating that the residuals are approximately normally distributed.
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o A slight bend at the ends may suggest a few mild outliers, but overall the assumption of normality is reasonably satisfied.

Diagnostic Conclusions

These plots show no major violations of linear regression assumptions, supporting the reliability of the model’s predictions.

Example for estimating Sales based on Regression Equation

Following is an example using the regression equation, based on model output shown above. This will demonstrate how to
estimate sales using specific advertising amounts.

Regression Equation (Based on Coefficients)
Estimated Sales=-231.08+124.61(log10 (TV_Ad_Spend))+72.95(log1® (Radio_Ad_Spend))+1.15(Social)+3.54(Channel_Code)
Where:

e TV and Radio values must be log-transformed using log base 10 (e.g., log10)
e Channel = 1 for Retail, and © for Online

Coefficient Interpretations:

¢ Intercept (-231.08):
This is the estimated sales when all advertising spending is at the minimum (close to zero), and the channel is Online. It's
not meant to be interpreted on its own—just a starting point for the model.

e TV_Ad_Spend_Log (124.61):
If TV advertising spend increases by a factor of 10 (e.g., from $10K to $100K), estimated sales go up by about
$124,610—assuming other variables stay the same

o Radio_Ad_Spend_Log (72.95):
If Radio ad spend increases by a factor of 10, sales are expected to increase by about $72,950, all else equal.

e Social_Ad_Spend (1.15):
For every additional $1,000 spent on Social Media ads, sales are expected to increase by about $1,150.

¢ Channel_Code (3.54):
If the channel is Retail (coded as 1), sales are expected to be about $3,540 higher than if the channel is Online (coded as ),
assuming the same advertising levels.

Example Inputs

Example Spend Inputs

Variable Value

TV Ad Spend $140,000
Radio Ad Spend $80,000
Social Media Spend $110,000
Channel Retail (1)

Step-by-Step Calculation
First, log(base 10) transform TV and Radio spend:

o log18(140) = 2.146
« log1® (80) = 1.903
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Now, plug the values into the equation:

Estimated Sales = -231.08 + 124.61 x (2.146) + 72.95 x (1.903) + 1.15 x (110) + 3.54 x (1)
=-231.08 + 267.41 + 138.82 + 126.50 + 3.54

= $305.197

= $305,196.91

Conclusions

After testing several model variations, the version selected transformed Radio_Ad_Spend using a base-10 logarithm and optionally
applied the same transformation to TV_Ad_Spend. This model yielded the most favorable diagnostics, including improved residual
normality, reduced variance issues, and the highest Adjusted R? value. Transforming Radio Ad Spend was particularly important
due to its right-skewed distribution, while the optional TV transformation was retained to maintain consistency in modeling and
marginally enhance interpretability.

This page titled 5.16.4: Multiple Regression Model is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L.
Hearon, M.B.A.,, M.S..
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5.17: Chapter 5 Exercises

Conceptual & Critical Thinking Questions

1.

NGO, WON

Explain the key differences between simple and multiple linear regression. Provide examples where each would be
appropriate.

Interpret the meaning of an R-squared value of 0.85. What does this tell you about model performance?

Why are the assumptions of linear regression important? What are the consequences of violating each assumption?

How do dummy variables enhance the interpretation of regression models with categorical data?

Describe a business scenario where interaction terms between predictors would be necessary.

How can multicollinearity mislead an analyst when interpreting the importance of variables?

Outline steps you would take if you suspected that your regression model’s residuals are not normally distributed.

Discuss a real-world example in which linear regression could mislead decision-makers due to assumption violations.

Numerical Exercises (Using Excel and RStudio): Use the 'home_price.xlsx' dataset to answer questions 9 through 17.

9.

10.
1.

12.

13.
14.

15.

16.
17.

Using the dataset, perform a simple linear regression in Excel using square footage to predict price. Interpret the slope,
intercept, and R-squared.

Using the same dataset, run a multiple regression with all three predictors. Compare adjusted R? to the simple model.

Use Excel's Data Analysis ToolPak to generate residual plots and identify any patterns that may suggest violations of
assumptions.

In RStudio, import the dataset and use 1lm() to run the regression model. Use summary() and confint () to interpret
coefficients, p-values, and confidence intervals.

Add a dummy variable for whether the home has a garage. Interpret the new coefficient.

Create an interaction term between square footage and whether the home has a garage. Re-run the regression. What does
the interaction term tell you?

You suspect multicollinearity between square footage and number of bedrooms. Compute the VIF using the car package in
R. What do the results suggest?

Transform the dependent variable using log(price) and re-run the regression. Compare the model performance.

Provide a summary interpretation of the regression output for a dataset with a continuous outcome and 6 predictors, three
of which are dummy variables.

Business Case-Based Exercises

All cases below refer to a dataset that will be made available to students. Each dataset is modeled on real-world business
scenarios but has been anonymized and generated for instructional purposes.

18.

19.

Case Title: Omnichannel Impact on Sales
Using the dataset "Marketing_Spend.xlsx," analyze weekly sales performance based on marketing spend on email, social
media, in-store promotions, and influencer campaigns. For your analysis, perform the following tasks:

e Build a multiple regression model to estimate the influence of each channel.

o Test for interactions between digital (social media) and physical (in-store promotions).
o Interpret coefficients and p-values to provide actionable insights to the CMO.

e Assess multicollinearity across spend categories and suggest remedial steps if needed.

Case Title: Corporate Credit Risk Modeling

Use the dataset "Finance_Risk.xlsx" to evaluate factors influencing a company’s credit risk score. Independent variables
include current ratio, debt-to-equity ratio, EBITDA margin, years in operation, and industry sector (categorical). For your
evaluation, address the following tasks.

e Use dummy variables to include industry sector.
e Conduct hypothesis testing on each predictor.
e Discuss how a regression model can help loan officers and risk analysts prioritize applicants.
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21.

22.

e Address how multicollinearity among financial ratios could impact model accuracy.

Case Title: Audit Risk Assessment

Using "Accounting_FraudRisk.xlsx," analyze fraud risk scores for various business units. Predictors include total revenue,
number of transactions, employee turnover rate, and percentage of manual journal entries. For your analysis, address the
following tasks.

¢ Build a multiple regression model to predict fraud risk score.

e Include dummy variables for business unit types (e.g., manufacturing, services).
e Test for residual normality and outliers using Excel.

e Recommend threshold ranges for auditors to prioritize units for review.

Case Title: Call Center Performance
Utilize "CustomerService_Performance.xlsx" to evaluate customer satisfaction (1-10 rating) based on average handle time,
call wait time, agent tenure, and issue resolution rate. For your evaluation, perform the following tasks.

e Build a regression model and identify the most significant predictors.

e Examine the interaction between wait time and issue resolution rate.

e Interpret adjusted R? and standard error to assess model quality.

e Recommend operational improvements to the customer experience director.

Case Title: Inventory Replenishment Timing
Using "Operations_Inventory.xlsx," examine factors that influence how quickly items are restocked. Variables include product
category, lead time, supplier rating, historical demand, and reorder point.

e Run a multiple regression to predict restocking time.

e Explore interaction between lead time and reorder point.

e Use RStudio to check for heteroscedasticity and outliers.

e Suggest inventory strategy changes based on model results.

Case Title: Predicting Employee Turnover
Use "HR_Turnover.xlsx" to analyze which factors are predictive of employee exit. Variables include years at company, manager
rating, training hours completed, department (categorical), and recent promotion (dummy).

e Create dummy variables for departments.

e Add an interaction term between manager rating and promotion.

e Conduct global and individual significance tests.

e Recommend HR interventions to reduce turnover based on model results.

Case Title: Forecasting Project Success
From "CorpPlan_ProjectSuccess.xlsx," evaluate how scope clarity, project budget, team experience, and timeline flexibility
predict project success (measured as success score out of 180). For your evaluation, perform the following tasks.

e Perform linear regression to identify most influential predictors.

¢ Evaluate interaction effects between scope clarity and team experience.
e Conduct multicollinearity diagnostics using Excel and R.

e Write a report with strategic recommendations to the VP of Strategy.

This page titled 5.17: Chapter 5 Exercises is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A., M.S..
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5.19: Appendix 1(Optional) - Advanced Topics in Linear
Regression

The following topics are included for readers who wish to explore beyond standard linear regression methods. These techniques
are valuable in advanced business analytics, especially in data-rich environments or when addressing modeling complexities.

Section A1: Ridge Regression

Overview: Ridge regression is a type of linear regression that includes a penalty term to shrink the size of coefficients. It is useful
when multicollinearity is present.

Mathematics: Adds a penalty term to the least squares cost function:
Key Feature:

Shrinks coefficients toward zero but never exactly to zero

Helps reduce model variance, improving prediction

Business Application: Used when many predictors are included, such as in customer segmentation models using dozens of
demographic and behavioral variables.

Section A2: Lasso Regression

Overview: Lasso (Least Absolute Shrinkage and Selection Operator) regression also applies a penalty, but it can shrink some
coefficients exactly to zero, effectively performing variable selection.

Mathematics:
Key Feature:
Performs both regularization and feature selection

Business Application: Useful in marketing when trying to identify the most impactful channels from a large set of advertising
inputs.

Section A3: Elastic Net Regression

Overview: Elastic Net combines the penalties of Ridge and Lasso regressions. It is ideal when there are multiple correlated
features and the goal is both shrinkage and feature selection.

Mathematics:

Business Application: Common in financial modeling and insurance pricing where many predictors and high correlations are
present.

Section A4: Polynomial Regression

Overview: Polynomial regression is a form of linear regression where the relationship between the independent variable and the
dependent variable is modeled as an nth-degree polynomial.

When to Use: When data shows a curvilinear pattern rather than a straight line.
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Example: Sales increase with advertising spend, but with diminishing returns—this non-linear pattern can be captured using a
quadratic term.

Business Application: Can model diminishing returns in pricing or marketing campaigns.

Section A5: Log-Linear and Log-Log Models

Overview: These models use logarithmic transformations to interpret relationships in terms of percentage changes or
elasticities.

Types:
Log-linear:
Log-log:

Business Application: Frequently used in economics and finance to interpret percentage change in response variables.

Section A6: Stepwise Regression / Model Selection

Overview: A method of selecting a subset of predictors for the final model based on statistical criteria like AIC, BIC, or adjusted
RA2.

Types:

Forward Selection: Start with no variables, add one at a time
Backward Elimination: Start with all variables, remove one at a time
Stepwise: A combination of forward and backward

Business Application: Helps identify the most influential factors from a large dataset, such as predictors of customer churn.

Section A7: Outliers and Influence

Overview: Outliers can unduly influence regression results. Influence measures identify which points have the most effect on the
model.

Detection Methods:
Leverage: Unusual predictor values
Cook's Distance: Overall influence on fitted values

Business Application: In sales data, one unusually large deal may distort predictions—worth investigating separately.

Section A8: Cross-Validation

Overview: A technique for assessing how well your regression model generalizes to unseen data.
Common Method:

k-Fold Cross-Validation: Split data into k parts, train on k-1 parts and test on the remaining part, repeat.

Business Application: Used to evaluate forecast accuracy for sales or budget planning models.
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Section A9: Prediction vs. Explanation

Overview: It's important to distinguish whether your model’s primary purpose is to explain relationships or to make accurate
predictions.

Key Point:
Simple models (with fewer predictors) are often better for explanation
Complex models (e.g., Ridge/Lasso) may be better for prediction

Business Application: Understanding "why" a customer churned (explanation) vs. predicting who will churn (prediction).

Section A10: Bayesian Linear Regression (Advanced)

Overview: A probabilistic approach that incorporates prior beliefs about parameters and updates them with observed data.
Key Feature: Produces a distribution of estimates rather than a single value.

When to Use: When prior domain knowledge is available and uncertainty needs to be explicitly modeled.

Business Application: Useful in risk management and forecasting when incorporating expert judgment.

Section A11: Robust Regression (Advanced)

Overview: A regression technique that is less sensitive to outliers and violations of assumptions.
Key Methods:

Huber loss function

M-estimators

Business Application: Helpful in situations with noisy data, such as survey responses or inconsistent market reports
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5.20: Appendix 2 (Optional) - Multiple Linear Regression
Models using Python

Python Code for Multiple Linear Regression Analysis

# Step 1: Import necessary libraries

import pandas as pd # Imports the pandas library for data manipulation and analysis

import numpy as np # Imports the numpy library for numerical operations, especially arrays and math functions
import statsmodels.api as sm # Imports the statsmodels library for running statistical models like linear regression

# Step 2: Load the dataset

file_path = 'C:/path_to_file/your_filexlsx' # Update this path as needed
df = pd.read_excel(file_path, sheet_name='Sheet1')

# Step 3: Apply log base 10 transformation to TV and Radio ad spend variables

df[ TV_Ad_Spend_Log"] = np.log10(df['TV_Ad_Spend'])
df['Radio_Ad_Spend_Log'] = np.log18(df['Radio_Ad_Spend'])

# Step 4: Define the independent variables and include the intercept

X = df
X = sm.add_constant(X) # Add intercept term

# Step 5: Define the dependent variable

y = df['Sales]

# Step 6: Fit the multiple linear regression model

model = sm.OLS(y, X).fit()

# Step 7: Print the regression summary to view R-squared, coefficients, and diagnostics

# Step 8: Display summary
model.summary() # <— Print output in Jupyter

Multiple Linear Regression Results:

OLS (Ordinary Least Squares) Regression Results

Dep. Variable: Sales R-squared: 0.949
Model: oLS Adj. R-squared: 0.947
Method: Least Squares F-statistic: 4411
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OLS (Ordinary Least Squares) Regression Results

Date: Tue, 85 Aug 2025 Prob (F-statistic): 2.04e-60
Time: 13:51:10 Log-Likelihood: -308.06
No. Observations: 100 AIC: 626.1
Df Residuals: 95 BIC: 639.2
Df Model: 4
Covariance Type: nonrobust
Coefficient Table
Coefficient Table
const -231.8839 17.653 -13.091 0.000 -266.129 -196.039
TV_Ad_Spend_Log 124.6085 6.828 18.249 0.000 111.053 138.164
Radio_Ad_Spend_Log 72.9517 8.013 9.104 0.000 57.044 88.859
Social_Ad_Spend 1.1549 0.835 33.433 0.000 1.086 1.223
Channel_Code 3.5424 1.106 3.202 0.002 1.346 5.739
Diagnostics
Diagnostics
Skew: -0.110
Kurtosis: 2.435
Prob(JB): 0.465
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Diagnostic Interpretations:
Durbin-Watson: 1.666
e Purpose: Checks if residuals (errors) from the regression are randomly scattered or show a pattern (autocorrelation).

o Interpretation: A value close to 2 is ideal.
- 1.666 suggests mild positive correlation, but not enough to raise concern.

Skew: -0.110
e Purpose: Measures the symmetry of the error distribution.

e Interpretation: A value near ® means the errors are fairly symmetrical.
- -0.110 shows slight left skew, but it's very close to normal.

Kurtosis: 2.435
e Purpose: Indicates the shape or “peakedness” of the distribution of errors.

e Interpretation: A normal distribution has a kurtosis of 3.
- 2.435 means the errors are slightly flatter than normal (not a major issue).

Prob(JB): 0.465
e Purpose: Tests whether the residuals are normally distributed (based on skew and kurtosis).

e Interpretation: A p-value > 8.05 means we fail to reject normality.
- 0.465 suggests the errors are likely normal, which supports model validity.

This page titled 5.20: Appendix 2 (Optional) - Multiple Linear Regression Models using Python is shared under a CC BY 4.0 license and was
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6.1: Study Guide

The following is meant to guide your exploration of this chapter on logistic regression.

e Understand the purpose of logistic regression

e Recognize how logistic regression differs from linear regression
e Grasp the idea of probability and threshold

e Identify real-world business applications

e Interpret model output in plain language

e Explore model evaluation tools

e Follow a step-by-step software example

e Reflect on limitations and strengths

This page titled 6.1: Study Guide is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
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6.2: Introduction to Logistic Regression

Logistic regression is a method used to model the likelihood of a particular outcome when that outcome is binary—such as
success or failure, yes or no, or purchase or no purchase. It is widely used in business analytics because many strategic decisions
depend on predicting whether an event will occur. Unlike techniques that predict a specific value, logistic regression predicts the
probability that an observation belongs to a particular category. This probability can be converted into a clear yes-or-no decision
based on a chosen threshold.

Logistic regression differs from linear regression in a fundamental way. While linear regression estimates a numeric outcome
that can range from negative infinity to positive infinity, logistic regression estimates a probability bounded between ® and 1.
This is accomplished by using a logistic function, also known as the sigmoid curve, which transforms linear combinations of input
variables into a range of values that can be interpreted as probabilities. Because logistic regression keeps the output within this
constrained range, it is particularly suited for binary classification tasks.

Visualizing the Sigmoid Curve

The graph below shows the shape of a sigmoid curve. As the input (x-axis) increases or decreases, the output (y-axis) remains
bounded between ® and 1. This makes it ideal for modeling probabilities. The steepest part of the curve occurs near 0.5, which is
often used as the classification cutoff for yes/no predictions.

Sigmoid.Function

e o o =
S o o o

Predicted Probability

©
N

0.0
I I | I ! | I I |
-10.0 -7.5 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0
Input (Linear combination)

Classification is one of the most common tasks in business analytics, and logistic regression is often the starting point.
Businesses regularly need to make yes-or-no decisions: Will this customer churn? Will this transaction be fraudulent? Will this
lead turn into a sale? Logistic regression allows analysts to assign a probability to each case and set a decision threshold to
classify each outcome. For example, if the model predicts a 0.78 probability that a customer will buy a product, a threshold of 8.5
could be used to classify them as a likely buyer.

Logistic regression is used across many business functions and industries. In marketing, it helps predict whether a customer
will respond to a campaign or complete a purchase. In finance, it is used to assess credit risk and the likelihood of loan default.
Human resource departments use it to forecast employee attrition. Healthcare organizations apply logistic regression to predict
patient readmission or treatment success. Its versatility, simplicity, and interpretability make it a valuable tool in any area where
binary outcomes are relevant.

The following video provides a brief overview of logistic regression: Understanding Logistic Regression for Machine Learning
Classification
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6.3: Logistic Regression Model, Explanation, and Numeric
Example

Logistic Regression Model
The basic logistic regression model is:
P(Y=1]x)=1/(1+e™(Bo + Bx))
Alternatively, in log-odds form:

log(P / (1- P)) = Bo + Pax

Explanation of Each Term

e P(Y = 1] x): The predicted probability that the dependent variable Y equals 1 (the “success” category), given the predictor
variable x.

e [o (intercept): The log-odds of the outcome when x = @; shifts the curve left or right.

e [ (slope): Represents the change in the log-odds of the outcome for a one-unit increase in x. It determines the steepness
and direction of the S-shaped curve.

e e: Exponential number, approximately 2.71828. It is the base of the natural logarithm used in the model.

What the Model Does

Logistic regression is used to predict the probability of a binary outcome—i.e., whether an event occurs (1) or does not occur
(®)—based on one or more predictor variables. Unlike linear regression, which predicts a continuous number, logistic regression
maps input values to a probability between © and 1, using a sigmoid (S-shaped) curve.

Numeric Example

Suppose we are modeling the probability that a customer will purchase a product (Y = 1) based on the number of emails they've
received (x).

Let’s say the estimated model is:
PY=1|x)=1/(1+e”(-1.5+ 0.8x))

Predict for x = 3 (customer received 3 emails):
P=1/(1+e"-(-1.5+0.8*3))
=1/(1+er-(-1.5 + 2.4)))

=1/(1+ e*-0.9))

er(-0.9) = 0.4066
~ P=1/(1+0.4066)=1/14066 = 8.711

Interpretation: When a customer has received 3 emails, the model predicts a 71.1% probability that they will purchase the product.
What can marketing do with this information?

¢ Segment and target customers: Marketers can prioritize customers with high predicted probabilities (for example, greater
than 50 percent) for follow-up efforts such as promotions, personalized offers, or sales calls.
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¢ Optimize email campaigns: If 3 emails result in a 71 percent chance of purchase, this insight helps fine-tune the email
frequency to maximize conversions without spamming.

¢ Allocate resources efficiently: Marketing teams can invest more in prospects above a certain likelihood of conversion and
avoid spending excessively on low-probability leads.

o Design A/B tests or campaign triggers: The model enables creation of rule-based automation—for instance, triggering a
special discount once a customer's predicted probability exceeds a certain level.

This page titled 6.3: Logistic Regression Model, Explanation, and Numeric Example is shared under a CC BY 4.0 license and was authored,
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6.4: Binary Classification Explained

In many business situations, the outcomes we are trying to predict are not continuous numbers, but binary decisions. This is
where binary classification models—like logistic regression—come into play. Binary classification focuses on predicting one of
two possible outcomes, such as yes or no, success or failure, or buy or not buy. These models assign probabilities to each possible
outcome, then apply a cutoff threshold to make a final decision.

The idea of binary classification can be illustrated with a simple question: Will the customer make a purchase? The model does
not try to predict how much the customer will spend, but rather whether the customer is likely to buy at all. If the model predicts
a probability of 8.84, and our threshold is 0.5, then we classify that customer as a likely buyer. If the predicted probability were
0.36, the classification would be no purchase.

Binary classification is especially useful in business contexts where the outcomes fall into two clear categories. For example, in
marketing, we might want to know whether a customer will respond to a campaign or ignore it. In finance, the goal might be
to predict whether a loan applicant will repay the loan or default. Human resource departments may use binary classification to
identify whether an employee is at risk of leaving the company. In each case, the outcome being modeled has only two valid
states.

Choosing to use a binary classification model depends on the nature of the problem. If the outcome variable has two categories
and there is a meaningful reason to predict one versus the other, then a binary classification approach is appropriate. It is not
used for outcomes like revenue, number of purchases, or satisfaction scores—those are best modeled with regression techniques
that predict numeric values.

Binary classification models like logistic regression are most useful when decision-making is involved. By turning data into

probabilities and final decisions, these models help business leaders prioritize actions and allocate resources. For instance, a
model may help a sales team identify which leads to pursue or help a risk team flag potentially fraudulent transactions.

This page titled 6.4: Binary Classification Explained is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L.
Hearon, M.B.A.,, M.S..

©@® 180 (6.4.1)


https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/06%3A_Logistic_Regression/6.04%3A_Binary_Classification_Explained
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTexts"

6.5: How Logistic Regression Works - Intuitively

Logistic regression may sound complex, but at its core, it is based on a very simple and useful idea: it predicts the probability
of something happening. That probability always falls between ® and 1. For example, a model might predict that a particular
customer has a 0.87 probability of purchasing a product. In business terms, that tells us this customer is very likely to buy.

To do this, logistic regression takes in one or more input variables—such as age, income, or time spent on a website—and
combines them into a single score. That score is then passed through a special curve called the logistic function, also known as
the S-curve or sigmoid curve. This curve bends the output so that it always lands between ® and 1. No matter how large or small
the input is, the output will never be less than ® or more than 1. This is what allows us to interpret the result as a probability.

The shape of the logistic curve is smooth and S-shaped. In the middle range, near a predicted probability of 8.5, small changes
in the input can significantly shift the output. Toward the ends of the curve—closer to ® or 1—these changes have less effect. This
behavior helps the model sharply separate cases that are likely versus unlikely, making it very useful for classification tasks.

To make decisions from the probability, a threshold is used. The most common threshold is 0.5. If the predicted probability is
greater than or equal to 0.5, we classify the outcome as “yes” or “1.” If it is less than 0.5, the result is classified as “no” or “0.”
This decision cutoff can be adjusted depending on the business context. For example, in fraud detection, we may want to flag
even low probabilities, so we might lower the threshold.

If we were to compare this to linear regression visually, a linear regression model draws a straight line through the data. That line

can go far beyond the O to 1 range and is not suitable for modeling probabilities. In contrast, the S-curve of logistic regression
hugs the ® to 1range and gives us outputs that we can interpret directly as likelihoods.

This page titled 6.5: How Logistic Regression Works - Intuitively is shared under a CC BY 4.0 license and was authored, remixed, and/or curated
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6.6: Logistic Regression in Action

Now that we've covered the basic concepts, let's walk through how logistic regression is used in practice to answer binary
classification questions in a business setting. Logistic regression is often used when the outcome we are trying to predict is
categorical—specifically, binary outcomes like Yes/No, Buy/Not Buy, or Retain/Churn.

Imagine a marketing manager who wants to predict whether a customer will make a purchase based on their age, income, number
of products viewed, and time spent on a website. These features are used as input variables to build a logistic regression model.
The output of the model is a probability value between ® and 1. For example, if a customer’s probability of purchasing is predicted
as 0.78, we might interpret that as a 'yes' when applying a common cutoff threshold of 8.5.

In Excel, logistic regression models can be approximated using the 'Solver' add-in. This allows users to set up a logistic equation
manually, calculate the log-odds and probabilities, and find coefficients that minimize prediction error. This method helps users
understand how the model works under the hood.

In Python, there are two common approaches to building logistic regression models. The first is using the ‘statsmodels’ library,
which provides functionality similar to R’s ‘glm()" function. This method allows you to inspect coefficients, standard errors, and
p-values—ideal for those who want to interpret results. The second is using ‘sklearn.linear_model.LogisticRegression’, which is
more commonly used in automated workflows where prediction performance is the primary goal.

Although you’'ll get a glimpse of model automation in this chapter, we will formally introduce AutoML (Automated Machine
Learning) in Chapter 11. AutoML platforms can build, tune, and compare logistic regression models and other algorithms without
writing extensive code. However, understanding how logistic regression works will make those automated tools much more
meaningful and useful.

In summary, logistic regression is a bridge between traditional statistics and modern machine learning. You can use Excel to

understand its logic, Python for scalable implementation, and AutoML to automate and accelerate the process—each approach
building on the same core principles.
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6.7: Evaluating Model Performance

After building a logistic regression model, it is essential to evaluate how well the model performs. Unlike linear regression, which
uses metrics such as R-squared or Mean Squared Error, logistic regression relies on classification-specific evaluation techniques.
These help us understand how well the model distinguishes between the two categories in the binary outcome.

Evaluating the performance of a logistic regression model involves measuring how well the model predicts the correct

classification of new data. Two of the most common evaluation tools for binary classification are the confusion matrix and the
ROC curve (Receiver Operating Characteristic curve).

Confusion Matrix

The confusion matrix summarizes prediction results by comparing the actual class labels with the predicted ones. It is a 2x2 table
for binary classification. (NOTE: 2X2 means 2 rows and 2 columns.) The layout below is configured such that the rows represent
the actual classes (1 and ® for Yes/No, Canceled/Not Canceled, etc.), and the columns represent the predicted classes.

A confusion matrix as described below.

Predicted: 1 Predicted: ©

Actual: 1 50 10

Actual: © 5 35

Interpretation:

Top-left cell (True Positives): The number of cases where the model correctly predicted 1.

e Top-right cell (False Negatives): The model predicted ® when the actual was 1.

o Bottom-left cell (False Positives): The model predicted 1 when the actual was ©.

e Bottom-right cell (True Negatives): The number of cases where the model correctly predicted ®.

Evaluation Metrics Calculations
From the confusion matrix:

e Sensitivity (True Positive Rate) = TP / (TP + FN) = 50 / (50 + 10) = 0.833 or 83.3%
e Specificity (True Negative Rate) = TN / (TN + FP) = 35/ (35 + 5) = 0.875 or 87.5%
e Overall Accuracy = (TP + TN) / Total = (50 + 35) / 100 = 0.85 or 85%

ROC Curve and AUC

The ROC curve is a graphical representation of a model’s diagnostic ability. It plots the True Positive Rate (Sensitivity) against the
False Positive Rate at various threshold settings. The area under the curve (AUC) gives a single metric that reflects the model's
ability to distinguish between classes. A perfect model has an AUC of 1.8, while a purely random model has an AUC of 0.5.

In the ROC graph shown below, the solid curve represents the performance of our logistic regression model at different threshold

levels. The diagonal dashed line represents a baseline model making random guesses. The farther above the diagonal our curve
lies, the better the model performs.
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Receiver Operating Characteristic
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Understanding model performance is essential for making informed decisions based on logistic regression output. While accuracy
is often the first metric business professionals look for, it can be misleading in situations where the classes are imbalanced—for
instance, when only a small percentage of customers make a purchase or default on a loan. That's why more nuanced metrics
such as sensitivity (true positive rate) and specificity (true negative rate) are crucial. These help decision-makers understand not
only how often the model gets it right, but also which kinds of predictions it gets right—and which ones it misses.

The confusion matrix provides a simple but powerful summary of a model’s strengths and weaknesses by breaking down correct
and incorrect predictions. It allows analysts to evaluate trade-offs, such as whether it's more important to catch all potential
buyers (sensitivity) or to avoid targeting unlikely customers (specificity).

The ROC curve takes this a step further by showing how model performance changes at different probability thresholds, giving
users the flexibility to fine-tune the model depending on business priorities. A high AUC value indicates that the model is generally
good at distinguishing between the two classes.

Together, these tools help assess not just whether a logistic regression model is effective, but how and where it is effective. This
enables better alignment between model predictions and real-world business strategies—whether in marketing, risk management,
or customer retention planning. In the next section, we'll look at how to interpret and communicate logistic regression output in
a way that supports business storytelling and decision-making.

This page titled 6.7: Evaluating Model Performance is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L.
Hearon, M.B.A.,, M.S..
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6.8: Business Applications and Takeaways

Logistic regression is a valuable tool for business decision-making, especially when the goal is to predict binary outcomes—such
as whether a customer will buy a product, whether an employee will leave a company, or whether a loan applicant will default. It is
particularly useful when interpretability is a priority, as it produces outputs in the form of probabilities and allows users to assess
the impact of each predictor.

One of the key considerations in using logistic regression is understanding when it is the most appropriate model. Logistic
regression is ideal when the relationship between the predictors and the binary outcome is reasonably linear in the log-odds
space and when simplicity and transparency are important. However, when dealing with highly complex interactions, non-linear
patterns, or a large number of features, more advanced models such as decision trees, random forests, or support vector
machines may be more suitable.

Explaining logistic regression results to leadership requires translating model outputs into business language. Rather than
focusing on technical terms like coefficients or log-odds, it's more effective to communicate the key drivers of an outcome and
their estimated impact on the likelihood of an event occurring. For instance, “Customers who view more than 10 products are 3
times more likely to make a purchase” is a more relatable insight than quoting a logistic regression coefficient.

Across industries, logistic regression finds practical use. In marketing, it helps identify which customers are likely to respond to
a campaign. In human resources, it can flag employees at risk of turnover. In finance, it is often used to predict loan defaults or
fraudulent activity. In operations, it can forecast equipment failure or service requests. These applications highlight the versatility
of logistic regression as a core method for business analytics.

Ultimately, the strength of logistic regression lies in its ability to estimate probabilities and support data-informed decisions. It
allows managers to move beyond intuition by quantifying the likelihood of different outcomes and setting appropriate thresholds
for action. Whether it's prioritizing leads, optimizing budget allocation, or implementing risk controls, logistic regression helps
transform raw data into strategic business decisions.

