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1. A, B, C are distinguishable.
2. B is between A and C.
3. BC is twice as long as AB. Marks
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A graphic is not “drawn” once and for all; it is 
“constructed” and reconstructed until it reveals all the 
relationships constituted by the interplay of the data. 
The best graphic operations are those carried out by 
the decision-maker [themselves]. 
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“Visual representations alone cannot satisfy analytical 
needs. Interaction techniques are required to support 
the dialogue between the analyst and the data.”  
[Thomas & Cook, 2005]

“It is through the interactive manipulation of a visual 
interface – the analytic discourse – that knowledge is 
constructed, tested, refined, and shared.”  
[Pike et al., 2009]

Fixed palette of 
general-purpose 
techniques

Custom techniques 
in purpose-built tools

Programming custom 
techniques

???
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  }  
}

{
  "data": {"url": "data/gapminder.json"},
  "mark": "circle",
  "encoding": {
    "x": {"field": "fertility","type": "Q"},
    "y": {"field": "life_expectancy","type": "Q"},
    "color": {"field": "region","type": "N"},
    "size": {"field": "population","type": "Q"},

Vega-Lite: A Grammar of Interactive Graphics with
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vegalite() %>%
  add_data("data/gapminder.json") %>%
  encode_x("fertility", "Q") %>%
  encode_y("life_expectancy", "Q") %>%
  encode_color("region", "N") %>%
  encode_size("population", "Q") %>%
  mark_circle()

alt.Chart("data/gapminder.json")
  .mark_circle()
  .encode(
    x='fertility:Q',
    y='life_expectancy:Q',
    color='region:N',
    size='population:Q'
  )Al
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Vega-Lite: A Grammar of Interactive Graphics

  }  
}

{
  "data": {"url": "data/gapminder.json"},
  "mark": "circle",
  "encoding": {
    "x": {"field": "fertility","type": "Q"},
    "y": {"field": "life_expectancy","type": "Q"},
    "color": {"field": "region","type": "N"},
    "size": {"field": "population","type": "Q"},

with
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  }  
}

{
  "data": {"url": "data/gapminder.json"},
  "mark": "circle",
  "encoding": {
    "x": {"field": "fertility","type": "Q"},
    "y": {"field": "life_expectancy","type": "Q"},
    "color": {"field": "region","type": "N"},
    "size": {"field": "population","type": "Q"},

Vega-Lite: A Grammar of Interactive Graphics with
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  }  
}

"tooltip": [
  {"field": "country"},
  {"field": "year"}
],

{
  "data": {"url": "data/gapminder.json"},
  "mark": "circle",
  "encoding": {
    "x": {"field": "fertility","type": "Q"},
    "y": {"field": "life_expectancy","type": "Q"},
    "color": {"field": "region","type": "N"},
    "size": {"field": "population","type": "Q"},



"opacity": {
  "condition": {"selection": "cnty","value": 1},
  "value": 0.25
},
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  }  
}

"tooltip": [
  {"field": "country"},
  {"field": "year"}
],

{
  "data": {"url": "data/gapminder.json"},
  "mark": "circle",

  "encoding": {
    "x": {"field": "fertility","type": "Q"},
    "y": {"field": "life_expectancy","type": "Q"},
    "color": {"field": "region","type": "N"},
    "size": {"field": "population","type": "Q"},

  "selection": {
    "cnty": {"type": "single","fields": ["country"]}
  },



"opacity": {
  "condition": {"selection": "cnty","value": 1},
  "value": 0.25
},
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  }  
}

"tooltip": [
  {"field": "country"},
  {"field": "year"}
],

{
  "data": {"url": "data/gapminder.json"},
  "mark": "circle",

  "encoding": {
    "x": {"field": "fertility","type": "Q"},
    "y": {"field": "life_expectancy","type": "Q"},
    "color": {"field": "region","type": "N"},
    "size": {"field": "population","type": "Q"},

  "selection": {
    "cnty": {"type": "single","fields": ["country"]}
  },

"multi"

{
  "data": {"url": "data/gapminder.json"},
  "mark": "circle",

},



26

  }  
}

"tooltip": [
  {"field": "country"},
  {"field": "year"}
],

{
  "data": {"url": "data/gapminder.json"},
  "mark": "circle",

  "encoding": {
    "x": {"field": "fertility","type": "Q"},
    "y": {"field": "life_expectancy","type": "Q"},
    "color": {"field": "region","type": "N"},
    "size": {"field": "population","type": "Q"},

  "selection": {
    "cnty": {"type": "single","fields": ["country"]}
  },

"multi"

{
  "data": {"url": "data/gapminder.json"},

  "mark": "circle",
  "transform": [{"filter": {"selection": "yr"}}],

  "yr": {
    "type": "single","fields": ["year"]
    "bind": {"input": "range", ...}
  }
},},
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{
  "data": {"url": "data/gapminder.json"},
  "mark": "circle",

  "selection": {
    "cnty": {"type": "single","fields": ["country"]}
  },

"multi"

{
  "data": {"url": "data/gapminder.json"},

  "mark": "circle",

  "layer": [{

  "yr": {
    "type": "single","fields": ["year"]
    "bind": {"input": "range", ...}
  }
},

  "transform": [{"filter": {"selection": "yr"}}],

  "encoding": {
    "x": {"field": "fertility","type": "Q"},
    "y": {"field": "life_expectancy","type": "Q"},
    "color": {"field": "region","type": "N"},
    "size": {"field": "population","type": "Q"},

