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TODAY

Learning Objectives

1. Conceptual models, system models and 
the gulfs of execution and evaluation

2. Common interaction techniques: Selection, 
Brushing and Linking and Dynamic 
Queries
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Interaction between people and 
machines requires mutual intelligibility 
or shared understanding
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Real worldConceptual model

Evaluation

Execution

Gulfs

[Norman 1986]

GULFS OF EXECUTION AND EVALUATION
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Gulf of Execution
The difference between the user’s intentions and the 
allowable actions.

[Norman 1986]
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Gulf of Execution
The difference between the user’s intentions and the 
allowable actions.

Gulf of Evaluation 
The amount of effort that the person must exert to interpret 
the state of the system and to determine how well the 
expectations and intentions have been met.

[Norman 1986]
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X Y
0.67 0.79
0.32 0.63
0.39 0.72
0.27 0.85
0.71 0.43
0.63 0.09
0.03 0.03
0.20 0.54
0.51 0.38
0.11 0.33
0.46 0.46

GULF OF EVALUATION

Real world
Conceptual model

x,y correlated? Evaluation

Gulf
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GULF OF EVALUATION
Gulf

Evaluation
Real world

Conceptual model
x,y correlated? r = -.29
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GULF OF EXECUTION

Move 90 30
Rotate 35
Pen down
…

Real world

Execution

Gulf

Conceptual model
Draw a scatterplot
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GULF OF EXECUTION

Move 90 30
Rotate 35
Pen down
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Gulf of Execution
The difference between the user’s intentions and the 
allowable actions.

Gulf of Evaluation 
The amount of effort that the person must exert to interpret 
the state of the system and to determine how well the 
expectations and intentions have been met.

[Norman 1986]
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EARLY SYSTEMS
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Graphics and Graphic Information Processing [Bertin 81]

15

How might we graphically analyze the 
table without focusing on the specific 
numbers? 
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Alphabetical ordering Main-effects ordering
Trellis 
[Becker 1996]
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Graphics and Graphic Information Processing [Bertin 81]
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Choose a row with a particular visual aspect
 Move to extremity of matrix

Move similar rows close, opposite rows to bottom
 Creates two opposing groups and a middle group

Repeat for columns (can only do this with some kinds of data)

Iterate

 

GROUP SIMILAR ROWS AND COLUMNS
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Graphics and Graphic Information Processing [Bertin 81]

20



10/9/24

11

Graphics and Graphic Information Processing [Bertin 81]
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Graphics and Graphic Information Processing [Bertin 81]
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Bertifier [Perin 2014]
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ANNOUNCEMENTS

32

http://www.aviz.fr/bertifier_app/help.html
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ASSIGNMENT 2:  EXP. DATA ANALYSIS  
Due 10/14   10:30am

Use Tableau or Vega-Lite to formulate & answer data questions
First steps
 Step 1: Pick domain & data
 Step 2: Pose questions
 Step 3: Profile data
 Iterate as needed
Create visualizations 
 See different views of data
 Refine questions
Author a report
 Screenshots of most insightful views (8+) 
 Include titles and captions for each view 

33

D3 NOTEBOOKS NEXT MON & WED
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SELECTION
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Point Selection
Mouse Hover / Click
Touch / Tap
Select Nearby Element (e.g., Bubble Cursor)

BASIC SELECTION METHODS
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Point Selection
Mouse Hover / Click
Touch / Tap
Select Nearby Element (e.g., Bubble Cursor)

Region Selection
Rubber-band or Lasso
Area Cursors (“Brushes”)

BASIC SELECTION METHODS
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BRUSHING AND LINKING

42

Direct attention to a 
subset of the data [Wills 95]

BRUSHING
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Select (“brush”) a subset of data
See selected data in other views

The component views must be linked
    by tuple (matching same data point across views), or
    by query (matching range or values of fiekds)

BRUSHING & LINKING

44
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BASEBALL STATISTICS [Wills 1995]

47

select high
salaries

BASEBALL STATISTICS [Wills 1995]
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select high
salaries

avg career
HRs vs avg 
career hits
(batting ability)

BASEBALL STATISTICS [Wills 1995]
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select high
salaries

avg career
HRs vs avg 
career hits
(batting ability)

how long
in majors

BASEBALL STATISTICS [Wills 1995]
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select high
salaries

avg career
HRs vs avg 
career hits
(batting ability)

avg assists vs
avg putouts 
(fielding ability)

how long
in majors

BASEBALL STATISTICS [Wills 1995]

51

select high
salaries

avg career
HRs vs avg 
career hits
(batting ability)

avg assists vs
avg putouts 
(fielding ability)

how long
in majors

distribution
of positions
played

BASEBALL STATISTICS [Wills 1995]
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BASEBALL STATISTICS [Wills 1995]

select players
with assists
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CROSS-FILTERING
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DYNAMIC QUERIES
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SELECT house FROM palo alto
WHERE price < 1,000,000 AND bedrooms > 2
ORDER BY price

QUERY & RESULTS

Issues 
1. For programmers
2.  Rigid syntax
3.  Only shows exact matches
4.  Too few or too many hits
5.  No hint on how to reformulate the query
6.  Slow question-answer loop
7.  Results returned as table
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HOMEFINDER 
[Williamson 1992]

Direct Manipulation 
1. Visual representation of 

objects and actions

2. Rapid, incremental, 
reversible actions

3. Selection by pointing (not 
typing)

4. Immediate and continuous 
display of results
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https://benfry.com/zipdecode/

ZIPDECODE  [Fry 2004]
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https://benfry.com/zipdecode/
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https://namerology.com/baby-name-grapher/

NAMEVOYAGER
[Wattenberg 2005]
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DIMPVIS 
[Kondo 2014]
https://vega.github.io/vega/examples/global-development/
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https://namerology.com/baby-name-grapher/
https://vega.github.io/vega/examples/global-development/
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PARALLEL COORDINATES

https://observablehq.com/@sophiegri/exercise-3-parallel-coordinates
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TimeSearcher 

Based on Wattenberg’s [2001] idea for sketch-based queries of time-series data

TIMESEARCHER [Hocheiser 2002]
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https://observablehq.com/@sophiegri/exercise-3-parallel-coordinates
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69

3D DYNAMIC 
QUERIES [Akers 2004]
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3D DYNAMIC QUERIES [Akers 2004]
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Pros
Controls useful for both novices and experts
Quick way to explore data

Cons
Simple queries
Lots of controls
Amount of data shown limited by screen space

DYNAMIC QUERIES PROS & CONS
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Good visualizations are task dependent
Pick the interaction technique to support the task

Fundamental interaction techniques
Selection
Brushing & Linking
Dynamic Queries

SUMMARY
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