This page titled 6.8: Business Applications and Takeaways is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..
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6.9: Steps for Building a Logistic Regression Model

1. Data Preparation

e Collect and import your raw dataset.

e Ensure data types are correctly assigned (e.g., numeric, categorical).

¢ Handle missing data through imputation or deletion.

e Encode categorical variables if necessary (e.g., one-hot encoding).

e Normalize or scale numeric values if the software or algorithm requires it.

2. Perform Exploratory Data Analysis (EDA)

e Use summary statistics to understand variable distributions.

e Generate visualizations such as histograms, boxplots, and scatterplots.
e Check for class imbalance in the dependent variable.

e Look for outliers and patterns in the data.

3. Identify Independent and Dependent Variables

e Define your target (dependent) variable, e.g., purchase (0 or 1).
e Select predictor (independent) variables based on theory or EDA.
e Ensure that the dependent variable is binary for binary logistic regression.

4. Check for Multicollinearity

e Calculate the correlation matrix of the independent variables.
e Use Variance Inflation Factor (VIF) to detect multicollinearity.
e Drop or combine variables with high multicollinearity.

5. Split Data into Training and Validation Sets

¢ Split the data into training (typically 70%-80%) and testing (20%-30%) sets.
e Ensure random and stratified sampling if needed.

6. Build the Logistic Regression Model

e Use Python (e.g., statsmodels or scikit-learn), R (glm), or other software.
¢ Train the model using the training dataset.
e Specify logistic family with binomial link in R or use LogisticRegression in Python.

7. Analyze Model Output

¢ Check the global model significance using the Likelihood Ratio Test.
e Perform the Hosmer and Lemeshow Goodness-of-Fit Test.
e Interpret hypotheses:
¢ Null: The model fits the data well.
e Alternative: The model does not fit the data well.
¢ Review each coefficient:
o Are the signs logical?
o Are the p-values < 0.85 for significance?
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e Write the model equation using coefficients.
e Convert coefficients to odds ratios and interpret their meaning.
o Identify key variables with strongest effects.

8. Evaluate Predictive Performance
¢ Create a confusion matrix from test data predictions.

e Calculate sensitivity (True Positive Rate), specificity (True Negative Rate), and overall accuracy.
¢ Plot the ROC curve and compute AUC to measure classification performance.

9. Business Interpretation and Decision Making

e Translate model results into business insights.
e Support decision-making based on probabilities and risks.
¢ Discuss model limitations and consider alternative models if needed.

This page titled 6.9: Steps for Building a Logistic Regression Model is shared under a CC BY 4.0 license and was authored, remixed, and/or
curated by Elbert L. Hearon, M.B.A., M.S..

©® 187 (6.9.2)


https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/06%3A_Logistic_Regression/6.09%3A_Steps_for_Building_a_Logistic_Regression_Model
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTextS"

6.10: CASE STUDY - LOGISTIC REGRESSION MODEL TO PREDICT

CHURN

Business Problem

In a highly competitive subscription-based industry, retaining customers is as important as acquiring new ones. Customer
cancellation, or churn, leads to lost revenue, increased marketing costs to replace customers, and potential damage to brand
reputation. Management has identified churn as a critical performance metric and wants to implement a predictive model that can
identify customers at high risk of cancellation. By identifying these customers early, the business can take proactive steps—such
as targeted promotions, personalized outreach, or loyalty incentives—to retain them.

Objective

The objective of this case study is to build and evaluate a Logistic Regression model in Python to predict the likelihood that a
given customer will cancel their subscription. This will enable the business to focus retention efforts on high-risk customers and
improve overall customer lifetime value.

Tasks to be Performed
The work will proceed in several phases, each focusing on a key element of the modeling process:

¢ Understand the dataset and identify the target variable representing customer cancellation (churn).

e Perform exploratory data analysis (EDA) to understand variable distributions, correlations, and potential predictors of churn.

e Preprocess the data, including handling missing values, encoding categorical variables, and scaling numeric features where
needed.

e Build a logistic regression classification model in Python.

e Evaluate the model using appropriate metrics such as sensitivity, specificity, accuracy, precision, and AUC.

e Interpret model outputs, including feature importance, to provide actionable business insights.

e Prepare recommendations for using the model in real-world customer retention strategies.

Next Sections

The subsequent sections of this case study will cover the following:

1. Present the dataset, including variables, data types, and descriptive statistics.

2. Present the Python code used to build the logistic regression model, and generate evaluation metrics.
3. Present the model results and provide detailed interpretation, focusing on business-relevant findings.
6.10.1: Customer Dataset
6.10.2: Exploratory Data Analysis
6.10.3: Python Code for Logistic Regression
6.10.4: Model Output and Interpretation

This page titled 6.10: Case Study - Logistic Regression Model to Predict Churn is shared under a CC BY 4.0 license and was authored, remixed,
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6.10.1: Customer Dataset

The dataset used in this and following case studies pertaining to classification contains information on current and former
customers, blending behavioral and account-related details that can influence churn behavior. Each row represents a single
customer record, and the target variable, “Churn,” indicates whether the customer has canceled their subscription (1) or remains
active (0). The dataset’s variables include:

e Customer_Tenure - The number of months the customer has maintained an active subscription.

e Monthly_Spend - The customer’s average monthly spending on products or services.

e Num_Products - The number of distinct products or services the customer currently uses.

e Has_Contract - Indicates whether the customer is bound by a fixed-term contract (1 = Yes, ® = No).

e Used_Support - Tracks whether the customer has contacted customer support during their tenure (1 = Yes, ® = No).
e Region_North - Binary indicator showing if the customer resides in the Northern region (1 = Yes, ® = No).

e Region_South - Binary indicator showing if the customer resides in the Southern region (1 = Yes, ® = No).

e Churn - The target variable, where 1 = customer canceled their subscription, and ® = customer remains active.

Note: Customers in the Western region are represented implicitly as the reference category. In dummy coding, one category is
omitted to avoid perfect multicollinearity. Model coefficients for the other regions should therefore be interpreted in comparison
to the Western region.

This blend of time-based engagement metrics, spending patterns, product adoption, contractual status, customer service
interactions, and geographic location provides a strong foundation for building a Random Forest model. The analysis will seek
to uncover patterns in these variables that distinguish high-risk customers from those likely to stay, enabling more targeted and
cost-effective retention efforts.

Sample Records from the Customer Dataset

As an example of the Customer Dataset, the following table shows 10 of the 1,500 rows of customer data which are stored in an
Excel worksheet. Note, dummy variables were created from "Region”, which consisted of North and South. As indicated above,
West is the reference category. (Recall, when constructing dummy variables, select the number of levels, "K" minus 1).

A B € D E F G H

1 Customer_Tenure Monthly_Spend Num_Products Has_Contract Used_Support Region_North Region_South Churn

2 39 63.28 1 1 0 0 0 0
3 52 103.38 1 1 0 0 1 0
4 29 64.81 2_ 0 0 1 0 1
5 15 39.94 4 0 0 1 0 1
6 43 65.09 3 1 0 0 1 0
7 8 64.55 1 0 0 0 1 1
8 21 16.06 3 0 0 0 1 1
9 39 68.91 3 1 0 0 0 0
10 58 65.38 3 1 1 1 0 0
11 19 83.92 2 1 0 0 0 0

This page titled 6.10.1: Customer Dataset is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
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6.10.2: Exploratory Data Analysis

The customer dataset contains two primary numeric predictors—Customer_Tenure and Monthly_Expenditures—that will be
examined to understand their distributions, central tendencies, and potential influence on churn. This analysis ensures the

variables are well understood before model development, and it provides a foundation for their use across multiple modeling
techniques.

Visualizations of Numeric Variables

Below are box plots to check for outliers and histograms to visualize distributions for numeric variables, with interpretations that
follow.

Customer Tenure Monthly Expenditures
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e The box plot shows a roughly symmetric distribution with a median tenure around 3® months, an interquartile range between
roughly 15 and 45 months, and no extreme outliers.

e The histogram reveals that customers are distributed fairly evenly across tenure ranges, with noticeable peaks in the early
stage (1-6 months) and in mid-range segments (21-27 months, 47-53 months).

e The lack of strong skewness indicates tenure can be used directly in logistic regression and most other modeling approaches
without transformation.

¢ In tree-based methods such as classification trees, random forests, and gradient boosting, the natural splits in tenure will be
captured without requiring binning or scaling.

Monthly Expenditures

e The box plot indicates a median monthly spend in the range of 70-75, with the middle 50 percent of customers spending
between roughly 55 and 85.

e Outliers are present on both ends, with a few customers spending below 20 and others exceeding 120 per month.

e The histogram shows a near bell-shaped distribution, concentrated between 50 and 90, tapering toward both lower and
higher spend levels.

e For tree-based models, these outliers pose little risk since the algorithms are robust to extreme values. However, for methods
sensitive to feature scaling such as logistic regression, SVM, and KNN, standardizing or normalizing Monthly_Expenditures
may improve performance.

e The spread suggests spending behavior could be a significant predictor of churn, potentially capturing differences between
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high-value and low-value customers.

Summary Statistics of Numeric Variables

The summary statistics provide an initial understanding of the numeric variables in the dataset. Customer Tenure appears evenly
distributed, with its mean and median closely aligned, suggesting no substantial skewness. Monthly Expenditures also shows a
balanced distribution, though visual inspection from box plots indicates the presence of several high-value outliers. The variability
in tenure is moderate relative to its mean, while expenditures display slightly lower relative variability. These insights help guide
subsequent exploratory analysis and model preparation, particularly in deciding whether to address outliers or apply scaling for
algorithms sensitive to extreme values.

Summary statistics of numeric values.

Customer Tenure Monthly Expenditures

Minimum 1 $9.61
Mean 30.22 $71.09
Median 30 $70.72
Maximum 59 $133.86
Standard Deviation 17.82 $19.79

Distributions of Categorical Variables

Number of Products Distribution

The chart below shows the distribution of the number of products per customer. The majority of customers hold one or two
products, while fewer customers have three or four products. This representation helps in understanding categorical numeric
variables that represent counts.
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The table below lists observations from graphs that follows.
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Variable Business Implication

Has_Contract Nearly even split: 763 without a contract, | Retention efforts should address both
737 with a contract. contract and non-contract customers
equally.
Used_Support Most (1,853) have not used support; 447 | Low support usage suggests potential
have. for promoting customer engagement

with support services.

Region Region split: West (528), South (499), Regional tailoring possible, but no
North (473). overwhelming majority region.
Churn Even churn split: 750 churned, 750 High churn rate means strong need for
retained. balanced retention and acquisition
strategies.
Has Contract Used Suppor
800 763 737 1053
1000
600 |
" . 750
: :
= -
0 400 o 500
Q )
200F 250
0 0
0 1 0 .
Has_Contract Used_Support
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Region Churn

West South North
Region Churn

The insights below were derived from the bivariate chart that follows:

e Customer tenure is much higher for those who did not churn (48.2 years) compared to those who churned (20.2 years),
suggesting long-term customers are more likely to stay.

e Monthly spend is notably higher for non-churners ($79) than churners ($63), indicating a possible link between higher
spending and retention.

o Number of products is also higher among non-churners (2.2 vs. 1.8), suggesting cross-selling may reduce churn.

e Contract holding is significantly more common among non-churners (435) compared to churners (3082), implying that having
a contract correlates with retention.

e Support usage is higher among churners (295) than non-churners (152), which might indicate that frequent support requests
are a sign of dissatisfaction.

e Across all regions, North, South, and West show similar patterns — higher tenure, spend, and product count align with lower
churn.

Insights from the bivariate chart.

Churn by Region AV T ) Average Average Number Number that Number that
Customer Monthly_Spend of Products Have Contract Used_Support
Tenure
20.2 1.8
Yes $63 302 295
20.3 1.8
North $63 110 95
19.4 1.8
South $65 92 95
20.8 17
West $62 100 1085
40.2 2.2
No $79 435 152

©® 193 (6.10.2.4)



LibreTextsw

Churn by Region Average Average Average Number Number that Number that
Customer Monthly_Spend of Products Have Contract Used_Support
Tenure
North $79 128 45
39.3 21
South $79 154 51
40.5 2.2
West $80 153 56
30.2 2.0
Grand Total $71 737 447

Check for Multicollinearity

The correlation matrix below do not show any signs of multicollinearity.

Correlation matrix.

Customer_Tenure Monthly_Spend Num_Products
Customer_Tenure 1
Monthly_Spend 0.026 1
Num_Products 0.001 0.025 1

This page titled 6.10.2: Exploratory Data Analysis is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L.
Hearon, M.B.A.,, M.S..
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6.10.3: Python Code for Logistic Regression

User input goes into Steps 1 and 2 only. Anything with an asterisk (#) before it is a comment and will not be executed as code.

# Step O: Imports and configuration

# Brief: Load libraries and set paths/sheet names.

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

from pathlib import Path

from sklearn.model_selection import train_test_split

from sklearn.metrics import confusion_matrix, roc_curve, auc
import statsmodels.api as sm

from scipy.stats import chi2

EXCEL_PATH = "C:/1_A_OER/Chapter 6 - Logistic Regression/Classification_Business_Dataset.xlsx" # update if needed
SHEET_NAME = "With_Dummies"
TARGET = "Churn"

# Step 1: Load data and show number of records

# Brief: Read the Excel sheet, coerce target to 8/1 integers, and print record count.
df = pd.read_excel(EXCEL_PATH, sheet_name=SHEET_NAME)
if df[TARGET].dtype == object:

df[TARGET] = df[TARGET].astype(str).str.strip().str.lower().map(
{"1"1,"yes"1,"y"1,"true"1,"t"1,"0":0,"no0"0,"n".0,"false".0,"f":0}

)

df[TARGET] = pd.to_numeric(df[TARGET], errors="coerce")

df = df.dropna(subset=[TARGET]).copy()

df[TARGET] = df[TARGET].astype(int)

print(f'[Step 1] Number of records (after cleaning): {len(df)}")

# Prepare X and y (keep numeric predictors; dummies are already present)
X = df.drop(columns=[TARGET]).select_dtypes(include=[np.number]).copy()
y = df[TARGET].copy()

# Train/test split (80/20)

X_train, X_test, y_train, y_test = train_test_split(
X, y, test_size=0.20, random_state=42, stratify=y
)

# Step 2: Hosmer-Lemeshow (HL) goodness-of-fit on test set

# Brief: Fit the model on train, predict probabilities on test, and compute HL chi-square and p-value.
X_train_sm = sm.add_constant(X_train, has_constant="add")

logit = sm.Logit(y_train, X_train_sm).fit(disp=False)

X_test_sm = sm.add_constant(X_test, has_constant="add")
y_proba = logit.predict(X_test_sm)

def hosmer_lemeshow(y_true, y_prob, g=10):

data = pd.DataFrame({"y": y_true, "p": y_prob}).sort_values("p")
data["group"] = pd.qcut(data["p"], q=g, duplicates="drop")
grouped = data.groupby("group", observed=False)

obs_pos = grouped["y"].sum()

obs_neg = grouped.size() - obs_pos

exp_pos = grouped["p"].sum()

exp_neg = grouped.size() - exp_pos
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with np.errstate(divide='ignore’, invalid='ignore'):

hl_stat = ((obs_pos - exp_pos) ** 2 / (exp_pos.replace(®, np.nan))) + \
((obs_neg - exp_neg) ** 2 / (exp_neg.replace(®, np.nan)))

hl_stat = hl_stat.replace([np.inf, -np.inf], np.nan).sum(skipna=True)
dof = grouped.ngroups - 2

p_value = 1 - chi2.cdf(hl_stat, dof) if dof > ® else np.nan

return float(hl_stat), int(dof), float(p_value)

hi_stat, hl_dof, hl_p = hosmer_lemeshow(y_test.values, y_proba.values, g=10)
print(f"[Step 2] Hosmer-Lemeshow: stat={hl_stat:.4f}, dof={hl_dof}, p-value={hl_p:.6f}")

# Step 3: Coefficients with p-values and odds ratios
# Brief: Extract coefficients, p-values, and compute odds ratios (exp(coef)).
coef = logit.params

pvals = logit.pvalues

odds = np.exp(coef)

coef_table = pd.DataFrame({

"Variable": coef.index,

"Coef": coef.values,

"P>|z|": pvals.values,

"Odds_Ratio": odds.values

)

print("[Step 3] Coefficient matrix (first few rows):")
print(coef_table.head(10).to_string(index=False))

# Step 4: Confusion matrix (rows/cols ordered as 1,0)

# Brief: Use threshold 0.50 on test probabilities to get predictions, show matrix in 1,8 order.
y_pred = (y_proba >= 0.50).astype(int)

cm = confusion_matrix(y_test, y_pred, labels=[1,0])

print("[Step 4] Confusion matrix (rows/cols = 1,0):")

print(cm)

# Step 5: Sensitivity, Specificity, Accuracy

# Brief: Compute metrics explicitly from the confusion matrix.

TP, FN = cm[0,8], cm[0,1]

FP, TN = cm[1,0], cm[1,1]

sensitivity = TP / (TP + FN) if (TP + FN) > ® else np.nan

specificity = TN / (TN + FP) if (TN + FP) > ® else np.nan

accuracy = (TP + TN) / (TP + TN + FP + FN) if (TP + TN + FP + FN) > O else np.nan

print(f"[Step 5] Sensitivity: {sensitivity:..4f} | Specificity: {specificity..4f} | Accuracy: {accuracy:.4f}")

# Step 6: ROC curve and AUC

# Brief: Compute ROC curve and AUC on the test set and plot the curve.
fpr, tpr, thr = roc_curve(y_test, y_proba)

roc_auc = auc(fpr, tpr)

print(f"[Step 6] ROC-AUC: {roc_auc:.4f}")

plt.figure()
plt.plot(fpr, tpr, linewidth=2)
plt.plot([®,1], [O,1], linestyle="--", linewidth=1)

plt.xlabel("False Positive Rate")
plt.ylabel("True Positive Rate")
plt.title(f"ROC Curve (AUC = {roc_auc:.4f})")
plt.show()

This page titled 6.10.3: Python Code for Logistic Regression is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
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6.10.4: Model Output and Interpretation

Following is output from the Python code for building the logistic regression model to predict customer churn. Each step of the

output is interpreted.

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21

[Step 1] Number of records (after cleaning): 1500

[Step 2] Hosmer-Lemeshow: stat=3.0560, dof=8, p-value=0.930796

[Step 3] Coefficient matrix:

Variable Coef P>|z| 0dds_Ratio
const 49.381522 1.101060e-25 2.793333e+21
Customer_Tenure -0.521142 1.185352e-25 5.938422e-01
Monthly_Spend -0.359952 2.031610e-25 6.977098e-01
Num_Products -3.462456 2.619207e-21 3.135268e-02
Has_Contract -6.965195 4.601839e-22 9.441785e-04
Used_Support 8.471654 1.651479e-23 4.777412e+03
[Step 4] Confusion matrix (rows/cols = 1,0):
[[140 10]
[ 6 144]]
[Step 5] Sensitivity: 0.9333 | Specificity: 0.9600 | Accuracy: 0.9467

[Step 6] ROC-AUC: 0.9917

Logistic regression output interpretation by step:

[Step 1] Number of records: 1500
The dataset contains 1,500 usable records after any missing values or irrelevant entries were removed. This ensures that the
model is trained and tested on clean data.

[Step 2] Hosmer-Lemeshow: stat=3.0560, dof=8, p-value=0.930796
The p-value (0.931) is much greater than 0.85, meaning there is no evidence of poor fit. The model’s predicted probabilities
align well with the observed outcomes, indicating good calibration.

[Step 3] Coefficient matrix with p-values and odds ratios

o

All variables are significant (p-value < 0.85) include: Customer_Tenure, Monthly_Spend, Num_Products, Has_Contract,
and Used_Support.

Negative coefficients (for example, Customer_Tenure, Monthly_Spend) mean higher values reduce the odds of churn.
Positive coefficients (for example, Used_Support) increase the odds of churn.

Odds ratios greater than 1 increase churn likelihood; less than 1 decrease it. For example, Used_Support has an odds
ratio of about 4777, indicating heavy influence.

[Step 4] Confusion matrix (rows/cols = 1,0)

[

o

Out of 150 actual churners (1), 140 were correctly predicted, and 10 were missed.

Out of 150 non-churners (), 144 were correctly predicted, and 6 were incorrectly flagged as churners.

[Step 5] Sensitivity: 8.9333 | Specificity: 0.9600 | Accuracy: 0.9467

o

o

©@®

Sensitivity (93.33%): The model captures most actual churners.
Specificity (96.800%): The model correctly identifies non-churners.
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o Accuracy (94.67%). Overall, the model predicts correctly in most cases.

e [Step 6] ROC-AUC: 8.9923 (see the ROC curve below)
o AUC close to 1.0 indicates excellent model discrimination. The model can almost perfectly distinguish between churners
and non-churners.

0.8

ROC Curve (AUC = 0.9917)

0.6 q

0.4 4

True Positive Rate

0.2 1

0.0 1

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Logistic Regression Equation, Example, and Interpretation

Logistic Regression Model Equation:
log(p / (1-p)) = 49.381522 - 0.521142 x Customer_Tenure - 0.359952 x Monthly_Spend - 3.462456 x Num_Products - 6.965195
x Has_Contract + 8.471654 x Used_Support

Probability Calculation:
p=1/(1+ e”-logit)

Sample Input:
Customer_Tenure = 24 months
Monthly_Spend = 60 dollars
Num_Products = 2
Has_Contract = 1 (Yes)
Used_Support = O (No)

Step 1: Calculate the logit:

logit = 49.381522 - 0.521142(24) - 0.359952(60) - 3.462456(2) - 6.965195(1) + 8.471654(0)
logit = 49.381522 - 12.507408 - 21.59712 - 6.924912 - 6.965195 + O

logit = 1.386887

Step 2: Convert logit to probability:
p=1/(1+e”-1.386887)) =~ 0.8000

Interpretation:

The model predicts about an 88% probability of churn for this customer. Longer tenure, higher spending, more products, and
having a contract reduce churn risk (negative coefficients). Using customer support increases churn risk significantly (positive
coefficient).

This page titled 6.10.4: Model Output and Interpretation is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..
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6.11: Appendix - Formulas used in Logistic Regression

Logistic Regression Formula and S-Curve Formula

Logistic regression models the probability that a given input belongs to a particular category. It transforms the linear combination
of input features into a value between ® and 1 using the logistic (sigmoid) function.

The general logistic regression formula is:
P(Y=1) =1/ (1 + e?(Bo + B X1 + BoXz + ... + BOXD))

Where:
e P(Y=1) is the predicted probability of the positive class (e.g., a customer makes a purchase)
e [o is the intercept
o By, Bz ..., B are the coefficients for each predictor Xy, Xz, ..., X&
e e is the base of the natural logarithm
The sigmoid function that creates the S-curve is:

f(z) =1/ (1+ eN-2))
This function maps any real number into a value between ® and 1, which makes it ideal for estimating probabilities.

Log-odds and Logit Definitions

In logistic regression, predictions are based on log-odds, also known as the logit.

The log-odds (logit) is defined as:
logit(P) = log(P / (1 - P))

Where P is the probability of the positive class.
e A log-odds of ® corresponds to a probability of 8.5
e Positive log-odds indicate probabilities above 0.5

e Negative log-odds indicate probabilities below 0.5

The logistic function is the inverse of the logit function, converting log-odds back into a probability.

This page titled 6.11: Appendix - Formulas used in Logistic Regression is shared under a CC BY 4.0 license and was authored, remixed, and/or
curated by Elbert L. Hearon, M.B.A., M.S..
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7: DECISION TREES

Learning Objectives
By the end of this chapter, you will be able to:

e Understand the basic structure and function of decision trees.

e Distinguish between classification and regression trees.

e Interpret decision tree diagrams and outputs.

e Apply decision tree techniques using R.

e Understand splitting criteria such as the Gini index and variance reduction.

e Evaluate tree performance using tools like confusion matrices, gains charts, and the Kolmogorov-Smirnov (K-S) statistic.
e Interpret and prune trees using complexity parameters and elbow plots.

e Utilize AI tools such as ChatGPT to help interpret and visualize decision tree models.

7.1: Introduction to Decision Trees
7.2: Classification Trees
7.3: Regression Trees

7.4: Case Study - Using Classification Tree to Predict Customer Cancellation
7.4.1: Customer Dataset
7.4.2: Exploratory Data Analysis
7.4.3: Classification Tree Output and Interpretation

7.4.4: Python Code for Case Study Classification Treem

7.5: Exercises

This page titled 7: Decision Trees is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
M.S..
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7.1: Introduction to Decision Trees

Decision trees are one of the most commonly used algorithms in predictive modeling. They offer a highly visual and intuitive
method of mapping decisions and their possible outcomes. Whether you're trying to classify loan applicants into risk categories
or predict future sales, decision trees provide a transparent and easy-to-understand modeling framework.

A decision tree resembles a flowchart, where:
e Each internal node represents a test on an attribute.
e Each branch represents the outcome of the test.

e Each leaf node represents a class label or predicted value.

Unlike linear models, decision trees do not assume linear relationships or specific data distributions. This makes them especially
useful in real-world business applications where data relationships may be nonlinear or involve interactions between variables.

The following illustration shows a simplified vertical decision tree with clearly labeled internal and leaf nodes:

Node ]
Node Node ]
No
Leaf

Figure 1. A simplified decision tree diagram with labeled internal and leaf nodes.

Decision Tree Advantages

e Simple to understand and interpret.

e Requires little data preparation.

e Handles both numerical and categorical data.

e Supports both classification and regression problems.

Decision Tree Disadvantages

e Prone to overfitting.
e Can be biased toward variables with more levels.
e Small changes in data can result in a completely different tree.
e Understanding Internal and Leaf Nodes
As shown in the diagram above, decision trees are composed of two main types of nodes:

Internal Nodes
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These are decision points that split the data based on a condition involving one of the input variables. For example, a node may
test whether a customer's income is greater than $50,000. Depending on the result (yes or no), the tree follows a different path.

Leaf Nodes
These are terminal nodes that assign a predicted value or class. Once the tree reaches a leaf, no further splitting occurs. The
prediction is either a specific category (for classification) or a numeric value (for regression).

Click on the following link for a brief discussion about decision trees: Introduction to Decision Trees

This page titled 7.1: Introduction to Decision Trees is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L.
Hearon, M.B.A.,, M.S..

©® 202 (7.1.2)


https://youtu.be/1UrYZYOFRiw
https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/07%3A_Decision_Trees/7.01%3A_Introduction_to_Decision_Trees
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTexts"

7.2: Classification Trees

Classification trees are a type of decision tree algorithm used when the response variable is categorical—such as yes/no
outcomes, product types, or risk levels. These trees help classify observations into discrete groups based on predictor variables.
Each internal node asks a yes-or-no question about the data, and each leaf node assigns a classification based on the path
followed. They are highly intuitive and useful when communicating results to non-technical stakeholders.

Key Concepts in Classification Trees

Classification trees work by creating rules that partition data into subsets, with each split trying to group similar outcomes
together. This structure forms a tree-like diagram with root, internal, and leaf nodes.

What They Do:

e Ask a sequence of yes/no questions to split the dataset.
e Each path leads to a leaf node where a final prediction (classification) is made.
e The tree prioritizes splits that lead to the purest groupings—where most observations belong to the same category.

Common Use Cases:

e Predicting customer churn (will they leave or stay?)
e Credit risk classification (good/bad customer)

e Loan approval decisions

e Employee attrition predictions

e Diagnosing illnesses based on symptoms

Splitting Criteria for Classification
Each internal node in a classification tree is determined by finding the best split in the data.

1. Gini Index

a. Measures impurity or disorder.

b. Gini values mean purer splits.

c. Used by the CART (Classification and Regression Trees) algorithm.
2. Entropy and Information Gain

a. Entropy quantifies uncertainty or disorder.

b. Information Gain measures how much entropy is reduced by a split.

c. The best split maximizes Information Gain.

Business Example: Predicting Customer Response from a Marketing
Campaign

A retail company aims to boost the effectiveness of its promotional email campaigns by pinpointing which customers are most
likely to respond. Using past engagement and purchase history, the model segments customers into distinct groups based
on email click activity, age, and prior purchases. This allows the marketing team to target those with the highest probability
of responding, allocate promotional resources more efficiently, and design tailored offers that resonate with each segment,
ultimately driving higher conversion rates and improving overall campaign return on investment.
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Classification Tree

Node 1
0:0.51|1:0.49
n=500; 100%

}

Email_Clicks < 4
es \No

Node 2 Node 3
0:0.65]1: 0.35 0:0.15]1: 0.85
n=355; 71% n=145; 20%

l

Age >= 45
es No

Node 4 Node 5
0:0.83]1:0.17 0:0.30] 1: 0.70
n=220; 62% n=135; 38%

l

Previous_Purchases >= 1
es \No

Node 6 Node 7
0:0.55] 1: 0.45 0:0.10| 1: 0.90
n=45; 33% n=90; 67%

Understanding the Tree Structure

Root node

The very first node at the top of the tree.

Contains all records in the dataset.

Shows the overall distribution between the two classes (in this case, ® = non-responder, 1 = responder).
The percentages next to ® and 1 represent the share of each class in that node.

The percentage at the bottom (for example, 180%) shows the proportion of the total dataset in that node.

Terminal nodes (leaves)

Nodes at the bottom of the tree with no further splits.

Represent the final segments after applying all decision rules from top to bottom.

Each terminal node has its own class distribution (® vs 1) and a share of the total dataset.

Used to identify which segments are high-value (above-average response) versus low-value (below-average response).

Difference between ® and 1

® = Non-responder (did not take the desired action).

1 = Responder (took the desired action).

The proportion of 1s in the node is the response rate for that segment.

Bottom percentage in each node

Indicates the percentage of the entire dataset that falls into that node.
For example, if a terminal node says n=90; 18%, then 18% of all records are in that segment.

Analysis of the Tree

¢ Node 1 (Root): Overall response rate is 49%. This serves as the baseline for comparison.

e First split is on email clicks < 4. This was likely chosen because email engagement is a strong predictor of response.

Customers with more clicks tend to show higher interest and thus higher response rates.

e Node 3: Customers with 4 or more clicks have an 85% response rate, which is far above the root rate of 49%. This is the

best performing segment and should be prioritized for future campaigns.

e Node 2: Customers with fewer than 4 clicks are split by age >= 45. Age may influence response likelihood due to differences

in engagement or purchasing habits.

¢ Node 4: Customers aged 45 or older with fewer than 4 clicks have a 17% response rate, well below the root rate. This is a

weak segment for response.
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¢ Node 5: Customers under 45 with fewer than 4 clicks are split by previous purchases >= 1. Past purchase history is a strong
behavioral predictor.

¢ Node 6: Customers under 45 with prior purchases have a 45% response rate, slightly below the root rate of 49%. This is a
moderate segment worth targeting with tailored offers.

e Node 7: Customers under 45 with no prior purchases have a 908% response rate, which is significantly above the overall rate.
Despite no prior purchase history, this segment responds strongly, making it an attractive target for campaigns.

