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interactive technology stack, components and relationships — click a technology below to learn more
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interactive technology stack, browsers parse various code to render content and respond to actions
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interactive technology stack, actions trigger events, for which page elements can be bound to listen

P O I N T I N G ,  H O V E R I N G
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interactive technology stack, a web page includes several languages, each has a purpose

web page structure
(Interactive) web pages all begin and end with 
<html> and </html> respectively. contain a 
head and body. Content between <body> and 
</body> is shown inside the main browser 
window Before the <body> element you will 
often see a <head> element. This contains 
information about the page, rather than infor-

mation that is shown within the main part of 
the browser window. You will usually find a 
<title> element and <script> (not shown 
below) element(s) inside the <head> element. 
Notice how tag enclosures create a tree-like 
structure we can traverse — that’s the 
Document Object Model, or DOM.

<html> 

  <head> 

    <title>This is the Title of the Page</title> 

  </head> 

  <body> 

    <h1>This is in the Body of the Page</h1> 

      <p>Anything within the body of a web page is 

         displayed in the main browser window.</p> 

  </body> 

</html>
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interactive technology stack, place content in html elements, a content layer

html elements
Added to the content of a page to describe its 
structure. An element consists of an opening 
and closing tag and its content. Opening tags 
can carry attributes.

<p class="cycling_team">Education First</p>

O P E N I N G  TA G C L O S I N G  TA G

AT T R I B U T E  N A M E AT T R I B U T E  VA L U E C O N T E N T

The <p></p> below instructs the browser to 
structure the content as a paragraph. There are 
many pre-defined tag types and attributes, 
and we can define our own.
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interactive technology stack, style the html elements using CSS, a presentation layer

css rules
Indicates how the contents of one or more 
elements should be displayed in the browser. 
Each rule has a selector and a declaration 
block. The selector indicates to which 
element(s) the rule applies. Each declaration

.cycling_team {color: pink;}

S E L E C T O R D E C L A R AT I O N  B L O C K

P R O P E R T Y  N A M E P R O P E R T Y  VA L U E

block specifies one or more properties and 
corresponding values.Below, applying the 
class .cycling_team to a tag as an attribute, 
it will color the text a pink hue. CSS rules are 
specified within <style> tags.

<style> 

  .cycling_team { 

    color: pink; 

  } 

</style>
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interactive technology stack, organize the html elements using CSS GRID, a presentation layer

css grid
We’ve discussed and practiced using grids 
earlier in the semester to help us organize text 
and data graphics for memos, proposals, and 
information graphics. The html language 
includes grids we can specify using tags. 
Below, we define a class .gridlayout and in 

that specify {display: grid;} and related 
properties. Then, we use our class attributes 
in divider tags <div></div> to format the 
content. The example below displays a 2 x 3 
grid of cells, each with a size specified and 
placed in row major order. html
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G R I D  L INES  D I V I D E  T H E  R O W S   
A N D  C O L U M N S  O F  T H E  G R I D ,  A N D   
A R E  N U M B E R E D  S TA R T I N G  AT  1 .

<style> 
  .gridlayout { 
    display: grid; 
    grid-template-columns: 1fr 1fr; 
    grid-template-rows: 5rem 5rem; 
    gap: 5px; 
  } 
  .item { 
    background: lightgray; 
    text-align: center; 
  } 
  .area { 
    grid-column: 1 / 3; 
    grid-row: 1 / 3; 
    background: lightyellow; 
    text-align: center; 
  } 
</style>

1 2 3 41

2

3

<div class="gridlayout"> 
  <div class="area"></div> 
  <div class="item"></div> 
  <div class="item"></div> 
</div>

W E  P L A C E  O U R  C L A S S E S  F O R  T H E  G R I D   
B E T W E E N  T H E  T W O  C S S  < s t y l e >  TA G S .

T O  A D D  C O N T E N T,  W E  P L A C E  O U R  C O N T E N T  B E T W E E N  < d i v >   
TA G S ,  A N D  F O R M AT  U S I N G  O U R  C L A S S E S  W E  D E F I N E D .
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interactive technology stack, draw shapes within svg tags, a content layer

svg
Scalable vector graphics — svg — are human-
readable descriptions of shapes or paths that 
the browser can display.  As we’ve discussed, 
enlarging vector graphics, unlike raster-based 
graphics, will not reduce resolution. Together 
these paths and shapes comprise a graphic. 

