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My research group examines how to align data visualizations with human decision-making capabilities. I work
collaboratively with domain experts to empirically test current visualization methods and develop new science
communication techniques that capitalize on perception (i.e., how the visual system encodes information) and
cognition (i.e., how the mind processes and reasons with the encodings) to reveal the true nature of their data to
viewers. My program uses applied studies to generate and test scientific theories for how we make decisions with
visualizations, improving science communication and preparing students to be educated information designers.

I integrate quantitative and qualitative research methods to evaluate the impact of visualization techniques on
real-world judgments. These methods are grounded in HCI, decision-making, and visualization science, which
produce practical recommendations for industry professionals and basic science. This interdisciplinary research
program has produced an award-winning publication record spanning top-tier venues in both computer science
and psychology (Tables 1 and 2), as well as more than $4 million in external funding (Table 3).

Uncertainty Visualization Theory
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Fig. 1: Uncertainty visualizations reviewed
in Padilla, Kay, Hullman [21].

Understanding how to interpret uncertainty in data is a problem that
affects businesses, scientists, policymakers, and the general public.
Unfortunately, simple forms of uncertainty, such as variability, are
challenging for even experts to comprehend. One of the key findings
from my body of work is that common approaches for conveying
uncertainty, such as 95% confidence intervals, consistently lead to
reasoning errors [1, 2, 3, 4, 5].

My work has revealed that summary communication techniques of
probabilistic data (see Figure 1 intervals for examples) evoke an
incorrect categorical conceptualization of the data. I argue that the
activity of mentally remapping summary communication techniques
(e.g., confidence intervals, error bars, and box plots) to continuous
probabilistic data requires superfluous mental transformations. In
support of this theory, my group finds that 95% confidence intervals
and text expressing temperature forecasts are more cognitively
demanding and lead to worse performance in a resource allocation
task than distributional visualizations (see Figure 1 distributions for
examples [1]). In several studies, we have found that participants
can intuitively understand distributional visualizations because of
the one-to-one mapping between the data and visual properties [1,
5, 4, 2]. We summarize this theory in The Science of Visual Data
Communication: What Works, published in Psychological Science in the Public Interest (impact factor:
17.6) [6].

My recent work extends this theory from single uncertainty displays to multiple forecast visualizations, where
viewers must reason across several competing predictions. In our CHI 2026 paper, which received a Best Paper
Honorable Mention (top 5%), we tested how people interpret multiple forecasts across median plots, 95%
confidence intervals, standard deviation bands, density plots, and hypothetical outcome plots [7]. We found
that viewers used multiple strategies: many mentally averaged across forecasts, while others adopted a winner-
takes-all approach, selecting one forecast as the most likely outcome and effectively ignoring the others. This
work provided the first empirical discovery and documentation of winner-takes-all reasoning in multiple forecast
visualization interpretation. These findings advance our understanding of how people mentally combine multiple
sources of uncertainty and strengthen modern theories of uncertainty communication.

Improving Decisions Using Visualizations of Uncertainty
While effectively communicating uncertainty is challenging, my group has developed and tested several
cognitively optimized visualization techniques across multiple application domains, including forecasts of
hurricanes (Figure 2a [4, 8, 9, 5, 10]), floods [11, 12], temperatures [13, 1], COVID-19 (Figure 2b [14, 15, 16],
and AI sepsis diagnosis [17]. This line of research has been supported by multiple federal agencies, including
the National Science Foundation, the National Institutes of Health, and the U.S. Department of Energy.
Together, these awards contribute to an externally funded research portfolio totaling more than $4 million, as
summarized in Table 3. For this work, I received the 2025 IEEE Visualization and Graphics Technical
Committee (VGTC) Significant New Researcher Award. This award states that “Her work has pushed
our fundamental understanding of the psychology of visualization, as well as been a driving force in
uncertainty visualization.” This is the most prestigious early-career research award in the
visualization community.
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(a) Two methods for hurricane’s forecasted path that lead to
di�erent risk interpretations [8, 9, 4, 5]. The left panel shows
an ensemble forecast, and the right panel shows a 66% CI.

(b) Multiple forecast visualization (MFV) of U.S. COVID-19
mortality for November 13, 2021. Each line depicts a forecast
from a di�erent modeling group [15, 14].

Fig. 2: Examples of forecast visualizations developed and evaluated in my research, including hurricane path forecasts
(A) and COVID-19 mortality forecasts (B).

One visualization application that my group has examined extensively is the Cone of Uncertainty produced by
the National Hurricane Center (NHC: Figure 2a right), which shows a 66% confidence interval around a mean
forecasted hurricane path. We find that participants perceive the boundaries of the cone as encompassing a
categorical danger zone, leading them to incorrectly think that areas outside the boundary are safe, whereas areas
within the boundary are uniformly high risk [5, 4]. Participants also incorrectly interpret the growing size of the
cone not as increasing uncertainty, but as the size of the storm growing over time [5]. We developed an ensemble
visualization technique that utilizes a visual metaphor of paths to convey the uncertainty distribution in the
hurricane path forecast (Figure 2a left [9]). The ensemble visualization elicits significantly fewer reasoning errors
than the other currently available techniques [4, 5]. My subsequent work that examined a new visual-spatial
bias evoked when an ensemble line coincided with a location of interest received the American Psychological
Association Division 3 Early Career Award [10].

My group is engaged in a similar process with COVID-19 forecast visualizations, receiving an NSF grant
(#2028374) for this work. Our initial work found that some groups of people were more likely to share
COVID-19 misinformation [18]. In a review of over 600 COVID-19 visualizations, we found that the two most
common approaches to convey uncertainty were confidence intervals (60%) or multiple models or scenarios to
express uncertainty (29%; [16]).

Inspired by this initial work, we developed a new visualization method, multiple forecast visualizations
(MFV; Figure 2b), which received the IEEE VIS Best Paper Award 2022. MFV is a type of chart where
uncertainty is encoded implicitly through the disagreement (or lack thereof) of multiple forecasts plotted in
the same space, which informs readers about the range, shape, and concentration of predictions [15, 14]. In
one study comparing real-time COVID-19 forecast visualizations with no uncertainty, 95% confidence
intervals, and MFVs, we found that MFVs were most likely to change participants’ beliefs about the
COVID-19 risk to themselves and others [14]. In a second paper, in which we examined the best practices for
selecting forecasts to include in MFVs, we found a trade-off between trust and task-based performance.
Participants were most trusting of visualizations that showed less visual information, including a 95%
confidence interval and a forecast with no visualized uncertainty (median forecast). Despite the high trust, the
95% confidence interval and median forecasts were the least likely to help participants accurately predict
future COVID-19 mortality trends. We also found that participants maintained high trust even when we
changed the label on a 95% confidence interval to 50% and 25% confidence. They did not proportionally scale
their trust to the indicated interval size. Participants were most accurate in their predictions when they
viewed 6-9 forecasts. This work indicates that visualization design choices easily influence trust, and
trust is not indicative of effective decision performance [14].
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Fig. 3: Visualization decision framework integrating
visualization, cognitive, and decision-making theories [19].

Various visual representations of the same information
fundamentally change how people perceive and make
decisions with data. Beyond perception, we know less
about why different visualizations of the same data
produce varying judgments. The lack of consensus
about how and why visualizations influence our
judgments is understandable, since identifying the
underlying processes that produce different judgments
is challenging. Nevertheless, understanding how
humans reason with visual information is critical for
accurately predicting a viewer’s decision-making.
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