Hypothetical Target Strategies
Based on hypothetical classification tree presented above, following are optimal targeting strategies.
e Node 3: Customers with 4 or more email clicks — highly engaged with an 85% response rate.
e Node 7: Younger customers with no prior purchases — strong responders at 90%, ideal for first-purchase offers.

e Node 6: Younger customers with prior purchases — moderate responders at 45%, worth re-engaging with tailored
promotions.

Sample Confusion Matrix & Performance Metrics
Confusion Matrix

Confusion Matrix

Predicted 1 Predicted O

Actual 1 210 40

Actual 0 50 200

e Sensitivity / Recall for Responders: 0.8400 (84.00%)
e Specificity for Non-Responders: 0.8000 (80.00%)
e Accuracy: 0.8200 (82.00%)

Comments
The classification tree demonstrates solid predictive performance, correctly identifying 84% of actual responders and 80% of
actual non-responders. With an overall accuracy of 82%, the model effectively distinguishes between likely responders and non-

responders, making it a useful tool for targeted marketing. These results suggest that the tree can guide resource allocation
toward high-probability segments, improving campaign efficiency while minimizing wasted outreach.

Understanding Overfitting and Pruning

Overfitting occurs when a model captures noise in the training data rather than general patterns. This leads to high accuracy on
the training set but poor performance on unseen data.

Pruning is the process of removing unnecessary branches from a decision tree to prevent overfitting. It simplifies the model by
cutting back overly specific splits, which helps improve generalization.

Cross-Validation

Cross-validation is a technique used to assess how a predictive model will perform on unseen data. It involves splitting the
dataset into multiple subsets (folds), training the model on some folds, and validating it on the remaining fold. This process is
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repeated multiple times, and the average performance is calculated to estimate the model’s true predictive power.

Advantages of Classification Trees

e Interpretable: Easy to explain to non-technical audiences.

e Handles Mixed Data Types: Works with both categorical and numeric variables.

e No Need for Scaling: Standardization not required.

e Captures Non-linear Interactions: Models interactions between features automatically.

Limitations of Classification Trees

e Overfitting: Deep trees can memorize the training data.

e Instability: Small changes in input data can lead to very different trees.

e Biased Toward Multi-Level Features: Features with many levels can dominate splits

¢ May Under-perform: Often outperformed by ensemble methods like Random Forests.

Other Metrics to Consider:

Lift Chart

Lift and Gains Chart with K-S Statistic
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Interpreting the Lift and Gains Chart

The Lift and Gains chart visually compares the performance of a predictive model against a random model. The x-axis shows the
cumulative population ranked by predicted probability (e.g., top 18%, 20%, etc.), and the y-axis shows the cumulative percentage
of actual positive outcomes (e.g., churned customers).

The Predictive Model (in dark red) shows how effective the model is at capturing positive cases early. The Random Model (black
dashed line) represents a baseline where positive outcomes are randomly distributed.

Kolmogorov-Smirnov (K-S) Statistic

The K-S statistic measures the maximum vertical distance between the cumulative distributions of the predicted positives and
the random model. It quantifies how well the model separates the positive from negative classes.

In the chart above, the K-S value is approximately 8.48. K-S values typically range from ® to 1 (or © to 100). Values above 0.5 are
considered strong separation, with values between 0.6 and 0.75 indicating excellent model performance.
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Summary

While classification trees help businesses make clear yes-or-no decisions, many situations call for estimating a specific numeric
value instead. For example, instead of predicting whether a customer will leave, a business might want to predict how much
revenue that customer will generate over time. These kinds of continuous outcome predictions require a different type of decision
tree—regression trees. In the next section, we'll explore how regression trees operate, how they differ from classification trees,
and how they can be applied to solve common forecasting and estimation problems in business analytics.

This page titled 7.2: Classification Trees is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A., M.S..
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7.3: Regression Trees

Introduction to Regression Trees

Regression trees are a type of decision tree algorithm used when the target (dependent) variable is continuous rather than
categorical. Instead of classifying observations into discrete categories, regression trees predict a numerical outcome by
learning decision rules from input features. At each internal node, the dataset is split based on a condition that best minimizes
error—typically using criteria like minimizing the sum of squared deviations. Each terminal (leaf) node represents a predicted
numeric value that corresponds to the average of the target variable for observations reaching that node. Regression trees are
intuitive, visual, and capable of capturing non-linear relationships in the data.

Differences Between Regression and Classification Trees

Differences Between Regression and Classification Trees

Feature Classification Trees Regression Trees

Target Variable Categorical Continuous

Prediction Output Class label (e.g., Yes/No) Numeric value

Splitting Criteria Gini Index, Entropy Mean Squared Error, MAE
Evaluation Metrics Accuracy, Sensitivity, Specificity RMSE, MAE, R-squared
Example Use Case Churn prediction Revenue prediction

Applications of Regression Trees

Regression trees are useful in a variety of business and analytical scenarios where the outcome variable is numeric. For
instance, marketers might predict customer lifetime value, sales teams might estimate future sales based on historical data, real
estate agents can assess property prices based on location and features, and logistics managers may forecast delivery times
depending on route and traffic patterns. These models help organizations make informed, data-driven decisions with a visual and
interpretable output.

Image of a Regression Tree and Interpretation

In a regression tree, each node represents a split that attempts to reduce variance in the dependent variable. The branches reflect
the conditions for the splits, and the leaf nodes show the predicted numeric values.

Consider the following hypothetical business scenario:

A subscription-based telecommunications company wants to better understand the factors influencing customer revenue so
it can more accurately forecast income and tailor pricing strategies. Using historical customer data, the company built a

©® 208 (7.3.1)



LibreTexts"

regression tree to predict monthly revenue based on two key variables: customer tenure and monthly charges. The model
first splits customers by tenure, recognizing that newer customers often have different spending patterns compared to long-
term subscribers. Among those with less than 12 months of tenure, monthly charges are the next most important factor, with
lower-charged customers predicting an average revenue of $55 and higher-charged customers predicting $72. Longer-tenure
customers, regardless of monthly charges, show higher predicted revenue at $95. This analysis helps the company identify high-
value segments, adjust retention offers for newer customers, and fine-tune pricing models to maximize revenue potential.

Following is an illustration of the regression tree based from the example above.

Tenure < 12?7

<

MonthlyCharges = $50 Predict Revenue = $95
/ées \o
Predict Revenue = $55 Predict Revenue = $72

Metrics to Evaluate Regression Trees
To evaluate how well a regression tree performs, analysts commonly use the following metrics:
¢ RMSE (Root Mean Squared Error): Measures the square root of the average squared differences between predicted and
actual values.
¢ MAE (Mean Absolute Error): Takes the average of the absolute errors without squaring them.

e R-squared: Indicates the proportion of variance in the dependent variable explained by the model.

These metrics help determine how closely the model’s predictions match the actual values.

Splitting Criteria for Regression Trees
Regression trees use variance reduction methods to determine the best split. At each node, the algorithm evaluates which split

yields the greatest decrease in variability of the target variable. This is typically assessed using Mean Squared Error (MSE), which
ensures that the selected split results in subsets of data with minimal variation around the mean.

Advantages and Disadvantages

Advantages:
e Easy to interpret and visualize
e Can model non-linear relationships
¢ No need for data normalization or scaling
e Suitable for both small and large datasets

Disadvantages:
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e Prone to overfitting unless pruned or regularized
e Sensitive to minor data changes
e May underperform compared to ensemble methods like Random Forests

Summary

Regression trees are powerful yet intuitive tools for predicting numeric outcomes using decision rule logic. They are particularly
valuable when transparency and interpretability are required. However, they may suffer from instability and limited accuracy when
used alone.

To overcome these issues, ensemble methods like Random Forests build multiple trees and aggregate their predictions for more

robust results. In Chapter 8, we will explore Random Forests in detail and see how they can improve performance across both
regression and classification tasks.

This page titled 7.3: Regression Trees is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A., M.S..
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7.4: CASE STUDY - USING CLASSIFICATION TREE TO PREDICT

CUSTOMER CANCELLATION

Business Problem

In a highly competitive subscription-based industry, retaining customers is as important as acquiring new ones. Customer
cancellation, or churn, leads to lost revenue, increased marketing costs to replace customers, and potential damage to brand
reputation. Management has identified churn as a critical performance metric and wants to implement a predictive model that can
identify customers at high risk of cancellation. By identifying these customers early, the business can take proactive steps—such
as targeted promotions, personalized outreach, or loyalty incentives—to retain them.

Objective

The objective of this case study is to build and evaluate a Decision Tree model in Python to predict the likelihood that a given
customer will cancel their subscription. This will enable the business to focus retention efforts on high-risk customers and
improve overall customer lifetime value.

Tasks to be Performed

The work will proceed in several phases, each focusing on a key element of the modeling process:

e Understand the dataset and identify the target variable representing customer cancellation (churn).

e Perform exploratory data analysis (EDA) to understand variable distributions, correlations, and potential predictors of churn.

e Preprocess the data, including handling missing values, encoding categorical variables, and scaling numeric features where
needed.

e Build a classification tree model in Python.

o Evaluate the model using appropriate metrics such as sensitivity, specificity, accuracy, and AUC.

e Interpret model outputs, including feature importance, to provide actionable business insights.

¢ Prepare recommendations for using the model in real-world customer retention strategies.

7.4.1: Customer Dataset
7.4.2: Exploratory Data Analysis
7.4.3: Classification Tree Output and Interpretation

7.4.4: Python Code for Case Study Classification Treem

This page titled 7.4: Case Study - Using Classification Tree to Predict Customer Cancellation is shared under a CC BY 4.0 license and was
authored, remixed, and/or curated by Elbert L. Hearon, M.B.A., M.S..
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7.4.1: Customer Dataset

Refer to the Customer Data in section 6.11.1.

This page titled 7.4.1: Customer Dataset is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A., M.S..
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7.4.2: Exploratory Data Analysis

Refer to the EDA in section 6.11.2 as it applies to this section.

This page titled 7.4.2: Exploratory Data Analysis is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L.
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7.4.3: Classification Tree Output and Interpretation

Confusion Matrix

[[160 65]
[ 27 198]]

Model Performance Metrics

e Sensitivity (Recall for Churn): 0.71
e Specificity (Recall for Non-Churn): 0.88
e Accuracy: 0.80

Interpretation

The confusion matrix shows that the model correctly classified most cases, with accuracy around 80 percent. Sensitivity of 0.71
means about 71 percent of actual churn cases were identified. Specificity of 0.88 means 88 percent of non churn cases were
correctly classified.

Feature Importance

e Customer_Tenure: 0.715
e Monthly_Spend: 0.266
e Num_Products: 0.019

e Has_Contract: 0.000

e Used_Support: 0.000

e Region: 0.000

Interpretation

Feature importance shows that customer tenure is by far the most influential predictor, followed by monthly spend. Other variables
contribute very little in this simplified pruned tree.
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ROC Curve and AUC

ROC Curve (Pruned Tree)

o o o =
i o o o

True Positive Rate

o
]

s — AUC = 0.87

o
o

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Interpretation

The ROC curve and AUC of 0.87 indicate strong ability to separate churn from non churn customers.

Classification Tree

Node 0
0:0.50 | 1: 0.50
n=1050; 100%

Customer_Tenure == 30.50

Node 1 Node 8
|0= l).'ﬁé'l:u.ﬂ 0:0.77] 1: 0.23
n=526; 50% n=524; 50%

Monthly Spend <= 73.40

Monthly_Spend <= 55.77

Node 12
: 0. = 0. 0:0.87 | 1: 0.13
n=113; 11% n=411; 39%

Node 13
0:0.72 | 1: 0.28
n=122; 12%

Node 14
0:0.93 ] 1: 0.07
n=289; 28%

Interpretation

The physical tree illustrates the decision rules that segment customers into churn versus non churn groups, providing a clear and
interpretable model structure.

The gradient colors in the tree represent how likely customers in each node are to churn compared to stay. Churn is represented

by the value 1 and non-churn by the value ®. When the proportion of churn in a node is greater than 0.5, the box is shaded in
blue, with the shade becoming darker as the likelihood of churn increases. A light blue box means that customers in that group
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are only slightly more likely to churn, while a darker blue box indicates a much stronger likelihood of churn. Gray boxes show that
non-churn is more common in that group, meaning the majority of those customers stayed. This coloring provides a visual cue for
where churn is concentrated, making it easier to see which branches of the tree lead to higher risk of losing customers.

Here are two contrasting examples from the classification tree, using the terminal nodes:

e Node 3 is a churn node. It contains 220 customers, of which only about 2 percent stayed (class ®) and nearly 98 percent left
(class 1). Because the majority of cases are churn, this node is shaded in a darker blue to highlight the strong likelihood of
customers leaving.

e Node 14 is a non-churn node. It contains 289 customers, of which about 93 percent stayed (class 8) and only about 7 percent
churned (class 1). Since non-churn dominates here, the node is shown in gray, indicating that customers in this group are
highly likely to remain with the business.

Key take-aways

The model achieves about 809 percent overall accuracy, with sensitivity of 71 percent and specificity of 88 percent. This means it is
better at correctly identifying customers who will stay than those who will churn, though it still detects most churn cases. The ROC
curve with an AUC of 0.87 shows that the model has strong ability to separate churn from non-churn customers. Customer tenure
is the most important predictor, followed by monthly spend, while other features like number of products, contracts, or support
usage have little influence in the pruned version. The tree visualization shows clear groups where churn dominates (highlighted
in blue) and groups where customers are very likely to stay (shown in gray).

Potential business applications

The model can be used to identify at-risk customers early, particularly those in churn-heavy nodes like node 3, where nearly
all customers left. Marketing and customer success teams can design targeted retention campaigns, such as loyalty discounts,
engagement calls, or tailored service offers, to reduce churn among these groups. On the other hand, non-churn nodes like node
14 highlight stable, long-term customers. Businesses can use this insight to reinforce what is working with these customers,
maintain their satisfaction, and even promote cross-selling or upselling opportunities. The segmentation also allows managers
to allocate resources more efficiently by focusing interventions where they matter most and ensuring continued investment in
relationships with loyal customers.

This page titled 7.4.3: Classification Tree Output and Interpretation is shared under a CC BY 4.0 license and was authored, remixed, and/or
curated by Elbert L. Hearon, M.B.A., M.S..
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7.4.4: Python Code for Case Study Classification Treem

The following Python code will reproduce the pruned tree, metrics, feature importance, ROC/AUC, and the physical classification
tree (update file path under Step ©, then run).

# Step O: Imports and configuration [User Input Required]
import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from pathlib import Path

from sklearn.model_selection import train_test_split

from sklearn.preprocessing import LabelEncoder

from sklearn.tree import DecisionTreeClassifier, plot_tree

from sklearn.metrics import confusion_matrix, accuracy_score, recall_score, roc_curve, auc

from graphviz import Digraph

# file and data inputs [User Input Required]

EXCEL_PATH = "C:/1_A_OER/Chapter 7 - Decision Trees/Classification Tree/Classification_Business_Dataset.xlsx" # update to your
path if needed

SHEET_NAME = "Sheet1" # tab with the original variables

TARGET = "Churn" # binary target: 1= churn, ® = non-churn

CATEGORICAL_COLS = ["Region"] # list any categorical cols to encode

# modeling parameters [User Input Required]
TEST_SIZE = 0.30

RANDOM_STATE = 42

PRUNED_MAX_DEPTH = 3

# No User Input Below this Point

# Step 1: Load the data
df = pd.read_excel(EXCEL_PATH, sheet_name=SHEET_NAME)

# ensure target is numeric binary 8/1 if necessary

if df[TARGET].dtype == object:

df[TARGET] = df[TARGET].astype(str).str.strip().str.lower().map(
{"1"1,"yes"1,"y"1,"true"1,"t"1,"0":0,"no0"0,"n".0,"false".0,"f":0}

)

df[TARGET] = pd.to_numeric(df[TARGET], errors="coerce")

df = df.dropna(subset=[TARGET])

# Step 2: Basic preprocessing (encode categoricals)
df_processed = df.copy()

for col in CATEGORICAL_COLS:

if col in df_processed.columns:

le = LabelEncoder()

df_processed[col] = le.fit_transform(df_processed[col].astype(str))

X = df_processed.drop(columns=[TARGET])
y = df_processed[TARGET].astype(int)
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# Step 3: Train-test split (stratified for class balance)

X_train, X_test, y_train, y_test = train_test_split(

X, v, test_size=TEST_SIZE, random_state=RANDOM_STATE, stratify=y
)

# Step 4: Fit pruned decision tree (consistent with earlier pruned version)
clf_pruned = DecisionTreeClassifier(max_depth=PRUNED_MAX_DEPTH, random_state=RANDOM_STATE)
clf_pruned.fit(X_train, y_train)

# Step 5: Evaluate on the test set (confusion matrix, sensitivity, specificity, accuracy)
y_pred = clf_pruned.predict(X_test)
y_prob = clf_pruned.predict_proba(X_test)[;, 1]

# confusion matrix with rows and columns ordered as 1, ®
cm = confusion_matrix(y_test, y_pred, labels=[1, 8])

# metrics

sensitivity = recall_score(y_test, y_pred, pos_label=1) # true positive rate
specificity = recall_score(y_test, y_pred, pos_label=0) # true negative rate
accuracy = accuracy_score(y_test, y_pred)

print("Confusion Matrix (rows 1, ®; columns 1, 9):")
print(cm)

print(f'Sensitivity (Recall for Churn): {sensitivity..4f}")
print(f"Specificity (Recall for Non-Churn): {specificity:..4f}")
print(f"Accuracy: {accuracy:.4f}")

# Step 6: ROC curve and AUC

fpr, tpr, _ = roc_curve(y_test, y_prob)
roc_auc = auc(fpr, tpr)

print(f"AUC: {roc_auc:.4f}")

# plot and save ROC curve
plt.figure(figsize=(6, 4))

plt.plot(fpr, tpr, label=f"AUC = {roc_auc:.2f}")
plt.plot([@®, 1], [®, 1], "k--")

plt.xlabel("False Positive Rate")
plt.ylabel("True Positive Rate")

plt.title("ROC Curve (Pruned Tree)")
plt.legend(loc="lower right")
plt.tight_layout()
plt.savefig("roc_curve_pruned.png", dpi=200)
plt.close()

# Step 7: Feature importance (from trained pruned model)
fi = pd.DataFrame({

"Feature": X.columns,

"Importance": clf_pruned.feature_importances_
}.sort_values(by="Importance", ascending=False)

print("\nFeature importance (pruned model):")
print(fi)

# optional: export to csv
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fi.to_csv("feature_importance_pruned.csv", index=False)

# Step 8: Physical classification tree in the custom format using graphviz
# helper functions for node labels and coloring

tree = clf_pruned.tree_
feature_names = list(X.columns)
n_total = int(tree.n_node_samples[0])

def churn_color(p1):

# only color nodes where churn proportion > 0.5

# linear gradient from #dce9ff (light) to #4d88ff (medium) based on (p1- 0.5)/ 8.5
t = min(max((p1- 8.5) / 8.5, 0.09), 1.9)

r=int((1-t)*220 +t * 77)

g=int((1-t)*233 +t*136)

b =255

return f"#{r:02x}{g:02x}{b:02x}"

def rect_label(node_id):

values = tree.value[node_id][®]

n = int(values.sum())

p® = values[®] /nifn>0 else ®

p1=values[1]/nifn> 0 else ®

pct = n / n_total if n_total > © else ®

return f'"Node {node_id}\n®: {p®:.2f} | 1: {p1:.2f\nn={n}; {pct..0%}"

def split_label(node_id):

feat_idx = tree.feature[node_id]
thr = tree.threshold[node_id]

if feat_idx >= O:

fname = feature_namesJ[feat_idx]
return f'{fname} <= {thr..2f}"
return "

g = Digraph("ChurnTree_Pruned_Colored", format="png")
g.graph_attr.update({

"rankdir": "TB",

"splines": "ortho",

"nodesep": "0.5",

"ranksep": "0.6",

"pad": "0.3",

"margin": "0.1"

)

def add_nodes_edges(node_id):
values = tree.value[node_id][0]
n = int(values.sum())
p1=values[1]/ nif nelse ®

rect_id = f"'rect_{node_id}"

# color only churn-dominant nodes

if p1> 0.5:

fill = churn_color(p1)

else:

fill = "#f2f2f2" # neutral gray for non-churn dominant nodes
g.node(rect_id, rect_label(node_id), shape="box", style="filled", fillcolor=fill)
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# if leaf, stop here
if tree.feature[node_id] == -2:
return rect_id

# ellipse decision node with split rule

split_id = f"split_{node_id}"

g.node(split_id, split_label(node_id), shape="ellipse", style="filled", fillcolor="#cfe8ff")
g.edge(rect_id, split_id)

# recurse on children
left = tree.children_left[node_id]
right = tree.children_right[node_id]

left_rect = add_nodes_edges(left)
g.edge(split_id, left_rect, xlabel="Yes")

right_rect = add_nodes_edges(right)
g.edge(split_id, right_rect, xlabel="No")

return rect_id
add_nodes_edges(0)

# render the image and ensure it fits portrait page width
png_path = g.render("ChurnTree_Pruned_Colored", cleanup=True)
print(f"Saved custom tree diagram to: {png_path}")

# optional: also save a default sklearn tree for reference

plt.figure(figsize=(12, 8))

plot_tree(clf_pruned, feature_names=X.columns, class_names=["Non-churn", "Churn"], filled=True, rounded=True, fontsize=10)
plt.tight_layout()

plt.savefig("sklearn_tree_pruned.png", dpi=200)

plt.close()

This page titled 7.4.4: Python Code for Case Study Classification Treem is shared under a CC BY 4.0 license and was authored, remixed, and/or
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7.5: Exercises

Part A: Conceptual Questions

Classification Trees

Explain the concept of information gain and its role in building classification trees.
What is Gini impurity, and how is it used to determine splits in decision trees?
Compare entropy and Gini impurity. When might one be preferred over the other?
Define overfitting in the context of classification trees. How can it be avoided?
What role does pruning play in decision tree models?

Describe how missing values are handled in classification trees.

How does a decision tree handle categorical vs. continuous predictors?

What are the limitations of decision trees for classification tasks?

Discuss the trade-off between tree depth and prediction accuracy.

Why might a random forest perform better than a single classification tree?

@O0XNOAPWODN
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Regression Trees

11. What is the main splitting criterion used in regression trees?

12. Explain how mean squared error (MSE) is used in regression tree building.

13. Compare regression trees and linear regression. In what situations might a regression tree perform better?
14. What are the risks of building very deep regression trees?

15. What does pruning accomplish in a regression tree?

16. How do regression trees handle outliers in the target variable?

17. How are missing values treated in regression trees?

18. Discuss the use of regression trees in time series forecasting.

19. Can regression trees handle multicollinearity? Why or why not?

20. How is prediction made at the leaves of a regression tree?

Part B: Interpretation Questions

Classification Trees

21. Interpret the meaning of a leaf node that classifies most instances as 'No Churn'.
22. Explain what a split on 'Age > 35' indicates in a decision tree.

23. If a model has high training accuracy but low test accuracy, what does this suggest?
24. How do you assess feature importance from a decision tree model?

25. What does it mean if two branches have similar accuracy but very different depths?

Regression Trees

26. Explain how to interpret the predicted value at a leaf node in a regression tree.

27. A regression tree has a split on 'Sales Volume > 1000". What does this mean in business terms?
28. If pruning reduces MSE on the test set but not on the training set, what does this imply?

29. How do you interpret the importance of features in a regression tree?

30. Why might the model suggest similar predicted values for different input paths?
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Part C: Hands-On Data Exercises

Classification Tree Applications

31

32.

33.

34.

35.

36.

37.

38.

39.

10.

Marketing: Predict whether a customer will respond to a promotion using age, income, prior purchases, website visits, and
social media engagement. (Dataset: classification_tree_app_1.xlsx)

Finance: Classify loan applicants as 'Approved' or 'Denied' based on credit score, income, debt-to-income ratio, employment
status, and past delinquencies. (Dataset: classification_tree_app_2.xlsx)

Operations: Predict whether an order will be delivered late using shipping method, delivery distance, number of items,
product weight, and time of order placement. (Dataset: classification_tree_app_3.xlsx)

Sales: Predict whether a sales lead will convert using variables such as industry, lead source, sales rep experience, contact
frequency, and region. (Dataset: classification_tree_app_4.xlsx)

Customer Service: Classify complaint type using service ticket category, issue description, channel of contact, customer
tenure, and service history. (Dataset: classification_tree_app_5.xlsx)

Quality Control: Predict product defect classification using shift time, machine ID, operator experience, batch temperature,
and pressure levels. (Dataset: classification_tree_app_6.xIsx)

Credit Risk Management: Classify clients as low, medium, or high risk using financial ratios, payment history, account age,
credit utilization, and number of recent inquiries. (Dataset: classification_tree_app_7.xlsx)

Entertainment: Predict whether a user will skip a video ad using genre, video length, prior skips, time of day, and ad relevance
rating. (Dataset: classification_tree_app_8.xlsx)

Manufacturing: Predict machine failure category using vibration level, run time, humidity, load pressure, and last maintenance
date. (Dataset: classification_tree_app_9.xlsx)

Accounting: Classify transactions as legitimate or potentially fraudulent using transaction amount, frequency, category,
location, and account history. (Dataset: classification_tree_app_10.xlsx)

Regression Tree Applications

41.

12.

13.

14.

15.

16.

47.

18.

19.

Marketing: Predict customer lifetime value using acquisition channel, age, purchase frequency, recency, and total spend.
(Dataset: regression_tree_app_1.xlsx)

Finance: Estimate stock price using daily return, volume, moving averages, volatility index, and macroeconomic indicators.
(Dataset: regression_tree_app_2.xlsx)

Operations: Predict delivery time using variables such as delivery distance, vehicle type, weather conditions, package size,
and order time. (Dataset: regression_tree_app_3.xlsx)

Sales: Predict monthly sales revenue from sales team size, ad spend, regional demand, competitor pricing, and seasonal
factors. (Dataset: regression_tree_app_4.xlsx)

Customer Service: Estimate average resolution time using issue type, channel, agent experience, priority level, and time to
first response. (Dataset: regression_tree_app_5.xlsx)

Quality Control: Predict number of defects using production speed, shift, material type, temperature, and humidity. (Dataset:
regression_tree_app_6.xlsx)

Credit Risk Management: Predict expected loss amount using borrower income, loan term, credit score, payment history, and
current debt. (Dataset: regression_tree_app_7.xlsx)

Entertainment: Predict daily streaming minutes per user using plan type, device type, preferred genres, historical usage, and
subscription tenure. (Dataset: regression_tree_app_8.xlsx)

Manufacturing: Estimate equipment maintenance cost using machine age, usage hours, energy consumption, failure history,
and technician notes. (Dataset: regression_tree_app_9.xlsx)

Accounting: Predict monthly expenses using number of transactions, business unit, prior period expenses, budget allocation,
and seasonal adjustments. (Dataset: regression_tree_app_10.xlsx)

This page titled 7.5: Exercises is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A.,, M.S..
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8.1: Study Guide

Random Forests are among the most popular and powerful machine learning models used in business analytics. This chapter
provides a conceptual foundation to help MBA students understand what Random Forests are, when to use them, and how to
interpret their results—without requiring programming or mathematical depth. The study guide below outlines the key learning
goals and terms to focus on as you progress through the chapter.

Key Learning Objectives and Terms to Know:

Understand what a Random Forest model is and how it differs from a single decision tree

Recognize the concept of ensemble learning and how combining models improves predictions

Identify practical business problems suited to Random Forests (e.g., classification and regression)

Interpret model output such as accuracy, feature importance, and predicted outcomes

Understand why Random Forests are often preferred over single-tree models

Learn how overfitting is reduced by averaging across many decision trees

Visualize Random Forest output through importance rankings and decision structure

Reflect on the limitations of Random Forests, including interpretability and resource needs

Examine a real-world case study to connect theory with business application

Explore tools and software (such as Python, R, or AutoML) that can build Random Forests with minimal code

@0PNOAPWDN
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8.2: What is a Random Forest?

A Random Forest is a powerful machine learning technique used for both classification and regression problems. It belongs to
a family of models known as 'ensemble methods'—models that combine the predictions of multiple learners to produce more
accurate and stable results than any individual model. In the case of Random Forests, the model combines the results of many
decision trees.

Rather than relying on a single tree to make decisions, Random Forests create multiple decision trees using different subsets
of the data and features. Each tree makes its own prediction, and the forest aggregates these predictions—by majority vote
in classification tasks or by averaging in regression tasks. This reduces the risk of overfitting and improves the model's
generalization to new data.

Random Forests are particularly useful in business analytics because they can handle large, complex datasets with many variables
and interactions, without requiring extensive data preprocessing or feature engineering. They are also robust to missing data and
can assess the relative importance of each variable in making predictions.

From a conceptual standpoint, Random Forests offer a balance between prediction power and ease of interpretation. While
individual trees may be easier to follow visually, Random Forests typically produce better results and are less sensitive to
fluctuations in the data. They have become a go-to solution in business applications such as customer segmentation, churn
prediction, fraud detection, and risk modeling.

Click the following link to view the brief video: What is Random Forest?

This page titled 8.2: What is a Random Forest? is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L.
Hearon, M.B.A.,, M.S..
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8.3: Business Use Cases for Random Forests

Random Forests are widely applied in the business world due to their ability to handle complex, real-world datasets with
high accuracy and minimal preprocessing. Their versatility and robustness make them a valuable asset for solving a variety of
predictive and classification problems across different industries.

In marketing, Random Forests are used for customer segmentation and targeting. By analyzing demographic, behavioral, and
transactional data, businesses can identify distinct customer groups and predict which segments are most likely to respond to
specific campaigns. This enhances personalization and increases return on marketing investment.

Financial institutions leverage Random Forests for credit risk modeling and fraud detection. These models can detect subtle
patterns that indicate potential loan defaults or fraudulent transactions by analyzing applicant data, transaction histories, and
behavioral indicators. The ensemble nature of Random Forests provides more reliable predictions than single models.

In human resources, Random Forests help predict employee attrition and assess hiring decisions. By combining employee
profiles, performance metrics, and engagement data, organizations can anticipate turnover and take proactive steps to retain
valuable talent.

Retailers use Random Forests for demand forecasting, inventory optimization, and recommendation systems. These models can
predict which products are likely to be purchased together, or which items may be in high demand based on seasonal trends and
promotional activity.

Healthcare providers apply Random Forests to predict patient outcomes, such as hospital readmissions or the likelihood of
disease. This supports better patient care and resource allocation by enabling evidence-based decision-making.

Overall, Random Forests provide actionable insights across a range of business functions by combining accuracy, flexibility, and

interpretability. Their ability to handle diverse data types and reduce overfitting makes them an ideal tool for real-world business
analytics.
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8.4: How Random Forests Work

Random Forests are a type of ensemble learning model, meaning they combine multiple models to improve prediction accuracy.
The basic idea is to build a 'forest' of decision trees, where each tree makes its own prediction, and the forest as a whole votes
or averages those predictions to arrive at a final decision. This approach helps reduce errors and increase the model’s overall
performance.

