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ABSTRACT
People naturally bring their prior beliefs to bear on how they
interpret the new information, yet few formal models exist
for accounting for the influence of users’ prior beliefs in
interactions with data presentations like visualizations. We
demonstrate a Bayesian cognitive model for understanding
how people interpret visualizations in light of prior beliefs
and show how this model provides a guide for improving
visualization evaluation. In a first study, we show how applying a Bayesian cognition model to a simple visualization
scenario indicates that people’s judgments are consistent
with a hypothesis that they are doing approximate Bayesian
inference. In a second study, we evaluate how sensitive our
observations of Bayesian behavior are to different techniques
for eliciting people subjective distributions, and to different
datasets. We find that people don’t behave consistently with
Bayesian predictions for large sample size datasets, and this
difference cannot be explained by elicitation technique. In
a final study, we show how normative Bayesian inference
can be used as an evaluation framework for visualizations,
including of uncertainty.
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INTRODUCTION

Data-driven presentations are used by the media, government, and private sector to inform and influence public opinion. For example, a journalist might present polling data
prior to a midterm election in a choropleth map to convey
to readers the probability of a Democratic majority in different areas. While visualization designers may acknowledge
that users’ expectations and prior knowledge (e.g., about the
political sentiment within their district, or their own preferences for a given candidate) will influence what they conclude from the visualization, visualization design guidance
and evaluation methods rarely acknowledge these factors.
Most conventional visualization design guidance implies that
finding an effective design means choosing the right combination of visual encodings and comparisons given the target
task. Accordingly, evaluations often frame an ideal user as
one who minimizes perceptual and other cognitive errors in
extracting the information embedded in the visualization.
Opposing a “data-only” view of visualization, models of
graphical comprehension from psychologists have described
how top-down influences, including prior beliefs and expertise, influence what a person attends to [6]. Studies demonstrate how prior knowledge can lead to other “downstream”
effects on visualization related outcomes, such as how effective an interactive visualization is for different users [20].
Recent visualization experiments demonstrate how eliciting people’s beliefs about data directly through the interface [29, 30] can positively impact data recall and prompt
critical thinking about data. While this work has examined
how people update their beliefs after providing a prediction
and seeing others’ predictions about data, research in data
visualization has yet to develop descriptive or normative
cognitive models for predicting and evaluating how people
update the prior beliefs they bring upon viewing data.

