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RECAP

SO FAR:

• How to find & prepare data

• How to create visualizations

TODAY:

• How do we know a visualization has value?



MANY VISUALIZATIONS 
/ VISUAL ANALYTICS 
SYSTEMS, TOOLS, 
TECHNIQUES EXIST



FROM RESEARCH…



PRACTITIONERS…



STUDENTS…



ORGANIZATIONS….



DO THESE 
VISUALIZATIONS 
HAVE VALUE?
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EVALUATION

an assessment of a visualization or its context of 
use, including:

• a multitude of methods / methodologies

• at any point in the development cycle

 not just with participants



EVALUATING
VISUALIZATIONS
IS DIFFICULT
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EVALUATION 
OF 
VISUALIZATIO
NS…

…is difficult because:

• Visualizations are often part of a creative activity

– Make hypotheses, look for patterns, refine hypotheses

• Insight/discovery can happen any time – even after 
tool use

• Data analysis is often collaborative

• Insight/discovery are not predictable and often rare



YOU SHOULD ASK YOURSELF
WHY DO YOU WANT TO EVALUATE SOMETHING?

WHEN SHOULD YOU EVALUATE SOMETHING?

WHAT DO YOU WANT TO KNOW?

HOW CAN YOU EVALUATE THAT?



QUESTION 1
WHY DO YOU WANT TO EVALUATE?



DEPENDS ON WHO YOU ARE

Researcher

• Did I have a good idea 
/ hypothesis?

• What makes people 
use my idea/system in 
a certain way?

• What are its limits?

Developer

• What should we build?

• Which option should 
we focus on?

• Do users like our 
product?

• How well does the 
product work?

End User

• What should I use?

• When should I use 
something?

• What product should I 
buy?



SEVEN SCENARIOS…









USER PERFORMANCE

How fast or effectively can people 
perform a task?

Given an item of type A, how quickly / 
correctly can a user find all items of type 
B that are directly or indirectly related?

Typically you get a larger set of participants performing a specific task



USER EXPERIENCE

How do people react to this 
tool?

Which features do users find 
most useful?

Typically you get a smaller set of participants performing an in-depth analysis task



ALGORITHMIC PERFORMANCE

How performant is the tool?

How quickly can it render 
datasets of 100MB, 1GB, 1TB, 
…?

Typically you don’t get any human participants



WORK PRACTICES

How is / should the tool (be) used in 
practice?

• Does it support users’ questions?
• Does it support their tasks/goals?
• What visualizations are currently 

in use?
• Is it being adopted?

Typically you observe experts or end-users



DATA ANALYSIS / REASONING

Does the tool lead to new 
discoveries or insights?

Does the tool support
– the generation of 

hypotheses?
– the extraction of 

information?
– Decision making?

Typically you get a smaller set of participants performing an in-depth analysis task



COMMUNICATION

Does the tool support 
communicating discoveries, 
insights, results?

Can people learn with the 
visualizations?
Can the tool be used to 
explain a finding to third 
parties?

Typically you get a larger set of participants who answer questions



COLLABORATION

Does the tool support 
collaborative analysis or 
decision making?

Can analysis effectively work 
together?
Can users easily share and 
communicate about findings?

Typically you get a multiple of participants performing an in-depth analysis task



SEVEN SCENARIOS

Understanding data analysis processes

Understanding visualizations

Work 
practices

User 
performance

User 
experience

Algorithmic 
Performance

read this paper for advice on 
what to evaluate



Updated information for 
another visualization sub-
field

read this paper for more advice on 
what to evaluate & what mistakes 
have been made in the past



QUESTION 2
WHEN SHOULD YOU EVALUATE SOMETHING?



Design Life Cycle30

Design

Evaluation Implementation



EVALUATION
IN VISUALIZATION

pre-design

design

prototype

deployment

re-design usability problems

context of solution

cognition and perception for encodings

design goals, comparisons

understand adoption



QUESTION 2+3
WHEN & WHAT SHOULD YOU EVALUATE?



THE NESTED 
MODEL

read this paper for more advice on 
when, what to evaluate, & what 
challenges to expect

Domain problem characterization

Data/task abstraction design

Encoding/interaction technique 
design

Algorithm design

A model for visualization creation



THE NESTED MODEL

Domain problem characterization

understand as much as possibly about users, their tasks, and context of use in order to 
produce a stable and detailed set of requirements

“discover new candidate medications”  vs.
“identify clusters of compounds where all compounds interact with only one specific pathway”



THE NESTED MODEL

Translate the domain problems into generic 
visualization tasks & usable data types for 
visualization

Domain problem characterization

Data/task abstraction design

“identify clusters of compounds where all compounds interact with only one specific pathway”
 “analyze network connectivity”



THE NESTED MODEL

Design visual encoding and interactionDomain problem characterization

Data/task abstraction design

Encoding/interaction technique design

by Lauren Manning Sketchbook



THE NESTED MODEL

Create algorithm to carry out the visual encoding 
and interaction design automatically

Domain problem characterization

Data/task abstraction design

Encoding/interaction technique design

Algorithm design



THE NESTED MODEL

Domain problem characterization

Data/task abstraction design

Encoding/interaction technique 
design

Algorithm design



EVALUATION QUESTIONS

• What can go wrong at 
each step?