Here's how the process works, in simplified steps:

1. Bootstrapping the Data: Instead of using the entire dataset for each tree, Random Forests create different subsets of the
data through a method called bootstrapping. This means each tree is trained on a randomly sampled portion of the data,
often with repetition.

2. Building Decision Trees: For each subset, a decision tree is built. But unlike traditional trees, Random Forests only consider
a random selection of variables (features) at each split. This helps ensure that no single tree becomes dominant by relying
too heavily on a few strong predictors.

3. Making Predictions: Once all trees are built, each tree in the forest makes a prediction. If it's a classification task (e.g.,
predicting churn: yes or no), the model takes a majority vote across all trees. If it's a regression task (e.g., predicting sales),
the model averages the predictions from all trees.

4. Aggregating Results: The final prediction from the Random Forest model is usually more accurate than any single decision
tree because it reduces the risk of overfitting and captures more nuanced patterns in the data.

This structure makes Random Forests both powerful and user-friendly. Analysts do not need to worry about manually tuning all

model parameters, and they benefit from an automated way to balance accuracy and robustness. Additionally, feature importance
scores from the model help identify which variables contribute most to predictions, offering valuable business insights.
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8.5: Strengths, Limitations, and Practical Considerations

Random Forests are widely used in industry due to their versatility, ease of use, and strong performance on both classification
and regression tasks. Understanding the strengths and limitations of this algorithm helps guide better decision-making when
applying it in real-world scenarios.

Strengths:

High Accuracy: Random Forests often outperform many other models in terms of predictive accuracy, especially when
properly tuned.

Robustness: By aggregating results from multiple decision trees, Random Forests are resistant to overfitting, particularly
when compared to a single decision tree.

Handles Missing Data: Random Forests can still perform well even if some values are missing or imputed.

Works Well with Large Datasets: The algorithm scales effectively with large datasets and handles high-dimensional data well.
Feature Importance: Random Forests provide insights into the relative importance of variables, which helps analysts focus
on key drivers of outcomes.

Limitations:

Interpretability: Unlike linear models or single decision trees, Random Forests are considered “black box” models, meaning
they do not easily explain how decisions are made.

Computational Cost: Training a large number of trees can require significant processing time and memory, especially with
massive datasets.

May Not Be Ideal for Real-Time Predictions: Because the model must aggregate many trees, it may not respond fast enough
for real-time scoring in certain applications.

Practical Considerations:

Data Preparation: While Random Forests are flexible, cleaning and preprocessing the data—including dealing with categorical
variables and scaling—still improves results.

Tuning Parameters: Key hyperparameters like the number of trees, maximum depth, and minimum samples per leaf can affect
model performance and should be tested using cross-validation.

Use Case Alignment: Random Forests work well for many tasks, but analysts should evaluate whether simpler models (like
logistic regression) may be sufficient depending on the business objective.

In summary, Random Forests strike an excellent balance between performance and ease of use for a wide range of business
problems. Their strengths make them a reliable tool for decision-making, provided their limitations are understood and accounted
for during implementation.
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8.6: Interpreting Random Forests (Classification)- Output
and Diagnostics

Random Forests are ensemble models that average predictions from many decision trees, reducing overfitting and improving
generalization. In business, they are used for credit scoring, fraud detection, churn analysis, and more. Interpreting their output
involves reviewing key metrics and visualizations to evaluate performance, understand feature influence, and make informed
decisions on deployment.

Example: Model Context

o Model: Specifies the algorithm type and key configuration parameters. Here, a RandomForestClassifier with 800 trees, sqrt
feature selection, and bootstrap sampling.

¢ OOB (Out-of-Bag) Estimate: An internal cross-validation score computed from data not used in building each tree.

o Test Split: The portion of the dataset held back from training to evaluate model performance on unseen data.

e Use Case: Predicting loan defaults (1 = default, ® = repaid) using borrower financial and credit data.

Model values:

¢ Model: RandomForestClassifier (800 trees, sqrt features, bootstrap enabled)
e QOB Estimate: 0.771

e Test Split: 25% holdout for evaluation

e Use Case: Predicting loan defaults using borrower profile features.

Confusion Matrix
This matrix shows prediction outcomes:
o Top-left: True Positives (TP) — loan defaults correctly predicted
e Top-right: False Negatives (FN) — loan defaults predicted as repaid
o Bottom-left: False Positives (FP) — repaid loans predicted as defaults

e Bottom-right: True Negatives (TN) — repaid loans correctly predicted

Labels along the rows indicate Actual class, columns indicate Predicted class.

Confusion Matrix for Predicting Loan Defaults

—
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Metrics Derived from the Confusion Matrix (aka Classification Table)

Let TP, TN, FP, FN be entries of the confusion matrix in (1,8) order.

e Sensitivity=TP /(TP + FN) =91/ (91 + 9) =91/ 100 = 0.91
o Interpretation: The proportion of actual positive cases (e.g., loan defaults) that the model correctly identifies as positive
is 0.91 or 91%.
e Specificity = TN/ (TN + FP) = 85 / (85 + 15) = 85 / 100 = 0.85
o Interpretation: The proportion of actual negative cases (e.g., repaid loans) that the model correctly identifies as negative
is 0.85 or 85%.
e Accuracy=(TP+TN)/(TP+ TN+ FP +FN)=(91+85)/(91+ 85+ 15 + 9) =176 / 200 = 0.88.
o Interpretation: The proportion of all predictions (both positive and negative) that the model got correct is 0.88 or 88%.

ROC Curve and AUC

The ROC curve shows the trade-off between sensitivity and false positive rate at different classification thresholds.

e The dotted diagonal line shows a model with no predictive power, performing like a coin flip (e.g., random guessing). AUC =
0.5.
e The solid curve is the model’s performance, and the farther above the diagonal, the better the discrimination.
e The AUC value summarizes the model's ranking ability across all thresholds.
o AUC Range 0.0 to 1.0
o Typical Interpretation:
= 0.90 - 1.00: Excellent discrimination
= 0.80 - 0.89: Good discrimination
= 0.70 - 0.79: Fair discrimination
= 0.60 - 0.69: Poor discrimination
= 0.50 - 0.59: Fail / No better than chance
= 0.50: Random guessing (no predictive power)

ROC Curve
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False Positive Rate

Feature Importance (Mean Decrease in Impurity)

Feature importance shows how much each variable reduces classification error in the forest. In this example, higher importance
values indicate features with stronger influence on predicting loan defaults.
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Choosing a Decision Threshold

o Start with 8.5 and adjust to meet business objectives for sensitivity and specificity.
e Lowering the threshold increases sensitivity (catching more risky borrowers) but may increase false positives.
e Use cost-benefit analysis to select the threshold that maximizes profitability while managing risk.
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8.7: CASE STUDY - USING RANDOM FORESTS TO PREDICT

CUSTOMER CANCELLATION

Business Problem

In a highly competitive subscription-based industry, retaining customers is as important as acquiring new ones. Customer
cancellation, or churn, leads to lost revenue, increased marketing costs to replace customers, and potential damage to brand
reputation. Management has identified churn as a critical performance metric and wants to implement a predictive model that can
identify customers at high risk of cancellation. By identifying these customers early, the business can take proactive steps—such
as targeted promotions, personalized outreach, or loyalty incentives—to retain them.

Objective

The objective of this case study is to build and evaluate a Random Forest classification model in Python to predict the likelihood
that a given customer will cancel their subscription. This will enable the business to focus retention efforts on high-risk customers
and improve overall customer lifetime value.

Tasks to be Performed

The work will proceed in several phases, each focusing on a key element of the modeling process:

e Understand the dataset and identify the target variable representing customer cancellation (churn).

e Perform exploratory data analysis (EDA) to understand variable distributions, correlations, and potential predictors of churn.

e Preprocess the data, including handling missing values, encoding categorical variables, and scaling numeric features where
needed.

e Build a Random Forest classification model in Python, tuning hyperparameters for optimal performance.

e Evaluate the model using appropriate metrics such as sensitivity, specificity, accuracy, precision, and AUC.

e Interpret model outputs, including feature importance, to provide actionable business insights.

¢ Prepare recommendations for using the model in real-world customer retention strategies.

Next Sections

The subsequent sections of this case study will cover the following:

1. Present the dataset, including variables, data types, and descriptive statistics.

2. Present the Python code used to preprocess the data, build the Random Forest model, and generate evaluation metrics.
3. Present the model results and provide detailed interpretation, focusing on business-relevant findings.
8.7.1: Customer Dataset
8.7.2: Exploratory Data Analysis
8.7.3: Random Forest using Python to Build the Churn Model
8.7.4: Random Forest Model Output and Interpretation
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8.7.1: Customer Dataset

The dataset used in this case study contains information on current and former customers, blending behavioral and account-
related details that can influence churn behavior. Each row represents a single customer record, and the target variable, “Churn,”
indicates whether the customer has canceled their subscription (1) or remains active (0). The dataset’s variables include:

e Customer_Tenure - The number of months the customer has maintained an active subscription.

e Monthly_Spend - The customer’s average monthly spending on products or services.

e Num_Products - The number of distinct products or services the customer currently uses.

e Has_Contract - Indicates whether the customer is bound by a fixed-term contract (1 = Yes, ® = No).

o Used_Support - Tracks whether the customer has contacted customer support during their tenure (1 = Yes, ® = No).
e Region_North - Binary indicator showing if the customer resides in the Northern region (1 = Yes, ® = No).

e Region_South - Binary indicator showing if the customer resides in the Southern region (1 = Yes, ® = No).

e Churn - The target variable, where 1 = customer canceled their subscription, and ® = customer remains active.

Note: Customers in the Western region are represented implicitly as the reference category. In dummy coding, one category is
omitted to avoid perfect multicollinearity. Model coefficients for the other regions should therefore be interpreted in comparison
to the Western region.

This blend of time-based engagement metrics, spending patterns, product adoption, contractual status, customer service
interactions, and geographic location provides a strong foundation for building a Random Forest model. The analysis will seek
to uncover patterns in these variables that distinguish high-risk customers from those likely to stay, enabling more targeted and
cost-effective retention efforts.

Sample Records from the Customer Dataset

As an example of the Customer Dataset, the following table shows 10 of the 1,500 rows of customer data which are stored in
an Excel worksheet. Note, dummy variables were created from "Region", which consisted of North, South, and West. As indicated
above, West is the reference category. (Recall, when constructing dummy variables, select the number of levels, "K" minus 1).

A B € D E F G H

1 Customer_Tenure Monthly_Spend Num_Products Has_Contract Used_Support Region_North Region_South Churn

2 39 63.28 1 1 0 0 0 0
3 52 103.38 1 1 0 0 1 0
4 29 64.81 2_ 0 0 1 0 1
5 15 39.94 4 0 0 1 0 1
6 43 65.09 3 1 0 0 1 0
7 8 64.55 1 0 0 0 1 1
8 21 16.06 3 0 0 0 1 1
9 39 68.91 3 1 0 0 0 0
10 58 65.38 3 1 1 1 0 0
11 19 83.92 2 1 0 0 0 0
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8.7.2: Exploratory Data Analysis

The EDA was provided in section 8.7.2, and it applies to this Random Forest case study.
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Hearon, M.B.A.,, M.S..

©@® 234 (8.7.2.1)


https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/08%3A_Random_Forests/8.07%3A_Case_Study_-_Using_Random_Forests_to_Predict_Customer_Cancellation/8.7.02%3A_Exploratory_Data_Analysis
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTexts"

8.7.3: Random Forest using Python to Build the Churn Model

#4HHHHHH#H###E NO USER INPUT REQUIRED IN STEP 1 ############ # # ## S HHHHH

# Step 1: Import necessary libraries

import pandas as pd # data loading and wrangling

from sklearn.model_selection import train_test_split # split data into train/test sets

from sklearn.ensemble import RandomForestClassifier # random forest classifier

from sklearn.metrics import confusion_matrix, classification_report, accuracy_score # evaluation metrics

S A A A A A A A A A A A A A A A A
HHHHHHH SRS #HHHAHH#H USER INPUT REQUIRED IN STEPS 2 THROUGH 4 #######44#####

# Step 2: Load the dataset (With Dummies sheet)

file_path = r'C:/1_A_OER/Chapter 8 - Random Forest/Classification_Business_Dataset.xlsx' # path to Excel file
df = pd.read_excel(file_path, sheet_name='"With_Dummies') # read the worksheet into a DataFrame

# Step 3: Define features (X) and target (y)

X = df.drop(columns=['Churn']) # all predictors except the target
y = df['Churn'] # binary target: 1 = churn, ® = no churn

# Step 4: Train-test split

X_train, X_test, y_train, y_test = train_test_split( # split for honest evaluation
X, vy, test_size=0.30, random_state=42) # 70/30 split with a fixed seed for reproducibility

S A A A S A A A A S S
#4H e HHH####E NO USER INPUT REQUIRED BEYOND THIS POINT ##t# #4444 4ttt #HHHH
# Step 5: Initialize and train Random Forest

rf_model = RandomForestClassifier( # create the model

n_estimators=100, # number of trees in the forest

random_state=42) # seed for reproducibility

rf_model.fit(X_train, y_train) # fit the model on training data

# Step 6: Make predictions on the test set

y_pred = rf_model.predict(X_test) # predicted class labels

# Step 7: Evaluate model performance

cm = confusion_matrix(y_test, y_pred) # [[TN, FP], [FN, TP]]

accuracy = accuracy_score(y_test, y_pred) # overall accuracy

report = classification_report(y_test, y_pred) # precision/recall/F1 by class

# Reorder confusion matrix for display: rows=(1,0), cols=(1,0)

cm_re = cm[[1,8], :1[;, [1,8]]

print('‘Confusion Matrix (rows=1,0; cols=1,0):\n', cm_re)
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print(f'Accuracy: {accuracy:.2%}')
print('Classification Report:\n', report)

# Step 8: Feature Importance

import matplotlib.pyplot as plt

fi = pd.Series(rf_model.feature_importances_, index=X.columns).sort_values(ascending=False)
print('Top features:\n', fi.head(10))

plt.figure()

fi.nead(10).plot(kind="barh')

plt.gca().invert_yaxis()

plt.title(Random Forest Feature Importance')

plt.xlabel('Importance’)

plt.tight_layout()

plt.show()

# Step 9: Sensitivity, Specificity, and Accuracy formulas + numbers

tn, fp, fn, tp = cm.ravel()

sensitivity = tp / (tp + fn) # True Positive Rate

specificity = tn / (tn + fp) # True Negative Rate

accuracy_calc = (tp + tn) / (tp + tn + fp + fn) # Overall Accuracy
print(f"Sensitivity (TPR) = TP / (TP + FN) = {tp} / ({tp} + {fn}) = {sensitivity:..3f}")

print(f"Specificity (TNR) = TN / (TN + FP) = {tn} / ({tn} + {fp}) = {specificity..3f}")
print(f"Accuracy = (TP + TN) / Total = ({tp} + {tn}) / ({tp+tn+fp+fn}) = {accuracy_calc:.3f}")
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8.7.4: Random Forest Model Output and Interpretation

Interpretation for Output Below:

Confusion Matrix

e True Positives (TP = 206): Customers who actually churned (1) and were correctly predicted as churned

e False Negatives (FN = 15): Customers who actually churned but were incorrectly predicted as not churned
e False Positives (FP = 16): Customers who did not churn but were incorrectly predicted as churned

e True Negatives (TN = 213): Customers who did not churn and were correctly predicted as not churned

Accuracy

e Overall accuracy is 93.11%, meaning the model correctly classified nearly 93 out of every 190 customers.

Classification Report

e Precision (1 = churners): 8.93 — when the model predicts churn, it is correct 93 percent of the time

e Recall/Sensitivity (1 = churners): .93 — the model correctly identifies 92 percent of all actual churners

e Precision (8 = non-churners): .93 — when the model predicts no churn, it is correct 93 percent of the time
e Recall (8 = non-churners): 0.93 — the model correctly identifies 93 percent of all actual non-churners

e Balanced performance across churners and non-churners suggests the model is not biased toward one class

01| Confusion Matrix (rows=1,0; cols=1,0):
02 [[206 15]

03 [ 16 213]]

04 | Accuracy: 93.11%

05| Classification Report:

06 precision recall f1-score support
07

08 0 0.93 0.93 0.93 229
09 1 0.93 0.93 0.93 221
10

11 accuracy 0.93 450
12 macro avg 0.93 0.93 0.93 450
13| weighted avg 0.93 0.93 0.93 450
14

15 Top features:

16 Customer_Tenure 0.455986

17  Monthly_Spend 0.330164

18 Num_Products 0.076224

19 Used_Support 0.059958

20  Has_Contract 0.049361

21 Region_South 0.014495

22 Region_North 0.013811

23 dtype: float64
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Interpretation for Output Below:

Top Features

e Customer_Tenure (0.456 = 45.6%): The most influential factor — shorter or longer tenures significantly impact churn risk

e Monthly_Spend (0.330 = 33.0%): Spending levels are strongly tied to churn, possibly indicating value perception or cost
sensitivity

e Num_Products (0.876 = 7.6%): Customers using more products are less likely to churn

o Used_Support (0.860 = 6.0%): Interactions with support may signal issues or help prevent churn

e Has_Contract (8.849 = 4.9%): Having a contract slightly reduces churn likelihood

e Geographic location plays a smaller role in predicting churn

The bar chart below shows the importance of each variable obtained from the Random Forest model.

Random Forest Feature Importance

Customer_Tenure

Monthly_Spend

Num_Products

Used_Support

Has_Contract

Region_South

Region_North

r T T T T

0.0 0.1 0.2 0.3 0.4

Recap of Key Performance Metrics Below

e Sensitivity, or true positive rate, is 0.932 meaning the model correctly identifies about 93.2 percent of customers who actually
churned.

e Specificity, or true negative rate, is 8.930, meaning the model correctly identifies about 93.0 percent of customers who did
not churn.

e Accuracy is 0.931, meaning the model correctly predicts churn or no churn for about 93.1 percent of all customers.

01 Sensitivity (TPR) = TP / (TP + FN) = 206 / (206 + 15) = 0.932 = 93.2%
02  Specificity (TNR) = TN / (TN + FP) = 213 / (213 + 16) = 0.930 = 93.0%
03 Accuracy = (TP + TN) / Total = (206 + 213) / (450) = 0.931 = 93.1%
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8.8: Chapter Summary

Chapter 8 provided a comprehensive introduction to Random Forests, tailored specifically for MBA students with non-technical
backgrounds. The chapter began with a concise study guide to orient learners on what to expect and what they should take away.
It then introduced the concept of Random Forests, explaining that it is a machine learning algorithm that combines multiple
decision trees to improve predictive accuracy and reduce the risk of overfitting.

The section on business use cases illustrated practical applications of Random Forests across various industries, including
marketing, finance, healthcare, and operations. These real-world scenarios helped ground the concept in contexts that are familiar
and relevant to business students.

A simplified explanation of how Random Forests work was offered, breaking down the process into digestible steps. Students
learned how individual decision trees are built, how randomness is introduced through sampling and feature selection, and how
final predictions are made through majority voting or averaging.

The chapter then discussed the strengths and limitations of Random Forests. While Random Forests are known for their high
accuracy and robustness, students were also made aware of considerations like model interpretability and computational cost.
The section on interpreting output walked students through the concepts of feature importance and model accuracy, providing
guidance on how to read common evaluation tools such as the confusion matrix and classification report.

A detailed case study illustrated how Random Forests can be applied in a business analytics setting, reinforcing key concepts
with a realistic scenario. The chapter concluded with an optional hands-on section containing Python code snippets. This allowed
curious learners to explore Random Forests programmatically using a small dataset, providing outputs like the confusion matrix
and feature importance plot, along with thorough interpretations and explanations.

Altogether, Chapter 8 delivered both conceptual understanding and practical exposure to Random Forests, emphasizing the value

of this method in making data-driven business decisions. The blend of visuals, business context, and interpretative tools made
the topic approachable and relevant for MBA students.
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8.9: Exercises

Exercises: Applying Random Forests Concepts

The following exercises are designed to reinforce key learnings from Sections 8.1 through 8.7. These activities encourage students
to apply their conceptual understanding of Random Forests in business contexts and reflect on their practical implications. An
optional hands-on coding exercise is included for students who wish to explore Python implementation further.

1. Explain in your own words what a Random Forest is and how it differs from a single decision tree.

2. Identify and describe two real-world business scenarios where using a Random Forest model could improve decision-making.
3. List at least three benefits and two limitations of Random Forests in the context of business analytics.

4. Describe how the 'randomness' in Random Forests contributes to model robustness and accuracy.

5. Given a list of variables (e.g., Age, Income, Purchase History), explain how feature importance might help prioritize decision-
making.

6. Analyze a sample confusion matrix and describe what the numbers represent in terms of model accuracy and errors.
7. Review a classification report and explain the significance of precision, recall, and Fi-score in evaluating model performance.

8. Describe how Random Forest models can support customer churn prediction or credit scoring, and what variables might be
relevant.

Q. Create a simple visual to explain how multiple trees contribute to a Random Forest decision.
10. Summarize the key takeaways from the case study in Section 8.7 and how they apply to other business domains.
Optional Exercise:

Using Python, build a Random Forest model with a small dataset below. Display the confusion matrix and classification report.
Interpret the results in plain language.

In the following dataset, each row represents a customer with various characteristics.

A dataset of customer characteristics.

Income Tenure Location_Score Churned

25 50000 2 35 0
45 75000 10 4.2 1
30 60000 3 3.0 0
50 82000 12 4.5 1
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Location_Score Churned
28 54000 4 29 )
39 70000 8 3.8 1
23 48000 1 27 )
60 95000 15 4.8 1
33 62000 5 3.1 )
41 72000 9 4.9 1

Feature Variables:

e Age: The customer’s age in years

e Income: Annual income in US dollars

e Tenure: Number of years the customer has been with the company

e Location_Score: A score representing proximity to company services (higher is better)

Target Variable:
e Churned: Whether the customer left the company (1) or stayed (0)

Goal:

The goal of this exercise is to train a Random Forest classifier on this dataset to predict whether a customer will churn. Students
should use the training and prediction steps to examine how well the model classifies customers, analyze feature importance,
and interpret the confusion matrix and classification report.

This page titled 8.9: Exercises is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A.,, M.S..
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9.1: Study Guide

The following are meant to guide your exploration and discussion of chapter 9 (Gradient Boosting):

Explain how Gradient Boosting builds models using weak learners and sequential learning.

Distinguish Gradient Boosting from bagging and stacking methods.

Identify and adjust key hyperparameters to optimize performance.

Outline the step-by-step Gradient Boosting algorithm.

Build and evaluate models for business problems using relevant metrics.

Interpret model results with feature importance, partial dependence plots (PDPs), and SHapley additive explanations (SHAP)
values.

7. Present model insights in clear, actionable business terms.

OO, WON

This page titled 9.1: Study Guide is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
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9.2: Introduction to Gradient Boosting

Gradient Boosting is a machine learning technique that builds models sequentially, with each new model focused on correcting
the errors made by previous models. It belongs to the family of ensemble learning methods, which combine multiple weak models
to produce a stronger overall model.

In the ensemble landscape, boosting differs from bagging (e.g.,, Random Forest) in that it trains models sequentially rather than
in parallel, and from stacking in that it uses the same base learner repeatedly rather than combining different types of learners.

Common applications in business analytics include predicting customer churn, credit risk scoring, fraud detection, and marketing

campaign response modeling. It is popular for both regression and classification tasks due to its high predictive accuracy and
ability to model complex, non-linear relationships.

This page titled 9.2: Introduction to Gradient Boosting is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert
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9.3: Conceptual Foundations

Gradient Boosting is grounded in the idea that even models with limited predictive capability, often referred to as weak learners,
can be transformed into a powerful predictive system when combined strategically. Unlike methods that attempt to build a single
perfect model in one step, Gradient Boosting takes an iterative approach. It starts with a simple baseline prediction, identifies
where that prediction falls short, and then builds a new model specifically to correct those errors. This process is repeated many
times, with each model improving upon the last by targeting the residual mistakes. The term gradient comes from the fact that
the algorithm uses gradient descent, a mathematical optimization technique, to minimize the chosen loss function and guide
the learning process. One of the most important distinctions between Gradient Boosting and other ensemble methods is its
sequential nature (i.e., each step is informed by the results of the step before) making it more precise but also more sensitive to
parameter tuning compared to parallel approaches like Random Forests.

The following core ideas form the foundation for understanding how Gradient Boosting works in practice:

o Weak Learners: Gradient Boosting typically uses shallow decision trees (stumps) as base learners. These models alone have
limited predictive power, but when combined sequentially, they form a strong model.

e Sequential Learning: Each new model focuses on the residual errors of the previous one.

e Minimizing a Loss Function: Gradient Boosting uses gradient descent to minimize an objective function.

e Difference from Random Forest: Random Forest builds many trees in parallel and averages results, while Gradient Boosting
builds trees sequentially, each improving on the last.

This page titled 9.3: Conceptual Foundations is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
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9.4: Key Components of Gradient Boosting

The effectiveness of Gradient Boosting comes from a careful balance between model complexity, learning speed, and error
reduction. Each component plays a distinct role in determining how well the algorithm learns patterns in the data without
overfitting. The base learner provides the foundation for each iteration, while the loss function defines the target the model
is trying to optimize. Hyperparameters like the learning rate, number of estimators, and tree depth directly affect the trade-off
between accuracy and generalization. Additionally, techniques like subsampling introduce randomness to reduce overfitting and
improve robustness. Understanding these components is critical for building models that are both accurate and reliable in real-
world business applications.

The following key elements shape how a Gradient Boosting model is built and how it performs:

e Base Learner: Usually shallow decision trees.

e Loss Function: Mean Squared Error (MSE) for regression, log loss for classification.

e Learning Rate: Controls how much each tree contributes to the final model.

e Number of Estimators: Number of boosting iterations.

e Tree Depth: Controls complexity of each tree.

e Subsampling: Random sampling of data before fitting each tree to improve generalization.

This page titled 9.4: Key Components of Gradient Boosting is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
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9.5: The Gradient Boosting Algorithm

Gradient Boosting follows a systematic process designed to steadily improve predictive accuracy with each iteration. Instead of
attempting to create a perfect model in a single pass, the algorithm begins with a simple baseline prediction and then refines it
in stages. At each step, it identifies the errors—called residuals—that remain from the previous model, builds a new weak learner
to explain those errors, and combines it with the existing model in a way that gradually reduces the overall loss. This stepwise
approach allows Gradient Boosting to capture complex relationships and interactions in the data while maintaining control over
overfitting through parameters like the learning rate and number of estimators.

The process can be summarized in the following steps:

1. Initialize the model with a constant prediction (mean for regression, log odds for classification).
2. Calculate residuals from the current model.

3. Fit a weak learner to the residuals.

4. Update the model with the new learner, scaled by the learning rate.

5. Repeat until the desired number of estimators is reached or performance stops improving.

This page titled 9.5: The Gradient Boosting Algorithm is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert
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9.6: Hyperparameter Tuning for Gradient Boosting

The performance of a Gradient Boosting model depends heavily on how its hyperparameters are set. Unlike model parameters,
which are learned during training, hyperparameters are defined before training begins and guide how the algorithm learns.
Choosing the right values requires balancing accuracy, training time, and generalization to unseen data. Too aggressive a
configuration may lead to overfitting, while overly conservative settings may result in underfitting. In business applications, tuning
these settings carefully can mean the difference between a model that performs well in testing but fails in production and one
that delivers consistent, reliable results over time.

Key hyperparameters to consider include:

e Learning rate (n): Smaller values improve generalization but require more trees.

o Number of trees (n_estimators): More trees can improve accuracy but may cause overfitting.
e Max depth: Controls complexity.

¢ Min samples per leaf: Prevents overly specific trees.

e Subsample ratio: Improves robustness.

e Early stopping: Stops training when validation performance stops improving.

This page titled 9.6: Hyperparameter Tuning for Gradient Boosting is shared under a CC BY 4.0 license and was authored, remixed, and/or
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9.7: Popular Implementations for Python

Gradient Boosting has become a cornerstone of modern predictive modeling, and several well-established Python libraries offer
efficient and feature-rich implementations. While they all share the same fundamental boosting concept, each library has its own
strengths in terms of speed, scalability, ease of use, and handling of specific data types. Choosing the right implementation
depends on the problem size, the type of data available, and the analyst’s priorities, whether that’s interpretability, execution
speed, or automatic handling of data preparation steps. For MBA students and practitioners, knowing when to use each option
ensures that the modeling approach is not only technically sound but also practical in a business setting.

Common implementations include:

e Scikit-learn: GradientBoostingClassifier/Regressor.

o XGBoost: Optimized for speed and regularization.

e LightGBM: Faster on large datasets.

e CatBoost: Handles categorical features automatically.

When to Use Which:

¢ XGBoost - Balanced speed, accuracy, and flexibility.
e LightGBM - Very large datasets.

e CatBoost - Many categorical variables.

e Scikit-learn - Simplicity and educational purposes.

This page titled 9.7: Popular Implementations for Python is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..

©@® 249 (9.7.1)


https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/09%3A_Gradient_Boosting/9.07%3A_Popular_Implementations_for_Python
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTextsw

9.8: Gradient Boosting Classification Example - Promotional
Email Campaign

Business context

A marketing analytics team applied a Gradient Boosting classification model to predict which online retail customers would
respond to a promotional email campaign. The dataset included variables such as past purchase frequency, average order value,
email open rate, days since last purchase, and loyalty program membership. The goal was to maximize campaign ROI by targeting
customers most likely to respond while minimizing wasted outreach.

Model performance
e Sensitivity (Recall for Responder): 8.85 - The model correctly identified 85% of actual responders.
e Specificity (Non-responder): 8.94 - The model correctly identified 94% of actual non-responders.

e Accuracy: 0.91 - The model correctly classified 91% of all customers.
¢ ROC-AUC: 0.95 - The model demonstrates excellent ability to distinguish responders from non-responders.

Confusion matrix

Confusion matrix

Predicted Responder Predicted Non-responder

Actual Responder 340 60

Actual Non-responder 25 375

Given the model’s strong accuracy, high sensitivity, and high specificity, it is valuable to interpret the results to understand the key
drivers behind the predictions. The following interpretation tools—feature importance, partial dependence plots, and SHAP-style
contribution diagrams—are derived from this same model.

Feature importance rankings

Higher bars indicate features that the model relied on more across all customers. Past Purchase Frequency and Average Order
Value rank highest, suggesting frequent, higher-spending customers are more likely to respond.
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Feature importance rankings

Average Order Value

Email Open Rate

Past Purchase Frequency
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Figure 1. Feature importance from the Gradient Boosting model for the Promotional Email Campaign.

Partial dependence plot (PDP)

This plot shows the marginal relationship between Average Order Value and the predicted probability of response, holding other
features constant. Response probability increases with higher order values and levels off after around $120.

Partial Dependence Plot - Average Order Value
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Figure 2. Partial Dependence Plot for Average Order Value in the Promotional Email Campaign model.