We put them in the html document body 
between svg <svg> and </svg> tags. Shapes I 
commonly use include the circle <circle>, 
rectangle <rect>, text <text>, path <path>, 
and group <g>. We can edit vector graphic 
shapes using software like Adobe Illustrator or 
Inkscape, too.

B R O W S E R  C O O R D I N AT E S  I N C R E A S E  T O  T H E  R I G H T

B R O W S E R  C O O R D I N AT E S   
I N C R E A S E  G O I N G  D O W N
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<svg width="20" height="10"></svg>

O P E N I N G  TA G C L O S I N G  TA G

AT T R I B U T E VA L U E AT T R I B U T E VA L U E
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interactive technology stack, draw shapes within svg tags, a content layer

svg
Scalable vector graphics — svg — are human-
readable descriptions of shapes or paths that 
the browser can display.  As we’ve discussed, 
enlarging vector graphics, unlike raster-based 
graphics, will not reduce resolution. Together 
these paths and shapes comprise a graphic. 

We put them in the html document body 
between svg <svg> and </svg> tags. Shapes I 
commonly use include the circle <circle>, 
rectangle <rect>, text <text>, path <path>, 
and group <g>. We can edit vector graphic 
shapes using software like Adobe Illustrator or 
Inkscape, too.

<circle cx="8" cy="8" r="6"></circle>

O P E N I N G  TA G C L O S I N G  TA G

AT T R I B U T E VA L U E AT T R I B U T E VA L U E AT T R I B U T E VA L U E
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O T H E R  C O M M O N  S H A P E  AT T R I B U T E S

stroke 
stroke-width 
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interactive technology stack, draw shapes within svg tags, a content layer

svg
Scalable vector graphics — svg — are human-
readable descriptions of shapes or paths that 
the browser can display.  As we’ve discussed, 
enlarging vector graphics, unlike raster-based 
graphics, will not reduce resolution. Together 
these paths and shapes comprise a graphic. 

We put them in the html document body 
between svg <svg> and </svg> tags. Shapes I 
commonly use include the circle <circle>, 
rectangle <rect>, text <text>, path <path>, 
and group <g>. We can edit vector graphic 
shapes using software like Adobe Illustrator or 
Inkscape, too.

<path d="M0,0 L5,0 L5,4 L0,4 L0,0"></path>

O P E N I N G  TA G C L O S I N G  TA G

AT T R I B U T E VA L U E
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C O M M A N D S Y N TA X M E A N I N G

M O V E  T O

L I N E  T O

C U R V E  T O

location coordinate x, y where the drawing starts.

draw straight path from previous  
coordinate x, y to this coordinate x, y.

draw curve path from previous coordinate x, y using  
two control points x, y and x,y to this coordinate x, y.
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interactive technology stack, draw pixels within canvas tags, a content layer

canvas
When performance drawing svg shapes 
becomes an issue—which may occur on 
slower computers with 1,000 to 10,000 shapes, 
more with today’s computers—we gain 
performance by switching to raster graphics. 
For raster graphics, we draw pixels on canvas,

which we specify within html using the 
<canvas></canvas> tag. From pixels, we 
cannot select shapes or paths like we can with 
svg graphics, and resolution drops upon 
zooming into the canvas. To edit rasters, we’re 
better off using something like Photoshop.

<canvas id="c1" width="20" height="10"></canvas>
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interactive technology stack, respond to events by changing content or style with js, a behavior layer

JavaScript
We can bind elements to events that, upon 
happening, trigger javascript code, which in 
turn can modify content: html elements and 
attributes, svg or canvas, or css styles. Really it 
can modify anything in the DOM. As with R 
packages that abstract and ease our application

of specialized functionality, easing the burden 
of writing code, many javascript libraries are 
available to do the same. Those listed to the 
right are particularly important for interactive 
data visualization, but many more not listed 
are also available.

element.onevent = functionName;
E L E M E N T E V E N T C O D E

function functionName() { 
  // code to do something 
}

T H E  C O D E  S TA R T S   
B Y  D E F I N I N G  T H E   
N A M E D  F U N C T I O N .

var el = document.getElementById('element');
el.on       = functionName;

A R E F E R E N C E  T O  T H E  D O M  E L E M E N T  
I S  O F T E N  S T O R E D  I N  A VA R I A B L E .

