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Outline
• Plotly Introduction

• What, Where and Why “plotly”?

• Exercise on plotly

• Introduction to ggplot2

• Basics and exercises.



Interpret the plot (Discussion)
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What is plotly ?
• plotly is an R package for creating interactive web-based graphs via the open-source 

JavaScript graphing library plotly.js.

• By default, the plotly R package runs locally in your web browser or in 
the RStudio viewer.

• This function maps R objects to [plotly.js](https://plotly.com/javascript/), an (MIT 
licensed) web-based interactive charting library. 

• plot_ly() tries to create a sensible plot based on the information you give it. If you don't 
provide a trace type, plot_ly() will infer one.
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https://github.com/ropensci/plotly
http://plot.ly/javascript
https://plotly.com/javascript/


• plotly has a functional interface: every plotly function takes a plotly
object as it's first input argument and returns a modified plotly
object. 

• plotly integrates seamlessly with popular programming languages 
like R, Python, and JavaScript, as well as with web frameworks like 
Shiny and Dash, enabling users to incorporate interactive plots into 
their data analysis pipelines and web applications.
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Why plotly ?
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1. Data Analysis and Exploration

2. Reporting and Presentation

3. Dashboard & Web Developments

4. Education and Research

Where do we us plotly ?



Motivation For interactivity 

• Understanding Complex Relationships

• Exploratory Data Analysis

• Enhanced Communication and Engagement

• Facilitating Decision-Making
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Ploty
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Short introduction to the dataset – I.

- Source: 
https://academic.oup.com/mnras/article/382/3/1
073/1008562

- Class A,B
o surface temperature 7000-30.000 K
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https://academic.oup.com/mnras/article/382/3/1073/1008562
https://academic.oup.com/mnras/article/382/3/1073/1008562


Short introduction to the dataset – I.

- Source: https://academic.oup.com/mnras/article/382/3/1073/1008562

- Class A,B :
o surface temperature 7000-30.000 K

- Changing luminosity stars :
o the total radiation emitted by a celestial body over a specified period of time.
o
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https://academic.oup.com/mnras/article/382/3/1073/1008562


Short introduction to the dataset – I.
- Source: https://academic.oup.com/mnras/article/382/3/1073/1008562

- Class A,B :
o surface temperature 7000-30.000 K

- Changing luminosity stars :
o the total radiation emitted by a celestial body over a specified period of time.
o

- Magnitude :
o apparent brightness – what we can see with our eyes
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https://academic.oup.com/mnras/article/382/3/1073/1008562


Short introduction to the dataset – II.

- Source: https://academic.oup.com/mnras/article/382/3/1073/1008562
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https://academic.oup.com/mnras/article/382/3/1073/1008562


Short introduction to the dataset – II.

- Source: https://academic.oup.com/mnras/article/382/3/1073/1008562
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Geral Class of Variable Stars
(Subclass of Main-sequence)

Examples :
- Pulsars class
- Rotacion class
- Double stars class

https://academic.oup.com/mnras/article/382/3/1073/1008562


Short introduction to the dataset – II.

- Source: https://academic.oup.com/mnras/article/382/3/1073/1008562
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https://academic.oup.com/mnras/article/382/3/1073/1008562


Short introduction to the dataset – II.

- Source: https://academic.oup.com/mnras/article/382/3/1073/1008562
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Main Seq. Type of spectal lines

https://academic.oup.com/mnras/article/382/3/1073/1008562


Short introduction to the dataset – II.

- Source: https://academic.oup.com/mnras/article/382/3/1073/1008562
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Mass Radius Temperature Luminosity Magnitude

All units of measurement
are dimensionless!

( and their measurement errors )

https://academic.oup.com/mnras/article/382/3/1073/1008562


First steps
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0.) Included libraries

1.) Read
2 ) Drop empty values
3.) Stored in correct format



Let's see the code!
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Introduction to ggplot2: 
What is ggplot2?

• ggplot2 is a system for declaratively creating graphics, based on The Grammar of 
Graphics.