• How can you avoid doing a 
step incorrectly?

• How can you validate that 
you completed each step 
correctly?

Domain problem characterization

Data/task abstraction design

Encoding/interaction technique design

Algorithm design



EVALUATION QUESTIONS

THREAT: 
• You chose the wrong problem
• You did not understand the 

domain language/problem

WHAT CAN BE DONE:
• Observe and interview 

domain users

Domain problem characterization



QUESTIONS TO ASK:

• who are the users?

• what are their needs?

• what are their tasks?

• how do they currently work?
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EVALUATION QUESTIONS

Domain problem characterization

Data/task abstraction design

THREAT: 

• General tasks / data types do not solve 
domain problem

WHAT CAN BE DONE:

• Compare against existing approaches

• Analyze your previously collected data 
carefully with specific methods



TASK TAXONOMIES 
IN VISUALIZATION

Many task taxonomies exist 
in visualization
• Some are very general
• Some domain specific

Recent call for publishing 
more domain specific 
analyses and design studies



EVALUATION QUESTIONS

Domain problem characterization

Data/task abstraction design

THREAT: 

• Ineffective encoding/interaction 
technique

WHAT CAN BE DONE:

• Justify the design with known 
guidelines

Encoding/interaction technique design



EVALUATION QUESTIONS

Domain problem characterization

Data/task abstraction design

THREAT: 

• Suboptimal algorithms in terms of 
speed and memory

• Incorrect algorithm

WHAT CAN BE DONE:

• Analyze computational complexity

Encoding/interaction technique design

Algorithm design



IMPLEMENT



EVALUATION QUESTIONS

Domain problem characterization

Data/task abstraction design

THREAT: 

• Suboptimal algorithms in terms of 
speed and memory

• Incorrect algorithm

WHAT CAN BE DONE:

• Benchmark testing

Encoding/interaction technique design

Algorithm design

Implementation





https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6064943



EVALUATION QUESTIONS

Domain problem characterization

Data/task abstraction design

THREAT: 

• Ineffective encoding/interaction 
technique

WHAT CAN BE DONE:

• Formal user study

• Present and discuss the implemented 
system with experts, end users

• Quantitatively assess result images

Encoding/interaction technique design

Algorithm design

Implementation



EVALUATION QUESTIONS

Domain problem characterization

Data/task abstraction design

THREAT: 

• General tasks / data types do not solve 
domain problem

WHAT CAN BE DONE:

• Test tool on target users, check if tasks 
can be completed. E.g. can hypotheses 
be found?

• Long term field studies

Encoding/interaction technique design

Algorithm design

Implementation



EVALUATION QUESTIONS

Domain problem characterization

Data/task abstraction design

THREAT: 

• You chose the wrong problem

• You did not understand the domain 
language/problem

WHAT CAN BE DONE:

• Check adoption rates

Encoding/interaction technique design

Algorithm design

Implementation



IN SUMMARY – THE NESTED 
MODEL

Munzner, InfoVis 2009

MODEL OF VIS DESIGN

read this paper for advice on evaluation in the development cycle



QUESTION 4
HOW TO EVALUATE?



QUESTION 4
HOW CAN YOU EVALUATE SOMETHING?

After McGrath 1995

McGrath, J.: Methodology 
Matters: Doing Research in 
the Social and Behavioural
Sciences. In: Readings in 
Human-Computer Interaction: 
Toward the Year 2000, 
Morgan Kaufmann, San 
Francisco (1995)

Field Strategies

Experimental Strategies

Respondent
Strategies

Theoretical Strategies



LOW-COST METHODS
OFTEN EARLY ON PROTOTYPES



QUALITATIVE RESULT INSPECTION



vary edges

node placement

Images created with yEd: http://www.yworks.com
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AESTHETICS



AESTHETICS
• area: match area of your layout to the size of the display 

and data
• aspect ratio: usually optimal if close to 1
• subtree separation: try not to overlap subtrees
• root-leaf distance: minimize distance from root to leaves
• edge lengths: minimize total, average, maximum, edge 

lengths & try to make edge lengths uniform
• angular resolution: increase angles formed by edges
• symmetry: symmetric layouts usually considered pleasing

aesthetics of node-link tree algorithms describe 
properties that improve the perception of the 
data that is being layed out