Conceptual SHAP-style contribution diagram
For a single customer, positive bars push the prediction toward responder, while negative bars push it toward non-responder. In

this example, the baseline probability is approximately 8.32, and the combined contributions yield a final illustrative probability
near 0.73. In practice, SHAP values provide this decomposition from the trained model for each observation.
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Figure 3. Conceptual SHAP-style contribution diagram illustrating how features affect a single prediction.

Business implications

e Target customers with high past purchase frequency and high average order value for maximum campaign ROI.
e Prioritize customers with recent purchases, as long gaps in purchase history reduce response likelihood.

¢ Use insights to tailor offers—high-value repeat customers may respond better to premium promotions.

¢ Maintain email engagement, as higher open rates correlate with higher predicted response probability.

This page titled 9.8: Gradient Boosting Classification Example - Promotional Email Campaign is shared under a CC BY 4.0 license and was
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9.9: Advantages and Disadvantages

Like all machine learning methods, Gradient Boosting offers a mix of strengths and trade-offs that must be considered when
deciding whether to use it for a given business problem. Its ability to build powerful predictive models from relatively simple
base learners makes it a favorite for tackling complex datasets, especially in structured business contexts like customer analytics,
credit risk scoring, and operational forecasting. However, the same complexity that makes Gradient Boosting accurate can also
make it more resource-intensive, harder to tune, and less transparent compared to simpler models. Understanding these pros
and cons helps analysts choose the right tool for the job and apply it effectively.

The main advantages and disadvantages include:
Advantages:

e High predictive accuracy.

o Works well with structured/tabular data.

e Handles different predictor variable types.

¢ Models complex non-linear relationships.
Disadvantages:

e Longer training time.

e Sensitive to hyperparameters.

e Risk of overfitting.
e Less interpretable than linear models.

This page titled 9.9: Advantages and Disadvantages is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert
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9.10: Common Pitfalls and Best Practices

While Gradient Boosting is a powerful and flexible modeling approach, it is not immune to misuse. Poor parameter choices,
inadequate validation, or a lack of attention to data quality can lead to models that perform well in training but fail in real-world
applications. Overfitting is one of the most common issues, particularly when using too many deep trees or an excessively large
number of estimators. Equally problematic is neglecting to tune the learning rate—too high, and the model can miss important
patterns; too low, and the model may require an impractical number of iterations to converge. Including irrelevant or noisy
features can also degrade performance by distracting the model from the most predictive signals. Finally, failing to validate the
model on unseen data can give a false sense of confidence in its predictive power.

To avoid these issues, keep the following in mind:
e Overfitting due to too many deep trees.
e Ignoring learning rate tuning.
e Using irrelevant features.

¢ Not validating on unseen data.

Best practices include hyperparameter tuning, cross-validation, and feature selection.

This page titled 9.10: Common Pitfalls and Best Practices is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
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9.11: Summary and Key Takeaways

Gradient Boosting is a highly effective ensemble learning method that constructs models in a step-by-step sequence, with each
new model focused on correcting the mistakes of its predecessors. This sequential learning process allows it to capture complex,
non-linear relationships in the data, often achieving superior predictive accuracy compared to many traditional techniques. It is
particularly well-suited for structured, tabular business data where understanding subtle interactions between variables can yield
a competitive advantage.

However, this power comes with responsibility—Gradient Boosting requires thoughtful hyperparameter tuning and proper
validation to avoid overfitting, especially when working with small datasets or noisy variables. While the model itself can be less
transparent than simpler approaches, interpretability tools such as feature importance rankings, Partial Dependence Plots (PDPs),
and SHapley Additive exPlanations (SHAP) help bridge the gap between technical outputs and actionable business insights.
These tools not only explain what the model predicts, but also provide context on why it makes those predictions, enabling
decision-makers to apply the results with confidence.

Key takeaways:

e Gradient Boosting delivers strong performance in both classification and regression tasks, especially with structured data.

e Sequential learning enables it to address weaknesses of previous models and improve overall accuracy.

e Careful tuning of parameters like learning rate, number of estimators, and tree depth is essential to prevent overfitting.

e Interpretation tools such as feature importance, PDPs, and SHAP values make complex models more accessible to business
stakeholders.

This page titled 9.11: Summary and Key Takeaways is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L.
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9.12: Exercises

aprwd o

o

12.

13.

14.

15.

Explain the main difference between Gradient Boosting and Random Forests in terms of how trees are built.

Describe why learning rate (shrinkage) is important in Gradient Boosting and what happens if it is set too high or too low.
Define overfitting in the context of Gradient Boosting and provide two methods to reduce it.

Explain why Gradient Boosting is considered a sequential ensemble method compared to bagging techniques.

Discuss the role of loss functions in Gradient Boosting and provide two examples of loss functions used for classification
and regression.

Describe the impact of tree depth (max_depth) on model complexity and performance in Gradient Boosting.

Compare the role of the number of estimators (trees) with the learning rate in Gradient Boosting. Why is there usually a
trade-off?

Explain what early stopping is and why it is used in Gradient Boosting.

Describe how Gradient Boosting handles bias and variance differently than a single decision tree.

Explain the purpose of feature importance in Gradient Boosting and how it can help in business decision-making.

A gradient boosting model produces an AUC score of 8.82. Interpret what this means about the model’s ability to distinguish
between classes.

The confusion matrix from a gradient boosting model shows high recall but low precision. Interpret what this means in terms
of model performance and potential business implications.

Feature importance output indicates that customer tenure is twice as important as monthly spending. Interpret what this
means for understanding drivers of the target variable.

A gradient boosting model reports an accuracy of 98% but an AUC of 8.65. Interpret why accuracy might be misleading and
what AUC reveals about model performance.

Partial dependence plots show that the probability of churn increases sharply when monthly spend drops below $40. Interpret
how this information could be used in customer retention strategies.
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9.13: CASE STUDY - GRADIENT BOSSING MODEL TO PREDICT

CHURN

In a highly competitive subscription-based industry, retaining customers is as important as acquiring new ones. Customer
cancellation, or churn, leads to lost revenue, increased marketing costs to replace customers, and potential damage to brand
reputation. Management has identified churn as a critical performance metric and wants to implement a predictive model that can
identify customers at high risk of cancellation. By identifying these customers early, the business can take proactive steps—such
as targeted promotions, personalized outreach, or loyalty incentives—to retain them.

Objective

The objective of this case study is to build and evaluate a Gradient Boosting model in Python to predict the likelihood that a
given customer will cancel their subscription. This will enable the business to focus retention efforts on high-risk customers and
improve overall customer lifetime value.

Tasks to be Performed
The work will proceed in several phases, each focusing on a key element of the modeling process:

¢ Understand the dataset and identify the target variable representing customer cancellation (churn).

e Perform exploratory data analysis (EDA) to understand variable distributions, correlations, and potential predictors of churn.
(completed in section 6.71.2)

e Preprocess the data, including handling missing values, encoding categorical variables, and scaling numeric features where
needed. (completed in section 6.11.2)

e Build a Gradient Boosting model in Python.

e Evaluate the model using appropriate metrics such as sensitivity, specificity, accuracy, precision, and AUC.

e Interpret model outputs, including feature importance, to provide actionable business insights.

e Prepare recommendations for using the model in real-world customer retention strategies.

Next Sections

The subsequent sections of this case study will cover the following:

1. Present the dataset, including variables, data types, and descriptive statistics.

2. Present the Python code used to preprocess the data, build the Gradient Boosting model, and generate evaluation metrics.
3. Present the model results and provide detailed interpretation, focusing on business-relevant findings.
9.13.1: Customer Dataset
9.13.2: Exploratory Data Analysis
9.13.3: Python Code
9.13.4: Model Output and Interpretation
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9.13.1: Customer Dataset

The dataset used in this and following case studies pertaining to classification contains information on current and former
customers, blending behavioral and account-related details that can influence churn behavior. Each row represents a single
customer record, and the target variable, “Churn,” indicates whether the customer has canceled their subscription (1) or remains
active (0). The dataset’s variables include:

e Customer_Tenure - The number of months the customer has maintained an active subscription.

e Monthly_Spend - The customer’s average monthly spending on products or services.

e Num_Products - The number of distinct products or services the customer currently uses.

e Has_Contract - Indicates whether the customer is bound by a fixed-term contract (1 = Yes, ® = No).

e Used_Support - Tracks whether the customer has contacted customer support during their tenure (1 = Yes, ® = No).
e Region_North - Binary indicator showing if the customer resides in the Northern region (1 = Yes, ® = No).

e Region_South - Binary indicator showing if the customer resides in the Southern region (1 = Yes, ® = No).

e Churn - The target variable, where 1 = customer canceled their subscription, and ® = customer remains active.

Note: Customers in the Western region are represented implicitly as the reference category. In dummy coding, one category is
omitted to avoid perfect multicollinearity. Model coefficients for the other regions should therefore be interpreted in comparison
to the Western region.

This blend of time-based engagement metrics, spending patterns, product adoption, contractual status, customer service
interactions, and geographic location provides a strong foundation for building a Random Forest model. The analysis will seek
to uncover patterns in these variables that distinguish high-risk customers from those likely to stay, enabling more targeted and
cost-effective retention efforts.

Sample Records from the Customer Dataset

As an example of the Customer Dataset, the following table shows 10 of the 1,500 rows of customer data which are stored in an
Excel worksheet. Note, dummy variables were created from "Region”, which consisted of North and South. As indicated above,
West is the reference category. (Recall, when constructing dummy variables, select the number of levels, "K" minus 1).

A B € D E F G H

1 Customer_Tenure Monthly_Spend Num_Products Has_Contract Used_Support Region_North Region_South Churn

2 39 63.28 1 1 0 0 0 0
3 52 103.38 1 1 0 0 1 0
4 29 64.81 2_ 0 0 1 0 1
5 15 39.94 4 0 0 1 0 1
6 43 65.09 3 1 0 0 1 0
7 8 64.55 1 0 0 0 1 1
8 21 16.06 3 0 0 0 1 1
9 39 68.91 3 1 0 0 0 0
10 58 65.38 3 1 1 1 0 0
11 19 83.92 2 1 0 0 0 0
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9.13.2: Exploratory Data Analysis

See section 6.11.2 for the EDA, which is applicable for this case study.
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9.13.3: Python Code

The following Python code was used to build a gradient boosting model to predict customer churn from the Customer Business
Dataset. Output from the model are in the following section.

Python Code

# #
# Gradient Boosting Classification: Customer Churn

# Excel Input Version (Step-by-Step Comments)

# #

# Step 1: Loading libraries

# Import all packages needed for data handling, model building, evaluation, and visualization.
import os

import sys

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

from sklearn.model_selection import train_test_split

from sklearn.metrics import confusion_matrix, accuracy_score, roc_auc_score, roc_curve, classification_report, recall_score,
precision_score

from sklearn.ensemble import GradientBoostingClassifier

from sklearn.inspection import PartialDependenceDisplay

from sklearn.compose import ColumnTransformer

from sklearn.pipeline import Pipeline

from sklearn.preprocessing import StandardScaler

import warnings

warnings.filterwarnings("ignore")

#
# >>>>>>>>>>>>>>>>> USER INPUT IS REQUIRED <<<<<<<<<<<<<<<<<<<
#

# Step 2: Define file paths, dataset options, and model parameters.

excel_path = r'C:/1_A_OER/Chapter 9 - Gradient Boosting/Classification_Business_Dataset.xlsx'

sheet_name = "With_Dummies"

target_col = 'Churn'

feature_cols = ['Customer_Tenure',Monthly_Spend',Num_Products',/Has_Contract',Used_Support',Region_North',Region_South']
positive_class_label = 1

test_size = 0.20

random_state = 42

pdp_feature = 'Monthly_Spend'

gb_params = {'n_estimators": 300, 'learning_rate": 0.05, 'max_depth" 3, 'subsample’: 8.9, 'random_state': random_state}
output_dir = 'gb_churn_outputs'

#
# >>>>>>>>>>>>>>>>> NO USER INPUT BEYOND THIS POINT <<<<<<<<<<
#

# Step 3: Create output directory
os.makedirs(output_dir, exist_ok=True)

# Step 4: Load dataset from Excel
df = pd.read_excel(excel_path, sheet_name=sheet_name)
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# Step 5: Validate that all required columns exist

missing_cols = [c for ¢ in feature_cols + [target_col] if ¢ not in df.columns]
if missing_cols:

raise ValueError(f"Missing columns in dataset: {missing_cols}")

# Step 6: Prepare target variable (ensure binary 0/1 format)

y_raw = df[target_col].copy()

if y_raw.dtype =='0O"

mapping = {str(positive_class_label): 1}

unique_vals = set(map(str, y_raw.unique()))

if str(positive_class_label) in unique_vals:

neg_candidates = [v for v in unique_vals if v != str(positive_class_label)]
if len(neg_candidates) == 1:

mapping[str(neg_candidates[®])] = O

y = y_raw.astype(str).map(mapping)

if y.isna().any():

raise ValueError("Target mapping failed; adjust positive_class_label or clean target values.")
else:

y = (y_raw == positive_class_label).astype(int)

# Step 7: Prepare features
X = df[feature_cols].copy()

# Step 8: Handle missing values

for col in X.columns:

if pd.api.types.is_numeric_dtype(X[col]):
X[col] = X[col].fillna(X[col].median())
else:

X[col] = X[col].fillna(X[col].mode().iloc[®])

# Step 9: Split into training and testing sets
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=test_size, random_state=random_state, stratify=y)

# Step 10: Initialize and train Gradient Boosting model
gb_clf = GradientBoostingClassifier(**gb_params)
gb_clf.fit(X_train, y_train)

# Step 11: Generate predictions and probabilities
y_pred = gb_clf.predict(X_test)
y_prob = gb_clf.predict_proba(X_test)[;, 1]

# Step 12: Create and reorder confusion matrix to (1,8) order
conf_matrix = confusion_matrix(y_test, y_pred)

conf_matrix = conf_matrix[[1, 0], :]

conf_matrix = conf_matrix[;, [1, 01]

print("\nConfusion Matrix (Order: 1,0 for rows and columns):")
print(conf_matrix)

print("\nRows: Actual values (1 = Positive, ® = Negative)")
print("Columns: Predicted values (1 = Positive, ® = Negative)")

# Step 13: Calculate and display performance metrics

accuracy = accuracy_score(y_test, y_pred)

sensitivity = conf_matrix[®,08] / (conf_matrix[®,8] + conf_matrix[®,1])
specificity = conf_matrix[1,1] / (conf_matrix[1,8] + conf_matrix[1,1])
roc_auc = roc_auc_score(y_test, y_prob)

print(f"Accuracy: {accuracy:.4f}")

print(f"Sensitivity (Recall for Churn): {sensitivity:.4f}")
print(f"Specificity (No Churn): {specificity..4f}")

print(f"ROC-AUC: {roc_auc:.4f}")
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# Step 14: Plot and save feature importance

importances = gb_clf.feature_importances_

sorted_idx = np.argsort(importances)

plt.figure()

plt.barh(np.array(X.columns)[sorted_idx], importances[sorted_idx])
plt.xlabel("Importance score")

plt.title("Feature importance rankings")

fi_path = os.path.join(output_dir, "feature_importance.png")
plt.tight_layout()

plt.savefig(fi_path, dpi=150)

plt.close()

# Step 15: Generate and save Partial Dependence Plot (PDP)

if pdp_feature not in X.columns:

raise ValueError(f"PDP feature '{pdp_feature} not in feature columns.")
fig, ax = plt.subplots()

PartialDependenceDisplay.from_estimator(gb_clf, X, [pdp_feature], ax=ax)
ax.set_title(f"Partial dependence plot - {pdp_feature}")

pdp_path = os.path.join(output_dir, f'pdp_{pdp_feature}.png”)
plt.tight_layout()

plt.savefig(pdp_path, dpi=150)

plt.close()

# Step 16: Attempt SHAP plot or save conceptual contribution diagram
try:

import shap

explainer = shap.TreeExplainer(gb_clf)

shap_values = explainer.shap_values(X_test)
shap.summary_plot(shap_values, X_test, show=False)

shap_path = os.path.join(output_dir, "shap_summary.png")
plt.tight_layout()

plt.savefig(shap_path, dpi=150, bbox_inches="tight')

plt.close()

except Exception:

x_one = X_test.iloc[0]

z = (x_one - X_test.mean()) / (X_test.std(ddof=0) + 1e-8)
conceptual_contrib = (z * importances).sort_values()

plt.figure()

plt.barh(conceptual_contrib.index, conceptual_contrib.values)
plt.axvline(®, linewidth=1)

plt.title("Conceptual feature contributions to a single prediction")
plt.xlabel("Illustrative contribution (standardized value x importance)")
shap_path = os.path.join(output_dir, "conceptual_contributions.png")
plt.tight_layout()

plt.savefig(shap_path, dpi=150)

plt.close()

# Step 17: Save performance summary to file

summary_path = os.path.join(output_dir, "performance_summary.txt")
with open(summary_path, "w") as f:

f.write("Model performance (Customer Churn)\n")

f.write(f"Accuracy: {accuracy:..4f}\n")

f.write(f"Sensitivity (Recall for Churn): {sensitivity..4f}\n")
f.write(f"Specificity (No Churn): {specificity:..4f}\n")
f.write(f"ROC-AUC: {roc_auc:.4f\n")

f.write("Confusion Matrix (rows=Actual, cols=Predicted):\n")
f.write(str(confusion_matrix(y_test, y_pred)) + "\n")

# Step 18: Print output file paths
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print("\nFiles saved:")

print(f'- Feature importance: {fi_path}")

print(f"- PDP: {pdp_path}")

print(f'- SHAP or conceptual contributions: {shap_path}")
print(f"- Performance summary: {summary_path}")
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9.13.4: Model Output and Interpretation

Confusion Matrix:

[[139 11]
[13137]]

Rows: Actual values (1 = Positive, ® = Negative)
Columns: Predicted values (1 = Positive, ® = Negative)
Accuracy: 0.9200

Sensitivity (Recall for Churn): 8.9267

Specificity (No Churn): 0.9133

ROC-AUC: 0.9817

Following are interpretations of the output:

e Confusion matrix:
o 139 churn cases correctly predicted as churn (true positives
> 11 churn cases incorrectly predicted as no churn (false negatives)
> 13 non-churn cases incorrectly predicted as churn (false positives)
o 137 non-churn cases correctly predicted as no churn (true negatives)
e Accuracy (0.92): Model correctly predicted 92% of all cases.
e Sensitivity / Recall for Churn (0.9267): Model identified about 92.7% of actual churn cases.
e Specificity (0.9133): Model correctly identified about 91.3% of customers who stayed.
e ROC-AUC (0.9817): Excellent ability to separate churners from non-churners.

Note: The Python code was written so that the following charts were saved to files in the specified input/output directory.

Feature Importance Rankings

Feature importance rankings

Customer_Tenure

Manthly_Spend

Used_Support

Num_Products

Has_Contract

Region_South

Region_North

0.0 0.1 0.2 0.3 0.4 0.5
Importance score

Comments for Feature Importance Rankings

The feature importance chart shows that customer tenure is by far the most influential factor in predicting churn, followed
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by monthly spend, which also plays a substantial role. Used support, number of products, and having a contract contribute
moderately, while regional indicators such as Region_South and Region_North have minimal impact on the model’s predictions.
This suggests that customer longevity and spending habits are the strongest drivers in the churn prediction, with other factors
providing smaller, but still relevant, contributions.

Partial Dependence Plot (Monthly Spend was Arbitrarily Selected)

Partial dependence plot - Monthly_Spend

Fartial dependence
=
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Monthly_Spend

Comments for Partial Dependence for Monthly Spend
While the feature importance chart shows that Monthly Spend is one of the top predictors of churn, the PDP explains how it
influences predictions. The downward slope indicates that as monthly spending increases, the model predicts a lower likelihood

of churn. This suggests higher-spending customers are more likely to stay, whereas low spenders are at greater risk of leaving.

Note: The feature importance tells what matters, and the PDP tells in what direction and how strongly a variable matters.
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10.1: Study Guide

Upon reading this chapter, be sure to focus on the following concepts:

e Understand the Core Concepts of Support Vector Machines (SVM)
e Apply SVMs to Business Problems

e Interpret SVM Outputs

e Compare Kernel Functions

e Build and Tune SVM Models in Software Tools

e Analyze Limitations and Practical Considerations

e Use Generative Al for SVM Interpretation and Code Support

This page titled 10.1: Study Guide is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
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10.2: Introduction to Support Vector Machines

Support Vector Machines (SVMs) are a fundamental machine learning technique used for both classification and regression tasks.
They were originally developed by Vladimir Vapnik and his colleagues in the 1990s. The core idea behind SVMs is to find the best
boundary (known as a hyperplane) that separates different classes in a dataset. SVMs aim to maximize the margin—the distance
between the hyperplane and the nearest data points from each class. These points are known as support vectors.

SVMs are particularly well-suited for high-dimensional spaces and cases where the number of dimensions exceeds the number
of samples. They also provide good generalization performance and are robust to overfitting in many practical applications.

This chapter explores the theoretical foundation, practical application, and business use cases of SVMs, especially tailored for
MBA students. You will learn how to apply SVMs to real-world classification problems and understand how SVMs differ from other
predictive modeling techniques.

e SVMs are supervised learning models used for classification and regression.

e They work by finding a decision boundary (hyperplane) that maximizes the margin between classes.

e Support vectors are the data points closest to the decision boundary and most influential in defining it.

e Effective in high-dimensional (i.e., datasets with a large number of features or variables—sometimes more features than
observations) and sparse data settings (i.e., datasets in which many values are zero or missing, such as those commonly
found in text classification, recommendation systems, or survey data with many optional fields).

Click the following link to view a brief video on support vector machines: Support Vector Machine (SVM) in 2 minutes

To apply Support Vector Machines effectively, it's important to first understand their core components and how they work. The
next section outlines the key concepts that form the foundation of SVM models.

This page titled 10.2: Introduction to Support Vector Machines is shared under a CC BY 4.0 license and was authored, remixed, and/or curated
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10.3: Key Concepts of Support Vector Machines

Understanding the fundamental concepts behind support vector machines (SVMs) is essential for applying them effectively. At
the core, SVMs aim to classify data by finding the optimal separating hyperplane in the feature space. The unique advantage of
SVMs lies in its focus on support vectors and maximizing the margin, which enhances the model’s generalization ability.

For a two-dimensional feature space, the hyperplane is a line that divides the plane into two halves, each corresponding to one
class. In higher dimensions, this becomes a flat surface that separates the space. The choice of hyperplane directly affects the
model’s performance. The optimal hyperplane maximizes the margin, which is the distance to the closest data point from either
class.

These closest data points are called support vectors, and they are critical in determining the orientation and position of the
hyperplane.

e Hyperplane: A decision boundary that separates different classes in the feature space.
e Margin: The distance between the hyperplane and the closest support vectors.

e Support Vectors: Data points that lie closest to the decision boundary.

e Maximizing the margin improves the model’s ability to generalize to new data.

e SVMs can handle both linearly separable and non-linearly separable data.

The video in the prior section (repeated here) provided visuals of the concepts mentioned above.

Now that we've covered the key concepts behind Support Vector Machines, let's explore how SVMs operate when the data is
linearly separable. This foundational case provides insight into how SVMs construct optimal hyperplanes under ideal conditions.

This page titled 10.3: Key Concepts of Support Vector Machines is shared under a CC BY 4.0 license and was authored, remixed, and/or curated
by Elbert L. Hearon, M.B.A., M.S..

©® 269 (10.3.1)


https://youtu.be/_YPScrckx28
https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/10%3A_Support_Vector_Machines/10.03%3A_Key_Concepts_of_Support_Vector_Machines
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTexts"

10.4: Support Vector Machines with Linearly Separable Data

In the simplest case, support vector machines (SVMs) are applied to data that can be separated by a straight line (in two
dimensions) or a flat plane (in higher dimensions). The goal is to find the hyperplane that best separates the two classes with the
largest margin. For linearly separable data, SVMs perform exceptionally well.

Consider a binary classification problem where data points belong to either Class A or Class B. If these classes can be separated
without any overlap, a linear hyperplane can divide them completely. a SVM identifies the hyperplane that not only separates the
classes but also maintains the maximum margin. This helps ensure that the model does not overfit the training data.

Figure 1 illustrates the concept of support vector machines for binary classification. The two classes are shown using green
and red dots, separated by a solid black line named, “maximal margin hyperplane”. The dashed lines represent the decision
margin boundaries. The support vectors lie directly on the dashed lines. This visual demonstrates how SVM identifies the optimal
separating hyperplane with maximal margin.

Figure 1: SVM Classification with Maximal Margin Hyperplane

A linear Support Vector Machine (SVM) can be a highly effective classification tool in various business contexts where the
relationship between predictors and outcomes is approximately linear. One common application is customer churn prediction,
where businesses seek to identify which customers are likely to leave based on features such as tenure, monthly usage, billing
issues, or service complaints. A linear SVM can help separate churners from loyal customers by identifying a decision boundary
based on historical data.

Another practical use is in email spam detection, where incoming emails are classified as either spam or legitimate. By analyzing
patterns such as word frequencies, email length, sender information, and subject line characteristics, a linear SVM can effectively
distinguish spam emails from non-spam messages.

In the financial services sector, loan approval decisions can also benefit from a linear SVM. Here, applicants are classified as
high-risk or low-risk based on attributes like income, credit score, existing debt, and employment history. The linear SVM helps
create a clear cutoff, allowing lenders to automate and justify approval or denial decisions.

Human resource departments can use linear SVM models for employee attrition prediction. By analyzing employee
data—including job satisfaction, salary level, years at the company, and performance ratings—an SVM can classify employees as
likely to stay or leave, enabling proactive talent retention strategies.

As a final example, product review sentiment analysis is another field where linear SVMs prove useful. Businesses can classify
written customer reviews as positive or negative by converting the text into numerical features. A linear decision boundary then
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allows for efficient categorization of sentiment, which is vital for tracking customer satisfaction and making data-driven marketing
decisions.

Each of these examples highlights how linear SVMs offer interpretable, fast, and effective solutions in real-world business
classification problems.

In summary, following are characteristics of linear separable support vector machines:

¢ SVM constructs a straight line (or hyperplane) to separate two classes when data is linearly separable.
e The optimal hyperplane maximizes the margin between classes.

e Support vectors are the key points used to calculate the margin.

e Misclassification risk is minimized when the margin is maximized.

While linear Support Vector Machines (SVMs) are powerful tools for solving classification problems where data can be separated
by a straight line or hyperplane, many real-world business scenarios involve more complex patterns that are not linearly separable.
In such cases, a simple linear boundary is insufficient to distinguish between classes accurately. For example, customer behaviors
or market trends may involve intricate, non-linear relationships among features. To address these challenges, SVMs can be
extended through a powerful concept known as the kernel trick, which allows the model to transform input data into higher-
dimensional spaces where a linear separation becomes possible. The next section explores how this transformation works and
how kernel-based SVMs can be used to handle non-linear decision boundaries effectively.

This page titled 10.4: Support Vector Machines with Linearly Separable Data is shared under a CC BY 4.0 license and was authored, remixed,
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10.5: Non-Linearly Separable Data and the Kernel Trick

In many real-world applications, data is not linearly separable. That means there is no straight line or flat surface that can
completely divide the classes without error. Support Vector Machines address this challenge using the 'kernel trick." A kernel
function transforms the input features into a higher-dimensional space where a linear separator can be found. This transformation
is done implicitly, meaning we don’t need to compute the coordinates in the higher-dimensional space directly.

This approach allows SVMs to create complex decision boundaries that can accurately separate data in its original form. Common

kernel functions include:

Common kernel function including definitions and when to use, characteristics, and business applications.

Kernel Type

Definition & When to Use

Characteristics

Business Applications

Linear Kernel

Polynomial Kernel

Radial Basis Function (RBF)
Kernel

Sigmoid Kernel

Draws a straight line to
separate classes. Best for
linearly separable data and
high-dimensional feature
spaces.

Models curved boundaries
using polynomial degrees.
Ideal for data with interaction
effects.

Maps data into higher-
dimensional space for
complex separation. Works
well with unknown or intricate
data structures.

Uses the tanh function,
mimicking a neural net.
Suitable for capturing
nonlinear transitions in data.

Simple, fast, interpretable

Handles moderate non-
linearity

Highly flexible, effective for
non-linear patterns

Behaves like a neural network,
smooth transitions

Figure 2 shows visualization of the common kernel functions listed above.
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Marketing response models,
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Figure 2: Common Kernel Functions used in Support Vector Machines

Business use cases for non-linear SVMs include credit risk assessment, customer churn prediction, and fraud detection—where
decision boundaries are rarely linear.

Click on the following link for a video on the Kernel Trick (focus on the visualizations, not the math): The Kernel Trick in
Support Vector Machines (SVM)

As we've seen, the kernel trick enables Support Vector Machines to classify complex, non-linearly separable data by transforming
it into a space where linear separation is possible. Selecting the right kernel function is critical, as it directly affects model
performance and interpretability. In the next section, we’ll explore how to choose an appropriate kernel for your data and business
application.

This page titled 10.5: Non-Linearly Separable Data and the Kernel Trick is shared under a CC BY 4.0 license and was authored, remixed, and/or
curated by Elbert L. Hearon, M.B.A., M.S..
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10.6: Kernel Selection in Support Vector Machines (SVMs)

In business settings, predictive modeling often requires separating categories that are not cleanly divided by a straight line. For
instance, customer behaviors such as purchasing likelihood, churn risk, or marketing response may follow nonlinear patterns that
challenge linear classification tools. Support Vector Machines (SVMs) address this by allowing for different kernel functions that
transform data into higher-dimensional spaces, making complex separation possible.

This section explores how four common kernel functions—Linear, Polynomial (Degree 2 and 3), Radial Basis Function (RBF), and
Sigmoid—perform when classifying customer behavior using two features: Digital Engagement Score and Spending Pattern Score.

SVM Kernel Comparison for Business Classification
The objective is to predict customer response (1 = Yes, ® = No) based on their digital engagement and spending behavior. Each

observation represents a customer, and the classification task aims to group customers with similar behaviors using various SVM
kernels.

Dataset Example

The table below displays the first 10 observations from the dataset used in this section:

Observations from the dataset including digital engagement score, spending pattern score, and response.

Digital Engagement Score Spending Pattern Score Response

-1.11 0.04 0
0.96 0.46 0
0.73 0.58 0
1.1 -0.31 1
0.21 0.0 1
0.39 0.32 1
-0.76 0.83 0
1.51 -0.11 1
2.04 -0.04 1
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Digital Engagement Score Spending Pattern Score Response

0.14 0.92 o

Kernel Decision Boundaries

The visual below in Figure 3 presents the decision boundaries created by each kernel. Each graph shows how the kernel separates
customers predicted to respond (green) from those who won't (red). The black lines indicate the learned decision boundaries.
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Decision Boundaries for Each SVM Kernel
Highlights from visualizations in Figure 3 are:
e Linear Kernel shows a straight-line separation.
e Polynomial Kernels (Degree 2 and 3) introduce increasing curvature to handle nonlinearity.

o RBF Kernel flexibly wraps around data clusters with complex contours.
e Sigmoid Kernel creates S-shaped boundaries reminiscent of neural network activation.

