
 Rohini College of Engineering & Technology 
 

  
  AD3301 Data Exploration & Visualization 
 

Visualization in Multivariate Analysis 

Visualization in multivariate analysis helps to explore and interpret data, especially when dealing 

with multiple variables simultaneously. It allows you to visually identify patterns, correlations, 
trends, and outliers in the data. 

Types of Visualizations for Multivariate Data: 

1. Pair Plots (Scatterplot Matrix): 
o A pair plot is a matrix of scatterplots that shows the relationships between each 

pair of variables in the dataset. It is used to identify any correlations between 

variables. 
o It is helpful for checking if any variables have linear relationships or if there are 

clusters. 

Example: In a dataset with temperature, humidity, and sales, a pair plot would show 
scatterplots for each combination of these variables, helping to visualize how 
temperature and humidity affect sales. 

2. Heatmaps: 

o A heatmap represents data in a matrix form where values are encoded using 
colors. This is particularly useful for visualizing correlation matrices or large 

datasets with many variables. 
o In a heatmap, each cell represents the relationship between two variables, and the 

color intensity indicates the strength of the relationship. 

Example: In a multivariate dataset with product price, customer ratings, and 

advertising spend, a heatmap can show the correlation between these variables, helping 
to identify strong correlations or weak associations. 

3. 3D Scatter Plots: 

o For datasets with three variables, a 3D scatter plot can be used to visualize the 
relationships between the three variables in a three-dimensional space. 

o It helps in understanding how three variables interact simultaneously. 

Example: In a dataset with sales, ad spend, and customer satisfaction, a 3D scatter plot 
would show how ad spend and customer satisfaction jointly affect sales. 

4. Principal Component Analysis (PCA) Biplot: 
o PCA is a dimensionality reduction technique used to simplify the complexity of 

multivariate data while retaining as much information as possible. A PCA biplot 
visualizes the data in terms of the principal components (the axes that explain the 

most variance in the data). 
o This allows you to visualize the structure of the data and highlight the most 

important variables (principal components). 
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Example: PCA can be used to reduce the number of variables in a dataset with many 
features (e.g., customer demographics, transaction history, and browsing behavior) and 

create a 2D plot to visualize patterns in the data. 

5. Bubble Plots: 
o Bubble plots are an extension of scatter plots where each point is represented by a 

bubble, and the size of the bubble reflects an additional variable. 
o It is useful when you want to compare relationships between two variables, while 

also incorporating a third variable through bubble size. 

Example: In a dataset with ad spend, sales, and profit margin, a bubble plot could 
visualize ad spend vs. sales, with the bubble size representing profit margin. 

6. Heatmaps of Clusters: 
o When performing clustering (e.g., K-means), a heatmap can be used to show how 

different clusters behave across multiple variables. 
o The rows represent different clusters, and the columns represent different 

variables, with the color indicating the magnitude of each variable within each 
cluster. 

Grouping in Multivariate Analysis 

Grouping involves organizing data into categories or subsets, which helps in understanding the 
differences and similarities between different groups of data. This technique is often used in 
exploratory data analysis (EDA) to segment data based on specific characteristics. 

Techniques for Grouping: 

1. Clustering: 
o Clustering algorithms, such as K-means, Hierarchical clustering, or DBSCAN, 

are used to group data points that are similar to each other. The goal is to 
minimize intra-group variance and maximize inter-group variance. 

o After clustering, you can visualize the clusters and analyze their characteristics. 

Example: If you have a dataset with customer demographics and purchase behavior, 
clustering can group customers into distinct segments (e.g., high-spending, frequent 
shoppers, budget-conscious shoppers), allowing you to tailor marketing strategies for 

each group. 

2. Categorical Grouping: 
o Grouping by categorical variables is often done in multivariate analysis when one 

of the variables is categorical (e.g., gender, region, or product category). This 
allows you to analyze how continuous variables differ across categories. 

o You can visualize these groupings using box plots, bar charts, or violin plots. 
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Example: If you are analyzing sales data with categorical groups like region (North, 
South, East, West), you can group the sales data by region to compare the average sales 

across regions. 

3. Factor Analysis: 
o Factor analysis is used to identify underlying factors (or groups of related 

variables) that explain the patterns of correlations in the data. These factors can 
then be used to group similar variables. 

o It is particularly useful when dealing with large datasets with many variables. 

Example: In a consumer behavior study with many observed variables (e.g., spending 
habits, attitudes, product preferences), factor analysis might identify underlying factors 
such as price sensitivity, brand loyalty, and quality preference, which can then be used 

to group consumers. 

4. Group-by Operations: 
o Group-by operations are commonly used in data analysis (e.g., in Pandas or 

SQL) to group data by one or more categorical variables and then perform 
summary statistics (mean, median, sum, etc.) on other variables. 

o This helps in understanding the impact of different groups on the target variable. 

Example: In a sales dataset, you could group by month to calculate the total sales per 

month or group by product category to find the average sales per category. 

Example of Grouping with Visualization: 

Consider a dataset that tracks customer purchases, with variables such as age, income, and 
purchase amount. 

1. Clustering: Apply K-means clustering to group customers based on age and income. 
The output could be three clusters: 

o Cluster 1: Young, low-income customers 
o Cluster 2: Middle-aged, high- income customers 
o Cluster 3: Older, low-income customers 

2. Visualization: Use a scatter plot to visualize the clusters, with age on the x-axis, income 
on the y-axis, and different colors to represent each cluster. This will show the different 

customer segments and help identify patterns in their purchasing behavior. 
3. Categorical Grouping: If the dataset also contains a categorical variable like region, 

you can create box plots to compare the purchase amount across different regions, 

helping to identify regions where customers spend more or less. 

 