HEURISTIC EVALUATION
by Jakob Nielsen (1994) and others

https://w
w

w
.youtube.com

/w
atch?v=6B

w
0n6Jvw

xk



HEURISTIC EVALUATION

use of design 
principles/heuristics 
to inspect an 
interface for usability 
problems

https://www.nngroup.com/articles/ten-usability-heuristics/



HEURISTIC EVALUATION

• choose the guidelines

• define a rating systems

• documents

Also choose: number of evaluators
– single inspector

– multiple inspectors



HEURISTIC EVALUATION = recruit USABILITY EXPERTS

USER TESTING = recruit PARTICIPANTS



HEURISTIC EVALUATION IN VISUALIZATION

Lots of recent research interest

Many more…



THE ICE-T MODEL

• http://visvalue.org/

• A form of heuristic evaluation

http://visvalue.org/


THE FOUR CHARACTERISTICS

INSIGHT + TIME + ESSENCE + CONFIDENCE



INSIGHT

A visualization’s ability to spur and discover 
insights and/or insightful questions about the data



CONFIDENCE

A visualization’s ability to generate confidence , 
knowledge, and trust about the data, its domain 
and context



ESSENCE

A visualization’s ability to convey an overall 
essence or take-away sense of the data



TIME

A visualization’s ability to minimize the total time
needed to answer a wide variety of questions 
about the data



LAB STUDIES
OFTEN WITH HIGH-FIDELITY PROTOTYPES



LAB-BASED TESTING: ESSENTIALLY…

• bring in real users
• have them complete tasks with your design, while 

you watch with your entire team
• use a think-aloud protocol, so you can “hear what 

they are thinking”
• measure

– task completion, task time
– satisfaction, problem points, etc.

• identify problems (major ones | minor ones)
• provide design suggestions to design/engineering 

team
• iterate on the design, repeat
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TESTING ENVIRONMENTS…
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IN-THE-WILD STUDIES
OFTEN WITH HIGH-FIDELITY PROTOTYPES



RESEARCH METHODS - IDEAL
• observing and/or interviewing the real end users

– find out what current methods users use for doing their 
tasks
(paper, competing systems, antiquated systems, …) 

– abstract users  real people with real needs

example: 
if you are interested in customers who do data analysis for 
drug discovery, observe and talk to them in their current work 
environment

Petra Isenberg 78



RESEARCH METHODS – SECOND BEST

interviewing the end-user representative
– if you absolutely cannot get hold of end-users
– carefully select and interview end-user representatives
– MUST be people with direct contact with end users and intimate 

knowledge and experience of their needs and what they do
– people who work with end users are the best

Example: 
talk to managers/team leaders if you cannot get hold of actual analysts. 
Better: interview/observe how the representatives analyze data

Petra Isenberg 79



RESEARCH METHODS – IF ALL ELSE FAILS

make your beliefs about the end users and the task 
space explicit

– if you cannot get in touch with real end users or their 
representatives

– use your team to articulate their assumptions about 
end users and their tasks

– risk: resulting user and task descriptions do not 
resemble reality  only use as last resort

Introduction to HCI – Ecole 
Centrale 2016

Petra Isenberg 80



WHEN LOOKING IS NOT ENOUGH…

• LOOKing gives you great insight into the state of 
the world

• But it doesn’t tell you why people are acting the 
way they do, or what their goals, needs, or 
feelings are
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ASK

• Surveys

• Interviews

• Focus Groups

• Diary Studies

• Experience Sampling

• …



LESSON TO LEARN ABOUT INTERVIEWS

• what people say they want and what they want is 
not always the same

– through observation you can uncover the latter

• what people say they do is not always what they 
actually do

– through observation you can see what they do

Petra Isenberg 83



WHAT CAN HAPPEN WHEN TALKING TO PEOPLE
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IDEALLY, COMBINE INTERVIEWS WITH OBSERVATIONS

• watch people in their own environment

• watch people do everyday tasks

• opportunities for new designs arise from:
– workarounds

– breakdowns

– unexpected uses of existing tools

85

To look up further:
Contextual Inquiry



MILCS

Uses

• Ethnographical observation

• Interviews

• Automated logging

Especially useful in situations where replicability is not
attainable.

The outcome may be specific suggestions for tool
improvements and a better understanding of design principles.



ANALYZING YOUR 
DATA
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LEARN FROM YOUR DATA

• Now that you have a huge stack of notes and 
ideas from all of your LOOKing and ASKing, it’s 
time to make some sense of the data

• Methods are intended to help you organize your 
thinking, and express it to help make it concrete 
and real
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