...}
}, {
  "mark": "circle",

"encoding": {

"opacity": {
  "condition": {"selection": "cnty","value": 1},
  "value": 0.25
},

     ...,

   }
}]
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{
  "data": {"url": "data/gapminder.json"},
  "mark": "circle",

  "selection": {
    "cnty": {"type": "single","fields": ["country"]}
  },

"multi"

{
  "data": {"url": "data/gapminder.json"},

  "mark": "circle",

  "layer": [{

  "yr": {
    "type": "single","fields": ["year"]
    "bind": {"input": "range", ...}
  }
},

  "transform": [{"filter": {"selection": "yr"}}],

  "encoding": {
    "x": {"field": "fertility","type": "Q"},
    "y": {"field": "life_expectancy","type": "Q"},
    "color": {"field": "region","type": "N"},
    "size": {"field": "population","type": "Q"},

...}
}, {
  "mark": "circle",
"encoding": {

"color": {
  "condition": {"selection": "brush","field": "region","type": "N"},
  "value": "grey"
},

     ...,

   }
}]

    },
    "brush": {"type": "interval"}
},
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{
  "data": {"url": "data/gapminder.json"},
  "mark": "circle",

  "selection": {
    "cnty": {"type": "single","fields": ["country"]}
  },

"multi"

{
  "data": {"url": "data/gapminder.json"},

  "mark": "circle",

  "layer": [{

  "yr": {
    "type": "single","fields": ["year"]
    "bind": {"input": "range", ...}
  }
},

  "transform": [{"filter": {"selection": "yr"}}],

  "encoding": {
    "x": {"field": "fertility","type": "Q"},
    "y": {"field": "life_expectancy","type": "Q"},
    "color": {"field": "region","type": "N"},
    "size": {"field": "population","type": "Q"},

...}
}, {
  "mark": "circle",
"encoding": {

"color": {
  "condition": {"selection": "brush","field": "region","type": "N"},
  "value": "grey"
},

     ...,

   }
}]

    },
    "brush": {"type": "interval"}
},

, "bind": "scales"}
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A graphic is not “drawn” once and for all; it is 
“constructed” and reconstructed until it reveals all the 
relationships constituted by the interplay of the data. 
The best graphic operations are those carried out by 
the decision-maker [themselves]. 

A graphic is not “drawn” once and for all; it is 
“constructed” and reconstructed until it reveals all the 
relationships constituted by the interplay of the data. 
The best graphic operations are those carried out by 
the decision-maker [themselves]. 
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[Brian C. Keegan, 2014]

A Layout Gap
Visualizations interleaved 
with code makes it difficult to 
coordinate multiple views.

A Semantic Gap
Visualizations need to be 
manually specified despite 
the provenance expressed by 
dataframe transformations.

Interactive results are siloed, 
and not available for further 
analysis in code.

A Temporal Gap
Cell execution is persistent, 
but interaction is transient.
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B2: Bridging Code & Interactive Visualization in Notebooks with
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B2: Bridging Code & Interactive Visualization in Notebooks with
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B2: Bridging Code & Interactive Visualization in Notebooks with
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B2: Bridging Code & Interactive Visualization in Notebooks with
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B2: Bridging Code & Interactive Visualization in Notebooks with
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B2: Bridging Code & Interactive Visualization in Notebooks with
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B2: Bridging Code & Interactive Visualization in Notebooks with
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B2: Bridging Code & Interactive Visualization in Notebooks with
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Lyra: Interactive Visualization by Demonstration with
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Lyra: Interactive Visualization by Demonstration with
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Lyra: Interactive Visualization by Demonstration with



49

Lyra: Interactive Visualization by Demonstration with
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Lyra: Interactive Visualization by Demonstration with
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Towards Effective Interaction With Data Visualization
Empirically Derive Effectiveness "Rankings"
Use an interaction grammar to enumerate alternate 
techniques for a given analytic task. Test with human subjects.
A key challenge: measuring effectiveness beyond time/error?

Interaction Recommender Systems
Synthesize appropriate interactive visualizations using 
effectiveness rankings. 
Mine interaction histories recorded as semantically-
meaningful selections. Accelerate interactive analysis,      
suggest unexplored paths. 
A key challenge: how to infer user intent from context?

Magnitude Channels: Ordered Attributes Identity Channels: Categorical Attributes

Spatial region

Color hue

Motion

Shape

Position on common scale

Position on unaligned scale

Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

Channels: Expressiveness Types and E!ectiveness Ranks



Empirically Derive Effectiveness "Rankings"
Use an interaction grammar to enumerate alternate 
techniques for a given analytic task. Test with human subjects.
A key challenge: measuring effectiveness beyond time/error?

Interaction Recommender Systems
Synthesize appropriate interactive visualizations using 
effectiveness rankings. 
Mine interaction histories recorded as semantically-
meaningful selections. Accelerate interactive analysis,      
suggest unexplored paths. 
A key challenge: how to infer user intent from context?

Supporting (A)Synchronous Collaboration
Establishing common ground and shared awareness.
A key challenge: interactive visualization beyond the desktop?
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Towards Effective Interaction With Data Visualization



Arvind Satyanarayan  
@arvindsatya1 

MIT Visualization Group   
@mitvis · vis.csail.mit.edu

+ 
fri

en
ds

Towards Effective Interaction
With Data Visualization