• You provide the data, tell ggplot2 how to map variables to aesthetics, what graphical 
primitives to use, and it takes care of the details.

https://www.amazon.com/Grammar-Graphics-Statistics-Computing/dp/0387245448/ref=as_li_ss_tl
https://www.amazon.com/Grammar-Graphics-Statistics-Computing/dp/0387245448/ref=as_li_ss_tl


The grammar of graphics consists of several 
key components

v Data: Start with your dataset, which contains the variables you want to 
visualize.

v Aesthetic Mapping: Map variables in your dataset to visual properties 
of the plot, such as x and y positions, colors, shapes, and sizes.

v Geometric Objects (Geoms): Choose geometric objects, or geoms, to 
represent your data. Geoms define the type of plot you want to create, 
such as points, lines, bars, or polygons.
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v Statistical Transformations (Stats): Apply statistical transformations to your 
data, such as aggregations or transformations, before plotting.

v Scales: Customize the scales of your plot, including axis scales and legends.

v Facets: Divide your data into subsets and create multiple plots (facets) based 
on these subsets.

v Themes: Apply visual themes to customize the appearance of your plot, 
including background colors, gridlines, and fonts.
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Relation between ggplot and plotly. 

23

ggplot2 + plotly
=> ggplotly !!! 

ggplotly() 
returns a plotly
object. 

ggplot2 was 
developed by 
Hadley 
Wickham(2007) 



Example of ggplot2: 

library(ggplot2) # Create a static plot using ggplot2

static_plot <- ggplot(data, aes(x = x_var, y = y_var)) + geom_point() +

labs(title = "Static Plot Title",

x = "X-axis Label", y = "Y-axis Label")
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labs() - labels

aes() - aesthetics Geom_point is a 
function used add points 
to a plot



Conversion of static to interactive: 

interactive_plot <- ggplotly(static_plot)
print(interactive_plot )
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Converts static 
into interactive!

Let’s try together!!!



Quick Peek into ggplotly:
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Introduction to GAPMINDER dataset

• Now let’s move to exercises!!!!
• Please copy the codes available on the website. 
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It provides data about the 
population, life expectancy 
and GDP in different 
countries of the world from 
1952 to 2007



Mulitple Trace Animations
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X Y

Specify color by 

Size = point size 
frame = animation frame
Ids = identification

This line scales the x-axis using a logarithmic scale. It's used 
to adjust the scale of the x-axis to better visualize data that 
spans a wide range of values.

NOTE: ‘scale_x_log10()’ there are different scaling functions



Add Animation Options
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To add options to the plot, first 
convert ggplot2 plot to plotly
variable with ggplotly() and 
then, add options to that 
variable.



Add Button Options
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Let’s move to EXERCISE!!!



References:

• https://plotly-r.com/improving-ggplotly
• https://plotly.com/ggplot2/getting-started/
• https://plotly.com/r/
• https://plotly.com/ggplot2/animations/#basic-example
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https://plotly-r.com/improving-ggplotly
https://plotly.com/ggplot2/getting-started/
https://plotly.com/r/
https://plotly.com/ggplot2/animations/


Questions
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Thank You for Your 
Attention !
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Appendix (plotly codes)
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Plotly
Weiszmüller Roland

2024-04-23

First steps
# Read the CSV file

solar <- read.csv("C:/Users/weisz/Downloads/solar.csv")

# Remove rows with missing values

solar <- na.omit(solar)

# Step 2: Data Conversion 
# Convert columns to numeric

solar$Mass <- as.numeric(solar$Mass)
solar$e_Mass <- as.numeric(solar$e_Mass)

solar$logL <- as.numeric(solar$logL)
solar$e_logL <- as.numeric(solar$e_logL)

solar$logTeff <- as.numeric(solar$logTeff)

solar$e_logTeff <- as.numeric(solar$e_logTeff)
solar$Rad <- as.numeric(solar$Rad)

solar$e_Rad <- as.numeric(solar$e_Rad)
solar$VMAG <- as.numeric(solar$VMAG)

solar$e_VMAG <- as.numeric(solar$e_VMAG)

Introducing, 2D plots

What is the problem with the first plot? (or with the datas?)