T H E  E V E N T  N A M E  I S  P R E C E D E D  
B Y  T H E  W O R D  “ O N ” .

DOM element 
node to target

Event bound to node(s) 
preceded by word “on”.

Name of function to call with 
no parenthesis following it.

T H E  F U N C T I O N  I S  C A L L E D  B Y  T H E  
E V E N T  H A N D L E R  O N  T H E  L A S T  L I N E ,  
B U T  T H E  PA R E N T H E S I S  A R E  O M I T T E D .
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tools for interactive content, several R packages transform ggplot2 into interactive graphics

ggplot2
The grammar of graphics — implemented in 
R as ggplot2 — is among the most powerful 
coding libraries for creating static graphics. 
We’ve already seen how to use a complemen-
tary package with ggplot2 to add animation: 

gganimate, a grammar of animated graphics. 
With similar complementary packages, we can 
specify interactivity. Let’s see a static version of 
a class example, the 30 baseball outfields, then 
make it interactive using ggiraph.

30 baseball outfields — static version html
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tools for interactive content, several R packages transform ggplot2 into interactive graphics

ggplot2
The grammar of graphics — implemented in 
R as ggplot2 — is among the most powerful 
coding libraries for creating static graphics. 
We’ve already seen how to use a complemen-
tary package with ggplot2 to add animation: 

gganimate, a grammar of animated graphics. 
With similar complementary packages, we can 
specify interactivity. Let’s see a static version of 
a class example, the 30 baseball outfields, then 
make it interactive using ggiraph.

30 baseball outfields — static versiongg_boundaries <- 
  ggplot() +  
  theme_void() +  
  coord_equal() + 
  geom_path( 
    data = subset( 
      fields,  
      is_infield == FALSE), 
    mapping = aes( 
      x = xsh, 
      y = ysh, 
      group = id), 
    color = '#000000', 
    alpha = 0.5) + 

  geom_polygon( 
    data = subset( 
      fields,  
      is_infield == TRUE), 
    mapping = aes( 
      x = xsh, 
      y = ysh, 
      group = id), 
    fill = '#FAD9B4', 
    color = '#FAD9B4')  

html
css

svg

d3.js

browser

DOM

htmlwidgets
r2d3

plotly.js

react.js

R

plotly

shiny

ggiraph

event 
listeners

js

crosstalk

canvas

p5.js

jQuery.js
DataTables.js

DT

ggplot2
knitr
r markdown
flexdashboard

grid

rolldown

scrollama.js

sparkline

rayshader
three.js
...

100s more ...

threejs

https://ssp3nc3r.github.io
mailto:scott.spencer@columbia.edu
https://ssp3nc3r.github.io/data_in_wonderland/#fig:outfields
https://developer.mozilla.org/en-US/docs/Web/HTML
https://developer.mozilla.org/en-US/docs/Web/CSS
https://developer.mozilla.org/en-US/docs/Web/SVG/Element/svg
https://d3js.org
https://developer.mozilla.org/en-US/docs/Glossary/Browser
https://developer.mozilla.org/en-US/docs/Web/API/Document_Object_Model/Introduction
http://www.htmlwidgets.org
https://rstudio.github.io/r2d3/
https://plotly.com/javascript/
https://reactjs.org
https://adv-r.hadley.nz
https://plotly-r.com
https://shiny.rstudio.com
https://davidgohel.github.io/ggiraph/
https://developer.mozilla.org/en-US/docs/Mozilla/Add-ons/WebExtensions/API/events/Event
https://developer.mozilla.org/en-US/docs/Web/JavaScript
http://rstudio.github.io/crosstalk/
https://developer.mozilla.org/en-US/docs/Web/API/Canvas_API
https://p5js.org
https://jquery.com
https://datatables.net
https://rstudio.github.io/DT/
https://ggplot2.tidyverse.org
https://yihui.org/knitr/
https://rmarkdown.rstudio.com
https://rmarkdown.rstudio.com/flexdashboard/
https://developer.mozilla.org/en-US/docs/Web/CSS/grid
https://github.com/yihui/rolldown
https://russellgoldenberg.github.io/scrollama/basic/
https://github.com/htmlwidgets/sparkline
https://www.rayshader.com
https://threejs.org
http://gallery.htmlwidgets.org
http://bwlewis.github.io/rthreejs/


