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ABSTRACT
In the context of data exploration, users often interact with
relational database systems in an interactive query session
to form useful insights. Each query a user executes can po-
tentially transform a resultset in complex ways. We explore
some of the challenges in understanding these transforma-
tions, and how these challenges can be solved through more
informative visual representations of data transforms. We
present the concept of “tweening” of resultsets as a method
of incrementally visualizing data transformations, and ex-
plore approaches towards generating these resultset tweens.
Through a series of user studies, we evaluate tweening as an
effective method of understanding the changes that result
from data transformations.

1. INTRODUCTION
There has been a great deal of research on visual inter-

faces to databases, resulting in the creation of many tools
for specifying queries and visualizing results. These visual-
ization tools can greatly improve the usability of database
systems, but despite all of the benefits these tools provide,
users can still have difficulty understanding how a query
specifically affects its results. The visual difference between
the input and output of a query transformation can be sig-
nificant and difficult to comprehend. In our work we focus
on the design and evaluation of techniques to bridge the gap
between these input and output visualizations, so that users
can understand the effects of their queries in a more detailed
and intuitive manner.

In a typical relational database setting, a user will write
a sequence of queries which explore the structure and con-
tent of the data being analyzed. The user enters a feedback
loop where each query result reveals more information to
help the user write their next query until the desired re-
sults are found. Each query iteratively transforms a sin-
gle resultset, but it can be difficult to understand how the
data is being manipulated and filtered as these transforma-
tions occur. This interface lacks data lineage information
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that describes how the data changes throughout the trans-
formation[1]. These problems are not only prevalent when
writing a sequence of queries; even individual queries that
cause large complex transformations, such as aggregations
or pivots, can be difficult to comprehend.

To help users understand data transformations we intro-
duce the concept of “tweening” of resultsets. The concept of
tweening stems from the world of animation. It is the pro-
cess of generating intermediate frames between two or more
key frames to give the appearance of a smooth transition.
This technique has been widely used in animation, and we
believe that it can be adapted towards creating animated vi-
sualizations of data transformations. Previous research has
shown that animated data visualizations can help in deci-
sion making[2] and reducing a user’s cognitive load[3]. Fur-
thermore, animated visualizations provide additional data
lineage information that traditional interfaces lack.

2. RESULTSET TWEENING
We discuss the concept of resultset tweening by first defin-

ing a query session for the purposes of interactive data ex-
ploration, followed by different approaches to generating a
tweening sequence.

2.1 Query Session
We define a query session as a series of queries on the same

relation. A query Q transforms resultset Rold into a new
resultset Rnew where Q is a standard SQL query and each
resultset is tabular data visually represented as a standard
two-dimensional grid. Hence, a resultset tween for query Q
visualizes an incremental transformation from Rold to Rnew.

2.2 Approach
A resultset tween can be represented as an ordered se-

quence of visual operations. Each operation modifies the
visual representation of a resultset through structural trans-
forms (e.g. insertions and deletions) or visual cues (e.g.
highlights and annotations). A comprehensive set of visual
operations can be defined in a formal grammar which ex-
presses the entire space of data transforms on resultsets.
Figure 1 showcases a simple tween example where a result-
set is modified through a series of such visual operations.

There are multiple approaches that can be used to gener-
ate a tweening sequence for a data transform. First we con-
sider a result-based approach which analyzes only the differ-
ences between two resultsets (a table diff) without consider-
ing the underlying queries which created those resultsets. By
mapping a table diff to a sequence of cell/row/column inser-



SELECT * FROM Movies WHERE
Year > 1970 AND Rating > 8.4

SELECT * FROM Movies WHERE
Year > 2000 AND Rating > 8.2

(a) (b) (c) (d) (e)

(a) emphasize(positions={rows:[1,3,4]},
              cause='delete')
(b) delete(positions={rows:[1,3,4]})

(c) insert(positions={rows:[4,5]},
           data=[['Django Unchained',2012,8.4],
                 ['Toy Story 3',2010,8.3]])

(d) emphasize(positions={rows:[4,5]},
              cause='insert')
(e) deemphasize(positions={rows:[4,5]})

Figure 1: Frames of a sample tweening sequence for a query change in the WHERE clause highlighting the
addition and deletion of rows from the original table. The visual interface should animate the tween to
produce a smooth transition.

tion, deletion, and reorder operations, we can automatically
generate a tween between any two resultsets. This approach
works well for very simple resultset transforms, however can
create inaccurate visual tweens for more complex types of
transformations such as aggregations or pivot operations.

Instead, we consider a query-based approach to tweening
that analyzes differences in the underlying query structure
combined with a rulebase to accurately generate a tweening
sequence. This approach breaks down the two queries Qold

and Qnew into a query diff ∆Q that specifies which SQL

clauses changed, and uses rules to determine which visual
operations to use for the tween. Each rule maps a type of
SQL clause change to an ordered set of visual operations.

3. EVALUATION
To evaluate the effectiveness of tweening as a method

of visualizing data transformations, we conducted a set of
user studies that quantify how well users understand certain
properties of a data transformation after being exposed to a
resultset tween. For each study, we employed a between-
subjects design with two groups, a “tween” group and a
“non-tween” group, where the users of each group are shown
a tweened and non-tweened visualization, respectively. We
deployed each study as a separate task on Amazon Mechan-
ical Turk, ensuring that each user participated in at most
one study to prevent any biases from completing multiple
studies.

3.1 User Studies
We designed 3 studies that show the user an example

transformation that is the result of a query change:

• Study 1 - Change in SELECT clause

• Study 2 - Change in WHERE clause

• Study 3 - Change in SELECT and WHERE clauses

We then ask the user to identify how many rows and/or
columns were added or removed in the process. We scored
the user responses by summing the absolute differences of
the response and expected answer for each question. Af-
ter collecting a sample distribution of scores for the “tween”
group and the “non-tween” group, we ran a Mann-Whitney
U test to detect whether the two distributions differed signif-
icantly. Table 1 shows the results of a one-tailed test for the
3 different studies we ran. The results suggest that the users
in the “tween” group were able to more accurately judge the
number of rows and columns that were modified.

Table 1: Mann-Whitney U Test Statistics
Study Tween Users Non-tween Users U p-value

1 20 20 118 0.02391
2 17 20 103 0.00917
3 18 20 121 0.08528

4. CONCLUSIONS AND FUTURE WORK
The analysis reveals that resultset tweening can be an ef-

fective means of portraying a visual representation of the
transformations that occur in an interactive query session.
The query-based tweening approach described in this paper
presents a good first step towards automatically generat-
ing tweening sequences. With a proper visual grammar and
rulebase it can readily be adapted into existing data visu-
alization tools like Tableau or d3.js to animate SQL trans-
formations. Further exploration into the factors that com-
prise a“useful” tween and ways to optimize the generation of
tweening sequences via visual cost models would be appro-
priate next steps to furthering our understanding of result-
set tweens. More research experimenting with tweening for
large resultsets that cannot fit well on screen could further
the practicality of tweening as well.
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