New things:
pipe operator
layout funcion : create the costumise the layout
we get automaticly the coulomn name as the axistitle

# Create a scatter plot with lines

line <- plot_ly(solar, x = ~Mass, y = ~VMAG, type = "scatter", mode = "lines")  %>%  # pipe -> operator chain
  layout(title = "Mass - Magnitude", yaxis= list(title = "Magnitude"))

line # Display the plot

This is not a continous dataset! We can’t connect the datapoints!
# Create a scatter plot with markers

marker <- plot_ly(solar, x = ~Mass, y = ~VMAG, type = "scatter", mode = "markers") %>%
  layout(title = "Correct way to plot: Mass - Magnitude", yaxis= list(title = "Magnitude"))

marker # Display the plot

Errorbars

implemented into the plot_ly funcion
type = “data” -> indicating that the error values correspond to the data values.
array -> numeric! values of error
you can use python colors with color= I(“name_of_color”)

# Create error bar plot

err <- plot_ly(solar, x = ~Mass, y = ~VMAG, type = "scatter", mode = "markers", 
               color = I("salmon"),  # use similar colors as python! 

              error_y = list(type = "data", array = ~e_VMAG,
                              color = "black"))  %>%

  layout(title = "Mass - Magnitude with errorbars I. ", yaxis= list(title = "Magnitude"))

err # Display the plot

Okay but we have also errors in masses, what can we do?
# Create error bar plot
err <- plot_ly(solar, x = ~Mass, y = ~VMAG, type = "scatter", mode = "markers", 

               color = I("salmon"), 
               error_x = list(type = "data", array = ~e_Mass,

                              color = "green"),

               
               error_y = list(type = "data", array = ~e_VMAG,

                              color = "black"))  %>%
  layout(title = "Mass - Magnitude with errorbars II.", yaxis= list(title = "Magnitude"))

err # Display the plot

Change the resolution!
# Make a better resolution "zooming"

high_err <- err %>% layout(width = 1000, height = 800)

## Warning: Specifying width/height in layout() is now deprecated.
## Please specify in ggplotly() or plot_ly()

high_err # Display the plot

Okay okay… But by definition the magnitude gives logarithm-based
values

What do we expect if we change the y-axis to logarithm?

Why we use log axis ?
We have log based datas
We have a huge range of datas
Easier to see the ratios in the data (and other physics/engineering goodies)

# Change y-axis to log scale

orig_log <- plot_ly(solar, x = ~Mass, y = ~VMAG,  type = "scatter", mode = "markers") %>%
  layout(title = "Mass - Magnitude", yaxis= list(title = "Magnitude"))

orig_log

We can add one more layout where we can change the axis type

Other types:
linear (default)
log
category (set categories and each point represented one of them)
date

orig_log <- orig_log %>% layout(yaxis = list(type = "log")) %>%

  layout(title = "Mass - Magnitude with logarithmic scale", yaxis= list(title = "Magnitude [log] "))

orig_log

Now change the x axis range, we don’t need this empty space!
# Set a limit on x-axis
orig_log <- orig_log %>% layout(xaxis = list(range = c(0, 4.5)))

orig_log 

Statistic figures

barplot
# Group data by 'SpType' and create a bar plot
group_by_plot <- solar %>%

  group_by(SpType) %>%
  summarise(count = n()) %>%

  plot_ly(x = ~SpType, y = ~count, type = "bar", color="navy") %>%
  layout(title = "Number of Stars by SpType",

         xaxis = list(title = "Type of spectal lines"),

         yaxis = list(title = "Number of Stars"))

group_by_plot # Display the plot

## Warning in RColorBrewer::brewer.pal(N, "Set2"): minimal value for n is 3, returning requested palette with 3 d

ifferent levels
## Warning in RColorBrewer::brewer.pal(N, "Set2"): minimal value for n is 3, returning requested palette with 3 d

ifferent levels

One more bar plot!

THIS PLOT IS MEANINGLESS!
# Select A and B type stars
solar_A <- subset(solar, m_Name == "A")

solar_B <- subset(solar, m_Name == "B")

# Compare luminosity between A and B type stars using a bar plot

barplot <- plot_ly() %>%
  add_trace(data = solar_A, x = ~m_Name, y = ~logL, name = "A Type", type = "bar") %>%

  add_trace(data = solar_B, x = ~m_Name, y = ~logL, name = "B Type", type = "bar") %>%
  layout(title = "Comparison of Luminosity between A and B type stars",

         xaxis = list(title = "Star Name"),
         yaxis = list(title = "Log(Luminosity)"))

barplot # Display the plot

Make pie chart easily
# Distribution of stars by GCVS classification using a pie chart

