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Abstract

This paper presents new techniques for seamlessly transitioning between parallel coordinate plots, star plots, and scatter
plots. The star plot serves as a mediator visualization between parallel coordinate plots and scatter plots since it uses lines to
represent data items as parallel coordinates do and can arrange axes orthogonally as used for scatter plots. The design of the
transitions also motivated a new variant of the star plot, the polycurve star plot, that uses curved lines instead of straight ones
and has advantages both in terms of space utilization and the detection of clusters. Furthermore, we developed a geometrically
motivated method to embed scatter points from a scatter plot into star plots and parallel coordinate plots to track the transition
of structural information such as clusters and correlations between the different plot types. The integration of our techniques
into an interactive analysis tool for exploring multivariate data demonstrates the advantages and utility of our approach over
a multi-view approach for scatter plots and parallel coordinate plots, which we confirmed in a user study and concrete usage

scenarios.

CCS Concepts

* Human-centered computing — Interaction techniques; Visualization theory, concepts and paradigms;

1. Introduction

Parallel coordinates and scatter plots are the most popular visual-
izations for exploring multivariate data. While parallel coordinates
shine in showing relations across multiple attributes [HW13], scat-
ter plots are most valuable in assessing the kind and strength of
relationships and finding structural clusters [PH21]. The usual way
to benefit from both visualizations would be to implement them in
a coordinated multi-view framework. However, matching the rep-
resentations of one data item in separate yet coordinated views re-
quires the selection of its representation in one visualization and
finding the corresponding highlighted representation in the other
visualization, i.e. , brushing and linking.

In order to enhance the cluster and correlation analysis with par-
allel coordinates and explain the relationship between data pat-
terns in both visualization types, we developed novel techniques
for seamlessly transitioning between parallel coordinates and scat-
ter plots and a new way of embedding additional cluster and corre-
lation information into parallel coordinates. The transition is based
on the observation that parallel lines intersect at infinity. Thus, par-
allel coordinates can be considered as a specific instance of a star
plot. By tilting a pair of parallel axes against each other, the in-
tersection point moves closer and forms the center of a star plot.
The lines representing the data items are bent in an elliptic man-
ner resulting in a star plot with curved connectors — the polycurve
star plot. The polycurve star plot uses rational cubic Bézier curves
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instead of the usual lines to improve line tracking and provide a
smooth transition to the scatter plot by shifting and the inner Bézier
control points towards the scatter point and increasing their weight
at the same time (Figure 1). As a result, the Bézier curve converges
towards two lines that intersect in the scatter point. We propose to
keep the lines and the scatter points during all stages of the tran-
sition. This allows us to introduce a new way to project the scatter
points during the reverse transition from a scatter plot into star plots
and parallel coordinates, thus adding further cluster and correlation
information to the respective plots. We implemented a prototypi-
cal visualization tool for demonstrating the concept. The tool sets
parallel coordinates on a rectangular layout of rails and implements
the described transitions on its turning points at the left and right
end: first to polycurve star plots and on demand to scatter plots and
vice versa (Figure 2).

We were motivated by the limitations of previous attempts to
combine scatter plots and parallel coordinates: Overlaying the scat-
ter plot creates occlusion [HYFC14], integrating the intersection
points of approximated regression lines produces visual clutter and
difficult to interpret point patterns [ZW 18], redirecting the lines of
the parallel coordinates to go through the points of an associated
scatter plot distorts the information from the original parallel coor-
dinates [YGX™09], and projecting the points onto the lines without
providing a transition that can explain the emerging patterns would
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Figure 1: Schematic representation of the transformation from parallel coordinates (pcp) to scatter plots (sp) via polycurve star plots (psp):
While the axes of the parallel coordinates plot rotate, the straight lines representing the data items bend to form the curved segments of the
polycurve star plots (pcp - psp). Then rational cubic Bézier curves smoothly transition further into the scatter plot (psp - sp).
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Figure 2: The prototypical implementation of our transition concept between parallel coordinates and scatter plots from Figure 1: The parallel
coordinates (pcp) are set on and can be dragged along rails. At the corners the parallel coordinates smoothly become polycurve star plots
(psp).- When the axes are perpendicular, the user can grab and drag the corner out to transform the star plot into a scatter plot (sp). The
scatter points on the parallel coordinates in the lower image give hints regarding clusters and (cor)relations. The example shows a wine
dataset [FLCLOS]; the purple lines mark positive and negative correlations. In the lower image, a selection was made using point selection in
the scatter plot between the attributes flavanoids and total phenols which highlights the smaller cluster of less steep positive correlation.

result in additional mental effort for the user [REB*16]. Our work
overcomes most of these limitations by the following contributions:

e A mathematically grounded technique to smoothly transition be-
tween parallel coordinates, polycurve star plots and scatter plots.

e The discussion of the properties of a polycurve star plot. It rep-
resents data items as polycurves approximating an elliptic form
for orthogonal axis pairs and improves space utilization and the
detection of clusters compared to regular star plots.

e The embedding of scatter points into star plots and parallel co-
ordinate plots that are consistent with our transitions and sup-
port the visual tracking of structural information such as clusters
and correlations during the transition between plot types and the
analysis with parallel coordinates and star plots.

e A prototype implementation that demonstrates the seamless in-
tegration of parallel coordinates, star plots, and scatter plots into
a single view and smooth, user-controlled, geometrically moti-
vated transitions between all three plot types.

We demonstrate the advantages and benefits of our techniques with
case studies using the developed prototype and confirm their us-
ability in a user study.

