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Better understand if and how a visualization 
supports people in making sense of data 
 

Results of an evaluation 
– Ability to judge the utility of a visualization 
– Opportunities for improving a visualization 
– Comparison of multiple visualization techniques 
– Implications for design of new visualizations 
– Generation of new research questions
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Why evaluate a visualization?



Why is it so difficult to evaluate visualizations?

Focus: Choose the right questions and appropriate methods 

Sensitivity: Small errors in functionality and dataset can have great impact 

Participants: Interests and backgrounds can have great impact 

Tasks: Many methods require well-specified tasks, but vis' is often open-ended 

Time span: Some questions demand longitudinal studies over weeks and months 

Quantifying cognition: Insights and discoveries cannot easily be measured
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General Approach

1. Aims: Intentions and research questions 

2. Approach: when, where, what and how  

3. Practical considerations: tasks, data, conditions, participants  

4. Carry out evaluation  

5. Results: Analyse measurements, observations and feedback 

6. Discussion: Interpret and present results
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Research methods

Techniques to generate scientific insight 

Essential elements of empirical research 
– Actors: People and organizations 
– Context: Time, place, and situation 
– Behavior: Activities, tasks and feelings 

How do specific actor’s behavior change in a context?
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McGrath, J. E. Methodology matters: Doing research in the behavioral and social sciences. In Readings 

in Human Computer Interaction: Towards the Year 2000. Morgan Kaufmann, 1995, pp. 152–169.



Criteria for methods

 
Behavior is transferrable to other actors and contexts 

 
The behavior was precisely recorded and isolated from other factors 

 
The studied context matches a real situation
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Generalizability

Accuracy

Realism



Criteria for methods
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Generalizability

Accuracy
Realism



Criteria for methods   Where to evaluate?
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McGrath, J. E. Methodology matters: Doing research in the behavioral and social sciences. In Readings 

in Human Computer Interaction: Towards the Year 2000. Morgan Kaufmann, 1995, pp. 152–169.

Generalizability

Realism

Field studies 
High level of background 
noise, but natural context 
Allows for longitudinal studies

Lab studies 
Situation largely controlled, 
but lacking natural context 
Well specified tasks for 
comparisons

Desktop research 
Theory building with 

no empirical study 
Based on literature 

review or simulation
Accuracy



Criteria for methods   When to evaluate?

Formative study → to inform 
Prepare the design and development of a new visualization 

Summative study → to summarize 
Study the effectiveness of an existing visualization
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Criteria for methods  What to measure/observe?
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Quantitative 
– Time 
– Errors  
– Visitors/viewers 
– Activities

Qualitative 
– Attitudes 
– Opinions 
– Emotions 
– Utility, difficulty, etc



Empirical methods



Lab study

Investigate specific aspect of a visualization 
in isolation from other potentially influencing factors 

Approach 
– Define hypothesis 
– Define independent and dependent variables 
– Control independent variables through experimental set-up 
– Reduce complexity of environment 
– Measure dependent variables (typically time and errors) 
– Apply statistical methods 

Precise question and controlled context, 
yet artificial study situation and task
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Think aloud protocol

Ask participant to verbalize thoughts 
while interacting with the visualization 

Approach 
– Announce actions 
– Express expectations 
– Comment observations 

Directly captures intentions and judgements 
Yet, reduces realism of the study situation
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Interviews

Conversations with guiding questions and prepared themes 

Approach 
– Note completeness of statement, actively pursue interesting aspects 
– Avoid tendency of talking (as researcher): allow for pauses and take notes 
– Encourage informal comments 
– Avoid leading questions that imply certain answers 
– Formulate open questions that encourage elaboration 
– Ask for specific details, activate memories 

Can raise unexpected insights, yet results are less comparable
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Field study

Non-intervening observations in a real environment 

Approach 
– Inconspicuously take notes, in close temporal proximity of observation 
– Pay attention to obvious and covert aspects (e.g, gestures, facial expressions) 
– Record positive and negative aspects 
– Focus on specific observations, do not attempt to make general statements 
– Note literal quotations as such 

Record realistic behavior, but costly data gathering and analysis
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Web prototype

Deploy an experimental prototype and run web study 

Approach 
– Log activities, duration of visit, time between interactions 
– Ask for structured or open-ended feedback, suggestions, social media 
– Let participants visualize data with personal relevance 
– Focus on features that are core to the concept/question 

Semi-realistic setting, yet considerable effort to create functional prototype
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Analytical methods



Heuristic evaluation

Informal method of usability analysis: Experts review an 
interface / visualization on the basis of established principles 

– Affordable to carry out 
– Intuitive and easy to motivate participants 
– Does not require much planning 
– Can be used early in design and development to identify problems 

But 
– Does not necessarily provide clear suggestions for improvement 
– Only helpful if building on existing knowledge 
– Does not generate new concepts, insights, or theories 

One reviewer is not sufficient, should be 3-10 experts reviewing independently
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Heuristic evaluation   Examples

Usability [Nielson 1990] 
– Simple and natural dialogue 
– Speak the user’s language 
– Minimize user memory load 
– Be consistent  
– Provide feedback 
– Provide clearly marked exits 
– Provide shortcuts 
– Good error messages 
– Prevent errors
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Good visualization [Mackinlay 1986] 
– Expressiveness: Represent desired information 
– Effectiveness: Exploit medium and perception

Visual information seeking [Shneiderman 1996] 
Overview first, zoom & filter, then details-on-demand

J. Nielsen and R. Molich. Heuristic 
evaluation of user interfaces. In CHI ’90: 
Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems, 
pages 249–256. ACM, 1990.

Mackinlay, J. D. Automating the design of graphical 
presentations of relational information. ACM Transactions on 
Graphics 5, 2 (1986), 110–141. 