Accuracy Summary

The dataset was split into training (70%) and testing (30%) subsets. Accuracy was calculated by comparing model predictions on
the test set with the actual responses. The table below summarizes the classification accuracy of each kernel:

Classification accuracy summary of each kernel.

Kernel Type Accuracy

Linear 0.833
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Kernel Type Accuracy

Polynomial (Degree 2) 0.817

Polynomial (Degree 3) 0.950

RBF 0.967

Sigmoid 0.633
Interpretation

While all kernels except Sigmoid performed reasonably well, the RBF kernel achieved the highest accuracy. Its ability to handle
complex, non-linear relationships allows it to adapt to the curved structure of the data better than the others. Although the
Polynomial (Degree 3) kernel also achieved high accuracy (8.950), the RBF kernel's more flexible, distance-based approach gave
it the edge.

Summary

Kernel selection plays a critical role in the effectiveness of SVMs for business classification tasks. Using customer data that
includes Digital Engagement Scores and Spending Pattern Scores, this section evaluated how different SVM kernels—Linear,
Polynomial (Degree 2 and 3), RBF, and Sigmoid—perform in classifying customer responses.

Visualizations of each kernel’s decision boundary showed how the models separate “responders” from “non-responders,” with
the RBF and Polynomial (Degree 3) kernels offering the most flexible and accurate classification boundaries. A comparison of
predictive accuracy revealed that the RBF kernel outperformed all others with 96.7% accuracy, followed closely by the Polynomial
(Degree 3) kernel at 95%. The linear and Polynomial (Degree 2) kernels achieved moderate success, while the Sigmoid kernel
underperformed with the lowest accuracy. These results highlight the practical importance of selecting a kernel that matches the
complexity of the data.

Now that we've seen how different kernels influence model performance, it's important to step back and evaluate SVMs more

broadly. The next section discusses the key advantages that make SVMs a powerful tool in analytics, as well as the limitations
that practitioners should consider when applying them to real-world problems.

This page titled 10.6: Kernel Selection in Support Vector Machines (SVMs) is shared under a CC BY 4.0 license and was authored, remixed, and/
or curated by Elbert L. Hearon, M.B.A., M.S..
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10.7: Advantages and Limitations of SVMs

Support Vector Machines (SVMs) have emerged as powerful and flexible tools for solving classification problems in a variety of
industries, including finance, healthcare, marketing, and cybersecurity. Their strength lies in the ability to handle both linear and
complex nonlinear data structures through the use of different kernel functions.

Despite their high accuracy and robustness, SVMs are not always the best option in every scenario. The performance of SVMs
can be heavily influenced by the choice of kernel, parameter tuning (e.g., cost, gamma, and degree), and the nature of the data
itself (e.g., noise, feature scaling, or size). It's crucial to understand when SVMs excel and where they may fall short, especially in

comparison to simpler models like logistic regression or more flexible models like random forests or neural networks.

The table below outlines the most prominent advantages and limitations of using Support Vector Machines in business analytics:

Most prominent advantages and limitations of using Support Vector Machines in business analytics.

Advantages Limitations

e High classification accuracy e Computationally intensive for large datasets

e Effective in high-dimensional spaces e Requires careful parameter tuning

o Works well with clear margin of separation e Less interpretable than decision trees or logistic
o Versatile with different kernels regression

e Resistant to overfitting in properly scaled data e Sensitive to outliers and feature scaling

e Kernel choice can heavily affect performance

Summary

In summary, SVMs are powerful tools with many practical advantages, particularly when used with well-structured and
preprocessed data. However, the need for careful tuning and interpretation should be considered when selecting SVMs for
predictive modeling.

The next four sections provide hands-on demonstrations of how to build SVM models in Python using various kernel functions.
You'll learn how to:

e Install and load required Python libraries

e Read an Excel file containing your dataset

e Train models with different kernels

e Interpret model output and evaluate accuracy

Each code example includes detailed comments to ensure clarity for readers with limited programming experience.

This page titled 10.7: Advantages and Limitations of SVMs is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..
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10.8: CASE STUDY - SVM MODEL TO PREDICT CHURN USING

PYTHON

Business Problem

In a highly competitive subscription-based industry, retaining customers is as important as acquiring new ones. Customer
cancellation, or churn, leads to lost revenue, increased marketing costs to replace customers, and potential damage to brand
reputation. Management has identified churn as a critical performance metric and wants to implement a predictive model that can
identify customers at high risk of cancellation. By identifying these customers early, the business can take proactive steps—such
as targeted promotions, personalized outreach, or loyalty incentives—to retain them.

Objective

The objective of this case study is to build and evaluate a support vector machine model in Python to predict the likelihood that a
given customer will cancel their subscription. This will enable the business to focus retention efforts on high-risk customers and
improve overall customer lifetime value.

Tasks to be Performed
The work will proceed in several phases, each focusing on a key element of the modeling process:

e Understand the dataset and identify the target variable representing customer cancellation (churn).

e Perform exploratory data analysis (EDA) to understand variable distributions, correlations, and potential predictors of churn.

e Preprocess the data, including handling missing values, encoding categorical variables, and scaling numeric features where
needed.

e Build a support vector machine model in Python.

e Evaluate the model using appropriate metrics such as sensitivity, specificity, accuracy, ROC, and AUC.

¢ Interpret model outputs, including feature importance, to provide actionable business insights.

e Prepare recommendations for using the model in real-world customer retention strategies.

Next Sections

The subsequent sections of this case study will cover the following:

1. Present the dataset, including variables, data types, and descriptive statistics.
2. Present the Python code used to build the logistic regression model, and generate evaluation metrics.
3. Present the model results and provide detailed interpretation, focusing on business-relevant findings.

10.8.1: Dataset used for SVM Classification Case Study

10.8.2: Exploratory Data Analysis Used for SVM Classification Case Study
10.8.3: Python Code used for SVM Classification Case Study

10.8.4: Model Output and Interpretation from SVM Classification Case Study

This page titled 10.8: Case Study - SVM Model to Predict Churn using Python is shared under a CC BY 4.0 license and was authored, remixed,
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10.8.1: Dataset used for SVM Classification Case Study

The dataset described in section 6.11.1 is applicable to this support vector machine (SVM) classification case study.

This page titled 10.8.1: Dataset used for SVM Classification Case Study is shared under a CC BY 4.0 license and was authored, remixed, and/or
curated by Elbert L. Hearon, M.B.A., M.S..
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10.8.2: Exploratory Data Analysis Used for SVM
Classification Case Study

The exploratory data analysis performed in section 6.11.2 is applicable to this support vector machine (SVM) classification case
study.

This page titled 10.8.2: Exploratory Data Analysis Used for SVM Classification Case Study is shared under a CC BY 4.0 license and was authored,
remixed, and/or curated by Elbert L. Hearon, M.B.A., M.S..
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10.8.3: Python Code used for SVM Classification Case Study

#
# Support Vector Machine (SVM) for Churn

# This script trains and evaluates an SVM classifier to predict "Churn" using the
# remaining variables as predictors. It searches over multiple kernels and selects
# the best model by cross-validated ROC-AUC. Final outputs include:

# - Selected Kernel and key hyperparameters

# - Number of support vectors (total and by class)

# - Confusion Matrix in (1,0) order

# - Accuracy, Sensitivity (Recall for 1), Specificity (for ®)

# - ROC curve displayed and AUC on test set

#
#

#
# Step O: Imports & Settings

# Purpose: Load required libraries and set global settings
#
import warnings # suppress optional warnings
warnings.filterwarnings("ignore")

import numpy as np # numerical operations
import pandas as pd # data loading and wrangling
from pathlib import Path # file path handling

from typing import Tuple # type hints for clarity

from sklearn.model_selection import train_test_split, StratifiedKFold, GridSearchCV
from sklearn.preprocessing import StandardScaler
from sklearn.pipeline import Pipeline

from sklearn.impute import SimpleImputer

from sklearn.metrics import (

confusion_matrix,

accuracy_score,

roc_curve,

roc_auc_score

)

from sklearn.svm import SVC

import matplotlib.pyplot as plt

RANDOM_STATE = 42 # for reproducibility

#
# Step 1: User Inputs

# Purpose: Specify dataset location, target column, and (optionally) sheet for Excel
# NOTE: The path and sheet have been pre-filled per your request.

#

# >>>>> USER INPUT (pre-filled for you) <<<<<

DATA_PATH = Path(r"C:/1_A_OER/Chapter 10 - Support Vector Machines/Classification_Business_Dataset.xlsx")
SHEET_NAME = "With_Dummies" # Excel sheet to use

TARGET = "Churn" # target column name

TEST_SIZE = 0.20 # test set proportion (e.g., 0.30 = 30% test)

# >>>>> No User Input is Required Beyond this Point <<<<<
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#
# Step 2: Load Data

# Purpose: Read the dataset into a DataFrame. Supports Excel or CSV based on file extension.
#
def load_data(path: Path, sheet_name: str = None) -> pd.DataFrame:
ext = path.suffix.lower()

if ext in [".xls", "xlsx"]:

return pd.read_excel(path, sheet_name=sheet_name)

elif ext == ".csv"
return pd.read_csv(path)
else:

raise ValueError(f"Unsupported file extension: {ext}. Use .csv, .xls, or .xlsx")

df = load_data(DATA_PATH, SHEET_NAME)

#
# Step 3: Clean Target & Basic Preprocessing

# Purpose: Ensure the TARGET is binary (8/1). If target is text (e.g., 'Yes'/'No'),
# map to 1/0. Also, optionally one-hot encode any remaining object columns.
#
if TARGET not in df.columns:

raise KeyError(f"TARGET column '{TARGET} not found in data. Please check the name.")

# Make a copy to avoid modifying original
data = df.copy()

# Coerce target to 0/1 if it's not numeric

if not np.issubdtype(data[TARGET].dtype, np.number):
# normalize text then map common positive/negative encodings
data[TARGET] = (

data[TARGET]

.astype(str)

.str.strip()

.str.lower()

.map({"1":1,"yes":1,"y":1,"true"1,"t":1,
"0"0,"'no":0,'n":0,"false":0,"f":0})

)

# If any unmapped values remain, try converting directly to numeric
data[TARGET] = pd.to_numeric(data[TARGET], errors="coerce")

# Drop rows with missing target
data = data.dropna(subset=[TARGET])

# Optionally one-hot encode any remaining object columns (if your sheet is already "With_Dummies",
# this will generally be a no-op)

obj_cols = data.select_dtypes(include=["object", "category"]).columns.tolist()

obj_cols = [c for ¢ in obj_cols if ¢ != TARGET]

if len(obj_cols) > O:

data = pd.get_dummies(data, columns=obj_cols, drop_first=True)

#
# Step 4: Define X, y and Train/Test Split

# Purpose: Separate predictors (X) and target (y), then split with stratification.
#
X = data.drop(columns=[TARGET])
y = data[TARGET].astype(int)

X_train, X_test, y_train, y_test = train_test_split(
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X, y, test_size=TEST_SIZE, stratify=y, random_state=RANDOM_STATE
)

#
# Step 5: Build Pipeline & Hyperparameter Grid

# Purpose: Create a preprocessing + SVM pipeline and a parameter grid checking multiple kernels.
#
pipe = Pipeline(steps=[

(“imputer", SimpleImputer(strategy="most_frequent")), # robust to missing values

("scaler", StandardScaler(with_mean=False) if hasattr(X, "sparse") and X.sparse else StandardScaler()),
("svc", SVC()) # We'll tune kernel and other hyperparameters via GridSearchCV

)

# Parameter grids for different kernels
param_grid = [

# Linear

{

"svc__kernel™ ["linear"],
"svc__C": [0.1,1, 10, 180]

h

# RBF (Gaussian)

{

"svc__kernel": ["rbf"],

"svc__C": [0.1, 1,10, 180],
"svc__gamma": ["'scale", "auto”, 0.81, 0.1, 1.0]
|3

# Polynomial

{

"svc__kernel": ["poly"],

"svc__C": [0.1, 1,10, 180],
"svc__degree": [2, 3, 4],
"svc_gamma": ["scale", "auto"]
b

# Sigmoid

{

"svc__kernel": ["sigmoid"],
"svc__C" [0.1, 1,10, 100],
"svc__gamma': ["scale", "auto"],
"svc__coef®": [0.9, 8.5, 1.0]

}

1

cv = StratifiedKFold(n_splits=5, shuffle=True, random_state=RANDOM_STATE)

#
# Step 6: Grid Search for Best Kernel/Hyperparameters

# Purpose: Use ROC-AUC as selection metric to find best SVM configuration.
#
grid = GridSearchCV(

estimator=pipe,

param_grid=param_grid,

scoring="roc_auc",

cv=cv,

n_jobs=-1,

refit=True, # fit final model on full training set
verbose=0

)
grid.fit(X_train, y_train)
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best_model = grid.best_estimator_
best_params = grid.best_params_
best_cv_auc = grid.best_score_

# Helper to describe kernel succinctly
def kernel_description(params: dict) -> str:
k = params.get("svc__kernel", "unknown")
if k == "linear":

return "Linear"

if k == "rbf":

return "RBF (Gaussian)"

if k == "poly":

deg = params.get("svc__degree", "?")
return f"Polynomial (degree={deg})"

if k == "sigmoid™

return "Sigmoid"

return str(k)

#
# Step 7: Evaluation on Test Set

# Purpose: Compute predictions, confusion matrix (1,0 order), accuracy, sensitivity, specificity,
# and ROC/AUC. Plot ROC curve.

#
# Predict class labels

y_pred = best_model.predict(X_test)

# Confusion matrix with (1,8) for rows and columns
cm = confusion_matrix(y_test, y_pred, labels=[1, 0])

TP = cm[@, 0]
FN = cmI[®, 1]
FP = cm[1, O]
TN =cm[1, 1]

accuracy = accuracy_score(y_test, y_pred)
sensitivity = TP / (TP + FN) if (TP + FN) > O else np.nan # recall for class 1
specificity = TN / (TN + FP) if (TN + FP) > ® else np.nan # recall for class ®

# Scores for ROC/AUC (decision_function preferred; fallback to predict_proba if available)
def get_scores(model, X) -> np.ndarray:

svc = model.named_steps["svc"]

if hasattr(svc, "decision_function"):

return model.decision_function(X)

elif hasattr(svc, "predict_proba"):

# probability=True is not set by default for SVC; using decision_function is standard for ROC
return model.predict_proba(X)[;, 1]

else:

# As a last resort, use predicted labels (not ideal for ROC, but prevents errors)

return model.predict(X)

y_scores = get_scores(best_model, X_test)
test_auc = roc_auc_score(y_test, y_scores)

# ROC curve
fpr, tpr, thresholds = roc_curve(y_test, y_scores)

#
# Step 8: Support Vector Info & Human-Readable Summary

# Purpose: Print final model choice, support vectors count, and all metrics in logical order.
#
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svc_final = best_model.named_steps["svc"]
n_support_by_class = svc_final.n_support_
total_support = int(np.sum(n_support_by_class))

print("========== Final Model Summary ==========")
print(f"Selected Kernel: {kernel_description(best_params)}")

# Also show key hyperparameters for reproducibility

print("Best Hyperparameters:")

for k, v in best_params.items():

print(f" - {k}: {v}")

print(f"Cross-validated AUC (train CV): {best_cv_auc:.4f}")
print(f"Number of Support Vectors (by class): {n_support_by_class}")
print(f"Total Number of Support Vectors: {total_support}")

print("\n========== Test Set Performance ==========")
print("Confusion Matrix (rows/cols in order [1, 8]):")
print(cm)

print(f"\nAccuracy: {accuracy:.4f}")

print(f"Sensitivity: {sensitivity..4f} # Recall for class 1")
print(f"Specificity: {specificity..4f} # Recall for class 8")
print(f"AUC: {test_auc:.4f}")

#
# Step 9: Plot ROC Curve
# Purpose: Visualize trade-off between TPR (sensitivity) and FPR (1 - specificity).

#

plt.figure()

plt.plot(fpr, tpr, linewidth=2, label=f"ROC curve (AUC = {test_auc:.4f})")
plt.plot([®, 1], [O, 1], linestyle="--", linewidth=1, label="Chance")

plt.xlabel("False Positive Rate (1 - Specificity)")
plt.ylabel("True Positive Rate (Sensitivity)")
plt.title("SVM ROC Curve - Test Set")
plt.legend(loc="lower right")

plt.grid(True, linestyle="", linewidth=0.5)
plt.tight_layout()

plt.show()

#
# No User Input is Required Beyond this Point
#

This page titled 10.8.3: Python Code used for SVM Classification Case Study is shared under a CC BY 4.0 license and was authored, remixed,
and/or curated by Elbert L. Hearon, M.B.A., M.S..
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10.8.4: Model Output and Interpretation from SVM
Classification Case Study

Final Model Summary

Selected Kernel: Linear
Best Hyperparameters:

e svc__C:10
e svc__kernel: linear

Cross-validated AUC (train CV): 0.9928
Number of Support Vectors (by class): [72 71]
Total Number of Support Vectors: 143

Final Model Summary Interpretation

e Linear selected as the optimal kernel.

e C =10 is the penalty strength on training errors, which means a tighter boundary that fits the training data more closely
(higher overfit risk mitigated by cross-validation).

e Cross-validation AUC of 0.9928 is excellent because it shows near-perfect separation across the cross-checks (AUC > 0.90
is typically “excellent”).

e Number of support vectors (72 and 71) means roughly equal borderline cases from each class are setting the boundary
(balanced influence).

e Total # of support vectors = 143, which means the decision boundary relies on 143 pivotal cases—using many points rather
than a few outliers.

Test Set Performance
Confusion Matrix :

Pred 1 Pred ©
Actual 1140 10
Actual ® 7 143

TP =148, FN = 18, FP = 7, TN = 143.

Accuracy: 0.9433

Sensitivity: 0.9333 # Recall for class 1
Specificity: 0.9533 # Recall for class ©
AUC: 0.9918

Test Set Performance Interpretation

e Accuracy 94.33% — strong overall performance.

e Sensitivity 93.33% — found 140/150 churners; missed 10 (FNR = 6.7%).

e Specificity 95.33% — cleared 143/150 non-churners; 7 false alarms (FPR = 4.7%).
e Errors are balanced (slightly more missed churners than false alarms).

e AUC 0.9917 — excellent class separability across thresholds.
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Linear Model

e Intercept (b): 29.09

e Customer_Tenure: -0.306
¢ Monthly_Spend: -0.211

e Num_Products: -2.054

e Has_Contract: -4.3

e Used_Support: +5.185

e Region_North: +8.155

e Region_South: -0.214

ROC Curve and Interpretation

I

ROC Curve (AUC = 0.9917)

1.0 4

0.8

0.6 1

0.4 4

True Positive Rate

0.2 4

0.0 1

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

e Curve closely follows the top-left corner indicating very high true-positive rates at very low false-positive rates.

e AUC = 0.992: excellent separability indicating the model almost always ranks churners above non-churners.

e Diagonal line is the random-guess baseline, and the curve is well above it indicates strong predictive performance.

o Key take-away: the threshold can be lowered to catch more churners while adding only a small number of false alarms.

Summary

The key take-away is the linear SVM churn model is production-ready because it ranks customers well (AUC = 0.992) and
performs strongly on test data (94% accuracy; 93% of churners found, 95% of non-churners cleared). An organization can use
it to flag the top 20-30% highest-risk accounts and target them with save actions (plan right-sizing, renewal prompts, credits),
prioritizing high customer lifetime value (CLV) customers; start with low-cost digital outreach and escalate to calls for the top
decile. Measure incremental saves and net value preserved (CLV saved minus incentive/contact costs) against a holdout, and tune
the threshold to balance sensitivity vs. outreach volume. Monitor by segment (tenure, spend, region) and retrain periodically to
maintain performance.

This page titled 10.8.4: Model Output and Interpretation from SVM Classification Case Study is shared under a CC BY 4.0 license and was
authored, remixed, and/or curated by Elbert L. Hearon, M.B.A., M.S..
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10.9: Chapter 9 Summary

Support Vector Machines (SVM) are powerful and versatile supervised learning models used for both classification and regression
tasks. In this chapter, we explored the fundamental concepts that make SVMs valuable in business analytics, including their ability
to create optimal decision boundaries that maximize the margin between classes. We began by visualizing linear separability
and how SVMs construct the maximal margin hyperplane using support vectors. These visual illustrations helped MBA students,
especially those with non-technical backgrounds, intuitively grasp how the decision-making process works in SVM classification.

We then introduced the kernel trick, a method that allows SVMs to perform nonlinear classification by implicitly transforming input
features into higher-dimensional space. Through detailed explanations and visuals, we compared the Linear, Polynomial, Radial
Basis Function (RBF), and Sigmoid kernels. Each kernel's behavior was demonstrated using both stylized illustrations and real
business data involving customer digital engagement and spending patterns.

By using the same dataset across all kernel types, we provided a controlled comparison of model accuracy, interpretability, and
practical relevance. The RBF kernel emerged as the best-performing model in terms of classification accuracy. However, each
kernel offered unique advantages depending on the data structure and business context.

To solidify students' understanding, we included full Python code walkthroughs for each kernel type (Sections 9.7-9.10). These
sections covered everything from importing data and training models to interpreting results and measuring accuracy. The
annotated R scripts are designed to be accessible for beginners while still demonstrating the rigor and structure expected in
professional analytics practice.

Support Vector Machines offer a robust framework for solving classification problems across industries such as marketing,
finance, healthcare, and operations. While powerful, SVMs require thoughtful kernel selection and parameter tuning to perform
optimally. By the end of this chapter, students should feel confident in when and how to apply SVMs in real-world business
scenarios.

In the next chapter, we will shift our focus to Cluster Analysis, a key technique in unsupervised learning. Unlike classification

models that rely on labeled data, clustering helps uncover hidden patterns or groupings in data—making it especially valuable for
customer segmentation, market research, and strategic decision-making in business analytics.

This page titled 10.9: Chapter 9 Summary is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A,, M.S..
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10.10: Exercises

Part A: Conceptual Questions

Classification with SVM

What is the fundamental idea behind Support Vector Machines (SVM) for classification?

Explain the concept of the margin in SVM and the role of support vectors.

How does a linear SVM differ from a nonlinear SVM?

What is the kernel trick, and why is it important in SVM models?

Describe the function and tuning of the regularization parameter C.

What are common kernel functions used in SVMs, and when might you use each?

What is the role of the gamma parameter in the radial basis function (RBF) kernel?

What assumptions does SVM make about the data, and how robust is it to noise?

Why might SVM be preferred over logistic regression or decision trees for some classification problems?
How do SVMs handle cases where classes are not perfectly separable?

@O0XNOAPWODN

—_

Regression with SVM (Support Vector Regression)

11. What is Support Vector Regression (SVR), and how does it differ from standard regression?
12. Explain the concept of the epsilon-insensitive loss function in SVR.

13. How is the margin defined and used in SVR?

14. What role do kernel functions play in SVR?

15. How do the C and epsilon parameters affect model complexity and error tolerance?

16. What are the advantages of using SVR for regression problems with nonlinear patterns?

17. What limitations does SVR have compared to random forests or linear regression?

18. How do you choose between linear, polynomial, and RBF kernels in SVR?

19. How sensitive is SVR to outliers in the training data?

20. How does feature scaling impact SVR performance?

Part B: Interpretation Questions

Classification with SVM

21. Interpret a decision boundary in an SVM with a linear kernel separating two classes.

22. Explain how support vectors influence the final SVM model.

23. How do you interpret a soft margin with a few misclassified points in an SVM?

24. If accuracy is high on training data but low on test data, what does this suggest about the kernel or C parameter?
25. How do you assess the impact of each feature in a linear SVM model?

Regression with SVM

26. Explain the interpretation of predictions made using SVR with a small epsilon value.
27. What does it mean when most training data points lie outside the epsilon-tube in SVR?
28. How do support vectors influence the SVR prediction curve?

29. If the SVR model consistently underpredicts, what adjustments might improve it?

30. How can residual plots be used to evaluate an SVR model?
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Part C: Hands-On Data Exercises

Classification with SVM

31

32.

33.

34.

35.

36.

37.

38.

39.

10.

Marketing: Use a Support Vector Machine (SVM) model to predict whether a customer will respond to a promotion using
at least five variables, such as age, income, prior purchases, website visits, and social media engagement. (Dataset:
marketing_data.xlsx)

Finance: Classify loan applicants as 'Approved' or 'Denied' based on credit score, income, debt-to-income ratio, employment
status, and past delinquencies. (Dataset: finance_data.xlsx)

Operations: Use a Support Vector Machine (SVM) model to predict whether an order will be delivered late using shipping
method, delivery distance, number of items, product weight, and time of order placement. (Dataset: operations_data.xlsx)
Sales: Use a Support Vector Machine (SVM) model to predict whether a sales lead will convert using variables such as
industry, lead source, sales rep experience, contact frequency, and region. (Dataset: sales_data.xlsx)

Customer Service: Classify complaint type using service ticket category, issue description, channel of contact, customer
tenure, and service history. (Dataset: service_data.xlsx)

Quality Control: Use a Support Vector Machine (SVM) model to predict product defect classification using shift time, machine
ID, operator experience, batch temperature, and pressure levels. (Dataset: quality_data.xlsx)

Credit Risk Management: Classify clients as low, medium, or high risk using financial ratios, payment history, account age,
credit utilization, and number of recent inquiries. (Dataset: credit_data.xlsx)

Entertainment: Use a Support Vector Machine (SVM) model to predict whether a user will skip a video ad using genre, video
length, prior skips, time of day, and ad relevance rating. (Dataset: entertainment_data.xlsx)

Manufacturing: Use a Support Vector Machine (SVM) model to predict machine failure category using vibration level, run
time, humidity, load pressure, and last maintenance date. (Dataset: manufacturing_data.xlsx)

Accounting: Classify transactions as legitimate or potentially fraudulent using transaction amount, frequency, category,
location, and account history. (Dataset: accounting_data.xlsx)

Regression with SVM

41.

12.

13.

14.

15.

16.

47.

18.

19.

This
M.S..

Marketing: Use a Support Vector Machine (SVM) model to predict customer lifetime value using acquisition channel, age,
purchase frequency, recency, and total spend. (Dataset: marketing_data.xlsx)

Finance: Estimate stock price using daily return, volume, moving averages, volatility index, and macroeconomic indicators.
(Dataset: finance_data.xlsx)

Operations: Use a Support Vector Machine (SVM) model to predict delivery time using variables such as delivery distance,
vehicle type, weather conditions, package size, and order time. (Dataset: operations_data.xlsx)

Sales: Use a Support Vector Machine (SVM) model to predict monthly sales revenue from sales team size, ad spend, regional
demand, competitor pricing, and seasonal factors. (Dataset: sales_data.xlsx)

Customer Service: Estimate average resolution time using issue type, channel, agent experience, priority level, and time to
first response. (Dataset: service_data.xlsx)

Quality Control: Use a Support Vector Machine (SVM) model to predict number of defects using production speed, shift,
material type, temperature, and humidity. (Dataset: quality_data.xlsx)

Credit Risk Management: Use a Support Vector Machine (SVM) model to predict expected loss amount using borrower
income, loan term, credit score, payment history, and current debt. (Dataset: credit_data.xlsx)

Entertainment: Use a Support Vector Machine (SVM) model to predict daily streaming minutes per user using plan type,
device type, preferred genres, historical usage, and subscription tenure. (Dataset: entertainment_data.xlsx)

Manufacturing: Estimate equipment maintenance cost using machine age, usage hours, energy consumption, failure history,
and technician notes. (Dataset: manufacturing_data.xlsx)

Accounting: Use a Support Vector Machine (SVM) model to predict monthly expenses using number of transactions, business
unit, prior period expenses, budget allocation, and seasonal adjustments. (Dataset: accounting_data.xlsx)

page titled 10.10: Exercises is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
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11: AUTO MACHINE LEARNING (AUTOML)

11.1: Overview of AutoML
11.1.1: AutoML Code Snippet for Curious Learnings (Python)
11.1.2: Dataset Used in the AutoML Example

11.1.3: AutoML Example
11.1.3.1: NOTE- Transparency of AutoML Models

11.1.3.2: Python Code for AutoML Example
11.1.3.3: Output

This page titled 11: Auto Machine Learning (AutoML) is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert
L. Hearon, M.B.A., M.S..
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11.1: OVERVIEW OF AUTOML

Auto Machine Learning (AutoMIL)

What is AutoML

AutoML, or Automated Machine Learning, refers to the process of automating the steps required to develop a machine
learning model. This includes tasks such as data preprocessing, feature selection, model selection, hyperparameter tuning, and
performance evaluation. AutoML platforms are designed to make machine learning accessible to individuals who may not have
deep technical expertise, allowing them to build predictive models with greater efficiency and less manual intervention.

Applications of AutoML in Business

Businesses use AutoML across various functions to gain insights and improve decision-making. For example, marketing teams
apply AutoML to predict customer churn or segment audiences, while finance departments use it for fraud detection and credit
risk assessment. Human resources might leverage AutoML for employee attrition prediction, and operations teams use it to
forecast demand and optimize inventory. The ability to quickly deploy predictive models allows businesses to respond more
rapidly to changing conditions.

How AutoML Compares to Other Statistical Models and Machine Learning
Techniques

Traditional machine learning workflows require significant time, expertise, and manual effort to tune models and select the best
algorithms. In contrast, AutoML streamlines this process by automatically evaluating multiple models and configurations to find
the most effective approach. While traditional methods allow for more customization and transparency, AutoML is ideal for quickly
generating robust models, especially when resources are limited.

When to Use AutoML

AutoML is best suited for situations where quick results are needed, or when users do not have in-depth knowledge of machine
learning. It is also beneficial when experimenting with multiple datasets, running pilot projects, or comparing different modeling
approaches efficiently. However, for highly specialized problems, manual modeling by experienced data scientists may still be
necessary.

Advantages and Limitations of AutoML

Advantages of AutoML include ease of use, speed, scalability, and reduced need for technical skills. It allows non-experts to
build effective models and can handle a large number of model comparisons. However, limitations include reduced transparency,
limited customization, and potential overfitting if not properly monitored. AutoML also may not perform as well on complex or
highly nuanced datasets.

Tools Needed to Build an AutoML System

Several tools are available for building AutoML systems, both open-source and commercial. Popular platforms include Google
Cloud AutoML, H20.ai, DataRobot, Amazon SageMaker Autopilot, and Microsoft's Azure AutoML. Open-source libraries such as
Auto-sklearn, TPOT, and FLAML offer flexible alternatives for Python users. These tools often come with built-in support for data
preprocessing, model selection, and result interpretation.
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Final Thoughts

AutoML represents a significant shift in how machine learning is implemented, making it more accessible to business
professionals and domain experts. While not a complete replacement for human expertise, AutoML acts as a powerful assistant,
accelerating the analytics lifecycle and enabling more data-driven decisions. As AutoML tools continue to evolve, their role in
business intelligence and analytics is expected to grow even further.