2. Related Work

Scatter plots are one of the most straightforward visualization tech-
niques but are still subject to recent research [FHSW13, SSB*15,
WHZ*18, PH21]. Harrison et al. [HYFC14] showed scatter plots
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to be the most efficient visualization to show correlations. How-
ever, scatter plots and scatter plot matrices are less effective when
comparing data points across more than two attributes at once. Ad-
ditionally, they do not scale well with an increasing number of at-
tributes. Star coordinate plots generalize scatter plots to depict more
than two dimensions [LT13, ML20] and attempt to give a holistic
view of the data set. The axes are individually scaled and rotated
to get the best possible view of the clusters. However, the ability to
examine relationships between individual attributes is lost.

According to Harrison et al. [HYFC14], parallel coordinates
[ID90] are the second most effective visualization for negative
correlations. Positive correlations, clusters, and non-linear rela-
tions are less efficiently detectable. However, research is being
conducted to improve these capabilities [ZCQ*09]. Heinrich and
Weiskopf [HW13] give a comprehensive overview of the field.
Holten and Wijk [HVW10] tested several variants of parallel coor-
dinates regarding their performance in cluster evaluation tasks and
showed that only pairing the parallel coordinate plot with a scatter
plot has a significant effect on cluster identification. To improve the
effect, we propose not only showing scatter plots and parallel coor-
dinates side-by-side but also smoothly integrating the scatter points
directly into the parallel coordinate system.

Several attempts have been made for integrating of scat-
ter plot information into the parallel coordinates: Holten and
Wijk [HVW10] depict a small 45 deg rotated scatter plot between
two axes of the parallel coordinate plot. Yuan et al. [YGX™*09] di-
rectly draw a scatter plot of a third attribute between two axes.
Thereby, each line is bent to lead through the corresponding dots
to link points and lines with each other. In contrast our point pro-
jection places points onto the lines without changing the paral-
lel coordinate itself. Likewise, the point projection of Raidou et
al. [REB*16] is applied. Their points, however, are placed based
on the slope of the line in parallel coordinates. The positions of our
scatter points cover more of the given space and base on the ratio
of the respective coordinate values. Related but working towards
a different goal are Zhou and Weiskopf [ZW18], who integrated
indexed points into the parallel coordinates system to depict local
correlation. Other hybrid visualizations have been proposed. Gru-
endl et al. [GRPF16] seamlessly integrated time series into paral-
lel coordinates. NodeTrix [HFMO7] combines node-link diagrams
with adjacency matrices. Claessen and van Wijk [CvW11] system-
atize axis-based hybrid visualizations with the ARGOI model that
shows how axes are connected.

Star plots and their various variants [Saa08] are often used in the
medical field to compare patient data [SLF* 11, CGDGL20]. Sangli
et al. [SKK16] extended the visualization to deal with very high di-
mensional data. Xie and Karki [XK19] extend parallel coordinates
with attached star plots showing context axes to better exploit the
available space in a Focus & Context view. Slightly different, Fanea
et al. [FCIO5] combine star glyphs and parallel coordinates to alle-
viate visual clutter due to many data items. In this paper, the star
plot is a mediator between parallel coordinate and scatter plot.

Animation in data visualization can be beneficial during data
analysis, as discussed by Fisher [Fisl0]. Heer and Robert-
son [HRO7], for example, showed a significant increase in data
point tracking and change estimation using simple staged anima-
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Figure 3: Schematic structure of the polycurve star plot: the axes
X; are placed at equal angles d (left: d = 45deg, right: d = 90deg)
around the center. The coordinates x; define where the polycurve
intersects each axis.

tions and a strong user preference for animation over direct transi-
tions. Systematic analysis of animations and transitions were per-
formed by Tominski et al. [TAA*21], who coined the term flexi-
ble visual analytics, by Thompson et al. [TLLS20], who explore
the design space of animated graphics, and by the Gemini sys-
tem [KH21] that proposes a grammar of animation. Ruchikachorn
and Mueller [RM15] propose animated transitions for teaching vi-
sualization techniques. Our proposed method will follow the no-
tion of fluid interactions coined by Elmquist et al. [EMJ*11] and
employ smooth user-controlled and naturally emerging transitions
to explain the relations between data representations of parallel co-
ordinates, star plots, and scatter plots. Bezerianos et al. [BCD*10]
employ these principles in transforming different views on node
link diagrams into one another. Like our work, transmogrifica-
tion [BNP*13] also describes a smooth transformation of different
visual representations. Their method is, however, limited to trans-
formation through spatial distortion, while the transformation from
parallel coordinates to scatter plots requires the transition from a
straight line to a single point as representative of each data item.

3. From Parallel Coordinates to Scatter Plots and the need for
a mediator: the Polycurve Star Plot

The main aspect of this paper is to define a mathematically sound,
intuitively comprehensible and aesthetically appealing transition
from parallel coordinates to scatter plots that works in both direc-
tions and shows the data at any stage during the transition in an
interpretable way. For that the continuity of the polylines connect-
ing the data values within the parallel coordinates has to be guar-
anteed while seamlessly transforming the lines towards the points
of a scatter plot as shown in Figure 1 and described in Section 4.
To further facilitate the overall impression of looking at a single vi-
sualization in different stages and not at two distinct visualizations
shapeshifting into one another we provide a novel method for pro-
jecting the points of the scatterplot onto their respective lines in the
parallel coordinates display (see Figure 2 and Section 5). This way
important phenomena from the scatter plot are directly embedded
into the parallel coordinate plot to begin with and all the way during
its metamorphosis towards the scatterplot.

In order to ensure that smooth transition of the line represen-
tation to the scatter points, we need the starplot visualization to
meet specific requirements to properly function as a mediator. For
orthogonal axes pairs, we require the connecting curve to form a






