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1 Parameters values for merging techniques

The Table 1 gives the default values of the parameters proposed by
Hennig in the fpc R-package and used in our experiments.

Table 1: Default parameter values of the merging methods used in
our experiments.

Method Cutoff | Interval width
bhat 0.1 NA
ridge.uni 1 0.005
ridge.ratio 0.2 0.005
demp 0.025 NA
dipuni 0.05 0.005
diptantrum 0.05 0.005
predictive 0.75 NA, m=50

2 Stratified sampling

2.1 Generating various clustering patterns

In order to get various cluster patterns that cover well the full
space of possible shapes, we could not simply uniformly sample
the GMM parametric space that generated the shape as parameters
are not straightforwardly related to shape perceived complexity. In-
stead we used a stratified sampling approach similar to the one used
by Pandey et al. [PKF*16]. We refer to the section 2 of the supple-
mentary material regarding this procedure.

that uses visual quality measures as indicators of perceived shape
complexity and primary sampling factors. Therefore, we com-
puted two computational measures of class separation Syy and
Sciass» that is, measures that are designed to quantify how differ-
ent (color-coded) classes are separated in scatterplots. We can use
them here, as we know the component labels u or v from our gener-
ating process. Syy is among the best class-separation VQMs pro-
posed [AS16]: for each point it counts how many among its two
nearest neighbors have its own label (0, 1 or 2), and returns half the
average value of this count over all the points. S¢;q, 1S proposed
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here and based on the misclassification probability: it computes the
probability that points x actually generated by component u, are
classified as being generated by component v and vice-versa. The
maximum of these two probabilities is used as an indicator of the
overlap of the components. The S¢;,,, is defined as:

1 1
SClass(X7®) :l_max(i Z P(v|x7®), m Z P(u‘va)) ey
xeV

|U| xeU

where P(i|x,®) = m;g;(x)/p(x|®) is the posterior probability
that component i generated point x in the scatterplot (X, ®).

We applied K-means clustering [MJ66] in the 2 dimensional Eu-
clidean space defined by Scoreyy and Scorecy,ss to partition the
2073600 scatterplots into K = 20 groups. From each group, we
selected randomly 51 scatterplots to collect 1020 in total (See K-
means sampling in the figure 1).

Each selected scatterplot has been rotated randomly by an an-
gle o € {0,7/2,5n/4} before rendering. The parameter values of
the 1020 selected scatterplots are distributed uniformly except for
1 (See histograms in the figure 2). The sample contains more cases
with small values of y, that is, those where components are more
likely to overlap forming a single cluster. This imbalance distribu-
tion over u is favorable to better cover the cases where the grouping
patterns are actually more difficult to decide and depend on all the
other parameters.

2.2 Graphical Analysis of the Stratified Sampling Process

The figure 1 shows the 1000 scatterplots stimuli in the space of
Scoreyy and Scorecy,ss, color-coded with the 20 group labels as-
signed by K-means.

2.3 Quality of the sampling of the parameter space

The figure 2 shows the histograms of all the parameters of the 1000
scatterplots stimuli selected for the human subjects study, sam-
pled from the parameter space of a 2-component bivariate Gaussian
Mixture Model. The parameter values of the 1000 selected scatter-
plots are distributed uniformly except for u. The sample contains
more cases with small values of , that is, those where the compo-
nent are more likely to overlap forming a single cluster.
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Figure 1: Stratified Sampling of the GMM parameter space The values of Scorenn and Scorecyyg, for the 1000 selected scatterplots color-

coded with the K-means groups

2.4 Clumpiness versus Human Judgment in Experiment 1

Figure 3 (Left) shows the distribution of the 1000 plots comparing
the human judgment to the Clumpiness scagnostic for each plot. It
appears that low values of Clumpiness are independent of the hu-
man separation score, while high Clumpiness values always match
with high human separation score. Clumpiness is not sensitive to
certain grouping patterns, as exemplified in Figure 3 (Right). We
would expect a monotonic positive relation between both measures,
but this result confirms our empirical observations that led us to en-
gage in seeking a new VQM for grouping patterns.

3 Instructions given for Experiments 1 and 2

The figure 4 shows the instructions given to the subjects for each
experiment.

4 257 benchmark data ranked with ClustMe and Clumpiness

In figures 5 to 14 we show the top and bottom 100 scatterplots of
the 257 benchmark datasets ranked with ClustMe and Clumpiness.
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Figure 2: Quality of the sampling of the parameter space: Histograms of all the parameters of the 1000 scatterplots selected for the human
subjects study, sampled from the parameter space of a 2-component bivariate Gaussian Mixture Model.

© 2019 The Author(s)
Computer Graphics Forum (©) 2019 The Eurographics Association and John Wiley & Sons Ltd.



Abbas et al. / ClustMe: A Visual Quality Measure for Ranking Monochrome Scatterplots based on Cluster Patterns — Supplemental Material —

1.00+

0.75+

Human Separation Score
2
<

0.25+

0.00+

@ o o0 ® oo o o0 o o0e
eoe . ® o o oo
[ IXX3 LXX 3 e o o oo

- e o o oo . .

- essmae ©

@ o

0.00 0.25
Clumpiness

0.75

Figure 3: Left: Overview over the 1000 scatterplots stimuli of Experiment 1 based on their human separation and Clumpiness scores. The
human separation score is the proportion of humans subjects perceiving 2 or more clusters in a scatterplot. Clumpiness score is high for
more structured patterns and should be low when no strong structure appears. A good perception-based VOM would show no points in the
top left and bottom right corners. Right: 4 low Clumpiness stimuli with same frame color as the points selected in the left view.
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Experiment 1 Experiment 2

Instructions .
Instructions

You will see pictures like these ones: . . . .
You will see pairs of pictures like these ones:

You have to decide if you see 1 group [Press 1] You will have to decide which of the left one (Press LEFT arrow),
or more than 1 separable groups [Press 2] of points or the right one (Press RIGHT arrow) is more structured/clustered/clumpy.

If both look similarly structured/clustered/clumpy, you can press SPACE.

Figure 4: Instructions given to participants for Experiment 1 (left) and Experiment 2 (right).
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Figure 5: Series 1/10: Top 100 and bottom 100 scatterplots for the 257 benchmark data ranked with ClustMe and Clumpiness.
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Figure 6: Series 2/10: Top 100 and bottom 100 scatterplots for the 257 benchmark data ranked with ClustMe and Clumpiness.
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Figure 7: Series 3/10: Top 100 and bottom 100 scatterplots for the 257 benchmark data ranked with ClustMe and Clumpiness.
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Figure 8: Series 4/10: Top 100 and bottom 100 scatterplots for the 257 benchmark data ranked with ClustMe and Clumpiness.
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Figure 9: Series 5/10: Top 100 and bottom 100 scatterplots for the 257 benchmark data ranked with ClustMe and Clumpiness.
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Figure 10: Series 6/10: Top 100 and bottom 100 scatterplots for the 257 benchmark data ranked with ClustMe and Clumpiness.
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Figure 11: Series 7/10: Top 100 and bottom 100 scatterplots for the 257 benchmark data ranked with ClustMe and Clumpiness.
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Figure 12: Series 8/10: Top 100 and bottom 100 scatterplots for the 257 benchmark data ranked with ClustMe and Clumpiness.
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Figure 13: Series 9/10: Top 100 and bottom 100 scatterplots for the 257 benchmark data ranked with ClustMe and Clumpiness.
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Figure 14: Series 10/10: Top 100 and bottom 100 scatterplots for the 257 benchmark data ranked with ClustMe and Clumpiness.
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