For more background about AutoML:

¢ read the following:
o What is AutoML by IBM
o AutoML and the Future of Data Science

See the following video:

e Welcome to AutoML

11.1.1: AutoML Code Snippet for Curious Learnings (Python)
11.1.2: Dataset Used in the AutoML Example

11.1.3: AutoML Example
11.1.3.1: NOTE- Transparency of AutoML Models
11.1.3.2: Python Code for AutoML Example
11.1.3.3: Output

This page titled 11.1: Overview of AutoML is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A., M.S..

©@® 293 (11.1.2)


https://www.ibm.com/think/topics/automl#:~:text=Automated%20machine%20learning%20(AutoML)%20is,for%20data%20scientists%20and%20developers.
https://towardsdatascience.com/automl-and-the-future-of-data-science-82a1b8f65e7e/
https://youtu.be/JOUlnIxlNl0
https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/11%3A_Auto_Machine_Learning_(AutoML)/11.01%3A_Overview_of_AutoML
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTexts"

11.1.1: AutoML Code Snippet for Curious Learnings (Python)

# Step 1: Install and import necessary packages

# You may need to run: pip install pandas scikit-learn tpot openpyxl

import pandas as pd # For handling data

from sklearn.model_selection import train_test_split # For splitting data into training and testing sets
from tpot import TPOTClassifier # TPOT is an AutoML tool built on top of scikit-learn

#

# Step 2: Load data from an Excel file
data = pd.read_excel('your_dataset.xlsx') # Load your Excel file into a DataFrame

#

# Step 3: Prepare feature (X) and target (y) variables
X = data.drop('target_column', axis=1) # Replace 'target_column' with the name of your outcome variable
y = data['target_column'] # Assign the target variable

#

# Step 4: Split the data into training and testing sets
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_state=42) # 80% train, 20% test

#

# Step 5: Initialize the TPOT AutoML classifier
tpot = TPOTClassifier(generations=5, population_size=50, verbosity=2, random_state=42) # AutoML pipeline search

#

# Step 6: Fit the model to training data
tpot.fit(X_train, y_train) # Let TPOT find the best model pipeline

#

# Step 7: Evaluate the model on the test set
print("Model Accuracy on Test Set:", tpot.score(X_test, y_test)) # Output the model's test accuracy

#

# Step 8: Export the best model pipeline
tpot.export('best_model_pipeline.py') # Save the best found model pipeline to a Python file

This page titled 11.1.1: AutoML Code Snippet for Curious Learnings (Python) is shared under a CC BY 4.0 license and was authored, remixed,
and/or curated by Elbert L. Hearon, M.B.A., M.S..
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11.1.2: Dataset Used in the AutoML Example

Understanding the Raw and Normalized Data for AutoML

The dataset described below will be used to demonstrate an AutoML solution. It contains a small set of customer interaction
records and will serve as the foundation for training and testing machine learning models such as logistic regression,
classification trees, random forests, support vector machines (SVMs), and AutoML. Before building any model, it is essential to
understand the structure of the data and the importance of normalization in preparing it for accurate and unbiased analysis.

This dataset contains 10 customer records with information about four key features:

Age (in years)

Income (in dollars)

Number of Products Viewed
Time on Site (in minutes)

HPwWN o

The target variable is 'Purchase,’ a binary indicator where 1 means the customer completed a purchase, and ® means they did not.
Raw Data
The raw data show in the table below includes actual values for each feature, such as age 37, income $78,250, or time on site

206 minutes. These values are on different scales. For example, income is measured in dollars, while products viewed is a one or
two digit number. This variation in scales can cause issues when feeding the data into machine learning models.

Raw (Original) Data

income products_viewed time_on_site purchase

37 $ 78,250 10 206 1
24 $ 41,050 5 149 o
45 $ 68,200 10 215 1
40 $ 66,550 10 212 1
27 $ 34,900 7 155 o
44 $ 73,450 il 217 1
14 $ 28,300 5 144 o
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income products_viewed time_on_site purchase
41 $ 71,500 9 203 1
30 $ 48,250 7 160 ]
46 $ 68,950 10 218 1

Why Normalize the Data?
Normalization transforms each feature so that it has a mean of ® and a standard deviation of 1 (using z-scores). This step
is especially important in machine learning methods like logistic regression, support vector machines (SVM), and clustering
techniques, where features with larger ranges can dominate others and bias the model. Normalization ensures each feature
contributes proportionally.

Normalization Formula
To normalize each feature, we apply the z-score formula:

z=(x-u)/ 0

Where:

- X = raw value

- 4 = mean of the feature

- 0 = standard deviation (population)

Normalized Data

The normalized data (shown in the table below) represents the same customers, but now each feature has been rescaled. For
example, a customer aged 37 might have a z-score of 0.25 depending on the distribution of age in the dataset. The normalized
data will be used to train and validate the AutoML model in the next section.

Raw (Original) Data
income products_viewed time_on_site) purchase
0.25 119 0.94 0.66 1
-1.07 -0.99 -1.48 -1.29 ]
1.02 0.60 0.72 0.95 1
0.47 0.58 0.63 0.85 1
-0.81 -1.35 -0.67 -1.11 o

©@®

296 (11.1.2.2)



LibreTextsw

income products_viewed time_on_site) purchase
0.92 0.91 112 1.02 1
-2.04 -1.73 -1.71 -1.48 o
0.65 0.79 0.45 0.54 1
-0.48 -0.57 -0.76 -0.94 o
110 0.64 0.76 0.80 1

This normalized dataset is now suitable for training AutoML models that rely on distance metrics, gradients, or regularization, as
it eliminates scaling bias and promotes numerical stability.

This page titled 11.1.2: Dataset Used in the AutoML Example is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..
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11.1.3: AUTOML EXAMPLE

AutoML, short for Automated Machine Learning, is an approach designed to simplify the process of applying machine learning
models to real-world data. For non-technical business users, AutoML platforms automate key steps such as data preprocessing,
feature selection, model selection, and hyperparameter tuning. These systems make it possible to generate high-quality
predictive models with minimal coding or statistical knowledge.

Dataset

The dataset used in this example simulates a business scenario where the goal is to predict whether a customer will make a
purchase. It includes the following features:

e age: Customer's age (standardized)

e income: Customer's monthly income (standardized)

e products_viewed: Number of products the customer viewed (standardized)
e time_on_site: Time spent on the website in minutes (standardized)

e purchase: Target variable (1 if purchase was made, ® otherwise)

Note: The features are standardized to have a mean of ® and a standard deviation of 1. As a result, values may appear small or
even negative. This transformation helps many machine learning models perform better by normalizing the scale of input features.

Dataset as described above.

income products_viewed time_on_site purchase
0.25 1.19 0.94 0.66 1
-1.87 -0.99 -1.48 -1.29 ]
1.02 0.6 0.72 0.95 1
0.47 0.5 0.63 0.85 1
-0.81 -1.35 -0.67 -1.11 o
0.92 0.91 112 1.82 1
-2.04 -1.73 -1.71 -1.48 ]
0.65 0.79 0.45 0.54 1
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income products_viewed time_on_site purchase

-0.48 -0.57 -0.76 -0.94 o

1.1 0.64 0.76 0.8 1

Running AutoML

We used the PyCaret library to run AutoML on the dataset. PyCaret simplifies the process of building machine learning models by
automating tasks such as model comparison, training, and evaluation.

The target variable was 'purchase’, and the rest of the variables were treated as features. The AutoML process ran multiple models
including Logistic Regression, Decision Tree, Random Forest, K-Nearest Neighbors, and Support Vector Machine.

Model Evaluation Results
Below is a summary of the models evaluated by PyCaret and their performance based on Accuracy:

e Logistic Regression: 8.83

e Decision Tree Classifier: 0.80
¢ Random Forest Classifier: 0.86
o K-Nearest Neighbors: 0.78

e Support Vector Machine: 0.81

Best Model: Random Forest Classifier

Based on accuracy, the Random Forest Classifier emerged as the best model for this dataset. It performed well in balancing
true positive and true negative predictions while being robust to overfitting. The model can now be used to predict which future
customers are likely to make a purchase.

11.1.3.1: NOTE- Transparency of AutoML Models
11.1.3.2: Python Code for AutoML Example
11.1.3.3: Output
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11.1.3.1: NOTE- Transparency of AutoML Models

One important consideration when using AutoML is whether the model it selects produces a transparent, interpretable equation.
The answer depends on the type of model chosen during the AutoML process.

AutoML platforms typically evaluate a variety of algorithms, including both interpretable models (like Logistic Regression) and
complex black-box models (like Random Forests or Neural Networks). If an interpretable model is selected—such as Logistic
Regression or a small Decision Tree—the resulting model can be expressed as a clear mathematical equation or a set of decision
rules. These models are often favored in situations where understanding the reasoning behind predictions is just as important as
accuracy.

For example, a Logistic Regression model will produce an equation of the form:

logit(p) = Bo + B1-age + Bzrincome + Bs-products_viewed + B4-time_on_site

This makes it easy to interpret the influence of each variable on the predicted probability of purchase.

However, if AutoML selects a more complex model—such as a Random Forest, Support Vector Machine (SVM), or Gradient
Boosting model—then the model does not produce a single equation. These models are known for their high accuracy but lack
straightforward interpretability. In such cases, techniques like feature importance plots, SHAP values, or LIME may be used to

gain insights into the model’s behavior.

Ultimately, if model transparency is a priority, users can configure AutoML platforms to favor simpler, interpretable models, even
if they sacrifice a small amount of accuracy.

This page titled 11.1.3.1: NOTE- Transparency of AutoML Models is shared under a CC BY 4.0 license and was authored, remixed, and/or curated
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11.1.3.2: Python Code for AutoML Example

# Step 1: Import necessary libraries

from pycaret.classification import * # Import PyCaret's classification module

# Step 2: Create the dataset using pandas

import pandas as pd # Import pandas for data manipulation

data = pd.DataFrame({

'age’: [0.25, -1.07, 1.02, 0.47, -0.81, 0.92, -2.04, 0.65, -0.48, 1.10],

'income”: [1.19, -0.99, 8.60, 0.50, -1.35, 8.91, -1.73, 0.79, -0.57, 0.64],

'products_viewed" [0.94, -1.48, 0.72, 8.63, -0.67, 1.12, -1.71, 8.45, -0.76, 0.76],

'time_on_site" [0.66, -1.29, 0.95, 0.85, -1.11, 1.82, -1.48, 0.54, -0.94, 0.80],

'‘purchase: [1,0,1,1,0,1,0,1, 0, 1]

b

# Step 3: Set up the PyCaret classification environment

clf_setup = setup(data=data, target="purchase’, session_id=123, silent=True, verbose=False)
# Step 4: Compare models and select the best one automatically

best_model = compare_models() # PyCaret compares several classification models and selects the best
# Step 5: Display the best model

print(best_model) # Output the best performing model for further use or interpretation

# Step 6: Evaluate the best model with visualization options (optional)

# evaluate_model(best_model) # Launches interactive dashboard for visual model evaluation (if running in notebook)

This page titled 11.1.3.2: Python Code for AutoML Example is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
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11.1.3.3: Output

Following is AutoML output generated by the Python code.

Summary Information & Comments

Description Value
Session id 123
Target purchase
Target type Binary
Label encoding 0: 0, 1:1
Original data shape (19, 5)
Transformed data shape 19, 5)
Comments:

e Binary classification problem with purchase as the target.
e The dataset has 10 records and 5 columns, and the target was label encoded.

Model Comparison and Comments:

Model Accuracy AUC
Logistic Regression 0.80 0.83
Decision Tree 0.70 0.65
Random Forest 0.90 0.88
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SVM 0.80 0.82

Comments:

e Multiple classification models were generated and ranked by accuracy.
¢ Random Forest achieved the best overall performance on this dataset (i.e., overall accuracy is 90%).

Confusion Matrix:

Conlfusion Matrix (1,0 orgjer)
. 8

Actual

Predicted

Comments:
e Accuracy is 88 percent

e Sensitivity (recall for class 1) is 8/9 or 89 percent
e Specificity (recall for class ®) is 7/8 or 88 percent
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ROC Curve and AUC:

ROC Curve

1.0f

08¢

0.6F

True Positive Rate

0.2F

0.0F

0.0 0.2 0.4 Y3 D8 )
False Positive Rate

Comment:

ROC curve with an AUC of 8.92 shows excellent separation between purchasers and non-purchasers
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12.1: Study Guide

As you study this chapter, it is recommended that you let the following be your guide:

e Understand the purpose of cluster analysis and its role in business analytics.

o Differentiate between the major clustering algorithms and their use cases.

e Understand K-means clustering.

e Evaluate clustering results using visual and quantitative metrics.

e Draw business insights from clustering results and make data-driven decisions.

This page titled 12.1: Study Guide is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
M.S..

©@® 306 (12.1.1)


https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/12%3A_Cluster_Analysis/12.01%3A_Study_Guide
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTexts"

12.2: Introduction to Cluster Analysis

Cluster analysis is a powerful unsupervised learning technique used to uncover patterns in data by grouping observations into
distinct segments or "clusters.” Unlike supervised learning methods such as classification or regression, cluster analysis does
not rely on pre-labeled outcomes. Instead, the goal is to discover the inherent structure within a dataset based on similarity or
proximity of the data points. This makes cluster analysis particularly valuable in exploratory data analysis, where the objective is
to find natural groupings without prior knowledge of the categories.

At its core, cluster analysis assumes that the dataset contains meaningful subgroups. These subgroups might represent customer
segments, patient profiles, product types, or even fraudulent activity, depending on the context. For example, in marketing
analytics, a business might use cluster analysis to identify distinct customer groups based on purchasing behavior and digital
engagement—ultimately leading to more personalized campaigns and optimized resource allocation.

To form clusters, the algorithm relies on measures of similarity or distance between data points. The Euclidean distance—the
straight-line distance between two points in space—is one of the most commonly used metrics. Other measures like Manhattan
distance, Cosine similarity, and Mahalanobis distance may be used depending on the nature and distribution of the data. The
algorithm calculates these distances to determine which data points should be grouped together.

A cluster is defined by its centroid, or center, which represents the average position of all data points within the cluster. The quality
of clustering is typically assessed by examining how tightly grouped the data points are within each cluster (intra-cluster variance)
and how distinct the clusters are from one another (inter-cluster variance). An effective clustering solution will minimize intra-
cluster variance (keeping data points within a cluster as similar as possible) while maximizing inter-cluster variance (ensuring
clusters are meaningfully different).

In practical business settings, the value of cluster analysis lies in its ability to reduce complexity, reveal hidden patterns, and
support data-driven decision-making. Whether the goal is to launch differentiated marketing strategies, streamline operational
processes, or identify high-risk customer segments, cluster analysis provides a systematic way to categorize and understand
diverse entities without human bias or prespecified rules.

Key characteristics of cluster analysis include:
e Unsupervised learning: No target variable is required.
e Exploratory tool: Ideal for data segmentation and pattern recognition.
o Flexible applications: Works across domains such as marketing, finance, healthcare, logistics, and fraud detection.

e Foundation for advanced modeling: Cluster assignments can be used as features in downstream predictive models.

As we progress through this chapter, we will explore the main clustering algorithms, and how to evaluate their effectiveness in
real-world scenarios. However, the case study presented at the end of this chapter will focus on K-means clustering.

This page titled 12.2: Introduction to Cluster Analysis is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert
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12.3: Applications of Cluster Analysis

Cluster analysis plays a critical role in modern business analytics by enabling organizations to discover natural groupings
within data that might otherwise remain hidden. Its versatility across multiple industries makes it one of the most widely used
unsupervised learning methods in practice. The power of clustering lies in its ability to simplify complex datasets, extract
meaningful patterns, and inform strategic decision-making without relying on predefined labels or outcomes. Below are several
prominent domains where cluster analysis drives measurable business impact.

Customer Segmentation

One of the most common applications of cluster analysis is in marketing and customer relationship management. By analyzing
behavioral data such as purchase frequency, product preferences, digital engagement, and geographic location, businesses can
use clustering algorithms to divide customers into homogeneous groups. These segments can then be targeted with tailored
marketing campaigns, personalized promotions, and differentiated service strategies. For example, a retail company might
discover three core customer segments: high-value repeat buyers, occasional bargain seekers, and first-time browsers. Armed
with this insight, marketers can allocate budgets more effectively, improve retention efforts, and boost customer lifetime value.

Fraud Detection

In the financial services industry, cluster analysis is instrumental in identifying unusual patterns that may signal fraudulent activity.
Since fraud is rare and often varies in form, traditional supervised models may struggle to detect emerging or atypical threats.
Clustering helps by highlighting outlier groups or sparse clusters that deviate from normal behavior. For instance, a cluster of
transactions with unusually high frequency, international origins, or unconventional amounts might warrant further investigation.
These insights can supplement existing rule-based systems or feed into downstream anomaly detection models.

Healthcare Analytics

Cluster analysis has transformative potential in healthcare, where large volumes of complex and heterogeneous data are common.
Hospitals and researchers use clustering to group patients by clinical characteristics, risk profiles, or treatment responses. This
facilitates the development of personalized care plans and targeted interventions. For example, clustering electronic health
records might reveal subgroups of patients with similar symptom patterns, aiding early diagnosis of chronic conditions such as
diabetes or heart disease. It can also help in allocating resources more efficiently by identifying high-risk patient populations
who require more intensive monitoring.

Retail and Supply Chain Optimization

In retail and supply chain management, cluster analysis helps categorize products, suppliers, or store locations based on sales
behavior, cost efficiency, or logistical characteristics. A retailer, for example, may cluster products based on seasonality and
demand volatility to optimize inventory levels and shelf space allocation. Similarly, vendors can be grouped by reliability, lead
time, or pricing strategy to guide sourcing decisions. This level of operational insight enables firms to enhance service levels,
reduce costs, and streamline logistics planning.

Cluster analysis provides a foundation for data-driven strategy across virtually all sectors of business. Its strength lies in its
flexibility—organizations can apply clustering techniques to customers, transactions, products, geographies, or even digital user
behaviors. When paired with visualization tools and domain expertise, the insights derived from cluster analysis lead not only to
better models but also to smarter decisions.

Summary

The applications of cluster analysis are broad and impactful across a wide range of business domains. Whether identifying key
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customer segments, flagging suspicious transactions, personalizing healthcare delivery, or optimizing supply chain operations,
cluster analysis offers a flexible and powerful lens through which to interpret complex data. Its ability to reveal structure in
unstructured information makes it an indispensable tool for modern decision-makers.

However, not all clustering problems are the same—and neither are the tools used to solve them. The effectiveness of cluster
analysis depends heavily on selecting the right algorithm for the task. In the next section, we explore the most widely used
clustering algorithms, including K-Means, Hierarchical Clustering, DBSCAN, and Gaussian Mixture Models. Each algorithm has

unique strengths, mathematical foundations, assumptions, and use cases that make it suitable for different types of business
problems.

By understanding these algorithms in depth, we can match the right technique to the right situation—and, ultimately, generate
clusters that are both meaningful and actionable.

This page titled 12.3: Applications of Cluster Analysis is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert
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12.4: K-Means Clustering

K-means clustering is an unsupervised machine learning technique used to group similar data points into distinct clusters. It
is widely applied in marketing, customer segmentation, pattern recognition, and data compression. Unlike supervised learning,
k-means does not require labeled output variables; instead, it identifies natural groupings in the data based on similarity.

The main goal of k-means clustering is to partition a dataset into k distinct, non-overlapping subsets or clusters, where each data
point belongs to the cluster with the nearest mean. The mean of a cluster is referred to as its centroid.

The algorithm works through the following steps:

Select the number of clusters, k, which must be specified in advance.

Randomly initialize k points as the initial centroids.

Assign each data point to the nearest centroid based on a chosen distance metric, commonly Euclidean distance.
Recalculate the centroids by computing the average of all points assigned to each cluster.

Repeat steps 3 and 4 until the centroids no longer change significantly or a maximum number of iterations is reached.

agrwd o

K-means attempts to minimize the within-cluster sum of squares, also called inertia. This means it seeks compact clusters with
points closely packed around their centroids.

One of the challenges in using k-means is choosing the optimal number of clusters. Techniques like the elbow method can help
determine this number by plotting the total within-cluster variation against different values of k and identifying the point where
adding more clusters yields diminishing returns.

K-means clustering assumes that clusters are spherical and roughly equal in size, and it can be sensitive to outliers and the initial
placement of centroids. Despite these limitations, it remains a powerful and efficient tool for clustering tasks in a wide variety of
business and academic applications.

Strengths of K-Means
¢ Computational Efficiency: K-Means is highly efficient, especially with large datasets.

e Simplicity: The algorithm is easy to understand and implement.
e Interpretability: Results are intuitive—each cluster is defined by a centroid.

Limitations of K-Means
e Pre-specification of k: The number of clusters must be defined in advance.

e Sensitivity to Outliers: Outliers can skew centroids.
e Assumption of Spherical Clusters: Performs best on convex, similarly sized clusters.

Outputs and Interpretation
The outputs of a K-Means model include cluster assignments, centroids, and Within-Cluster Sum of Squares (WCSS). These are

typically visualized with scatter plots. Dimensionality reduction techniques like principal component analysis (PCA) may be used
for higher-dimensional data.
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Visualizations
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Figure 1. Cluster assignments displayed with centroids shown as black 'X' markers. This helps visualize groupings.
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Figure 2. Elbow plot showing WCSS across different values of k. The 'elbow' is a visual cue for the ideal number of clusters.

Evaluation Metrics

e Silhouette Score: 8.599 (values closer to 1 indicate better cohesion and separation).
e Davies-Bouldin Index: 0.590 (lower scores indicate better-defined clusters).

Click on the following video to see a visual representation of K-means cluster: What is K-Means Clustering?

Summary

K-Means is a go-to clustering algorithm known for its speed and simplicity. By minimizing WCSS, it creates compact, well-
separated groups that are easy to interpret. However, its effectiveness depends on choosing the right number of clusters and
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preprocessing the data. With proper implementation and validation using visual and numeric tools, K-Means can deliver powerful
insights in various business contexts.

This page titled 12.4: K-Means Clustering is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
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12.5: Hierarchical Clustering

Hierarchical clustering is a foundational method in unsupervised learning that builds a multilevel hierarchy of clusters by
either merging smaller clusters into larger ones (agglomerative clustering) or splitting larger clusters into smaller ones (divisive
clustering). In business analytics, the agglomerative approach is most common due to its intuitive, bottom-up structure, making
it particularly valuable when the number of clusters is unknown or when an interpretable visual summary of group relationships is
desired.

Mathematical Foundation

The agglomerative hierarchical clustering process begins by treating each observation as its own cluster. It then repeatedly
merges the two closest clusters based on a linkage criterion—a mathematical rule that defines how distances between clusters
are computed. The process continues until all data points are merged into a single cluster, forming a tree-like structure called a
dendrogram.

The three most commonly used linkage methods are:

e Single Linkage: Distance between the closest pair of observations from two cluste
¢ Complete Linkage: Distance between the farthest pair of observations.
e Average Linkage: Average distance between all pairs of observations between two clusters.

The choice of linkage method affects the shape and sensitivity of the resulting dendrogram. For example, single linkage can result
in 'chained' clusters, while complete linkage tends to form more compact, spherical clusters.

This produces a dendrogram that visually displays how clusters merge at different distance thresholds. Analysts can 'cut' the
dendrogram at a chosen height to define the desired number of clusters.

Hi1e6r7archical Clustering Dendrogram (Average Linkac
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The dendrogram generated using average linkage. The vertical lines represent the distances at which clusters merge. A larger
vertical space suggests a natural separation in the data.

Strengths of Hierarchical Clustering
e No predefined k required

e Visual interpretation through dendrograms
e Deterministic output (no random initialization)
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Limitations of Hierarchical Clustering
¢ Computational complexity for large datasets

e Rigid structure (no re-clustering once merged)
e Sensitive to noise and scaling

Outputs and Interpretation
The primary output is a dendrogram. Cutting the dendrogram at a specific height yields a set number of clusters. Other

outputs include merge heights and cluster assignments. These visuals are useful for communicating segmentation strategies to
stakeholders.

Evaluation Metrics

e Cophenetic Correlation Coefficient: Measures how well the dendrogram represents the true distances.
¢ Dendrogram Height Comparison: Large vertical merges suggest distinct clusters.

Summary

In summary, hierarchical clustering offers a flexible and visually intuitive approach to data segmentation, particularly useful when
the number of clusters is not known in advance. Its strength lies in its transparency and the simplicity of its visual outputs, making
it ideal for exploratory analysis.

This page titled 12.5: Hierarchical Clustering is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
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12.6: DBSCAN

DBSCAN, which stands for Density-Based Spatial Clustering of Applications with Noise, is a powerful and intuitive clustering
algorithm particularly well-suited for datasets where clusters are of irregular shape and vary in density. Unlike K-Means and
Hierarchical Clustering, which often assume spherical or convex clusters, DBSCAN identifies groupings based on density rather
than distance alone. This feature makes DBSCAN highly valuable in business applications involving spatial data, customer
movement patterns, fraud detection, or any context where natural clusters may be non-uniform or hidden among noise.

Mathematical Foundation

At the core of DBSCAN is the concept of density reachability. The algorithm groups data points that are closely packed together
while identifying points that lie alone in low-density regions as noise or outliers.

Two primary parameters define the behavior of DBSCAN:

e eps (epsilon): The maximum distance between two points for one to be considered as being in the neighborhood of the other.
e minPts: The minimum number of points required to form a dense region.

DBSCAN categorizes each point as one of the following:
1. Core Point: A point with at least minPts neighbors within distance eps.

2. Border Point: A point within eps of a core point but having fewer than minPts neighbors.
3. Noise Point: A point that is neither a core point nor a border point.

Cluster Visualization

The following figure shows how DBSCAN identifies clusters of different shapes. The algorithm is particularly useful for business
scenarios where cluster boundaries are not clearly defined, such as customer segmentation based on geolocation.

DBSCAN Cluster Visualization
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Strengths of DBSCAN

¢ Shape Flexibility: DBSCAN can find clusters of any shape, making it ideal for non-linear and spatial data.

e Outlier Robustness: Noise points are explicitly identified and excluded from clusters, improving clarity and reducing
distortion.

e No Need to Specify k: Unlike K-Means, DBSCAN does not require you to predefine the number of clusters.
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Limitations of DBSCAN

e Parameter Sensitivity: The quality of clustering depends heavily on the appropriate selection of eps and minPts.
e Varying Densities: DBSCAN struggles with datasets containing clusters of very different densities.

Outputs and Interpretation
DBSCAN produces the following outputs:

e Cluster Assignments: A cluster ID is assigned to each core and border point.
e Noise Detection: Points not belonging to any cluster are labeled as noise (typically cluster ID ®).
e Cluster Shape Visualization: Visualizations help analysts identify meaningful business segments or spatial zones.

Evaluation Metrics

e Silhouette Score
o The silhouette score measures how similar an object is to its own cluster (cohesion) compared to other clusters
(separation). It ranges from -1to +1.

= +1 - The data point is well matched to its own cluster and far from others (ideal).

= 0 - The data point is on or near the boundary between two clusters (acceptable but borderline).

= -1 - The data point is likely misclassified and may belong to another cluster.
e Noise Point Proportion: Analysts can inspect the ratio of noise points to the total to gauge clustering efficiency.
e Visual Validation: Human inspection of plots is essential in DBSCAN due to its non-parametric nature.

Summary

DBSCAN is a flexible and insightful clustering technique that overcomes many of the assumptions and limitations of traditional
algorithms like K-Means. Its ability to discover clusters of arbitrary shape, while simultaneously identifying noise, makes it an
invaluable tool in complex or unstructured business datasets. However, its performance depends on careful parameter tuning,
and it is most effective when domain knowledge or exploratory visualization can guide the choice of eps and minPts.

This page titled 12.6: DBSCAN is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A.,, M.S..
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12.7: Gaussian Mixture Models

Gaussian Mixture Models (GMM) offer a powerful and flexible approach to clustering by modeling the data as a mixture of multiple
Gaussian (normal) distributions. Unlike algorithms such as K-Means, which assign each observation to exactly one cluster, GMM
implements soft clustering, meaning each observation is assigned a probability of belonging to each cluster. This probabilistic
framework makes GMM particularly useful when data points are not clearly separable and may belong to more than one segment.

Mathematical Foundation

At the heart of GMM is the assumption that the data is generated from a mixture of several Gaussian distributions, each
representing a cluster. The algorithm estimates the parameters (mean, variance, and mixing proportions) of these Gaussians
using the Expectation-Maximization (EM) algorithm, an iterative optimization method.

The EM algorithm consists of two main steps:

1. Expectation (E-step): Calculate the probability that each data point belongs to each Gaussian component, based on current
parameter estimates.

2. Maximization (M-step): Update the parameters of the Gaussians to maximize the likelihood of the observed data, weighted
by the probabilities from the E-step.

The plot below illustrates the results of Gaussian Mixture Model (GMM) clustering. Each point represents an observation, colored
by its final cluster assignment. The overlaid ellipses represent the contours of the Gaussian distributions estimated by the model.
These ellipses help visualize the spread, shape, and overlap of the clusters. Darker points improve visibility, ensuring that the
cluster structure is easily interpretable.

Gaussian Mixture Model Clustering with Ellipses (Improved Clarity,
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Feature 1

Outputs and Interpretation
The main output from GMM includes:
e Cluster Probabilities: For each observation, the model provides a vector of probabilities indicating the likelihood of
membership in each cluster.
e Final Cluster Assignment: Each observation can be assigned to the cluster with the highest probability.

e Gaussian Parameters: Means, variances, and mixing proportions for each component in the mixture model.

These results are often visualized using ellipses on scatterplots that represent the shape and orientation of the Gaussian
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distributions. This is especially helpful in identifying overlapping segments or understanding the structure of the data in two or
three dimensions.

Evaluation Metrics

e Bayesian Information Criterion (BIC): Balances model fit and complexity. Lower BIC values indicate better models.

e Akaike Information Criterion (AIC): Similar to BIC but with a slightly different penalty structure for model complexity.

e Log-Likelihood: Measures how well the model fits the data. While useful, it must be interpreted in conjunction with BIC or
AIC to avoid overfitting.

Summary

Gaussian Mixture Models offer a statistically principled and highly flexible approach to clustering. By modeling the data as
overlapping probability distributions, GMM captures more complex relationships than hard clustering methods. Although it comes
with added computational and interpretive complexity, GMM is especially valuable in nuanced business settings where soft
segment boundaries and overlapping behaviors are the norm—such as credit risk profiling, customer churn modeling, or targeted
marketing campaigns.

This page titled 12.7: Gaussian Mixture Models is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L.
Hearon, M.B.A.,, M.S..
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12.8: Final Considerations and Enhancements

Clustering analysis is a powerful exploratory technique, but its success in real-world applications depends heavily on proper data
preparation, model selection, interpretation, and business integration. This section outlines key best practices and enhancement
strategies to ensure that clustering results are not only statistically valid but also actionable within business contexts.