GCVS_distribution <- table(solar$GCVS)
pieplot_GCVS <- plot_ly(labels = names(GCVS_distribution), values = GCVS_distribution, type = "pie") %>%

  layout(title = "Distribution of Stars by GCVS Classification")

pieplot_GCVS # Display the plot

Violin plot + Box plot - distribution + deviation

Instead of using multiple ggstatsplot funtions:
learn only plot_ly
make complex plots, with simple true/false statements

# Violin plot showing the distribution of luminosity among A and B type stars
violinplot <- plot_ly(data = solar, x = ~m_Name, y = ~logL, type = "violin",box = list(visible = TRUE),split = ~m

_Name) %>%
  add_markers(x = ~m_Name, y = ~logL, color = I("black"), alpha = 0.5) %>%

  layout(title = "Distribution of Luminosity among A and B type stars",
         xaxis = list(title = "Star Type"),

         yaxis = list(title = "Log(Luminosity)"))

violinplot # Display the plot

## Warning: 'scatter' objects don't have these attributes: 'box'
## Valid attributes include:

## 'cliponaxis', 'connectgaps', 'customdata', 'customdatasrc', 'dx', 'dy', 'error_x', 'error_y', 'fill', 'fillcol
or', 'fillpattern', 'groupnorm', 'hoverinfo', 'hoverinfosrc', 'hoverlabel', 'hoveron', 'hovertemplate', 'hovertem

platesrc', 'hovertext', 'hovertextsrc', 'ids', 'idssrc', 'legendgroup', 'legendgrouptitle', 'legendrank', 'line', 
'marker', 'meta', 'metasrc', 'mode', 'name', 'opacity', 'orientation', 'selected', 'selectedpoints', 'showlegen

d', 'stackgaps', 'stackgroup', 'stream', 'text', 'textfont', 'textposition', 'textpositionsrc', 'textsrc', 'textt

emplate', 'texttemplatesrc', 'transforms', 'type', 'uid', 'uirevision', 'unselected', 'visible', 'x', 'x0', 'xaxi
s', 'xcalendar', 'xhoverformat', 'xperiod', 'xperiod0', 'xperiodalignment', 'xsrc', 'y', 'y0', 'yaxis', 'ycalenda

r', 'yhoverformat', 'yperiod', 'yperiod0', 'yperiodalignment', 'ysrc', 'key', 'set', 'frame', 'transforms', '_isN
estedKey', '_isSimpleKey', '_isGraticule', '_bbox'

## Warning: 'scatter' objects don't have these attributes: 'box'
## Valid attributes include:

## 'cliponaxis', 'connectgaps', 'customdata', 'customdatasrc', 'dx', 'dy', 'error_x', 'error_y', 'fill', 'fillcol
or', 'fillpattern', 'groupnorm', 'hoverinfo', 'hoverinfosrc', 'hoverlabel', 'hoveron', 'hovertemplate', 'hovertem

platesrc', 'hovertext', 'hovertextsrc', 'ids', 'idssrc', 'legendgroup', 'legendgrouptitle', 'legendrank', 'line', 

'marker', 'meta', 'metasrc', 'mode', 'name', 'opacity', 'orientation', 'selected', 'selectedpoints', 'showlegen
d', 'stackgaps', 'stackgroup', 'stream', 'text', 'textfont', 'textposition', 'textpositionsrc', 'textsrc', 'textt

emplate', 'texttemplatesrc', 'transforms', 'type', 'uid', 'uirevision', 'unselected', 'visible', 'x', 'x0', 'xaxi
s', 'xcalendar', 'xhoverformat', 'xperiod', 'xperiod0', 'xperiodalignment', 'xsrc', 'y', 'y0', 'yaxis', 'ycalenda

r', 'yhoverformat', 'yperiod', 'yperiod0', 'yperiodalignment', 'ysrc', 'key', 'set', 'frame', 'transforms', '_isN
estedKey', '_isSimpleKey', '_isGraticule', '_bbox'

Subplots - simultaneous display of related diagrams

2D histograms:
joint distribution of two variables
easily visible correlations
better visualisation of outlier data points

