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Figure 1: Four stages of a data exploration workflow in DIVE: (A) Datasets, (B) Visualize, (C) Analysis, and (D) Stories.

ABSTRACT

1

Generating knowledge from data is an increasingly important activity. This process of data exploration consists of multiple tasks:
data ingestion, visualization, statistical analysis, and storytelling.
Though these tasks are complementary, analysts often execute them
in separate tools. Moreover, these tools have steep learning curves
due to their reliance on manual query specification. Here, we describe the design and implementation of DIVE, a web-based system
that integrates state-of-the-art data exploration features into a single tool. DIVE contributes a mixed-initiative interaction scheme
that combines recommendation with point-and-click manual specification, and a consistent visual language that unifies different
stages of the data exploration workflow. In a controlled user study
with 67 professional data scientists, we find that DIVE users were
significantly more successful and faster than Excel users at completing predefined data visualization and analysis tasks.

We live in a world of data. But existing tools for making sense of
that data are labor-intensive due to their reliance on analysts manually specifying queries through code or clicks. To overcome these
limitations, visualization recommender systems [17, 28, 36] are now
being developed to lower the learning curve of working with data
and facilitate broad exploration of the result space. Existing recommender systems, however, do not provide fine-grained control
over results, which impedes an analyst’s ability to create specific
visualizations. This limitation gave rise to hybrid systems [37] with
mixed-initiative interfaces [8] that support both broad and focused
exploration by combining recommender systems with manual specification.
Yet, these mixed-initiative approaches only address isolated parts
of an analyst’s data exploration workflow. Ideal workflows involve
the multiple stages of identifying aspects of a dataset that are relevant to questions of interest, bringing a diverse suite of analytical
techniques to answer those questions, and communicating results
to an audience [26]. In practice, data exploration is a non-linear
and iterative process [7] often fragmented between multiple tools,
even among advanced analysts [10]. Fragmented workflows incur
tool and context switching costs, in addition to the learning costs
of each individual tool.
Here, we introduce DIVE, a mixed-initiative system combining
recommender systems with point-and-click manual specification
to support state-of-the-art data model inference, visualization, statistical analysis, and storytelling capabilities. We contribute the
design of a system that integrates the multiple stages of the data
exploration pipeline, and the description of a system that extends
the use of mixed-initiative approaches to data model inference and
statistical analysis.
A publicly available version of DIVE is available at https://dive.
media.mit.edu. A demo video is located at https://dive.media.mit.
edu/video. To support further research, the DIVE codebase is available as open-source software under the MIT license at https://dive.
media.mit.edu/frontend and https://dive.media.mit.edu/backend.

CCS CONCEPTS
• Human-centered computing → Visualization systems and
tools; • Statistical paradigms → Exploratory data analysis;
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