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Chapter  11

Articulate:
Creating Meaningful Visualizations 

from Natural Language

ABSTRACT

This chapter presents an approach to enable non-visualization experts to craft advanced visualizations 
through the use of natural language as the primary interface. The main challenge in this research is in 
determining how to translate imprecise verbal queries into effective visualizations. To demonstrate the 
viability of the concept, the authors developed and evaluated a prototype, Articulate, which allows users to 
simply ask the computer for questions about their data and have it automatically generate visualizations 
that answer these questions. The authors discovered that by relieving the user of the burden of learning 
how to use a complex interface, they enable them to focus on articulating better scientific questions and 
wasting less time in producing unintended visualizations.

INTRODUCTION

Nearly one third of the human brain is devoted 
to processing visual information. Vision is the 
dominant sense for the acquisition of information 
from our everyday world. It is therefore no sur-
prise that visualization, even in its simplest form, 

remains the most effective means for converting 
large volumes of raw data into insight. Over the 
past three decades, much has been investigated 
in the design of sophisticated visualization tools 
in a variety of disciplines. However, the effort 
end-users have to make to craft a meaningful 
visualization using these tools has been mostly 
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overlooked. The users of such tools are usually lay 
people or domain experts with marginal knowledge 
of visualization techniques. When exploring data, 
they typically know what questions they want to 
ask, but often do not know, or do not have the 
time to learn, how to express these questions into 
a series of interactions that produce an effective 
visualization.

A 2008 National Science Foundation report 
“Enabling Science Discoveries through Visual 
Exploration” (Ebert, 2008) also noted that one 
of the main barriers hindering the adoption of 
advanced visualization tools is the steep learning 
curve associated with them. 2010 findings by 
Grammel (2010) showed that novices to Informa-
tion Visualization still tended to use traditional 
bar, line and pie charts over other chart types by 
more than 70% because of their familiarity with 
them. Modern visualization tools offer such an 
expansive array of capabilities that they can only 
be wielded by an expert trained in visualization. In 
some ways it is like expecting someone to know 
how to build a house by simply sending them to 
Home Depot.

Meanwhile, the 2008 NSF report noted “there 
is a strong desire for conversational interfaces 
that facilitate a more natural means of interacting 
with science.” In other words, scientists “simply” 
want to tell the computer what they want to see 
and have it just create it. They do not want to have 
to become visualization experts. Even a decade 
ago this would have seemed far-fetched, but to-
day we are seeing renewed interest in the use of 
natural language as an interface to computing. 
For example, survey results according to search 
engines like Ask.com show that a third of search 
queries are entered as natural language questions 
rather than keywords. Siri, the intelligent personal 
assistant on iPhone 4S, allows users to send mes-
sages, schedule meetings, and place phone calls 
by directly speaking into their smartphones. The 
field of natural language processing has made 
great strides in the last decades, with a variety of 

models that are able to understand the meaning of 
sentences in recommender systems, educational 
technology and health applications.

This inspired us to consider the use of a conver-
sational interface for the automatic generation of 
visualizations. A system such as this would allow 
an end-user to pose natural language inquiries, and 
then let the system assume the burden of creat-
ing the most appropriate visual representation of 
the inquiry. It is hoped that such a capability can 
potentially reduce the learning curve necessary for 
effective use of visualization tools, and thereby 
expand the population of users who can success-
fully conduct visual analysis. Note however that 
in this work we are not simply translating explicit 
visualization commands such as “make a plot of 
temperature vs pressure”- though it is certainly 
possible within the context of this research. Instead 
the expectation is that our approach will enable 
a user to ask deeper questions about data, such 
as “what is the correlation between temperature 
and depth with temperature below zero”, without 
having to follow or memorize a strict grammar 
or command structure, as has been in the past. 
Furthermore users will be able to ask follow-up 
questions where the computer has some knowledge 
of what has already been asked and visualized. 
Therefore the fundamental value of this approach 
is that it enables the end-users to focus on the 
scientific question they are trying to ask rather 
than the specific visualization task they are try-
ing to perform.

The remainder of this chapter is organized as 
follows. We first describe prior work in related 
fields. Then we explain in detail our methodol-
ogy for translating conversation into a precise 
visualization. Next, we present details of our 
user studies. While the initial prototype produces 
information visualizations, we will also explain 
and show through a case study how the approach 
is conceptually extensible to scientific visualiza-
tions as well. Lastly we outline directions for 
future work.
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