# Create histograms and 2D histograms

fig_1d_rad <- plot_ly(solar, x = ~Rad, type = "histogram", name = "Radius Histogram") %>%

  layout(title = "Distribution of Solar Radius, Masses",

         xaxis = list(title = "Radius"),
         yaxis = list(title = "Frequency"))

fig_1d_mass <- plot_ly(solar, x = ~Mass, type = "histogram", name = "Mass Histogram") %>%

  layout(xaxis = list(title = "Mass"),
         yaxis = list(title = "Frequency"))

fig_2d <- plot_ly(solar, x = ~Rad, y = ~Mass) %>%
  add_histogram2d(colorbar = list(title = "Frequency")) %>% #!! 

  layout(xaxis = list(title = "Radius"),
         yaxis = list(title = "Mass")) 

# Combine plots into a subplot

subplot(
  fig_2d,

  fig_1d_mass,

  fig_1d_rad,
  nrows = 3, heights = c(0.5, 0.2, 0.2), titleY = TRUE, titleX = TRUE, margin = 0.05 #!!

  
)

3- and multi-dimensional plots

easiest way: use color to indicate groups
color = data ; type(data) = str !

# Group data by 'SpType' and 'm_Name' and create a scatter plot

grouped_data <- solar %>%
  group_by(SpType) %>%

  summarise(avg_mass = mean(Mass), avg_logL = mean(logL))

# Create a scatter plot with color representing 'SpType'

group_plot <- plot_ly(data = grouped_data, x = ~avg_mass, y = ~avg_logL, color = ~SpType, type = "scatter", mode 
= "markers") %>%

  layout(title = "Average Mass and Luminosity of Star Types",
         xaxis = list(title = "Average Mass"),

         yaxis = list(title = "Average log(Luminosity)"),
         legend = list(orientation = "h", x = 0.5, y = -0.15, xanchor = "center", yanchor = "top"),

         margin = list(l = 100, r = 20, b = 100, t = 80))

group_plot # Display the plot

## Warning in RColorBrewer::brewer.pal(N, "Set2"): n too large, allowed maximum for palette Set2 is 8
## Returning the palette you asked for with that many colors

## Warning in RColorBrewer::brewer.pal(N, "Set2"): n too large, allowed maximum for palette Set2 is 8
## Returning the palette you asked for with that many colors

Bubble plot
can even be 4 dimensional (x,y, size and color!)

# Create interactive bubble plot

plot_ly(data = solar, x = ~Mass, y = ~Rad, size = ~Mass, color = ~logL, text = ~m_Name, sizes = c(5, 100)) %>%
  add_markers() %>%

  layout(title = "Stars Mass and Radius", xaxis = list(title = "Mass"), yaxis = list(title = "Radius"))

## Warning: `line.width` does not currently support multiple values.

3D plot

You must only add one more parameter! (z)

use scene to set the parameters of axises

# Create 3D scatter plot
plot_ly(data = solar, x = ~Mass, y = ~Rad, z = ~VMAG, color = ~logL,text = ~m_Name, marker = list(size = 5)) %>%

  add_markers() %>%
  layout(title = "3D Scatter Plot of Celestial Bodies", scene = list(xaxis = list(title = "Mass"), yaxis = list(t

itle = "Radius"), zaxis = list(title = "Absolute Magnitude")))

Contour plot
3D figures reduce to 2D
split the dataset, draw countours between the subsets

# Contour plot showing the relationship between luminosity, mass, and effective temperature

contourplot <- plot_ly(solar, x = ~logL, y = ~Mass, z = ~logTeff, type = "contour", color= 'Inferno',colorbar = l
ist(title = "log(T)")) %>%

  layout(title = "Relationship between Luminosity, Mass, and Effective Temperature",

         xaxis = list(title = "Log(Luminosity)"),
         yaxis = list(title = "Mass"),

         zaxis = list(title = "Effective Temperature"))

contourplot # Display the plot

## Warning in RColorBrewer::brewer.pal(N, "Set2"): minimal value for n is 3, returning requested palette with 3 d

ifferent levels

## Warning in RColorBrewer::brewer.pal(N, "Set2"): minimal value for n is 3, returning requested palette with 3 d
ifferent levels