https://ssp3nc3r.github.io scott.spencer@columbia.edu© 2021 Scott Spencer /  19

tools for interactive content, several R packages transform ggplot2 into interactive graphics

ggplot2 + ggiraph
The grammar of graphics — implemented in 
R as ggplot2 — is among the most powerful 
coding libraries for creating static graphics. 
We’ve already seen how to use a complemen-
tary package with ggplot2 to add animation: 

gganimate, a grammar of animated graphics. 
With similar complementary packages, we can 
specify interactivity. Let’s see a static version of 
a class example, the 30 baseball outfields, then 
make it interactive using ggiraph.

gg_boundaries <-  
  ggplot() +  
  theme_void() +  
  coord_equal() + 
  geom_path_interactive( 
    data = subset( 
      fields,  
      is_infield == FALSE), 
    mapping = aes( 
      x = xsh, 
      y = ysh, 
      group = id, 
      tooltip = id,  
      data_id = id 
      ), 
    color = '#000000', 
    alpha = 0.5) + 
   
  geom_polygon( 
    data = subset( 
      fields,  
      is_infield == TRUE), 
    mapping = aes( 
      x = xsh, 
      y = ysh, 
      group = id), 
    fill = '#FAD9B4', 
    color = '#FAD9B4') 

girafe( 
  code = print(gg_boundaries), 
  options = list( 
    opts_hover( 
      css = 'stroke-width:3;'), 
    opts_hover_inv( 
      css = 'stroke-opacity:0.1;') 
    ) 
  )
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tools for interactive content, several R packages transform ggplot2 into interactive graphics

ggplot2 + ggiraph
The grammar of graphics — implemented in 
R as ggplot2 — is among the most powerful 
coding libraries for creating static graphics. 
We’ve already seen how to use a complemen-
tary package with ggplot2 to add animation: 

gganimate, a grammar of animated graphics. 
With similar complementary packages, we can 
specify interactivity. Let’s see a static version of 
a class example, the 30 baseball outfields, then 
make it interactive using ggiraph.

gg_boundaries <-  
  ggplot() +  
  theme_void() +  
  coord_equal() + 
  geom_path_interactive( 
    data = subset( 
      fields,  
      is_infield == FALSE), 
    mapping = aes( 
      x = xsh, 
      y = ysh, 
      group = id, 
      tooltip = id,  
      data_id = id 
      ), 
    color = '#000000', 
    alpha = 0.5) + 
   
  geom_polygon( 
    data = subset( 
      fields,  
      is_infield == TRUE), 
    mapping = aes( 
      x = xsh, 
      y = ysh, 
      group = id), 
    fill = '#FAD9B4', 
    color = '#FAD9B4') 

girafe( 
  code = print(gg_boundaries), 
  options = list( 
    opts_hover( 
      css = 'stroke-width:3;'), 
    opts_hover_inv( 
      css = 'stroke-opacity:0.1;') 
    ) 
  )
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tools for interactive content, several R packages transform ggplot2 into interactive graphics

ggplot2 + ggiraph
The grammar of graphics — implemented in 
R as ggplot2 — is among the most powerful 
coding libraries for creating static graphics. 
We’ve already seen how to use a complemen-
tary package with ggplot2 to add animation: 

gganimate, a grammar of animated graphics. 
With similar complementary packages, we can 
specify interactivity. Let’s see a static version of 
a class example, the 30 baseball outfields, then 
make it interactive using ggiraph.

gg_fences <-  
    ggplot() +  
    theme_void() + 
    theme( axis.text.x = element_text() ) + 
    coord_equal() + 
    scale_x_continuous( 
      breaks = c(100, 300, 500),  
      labels = c("Left Field",  
                 "Center Field",  
                 "Right Field")) + 
    geom_path_interactive( 
      data = fences, 
      mapping = aes( 
        x = xsh, 
        y = -ysh, 
        group = id, 
        tooltip = id,  
        data_id = id), 
      color = 'black', 
      alpha = 0.5) 