Shneiderman, B. The eyes have it: A task by data type 
taxonomy for information visualizations. In Proceedings of the 
IEEE Symposium on Visual Languages (1996), pp. 336–343.



Heuristic evaluation   Examples cont.
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Visualization heuristics [Zuk et al 2006] 
– Ensure visual variable has sufficient length 
– Don’t expect a reading order from color 
– Color perception varies with size of item 
– Local contrast affects color & gray perception 
– Consider people with color blindness 
– Preattentive benefits increase with field of view 
– Quant. assessment requires position / size variation 
– Preserve data to graphic dimensionality 
– Put the most data in the least space 
– Remove the extraneous (ink) 
– Consider Gestalt Laws 
– Provide multiple levels of detail 
– Integrate text wherever relevant

Task framework 
[Amar & Stasko 2004] 
– Expose uncertainty 
– Concretize relationships 
– Determine domain parameters 
– Multivariate explanation 
– Formulate cause & effect 
– Confirm Hypotheses

Amar, R., and Stasko, J. A knowledge task-
based framework for design and evaluation 
of information visualizations. In InfoVis 2004: 
Symposium on Information Visualization 
(2004), IEEE, pp. 143–150.

Zuk, T., Schlesier, L., Neumann, P., Hancock, M. S., and 
Carpendale, S. Heuristics for information visualization 
evaluation. In BELIV ’06: Proceedings of the 2006 AVI 
workshop on BEyond time and errors (2006), ACM, pp. 1–6.



Cognitive walkthrough

Go through questions and steps that are necessary 
to answer a question or solve a task 

Requires the definition of personas and tasks/activities 

Normally executed by project team to identify problems early on 

Pluralistic walkthrough: not only with developers and designers, but 
also with potential users and other experts in HCI and interface design
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Nested model for visualization design
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Who are the users? 
What are their tasks, expectations, requirements?

How can the specific data and tasks 
be translated to the vocabulary of visualization?

What is shown? → visual representation 
How can it be changed? → interactivity

How can the visualization be efficiently computed?

Domain situation
Observe target users using existing tools

Visual encoding/interaction idiom
Justify design with respect to alternatives

Algorithm
Measure system time/memory
Analyze computational complexity

Observe target users after deployment ( )

Measure adoption

Analyze results qualitatively
Measure human time with lab experiment (lab study)

Data/task abstraction

Domain situation
Observe target users using existing tools

Visual encoding/interaction idiom
Justify design with respect to alternatives

Algorithm
Measure system time/memory
Analyze computational complexity

Observe target users after deployment ( )

Measure adoption

Analyze results qualitatively
Measure human time with lab experiment (lab study)

Data/task abstraction

Domain situation
Observe target users using existing tools

Visual encoding/interaction idiom
Justify design with respect to alternatives

Algorithm
Measure system time/memory
Analyze computational complexity

Observe target users after deployment ( )

Measure adoption

Analyze results qualitatively
Measure human time with lab experiment (lab study)

Data/task abstraction

Domain situation
Observe target users using existing tools

Visual encoding/interaction idiom
Justify design with respect to alternatives

Algorithm
Measure system time/memory
Analyze computational complexity

Observe target users after deployment ( )

Measure adoption

Analyze results qualitatively
Measure human time with lab experiment (lab study)

Data/task abstraction

Domain

Abstraction

Idiom

Algorithm

Munzner, T. (2009). A nested model for visualization design and validation. IEEE 
Transactions on Visualization and Computer Graphics, 15(6):921–928. 
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Domain situation
Observe target users using existing tools

Visual encoding/interaction idiom
Justify design with respect to alternatives

Algorithm
Measure system time/memory
Analyze computational complexity

Observe target users after deployment ( )

Measure adoption

Analyze results qualitatively
Measure human time with lab experiment (lab study)

Data/task abstraction

Domain situation
Observe target users using existing tools

Visual encoding/interaction idiom
Justify design with respect to alternatives

Algorithm
Measure system time/memory
Analyze computational complexity

Observe target users after deployment ( )

Measure adoption

Analyze results qualitatively
Measure human time with lab experiment (lab study)

Data/task abstraction

Domain situation
Observe target users using existing tools

Visual encoding/interaction idiom
Justify design with respect to alternatives

Algorithm
Measure system time/memory
Analyze computational complexity

Observe target users after deployment ( )

Measure adoption

Analyze results qualitatively
Measure human time with lab experiment (lab study)

Data/task abstraction

Observe target group with existing tools 
Domain

Abstraction of data and tasks

Idiom
Justify visualization and interaction techniques

Measure computational effort and memory requirements

Analyze results qualitatively 
Measure the processing time of tasks quantitatively

Observe the target group in action

Measure usage rates

Domain situation
Observe target users using existing tools

Visual encoding/interaction idiom
Justify design with respect to alternatives

Algorithm
Measure system time/memory
Analyze computational complexity

Observe target users after deployment ( )

Measure adoption

Analyze results qualitatively
Measure human time with lab experiment (lab study)

Data/task abstraction

Algorithm

Munzner, T. (2009). A nested model for visualization design and validation. IEEE 
Transactions on Visualization and Computer Graphics, 15(6):921–928. 

Anthropology/ 
Ethnography

Anthropology/ 
Ethnography

Information 
science 
 
Design

Computing

Psychology

Nested model for visualization design & validation



Summary
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Motivation: Reasons for evaluating visualizations and the challenges they raise  

Criteria for research methods: generalizability, accuracy and realism; 
quantitative vs qualitative observations, timing of evaluations 

Empirical methods: lab, field and web studies, think aloud protocol, interviews 

Analytical methods: heuristic evaluation and cognitive walkthrough 

Nested model for visualization design and evaluation