Preprocessing: Standardization and Normalization

A critical first step before applying any clustering algorithm is preprocessing the data. Many clustering methods—especially
those based on distance metrics, such as K-Means and Hierarchical Clustering—are highly sensitive to the scale of the
variables. Variables measured in different units (e.g., income in dollars vs. age in years) can disproportionately influence distance
calculations, leading to biased cluster assignments.

To address this, analysts typically apply standardization (z-scores) or normalization (rescaling to a ®-1range) to bring all features
to a comparable scale. Proper preprocessing ensures that each variable contributes equally to the clustering outcome and
reduces the risk of dominant variables skewing the clusters.

Dimensionality Reduction for Visualization and Performance

Clustering performance and interpretability often degrade in high-dimensional datasets due to the curse of dimensionality. In
such cases, dimensionality reduction techniques can enhance clustering results in two important ways:

1. Principal Component Analysis (PCA): Transforms correlated variables into a smaller number of uncorrelated components,
preserving the variance in the data. PCA is especially useful when the goal is to reduce complexity and visualize clusters in 2D or
3D plots.

2. t-Distributed Stochastic Neighbor Embedding (t-SNE): A non-linear technique designed for visualizing high-dimensional data
by mapping it into a lower-dimensional space while preserving local structure.

These methods are not clustering algorithms themselves but can serve as valuable preprocessing steps to improve performance
or enable visual interpretation of clusters that would otherwise be too complex to analyze directly.

Combining Clustering with Supervised Learning

Clustering can be an effective feature engineering tool for supervised learning tasks such as classification or regression. By
creating a new variable that reflects cluster membership (e.g., Cluster_1, Cluster_2, etc.), you can incorporate behavioral groupings
into predictive models.

For example, in a churn prediction model, knowing that a customer belongs to a specific cluster characterized by low engagement
and frequent complaints might significantly enhance the model's predictive power. This approach bridges the gap between
unsupervised and supervised learning, making cluster analysis more integral to a broader analytics workflow.

Visualization Tools for Insight and Communication

Visualizing clustering results is crucial for both internal validation and external communication. Different algorithms require
different types of visual tools:

e Scatter plots: Best for visualizing 2D or PCA-reduced clustering results (e.g., for K-Means or DBSCAN).

e Silhouette plots: Evaluate how well-separated each cluster is; useful for comparing clustering quality across different values
of k.

e Dendrograms: Illustrate the hierarchical structure of nested clusters and help determine where to cut the tree to form
meaningful groups.
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Effective visualizations make clustering results more interpretable for stakeholders and facilitate data-driven decision-making.

Business Integration and Actionability

The ultimate goal of clustering is not the model itself but the actionable insight it generates. Once clusters are identified, it's
important to integrate them into the business decision-making process. Examples of business integration include:

e Targeted marketing campaigns based on distinct customer segments.

e Resource allocation strategies that prioritize high-value or at-risk groups.

e Product recommendations based on behavioral clustering.

e Operational efficiency improvements by clustering suppliers, service regions, or facility performance profiles.

For clusters to be actionable, they must be interpretable. This means naming the clusters, describing their key characteristics in
plain language, and linking them to strategic goals. For instance, a cluster characterized by high lifetime value, high engagement,
and frequent purchases might be labeled Premium Power Users and receive exclusive loyalty offers.

In conclusion, clustering analysis becomes truly valuable when it is paired with thoughtful preprocessing, powerful visualization,

and strategic business integration. By embedding clusters into broader analytical and operational systems, businesses can move
from exploratory insights to measurable impact.

This page titled 12.8: Final Considerations and Enhancements is shared under a CC BY 4.0 license and was authored, remixed, and/or curated
by Elbert L. Hearon, M.B.A., M.S..
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12.9: Chapter 12 Summary

Chapter 12 introduced the essential concepts, techniques, and business applications of cluster analysis—an unsupervised
learning approach used to identify natural groupings within data. Cluster analysis is especially valuable in business settings where
labeled outcomes are unavailable and segmentation is critical for decision-making. Throughout the chapter, we explored how
cluster analysis reveals structure in data and supports insights across marketing, finance, healthcare, operations, and more.

We began by understanding the foundational purpose of clustering: to group similar items based on distance or density metrics
without predefined categories. Unlike classification models that require labeled data, clustering algorithms find hidden patterns
by evaluating similarities among observations. Core concepts such as Euclidean distance, intra-cluster and inter-cluster variance,
and centroid assignment were introduced to provide a framework for the mathematical basis of clustering.

Several real-world applications were highlighted to show the breadth of cluster analysis across industries. These included
segmenting customers based on behavior, detecting fraudulent transaction patterns, grouping patients for treatment
optimization, and organizing products or suppliers in retail and logistics. In each use case, clustering enables analysts to move
beyond averages and uncover subgroups with unique characteristics that drive strategic decisions.

We then explored four major clustering algorithms in depth. K-Means clustering provides a simple and scalable approach by
minimizing within-cluster sum of squares, though it requires predefining the number of clusters and is sensitive to outliers.
Hierarchical clustering builds a nested structure of clusters using linkage methods, and is especially useful when the number of
clusters is unknown, though it is computationally intensive. DBSCAN introduces a density-based approach that detects arbitrarily
shaped clusters and identifies noise points, offering flexibility where traditional methods struggle. Lastly, Gaussian Mixture
Models apply a probabilistic framework using the Expectation-Maximization algorithm, which allows for soft clustering and more
realistic modeling of overlapping groups.

For each method, we reviewed the mathematical principles, implementation in R, strengths and limitations, and appropriate
evaluation metrics such as WCSS, silhouette score, cophenetic correlation, and information criteria (BIC, AIC). Visualizations like
scatter plots, dendrograms, and ellipses were emphasized as critical tools for interpreting and communicating results.

In the final section, we discussed best practices for enhancing clustering outcomes. This included data preprocessing steps like
standardization, leveraging dimensionality reduction techniques such as PCA and t-SNE, and integrating clustering results into
supervised learning pipelines. Business relevance was underscored, showing how cluster insights translate into action through
targeted marketing, personalized service, operational improvements, and strategic planning.

In summary, cluster analysis is a versatile and essential tool in the data analyst’s toolkit. By understanding its methods, math, and

application potential, business leaders and analysts alike can leverage clustering to make informed, data-driven decisions that
unlock the hidden structure within their data.

This page titled 12.9: Chapter 12 Summary is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon,
M.B.A,, M.S..
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12.10: Exercises

Part A: Conceptual Questions

K-Means Clustering

ol wN

What is the objective function minimized by the K-Means algorithm?

How does the choice of K affect the clustering output?

What is the elbow method and how is it used to determine the optimal number of clusters?
What are the limitations of K-Means in terms of cluster shape and scale sensitivity?

How does the initial placement of centroids influence final clusters in K-Means?

Hierarchical Clustering

6. What is the difference between agglomerative and divisive hierarchical clustering?
7. What are linkage methods in hierarchical clustering, and how do they affect results?
8. How do dendrograms help in identifying natural clusters?
9. What are the advantages and disadvantages of hierarchical clustering compared to K-Means?
10. Can hierarchical clustering be used with categorical data? If so, how?
DBSCAN
11. What are the key parameters of DBSCAN, and how do they influence the result?
12. How does DBSCAN handle noise and outliers?
13. Compare DBSCAN to K-Means in terms of assumptions and scalability.
14. What is a core point versus a border point in DBSCAN?
15. In what situations is DBSCAN preferred over K-Means or hierarchical clustering?

Gaussian Mixture Models (GMM)

16.
17.
18.
19.
20.

How does GMM differ from K-Means in terms of cluster assignment?

What is the role of the Expectation-Maximization (EM) algorithm in GMM?

How are soft assignments useful in GMM clustering?

What assumptions do GMMs make about data distribution?

How can model selection criteria like BIC or AIC be used in choosing the number of components in GMM?

Part B: Interpretation Questions

K-Means Clustering

21.
22.
23.
24.
25.

How would you interpret the centroid of a cluster in a business context?

What does a low within-cluster sum of squares (WCSS) suggest about the clustering?

If two clusters have overlapping data points, what might that indicate about your choice of K?
How do standardized variables affect K-Means clustering outcomes?

What does the distance between centroids imply about cluster separation?

Hierarchical Clustering

26.
27.

How do you decide the optimal number of clusters using a dendrogram?
What does it imply if clusters merge at very high linkage distances?
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28. How would you explain the difference between single and complete linkage visually?

29. If hierarchical clusters don’t match known group labels, what could be the issue?

30. How do dendrogram height and shape reflect data structure?

DBSCAN

31. What does a high number of noise points suggest about your DBSCAN parameter settings?

32.
33.
34.
35.

How would you interpret the presence of small clusters in DBSCAN output?

If DBSCAN returns one large cluster and many outliers, what might that indicate?
How can you visualize the effectiveness of DBSCAN clustering?

What does it mean if DBSCAN identifies more clusters than expected?

Gaussian Mixture Models (GMM)

36.
37.
38.
39.
10.

- How do you interpret soft clustering assignments in a GMM context?

- What does the shape of a GMM ellipse represent in a plot?

- If two Gaussian components overlap, what business insights might that provide?
- How does the log-likelihood of the GMM help evaluate clustering quality?

- Why might BIC be preferred over AIC when evaluating GMMs in large datasets?

Part C: Hands-On Data Exercises

K-Means Clustering Applications

41.

12.

13.

14.

15.

16.

47.

18.

19.

This
M.S..

Marketing: Use K-Means clustering to segment customers based on recency, frequency, monetary value (RFM), website
behavior, and demographics. (Dataset: marketing_segments.xlsx)

Finance: Use K-Means clustering to group financial instruments based on volatility, liquidity, market cap, sector, and price
momentum. (Dataset: financial_instruments.xlsx)

Operations: Use K-Means clustering to segment warehouse inventory items by turnover rate, unit cost, reorder frequency,
lead time, and item category. (Dataset: inventory_clusters.xlsx)

Sales: Use K-Means clustering to group sales reps based on total sales, average deal size, sales cycle length, product mix,
and close rate. (Dataset: sales_team_clusters.xlsx)

Customer Service: Use K-Means clustering to cluster support tickets by issue complexity, resolution time, escalation count,
communication channel, and customer satisfaction score. (Dataset: service_ticket_clusters.xlsx)

Quality Control: Use K-Means clustering to segment manufactured parts based on dimension measurements, weight,
temperature tolerance, surface finish, and inspection outcomes. (Dataset: quality_metrics_clusters.xlsx)

Credit Risk Management: Use K-Means clustering to group borrowers by income level, debt-to-income ratio, number of credit
lines, credit history length, and payment behavior. (Dataset: borrower_profiles.xlsx)

Entertainment: Use K-Means clustering to cluster users based on streaming habits, such as average watch time, preferred
genres, binge frequency, device type, and watch time of day. (Dataset: viewer_segments.xlsx)

Manufacturing: Use K-Means clustering to segment machines by downtime frequency, maintenance hours, age, energy use,
and failure types. (Dataset: equipment_profiles.xlsx)

Accounting: Use K-Means clustering to group expense categories or departments based on transaction volume, average
transaction size, vendor diversity, and budget variance. (Dataset: expense_patterns.xlsx)

page titled 12.10: Exercises is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert L. Hearon, M.B.A,,
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12.11: CASE STUDY - CUSTOMER SEGMENTATION USING K-MEANS

CLUSTERING

The goal of this project is to build a customer segmentation system that groups households into meaningful categories based
on their demographic and behavioral attributes. The dataset includes information such as household age group, income, wealth,
technology use, number of children, homeownership, and urbanicity. By applying k-means clustering, the project will create
distinct household segments that reflect real-world differences in lifestyle, financial position, and consumer behavior.

For a marketing organization, this segmentation provides direct business value. By understanding which households are younger
renters with limited wealth but high technology use, marketers can design campaigns focused on digital services, low-cost
products, or introductory promotions. In contrast, segments made up of high-income, high-wealth homeowners in suburban areas
can be targeted with premium product offerings, family-oriented packages, or loyalty incentives. This allows the organization to
allocate resources more effectively by aligning campaigns with the needs of each cluster.

Another benefit of the segmentation system is its ability to reveal opportunities and gaps. For example, if a segment emerges
representing middle-income families with children in urban areas, the organization may identify demand for convenience-oriented
products, bundled services, or flexible pricing. Monitoring changes in the composition of clusters over time will also help track
evolving consumer patterns, allowing the company to anticipate shifts and adjust its marketing approach.

Ultimately, this customer segmentation system transforms a raw dataset of household attributes into actionable insights. It
enables the marketing organization to personalize strategies, improve customer engagement, and measure performance by
segment rather than treating all households as a single group. This leads to more efficient spending, stronger customer
relationships, and long-term competitive advantage.

12.11.1: Why K-means Clustering is Popular

12.11.2: Steps for Building a K-means Clustering System

12.11.3: Dataset Used for Case Study

12.11.4: Encoding Categorical Variables

12.11.5: Elbow Plot to Determine # of Clusters and Python Code

12.11.6: Python Code for K-Means Clustering

12.11.7: K-Means Clustering Output and Interpretation

12.11.8: New Page

This page titled 12.11: Case Study - Customer Segmentation using K-Means Clustering is shared under a CC BY 4.0 license and was authored,
remixed, and/or curated by Elbert L. Hearon, M.B.A., M.S..
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12.11.1: Why K-means Clustering is Popular

Analysts often turn to K-means clustering as their first choice for segmentation because it strikes a practical balance between
simplicity and effectiveness. The method is straightforward: it groups records into clusters based on similarity, assigning each
record to the cluster whose center is closest. This makes it easy to interpret and explain results to business stakeholders who
may not have a technical background.

K-means is also valued for its efficiency. It can process large datasets quickly, which is essential in environments where
timely insights are critical. Its speed and scalability make it well suited for common business applications such as customer
segmentation, product grouping, and behavioral analysis. The wide availability of K-means in most analytics platforms further
reinforces its role as a go-to method.

While the technique has some limitations—it assumes clusters are roughly round and similar in size, and it requires the analyst

to specify the number of clusters—it is still one of the most widely applied methods. For many segmentation projects, K-means
provides results that are clear, actionable, and sufficient to guide meaningful business decisions.

This page titled 12.11.1: Why K-means Clustering is Popular is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..

©@® 325 (12.11.1.1)


https://biz.libretexts.org/Courses/Aurora_University/Data_Analytics_with_Applications_in_Business/12%3A_Cluster_Analysis/12.11%3A_Case_Study_-_Customer_Segmentation_using_K-Means_Clustering/12.11.01%3A_Why_K-means_Clustering_is_Popular
https://creativecommons.org/licenses/by/4.0/
https://aurora.edu/academics/graduate/digital-marketing/faculty.html/

LibreTexts"

12.11.2: Steps for Building a K-means Clustering System

10.

Set the Goal
Decide what you want to achieve with segmentation (e.g., identify customer groups for targeted marketing, improve service
offerings, or allocate resources more effectively).

Prepare the Data
Start with records in Excel or other dataset (each row = one customer, household, or business). Remove unnecessary
information (like IDs or notes) and make sure data is clean and consistent.

Choose the Variables
Select characteristics that best describe differences among your customers (e.g., spending levels, frequency of purchase,
product mix, demographics). Exclude information that does not add value to the analysis.

Standardize the Information
Put all variables on the same scale so that no single measure dominates the results.

Decide How Many Groups to Create
Test different numbers of segments (e.g., 3, 4, 5) and look for the option that creates groups that are both distinct and
meaningful.

Run the Clustering
Use k-means to group similar customers together based on the chosen variables. Each customer is assigned to exactly one
segment.

Evaluate the Results
Check whether the groups are clearly different from one another and stable. Avoid creating too many small groups that are
hard to act on.

Profile and Name the Segments
Describe each group in plain language (e.g., “High-Spend Loyalists,” “Price-Sensitive Shoppers,” “Occasional Buyers”).
Highlight what makes each segment unique compared to the overall customer base.

Visualize the Segments
Use charts and graphics to show how groups differ in size and behavior. Visuals make it easier to communicate findings to
non-technical audiences.

Apply and Refresh
Export results (e.g., Excel file with each customer’s segment). Use these groups to inform strategy, campaigns, or product
decisions. Re-run the segmentation regularly as customer behavior changes.

This page titled 12.11.2: Steps for Building a K-means Clustering System is shared under a CC BY 4.0 license and was authored, remixed, and/
or curated by Elbert L. Hearon, M.B.A., M.S..
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12.11.3: Dataset Used for Case Study

Dataset before Dummy and Standardized Variables Created

Following is a snippet of the 300 record dataset used for this case study. The following data are in original form before dummy
and standardized variables were created.

A B C D E F G
1 Household_Age_Group Household_Income | Wealth_(in_dollars) Technology_Use Children_in_Household Homeownership Urbanicity
2 |Young Adult (18-29) 32,483.57 38,8903.89 9 0|Rent Urban
3 |Young Adult (18-29) 37,615.15 42,232.33 10 0|Rent Urban
4 Young Adult (18-29) 27,652.63 44,340.48 9 0|Rent Urban
5 |Young Adult (18-29) 27,671.35 19,099.61 9 0|Rent Urban
6 |Young Adult {18-29) 24,935.84 42,513.98 9 0|Rent Urban
7 |Young Adult (18-29) 22,038.48 34,964.20 9 0|Rent Urban
8 | Young Adult (18-29) 27,278.09 40,887.38 8 0|Rent Urban
9 |Young Adult (18-29) 31,878.49 35,197.97 9 0|Rent Urban
10 |Young Adult (18-29) 26,991.47 54,818.23 9 0|Rent Urban
11 |Young Adult (18-29) 24,711.45 38,164.40 9 0|Rent Urban

Dataset after Dummy and Standardized Variables Created

Following is a snippet of the 300 record dataset used for this case study after dummy and standardized variables were created.

A B € D E F G H 1 ] K L

1 Z_Age_Young_Adult | Z_Age_Middle_Age | Z_Age_Senior | Z_HH_Income | Z_HH_Wealth | Z_Technology_Usage | Z_Children_in_HH Z_Renters Z_Homeowners Z_Urban Z_Suburban Z_Rural

2 1.41 (0.71) (0.71) (1.07) (1.02) 1.29 (0.65) 1.41 (1.41) 1.41 (0.71) (0.71)
3 1.41 (0.71) (0.71) (0.87) (0.99) 1.36 (0.65) 1.41 (1.41) 1.41 (0.71) (0.71)
4 1.41 (0.71) (0.71) (1.26) (0.98) 1.07 (0.65) 1.41 (1.41) 1.41 (0.71) (0.71)
5 1.41 (0.71) (0.71) (1.26) (1.14) 1.35 (0.65) 1.41 (1.41) 1.41 (0.71) (0.71)
6 1.41 (0.71) (0.71) (1.37) (0.99) 0.98 (0.65) 1.41 (1.41) 1.41 (0.71) (0.71)
7 1.41 (0.71) (0.71) (1.45) (1.04) 1.28 (0.65) 1.41 (1.41) 1.41 (0.71) (0.71)
8 1.41 (0.71) (0.71) (1.28) (1.00) 0.94 (0.65) 1.41 (1.41) 1.41 (0.71) (0.71)
9 1.41 (0.71) (0.71) (1.10) (1.04) 1.35 (0.65) 1.41 (1.41) 1.41 (0.71) (0.71)
10 1.41 (0.71) (0.71) (1.29) (0.92) 1.16 (0.65) 1.41 (1.41) 1.41 (0.71) (0.71)
11 1.41 (0.71) (0.71) (1.38) (1.02) 1.24 (0.65) 1.41 (1.41) 1.41 (0.71) (0.71)

This page titled 12.11.3: Dataset Used for Case Study is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert
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12.11.4: Encoding Categorical Variables

K-means clustering groups records based on similarity by calculating distances between data points. Because distance can only
be calculated with numbers, categorical variables (like age group, homeownership, or urbanicity) must first be converted into
numeric form. Without this step, k-means would not know how to compare values such as “Rent” versus “Own” or “Urban” versus
“Rural.”

The most common approach is called one-hot encoding. This method creates a separate column for each category and assigns
a value of 1 if the household belongs to that category and O if it does not.

Example: Homeownership
Suppose we have the following data:

Table: Data before encoding

Data before encoding for Household ID and Homeownership.

Household_ID Homeownership
1 Rent
2 Own
3 Rent

Table: Data after one-hot encoding

Data after one-hot encoding of Household ID, Own, and Rent

Household_ID

1 o 1
2 1 o
3 o 1

After applying one-hot encoding, the variable is transformed into two new binary variables.
Each household is now represented with numeric values that K-means can use when calculating distances.

After encoding, all variables (including these new binary variables) should be standardized so that no single measure (such as
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income in dollars) dominates the clustering.

By handling categorical variables in this way, analysts preserve important demographic characteristics in the dataset and allow
the clustering algorithm to discover meaningful groups that reflect both numerical and categorical differences among households.

This page titled 12.11.4: Encoding Categorical Variables is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Elbert
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12.11.5: Elbow Plot to Determine # of Clusters and Python
Code

Elbow Plot

The plot below shows the within-cluster sum of squares (WCSS) for different numbers of clusters. WCSS measures the clustering
error, or how tightly grouped the points are within each cluster. Lower values indicate better clustering, but adding more clusters
always reduces WCSS. The elbow, or point where the decrease in WCSS slows significantly, suggests an appropriate choice of
clusters.

Elbow Plot for K-Means Clustering
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The elbow plot shows how the within-cluster sum of squares (WCSS) decreases as the number of clusters increases. There is a
steep drop in WCSS when moving from one to three clusters, followed by smaller and less meaningful improvements beyond that
point. This pattern indicates that three clusters provide a good balance between simplicity and accuracy. Adding more clusters
would only reduce the error slightly while making the segmentation more complex and harder to interpret.

Python code to generate the elbow plot (K-means)

This script loads the Z_Scores sheet, evaluates WCSS for a range of k values, and plots the elbow curve. Each step is labeled and
commented for clarity.

# Elbow plot for K-means using the Z_Scores sheet
# Requirements: pandas, scikit-learn, matplotlib

# Step 1: Imports

import pandas as pd

import matplotlib.pyplot as plt

from sklearn.cluster import KMeans

# Step 2: Configuration

EXCEL_PATH = "C:/1_A_OER/Chapter 13 - Cluster Analysis/Customer Dataset.xlsx" # update if needed
SHEET_NAME = "Z_Scores" # standardized features

K_MIN, K_LMAX = 1, 10 # range of k to evaluate

RANDOM_STATE = 42

©@® 330 (12.11.5.1)



LibreTexts"

# Step 3: Load data (Z_Scores tab) and keep numeric columns
df = pd.read_excel(EXCEL_PATH, sheet_name=SHEET_NAME)
X = df.select_dtypes(include=['float64', 'int641)

# Step 4 (optional): Sample to speed up if the dataset is very large
if len(X) > 5000:

X_eval = X.sample(5000, random_state=RANDOM_STATE)

else:

X_eval = X

# Step 5: Compute WCSS (within-cluster sum of squares) for each k

# In scikit-learn, KMeans.inertia_ returns WCSS.

wcss =[]

ks = range(K_MIN, K_MAX + 1)

for k in ks:

km = KMeans(n_clusters=k, random_state=RANDOM_STATE, n_init=10, max_iter=300)
km.fit(X_eval)

wcss.append(km.inertia_)

# Step 6: Plot the elbow curve
plt.figure(figsize=(7,5))

plt.plot(list(ks), wcss, marker='0")
plt.xlabel("Number of clusters (k)")
plt.ylabel("Within-cluster sum of squares (WCSS)")
plt.title("Elbow Plot for K-Means Clustering")
plt.grid(True)

plt.tight_layout()

# Step 7: Show or save the figure

# plt.show()
# plt.savefig("kmeans_elbow.png", dpi=300)

This page titled 12.11.5: Elbow Plot to Determine # of Clusters and Python Code is shared under a CC BY 4.0 license and was authored, remixed,
and/or curated by Elbert L. Hearon, M.B.A., M.S..
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12.11.6: Python Code for K-Means Clustering

# K-means (k=3) clustering on Z_Scores, silhouette score, 2D PCA plot, and export of original data with cluster labels to Excel
# Requirements: pandas, numpy, scikit-learn, matplotlib

# Step 1: Imports

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from sklearn.cluster import KMeans

from sklearn.decomposition import PCA
from sklearn.metrics import silhouette_score

# Step 2: Configuration

EXCEL_PATH = "C:/1_A_OER/Chapter 13 - Cluster Analysis/Consumer Dataset.xlsx" # update if needed
SHEET_Z ="Z_Scores" # standardized features for modeling

SHEET_RAW = "Household_Data" # original data to receive cluster labels

K = 3 # Specificy the number of clusters

RANDOM_STATE = 42

HHHHHHHHHHHHHHHE R HEER NO USER INPUT BEYOND THIS POINT ###########H#H#H##HHHHHHBHHH AR RS HHHH

# Step 3: Load data
z_df = pd.read_excel(EXCEL_PATH, sheet_name=SHEET_Z)
raw_df = pd.read_excel(EXCEL_PATH, sheet_name=SHEET_RAW)

# Keep numeric modeling matrix from Z_Scores
X = z_df.select_dtypes(include=[np.number]).copy()

# Step 4: Fit K-means with k=3 and get labels

kmeans = KMeans(n_clusters=K, random_state=RANDOM_STATE, n_init=10)
labels_® = kmeans.fit_predict(X) # 0-based labels

labels = labels_® + 1 # 1-based for presentation (1,2,3)

# Step 5: Compute silhouette score on standardized feature space
sil = silhouette_score(X, labels_0) # silhouette uses 0-based labels; value is unaffected by offset
print(f'Silhouette score (k=3): {sil:.3f}")

# Step 6: 2D PCA projection for visualization (does not affect clustering)
pca = PCA(n_components=2, random_state=RANDOM_STATE)

X_2d = pca.fit_transform(X)

centers_2d = pca.transform(kmeans.cluster_centers_)

# Step 7: Plot clusters and centroids
plt.figure(figsize=(8,6))

# colors chosen to mirror earlier graphic: red, blue, green
cluster_colors = {1: 'red, 2: 'blue’, 3: 'green'’}

for cin [1,2,3]:
idx = (labels == ¢)
plt.scatter(X_2d[idx, ®], X_2d[idx, 1], s=30, c=cluster_colors[c], alpha=0.6, label=f"Cluster {c}")

# centroids in bold black with white edge
plt.scatter(centers_2d[:,0], centers_2d[;1], s=220, c='black’, marker="X', edgecolors='white', linewidths=2)

# draw simple rings around each centroid
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for i, ¢ in enumerate([1,2,3]):

circ = plt.Circle((centers_2d[i,0], centers_2d[i,1]), radius=1.5, color=cluster_colors[c], fill=False, linewidth=2, linestyle='--")
plt.gca().add_patch(circ)

# label near centroid

plt.text(centers_2d[i,0], centers_2d[i,1]+0.25, str(c), fontsize=12, ha='center, color='black')

plt.xlabel("Principal Component 1")

plt.ylabel("Principal Component 2")

plt.title("K-means (k=3) clustering: PCA projection")
plt.legend()

plt.tight_layout()

# plt.show() # uncomment to display

# plt.savefig("kmeans_k3_pca.png", dpi=300) # optional

# Step 8: Export original data with cluster labels to Excel
out = raw_df.copy()

out["Cluster"] = labels

out_path = "households_with_clusters.xlsx"
out.to_excel(out_path, index=False)

print(f"Wrote clusters to: {out_path}")

This page titled 12.11.6: Python Code for K-Means Clustering is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Elbert L. Hearon, M.B.A., M.S..
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12.11.7: K-Means Clustering Output and Interpretation

K-Means Clustering with 3 Clusters

The plot below shows the results of applying k-means clustering with 3 clusters to the Z_Scores dataset. Each cluster is
represented in a different color with its centroid shown in bold black. Rings are drawn around each cluster centroid, and cluster
labels are provided.

01| Silhouette score (k=3): 0.817
02 Wrote clusters to: households_with_clusters.xlsx
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Silhouette Score and Interpretation for 3-Cluster Solution

The silhouette score for the three-cluster solution is 8.817. This value indicates how well each household fits within its assigned
cluster compared to other clusters. Scores closer to 1 suggest well-defined clusters, while scores near ® indicate overlapping
or poorly separated groups. In this case, the score suggests that the clusters are reasonably distinct but not perfect, which is
common in real-world data.

When viewed alongside the cluster graph, the three clusters capture meaningful structure in the data, with each centroid
representing a clear center of gravity for its group.

The use of three clusters provides a balance between simplicity and interpretability, making it a practical choice for segmentation
in this dataset.

Cluster Composition and Descriptive Profiles

The table below describes the composition of each cluster from the Household_Data tab. Clusters are labeled 1 through 3, with
descriptive names to make them meaningful to a business audience. The figures are averages or dominant characteristics for
each cluster.
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Composition of each cluster from the Household_Data tab.

Cluster
Name

Cluster

Dominant
Age Income
Group

Average

Average
Wealth

Homeownership Urbanicity

Technology Children

Use in
Household

1 Tech-Savvy | Middle $88,427 $149,120 5.92 0.68 Oown Suburban
Young Age
Renters (30-49)

2 Affluent Young $29,791 $40,374 9.14 0.21 Rent Urban
Suburban Adult
Families (18-29)

3 Established | Senior $60,528 $413,580 3.07 0.00 Own Rural
Wealthy (50-709)
Homeowners

Cluster Summary

e Cluster 1, Affluent Suburban Families: Middle-aged, suburban, own homes, higher income but moderate wealth, some
children, moderate technology use

e .Cluster 2, Tech-Savvy Young Renters: Young adults, urban renters, low income and wealth, very high technology use, fewer
children.

e Cluster 3, Established Wealthy Homeowners: Seniors, rural, own homes, lower income but very high accumulated wealth, little
technology use, no children.

Potential Applications

The cluster analysis provides the company in this case study with a practical roadmap for tailoring its marketing and customer
engagement strategies. By identifying three distinct household groups, the company can move beyond one-size-fits-all
campaigns and instead focus on the unique needs of each segment.

For Affluent Suburban Families, the company can design targeted promotions around family-oriented products and services,
loyalty programs, and premium offerings that align with their higher income and suburban lifestyle. Tech-Savvy Young Renters,
on the other hand, are more responsive to digital-first approaches. The company can reach them through mobile apps, social
media campaigns, and budget-friendly packages that appeal to their lower income but high use of technology. Established
Wealthy Homeowners represent a more traditional but financially stable group. Marketing efforts for them could emphasize wealth
preservation, premium quality, long-term value, and community-based engagement.

Overall, the segmentation allows the company to allocate resources more efficiently, strengthen relationships with each household
type, and build strategies that maximize the return on investment. It ensures that every marketing dollar is spent in ways that
connect with the lifestyle, needs, and preferences of clearly defined customer groups.

This page titled 12.11.7: K-Means Clustering Output and Interpretation is shared under a CC BY 4.0 license and was authored, remixed, and/or
curated by Elbert L. Hearon, M.B.A., M.S..
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12.11.8: New Page
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