## Warning: 'layout' objects don't have these attributes: 'zaxis'
## Valid attributes include:

## '_deprecated', 'activeshape', 'annotations', 'autosize', 'autotypenumbers', 'calendar', 'clickmode', 'coloraxi
s', 'colorscale', 'colorway', 'computed', 'datarevision', 'dragmode', 'editrevision', 'editType', 'font', 'geo', 

'grid', 'height', 'hidesources', 'hoverdistance', 'hoverlabel', 'hovermode', 'images', 'legend', 'mapbox', 'margi
n', 'meta', 'metasrc', 'modebar', 'newshape', 'paper_bgcolor', 'plot_bgcolor', 'polar', 'scene', 'selectdirectio

n', 'selectionrevision', 'separators', 'shapes', 'showlegend', 'sliders', 'smith', 'spikedistance', 'template', 

'ternary', 'title', 'transition', 'uirevision', 'uniformtext', 'updatemenus', 'width', 'xaxis', 'yaxis', 'barmod
e', 'bargap', 'mapType'

Heatmap

This is not a continous dataset - BUT we can use for categorise

# Heatmap by SpType

heatmap_sp <- plot_ly(solar, x = solar$SpType, y = ~m_Name, z = ~logL, type = "heatmap") %>%
  layout(title = "Distribution and Luminosity by SpType",

         xaxis = list(title = "SpType"),
         yaxis = list(title = "Star Name"))

heatmap_sp # Display the plot

Multidimensional plot

suppose I don’t know the solar classes easiest way to see correlations
here each vertical axis represent a variable
use colorscale for easier interpretation - line command
dimension: each line represent a dimension, you can set here the lines properties

# Create parallel coordinates plot

plot_ly(data = solar, type = 'parcoords', line = list(color = ~logL, colorscale = 'Viridis'), dimensions = list(

  list(range = c(min(solar$Mass), max(solar$Mass)), label = 'Mass', values = ~Mass),
  list(range = c(min(solar$Rad), max(solar$Rad)), label = 'Radius', values = ~Rad),

  list(range = c(min(solar$logTeff), max(solar$logTeff)), label = 'Teff', values = ~logTeff),
  list(range = c(min(solar$logL), max(solar$logL)), label = 'logL', values = ~logL)

)) %>%
  layout(title = "Parallel Coordinates Plot")

#Some fancy figures if you want to flex

Animation
frame : set the steps of the animation
updatemenus : set the buttons for animation

# Animation showing the change in luminosity over time

animation <- plot_ly(solar, x = ~logTeff, y = ~logL, frame = ~m_Name, color = ~m_Name,
                     colors = c("A" = "blue", "B" = "red"), type = "scatter", mode = "markers") %>%

  layout(title = "Change in Luminosity over Time",
         xaxis = list(title = "Effective Temperature"),

         yaxis = list(title = "Log(Luminosity)"),
         updatemenus = list(list(type = "buttons",   #set the deatails of Play button

                        buttons = list(list(method = "animate", #define the program behind the button
                                    args = list(frames = list(list(label = "A", data = subset(solar, m_Name == 

"A")), #set the frames 

                                    list(label = "B", data = subset(solar, m_Name == "B"))),  
                                    transition = list(duration = 0),  # play immediately

                                    redraw = TRUE),#redraw each step in animation
                                    label = "Play")))))

animation # Display the plot

## Warning in p$x$data[firstFrame] <- p$x$frames[[1]]$data: number of items to

## replace is not a multiple of replacement length

Dropdown
use updatemenus as previously
args = list(“type”, “scatter”) : you can also change mode, color, alpha etc etc…

# Dropdown menu to switch between plot types

fig <- plot_ly(solar, x = ~logL, y = ~Rad, type = "scatter", mode = "markers" ) %>%
  layout(

    title = "Dropdown Menus - Plot Type",
    xaxis = list(domain = c(0.1, 1)),

    yaxis = list(title = "Rad"),
    updatemenus = list( 

      list(

        y = 0.8,
        buttons = list(

          list(method = "restyle",
               args = list("type", "scatter"),

               label = "Scatter"),   
          list(method = "restyle",

               args = list("type", "histogram2d"),

               label = "2D Histogram")
        )

      )
    )

  )

fig # Display the plot
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Mass - Magnitude with logarithmic scale
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