girafe( 
  code = print(gg_boundaries / gg_fences), 
  options = list( 
    opts_hover( 
      css = 'stroke-width:3;'), 
    opts_hover_inv( 
      css = 'stroke-opacity:0.1;') 
    ) 
  )
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tools for interactive content, plotly is a charting library that can bind with other htmlwidgets

ggplot2 + plotly + crosstalk + DT
plotly is an R package for creating 
interactive graphics, and interfaces with the 
same-named javascript library, plotly.js, 
which in turn is based on d3.js. R’s plotly 
has several helpful features. The first of these 
are it, like, ggiraph, allows easy integration

with ggplot2. The first function, perhaps, to 
learn, is ggplotly which takes as a parameter 
a ggplot object and makes it interactive. And 
combined with another package, crosstalk, 
it a plotly graphic can link or bind with 
other htmlwidgets. Here’s an example: html
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svg
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tools for interactive content, plotly is a charting library that can bind with other htmlwidgets

ggplot2 + plotly + crosstalk + DT
plotly is an R package for creating 
interactive graphics, and interfaces with the 
same-named javascript library, plotly.js, 
which in turn is based on d3.js. R’s plotly 
has several helpful features. The first of these 
are it, like, ggiraph, allows easy integration

with ggplot2. The first function, perhaps, to 
learn, is ggplotly which takes as a parameter 
a ggplot object and makes it interactive. And 
combined with another package, crosstalk, 
it a plotly graphic can link or bind with 
other htmlwidgets. Here’s an example: 

library(ggplot2) 
library(plotly) 
library(crosstalk) 
library(DT) 

m <- highlight_key(mpg) 
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p <- ggplot( 
  data = m,  
  mapping = aes( 
   x = displ,  
   y = hwy)) +  
  geom_point() 

gg <- highlight( 
  p = ggplotly(p),  
  on = "plotly_selected") 

bscols(gg, datatable(m))

H E R E ’ S  O U R   
G G P L O T  O B J E C T

N O W  W E  M A K E  T H E  G G P L O T  
O B J E C T  I N T E R A C T I V E

F I N A L LY  W E  L I N K  B O T H  
I N T E R A C T I V E  W I D G E T S .
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tools for interactive content, web application tools are more complex but allow more sophisticated interactions

ggplot2 + shiny + ...
Shiny is for developing web applications. This 
means it runs on a web server to enable user 
interface widgets on a webpage. Further, it 
requires linking to an active R session. Thus, 
unlike the previous software, we cannot share 
a single, standalone html file.  The closest we

get is to share an r markdown file with shiny 
code that someone can open in RStudio and 
click “run” to start a server. Below are 
examples of various widgets we can use to 
create these interactive, web applications.
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tools for interactive content, example — creating dashboards

knitr + rmarkdown + flexdashboard
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to weave together text, image, code and results. 
Along with markdown templates, we can roll 
our own with css grid, adding code chunks 
between <div class=""> and </div> 
where we define our own css classes. Here’s a 
screenshot of an example below:

We can organize various widgets and enable 
their communication through web technol-
ogies, all placed inside an html file. Perhaps 
my favorite way to bring these technologies to-
gether is using r markdown templates like 
flexdashboard that knitr and RStudio uses
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tools for interactive content, example — creating dashboards

knitr + rmarkdown + css grid + html
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to weave together text, image, code and results. 
Along with markdown templates, we can roll 
our own with css grid, adding code chunks 
between <div class=""> and </div> 
where we define our own css classes. Here’s a 
screenshot of an example below:

We can organize various widgets and enable 
their communication through web technol-
ogies, all placed inside an html file. Perhaps 
my favorite way to bring these technologies to-
gether is using r markdown templates like 
flexdashboard that knitr and RStudio uses

<style> 

.main-container { 
  min-width: 950px; 
  max-width: 950px; 

} 

.gridlayout {  
  display: grid; 
  position: relative; 
  margin: 10px; 
  gap: 5px; 
  grid-template-columns:  
    repeat(8, 1fr); 
  grid-template-rows:  
    repeat(8, 140px); 
} 

.gridlayout * { 
  max-width: 100%; 
  object-fit: contain; 

} 

.title { 
  background: lightgray; 
  grid-column: 1 / 9; 
  grid-row: 1 / 2; 
  font-size: 14pt; 
} 

.large-left { 
  background: lightblue; 
  grid-column: 1 / 5; 
  grid-row: 2 / 5; 
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