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What is Provenance?
“The place of origin or earliest known history of something” (Oxford 
Dictionary)

Often used in the context of “a valued object or work of art'' 
(Merriam-Webster)

In the field of Computer Science, the concept has been applied to data, 
computation, and user interactions.

For example, “data provenance” includes the context information such 
as how/when/why data are collected/recorded/stored/processed.



Why do we need this survey?
Provenance is a fast growing area in the visualization research: 

● Theories on visualisation and interaction provenance 
● Provenance capture and visualization, 
● Provenance analysis to 

○ Understand users, for example for evaluating visual analytics 
tools, and 

○ Support user sensemaking tasks such as providing 
personalization and helping collaboration.



Related Work
Provenance has been studied in many fields, often under different names

Human-Computer Interaction

● “Protocols”, such as audio/video recording, computer logs, and user notebooks
● To understand user behaviors and intentions

Database, semantic web, and e-Science

● “Data lineage” and “Data provenance”

● For process debugging, data quality, and accountability

Reproducible science: make scientific experiments “repeatable” and “re-usable” 



● Analysis of user interactions and provenance data in the field of visualization
○ Similar to meta-analysis as defined by Ragan et al.

User-generated (interaction) provenance with the 
goal of

● Improving
● Enhancing
● Understanding 

… visual analysis system, visualization 
process, or visual artifact

Scope of Survey

Ragan E. D., Endert A., Sanyal J., Chen J.: Characterizing Provenance in Visualization and Data Analysis: An Organizational 
Framework of Provenance Types and Purposes. IEEE Transactions on Visualization and Computer Graphics (2015). 

● Only recorded information of interactive 
visual analysis session(s) without analysis

● Machine learning / Active learning based on 
binary decisions

● User studies without additional analysis of 
provenance information (beyond recording 
and sharing)

✔ In Scope ✖ Out of Scope

✖

✖

✖

✔

✔
✔



Survey Methodology

Corpus

● Last eleven years 
2009 - 2019

● Issues and Processings
4 Journals
5 Conferences / Symposia



Coding Process

● Three stage approach 
for tagging
1 - Explorative
2 - Categorical
3 - Supplementary

Survey Methodology

Goal
Unify categories and 
narrow down scope

Example Keywords
WHY doing meta-analysis, 
HOW to analyze

2 Categorical

Goal
Overview of relevant 
literature

Example Keywords
Provenance Analytics, 
Model Steering

Explorative1

● Paper collection
105 papers in total that are 
in-scope

Goal
Distinct (sub-)categories

Example Keywords
WHY (6)
WHAT (4)
HOW (5)

3 Supplementary

WHY WHAT HOW



Guiding Questions

● WHY analyze provenance data?

Collection of Publications

● WHAT types of provenance data and

ways to encode it?

● HOW to analyze provenance data?
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The structure of our survey is based on a high-level provenance analysis model.

Structure of the Survey

improve / adapt

Analysis Goals

WHY

Provenance Data 
Encoding

WHAT

 Analysis

HOW
track

VA Tool / 
Visualization

interact



Goals: WHY Analyze Provenance Data (Alvitta)
Understanding the User

Evaluation of System and Algorithms

Adaptive Systems

Model Steering

Replication, Verification, and Re-Application

Report Generation and Storytelling
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Understanding the User
Create theoretical and computational models 
that describe the reasoning process. 
Examples include:

● Quantifying hover and click patterns
● Predicting personality traits
● Uncovering exploration bias
● Modeling attention
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Evaluation of System and Algorithms
Prior  work  has  used  provenance data  to  
understand  the  visualization  system  itself  
and to  evaluate  its  usefulness. These 
include:

● Using mouse and eye data to learn the 
importance of visual elements

● Modeling task performance to guide 
system designs

● VA systems for evaluating interactive 
visualizations   

Blascheck et al. 2016
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Adaptive Systems
Aim to improve the usability and 
performance  of  a  visualization  system. 
Topics ranged from:

● Recommenders
● Providing guidance to the user
● Adaptive prefetching
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Model Steering
Modeling  steering uses  provenance  data  
to  improve  the  underlying  data  
representations,  machine learning 
models, or projection calculations. This 
category includes system such as:

● ForceSpire
● Dis-Function

Brown et al. 2012
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Another  usage  of  provenance  data  is  to  
verify,  replicate  or  re-apply  analysis  
sessions. For instance:

● VisTrails

Callahan et al. 2012
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Replication, Verification, and Re-Application
Another  usage  of  provenance  data  is  to  
verify,  replicate  or  re-apply  analysis  
sessions. For instance:

● VisTrails
● Harvest
● KnowledgePearls

Stitz et al. 2019
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Report Generation and Storytelling
Finally, research has analyzed provenance 
data to automatically  generate  summary  
reports  of  an  analysis session. We found 
papers on producing:

● Automated annotations
● Data-driven reports
● Summary insights



Encodings: WHAT Types of Provenance Data to Analyze

Sequence

Grammar

Model

Graph



WHAT: Sequence
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Sequence: Logs of Activities

● User Interaction
● Application State
● User State
● Taxonomy-Based
● Image Space

Finding Waldo: Learning about Users from their 
Interactions, Brown et al. VAST 2014



WHAT: Sequence

Sequence: Logs of Activities

● User Interaction
● Application State
● User State
● Taxonomy-Based
● Image Space
● Temporal Signal



WHAT: Grammar

Grammar: Generate Reusable Scripts

● Logic Rules

Enhancing Visual Analysis of Network Traffic Using 
a Knowledge Representation, Xiao et al. VAST 2006



WHAT: Grammar

Grammar: Generate Reusable Scripts

● Logic Rules
● Languages and Scripts

Wrangler: interactive visual specification of data 
transformation scripts, Kandel et al. CHI 2011



WHAT: Grammar

Grammar: Generate Reusable Scripts

● Logic Rules
● Languages and Scripts
● Specifications

Charticulator: Interactive construction of bespoke 
chart layouts, Ren et al. TVCG, 2018
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Model: Abstractions of Actions

● Machine Learning Models
● User Models
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● Entity and Concept Graph



WHAT: Graph

Graph: Actions and Relations

● Entity and Concept Graph
● History Graph

Graphical Histories for Visualization: Supporting 
Analysis, Communication, and Evaluation, Heer et al. 
InfoVis, 2008



Techniques: HOW to Analyze Provenance Data

Classification Models

Pattern Analysis

Probabilistic Models / Prediction

Program Synthesis

Interactive Visual Analysis
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HOW: Classification Models
Classification: Differentiate sequences of 
interactions into meaningful groupings

● Clustering
● Regression
● SVMs
● Topic modeling
● Neural networks
● Hierarchical techniques
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HOW: Pattern Analysis
Pattern Analysis: Detect themes either via 
automation or by user-driven approaches

● Adaptive contextualization
● Extraction of branching patterns
● Retrieving notes from past analyses
● Sketches
● Rule-based systems
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HOW: Probabilistic Models / Prediction
Probabilistic Models: Mitigating the inherent 
uncertainty in interpreting and inferring from 
provenance data

● Traditional statistical models
● Bayesian probability and inference
● Neural networks
● Markov models
● Natural language processing
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HOW: Program Synthesis
Program Synthesis: Create executable scripts based on past 
user interactions

● Domain-specific languages
● Graphs
● Think-aloud studies
● Reviewing past provenance
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HOW: Interactive Visual Analytics
Interactive Visual Analytics: User-driven 
approaches for provenance analysis

● Semantic interaction
● Visual analytics tools
● Analysis of visual design



Future Research
WHY

Still many opportunities such as user intent modelling.

Can support important questions in related field such as Explainable AI.

WHAT

Multi-layer provenance model: from system log to user reasoning

Challenges in user reasoning capture



Future Research
HOW

● Utilization of more advanced Machine Learning methods
● Fundamental challenges such as “chunking”: grouping the steps 

in an interaction sequence

Standard and Integration

● Most provenance tools have their own formats, which makes 
data exchange and integration almost impossible

● A common standard will be beneficial to the all related fields


