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SPLOCIS INTERACTION FORMALIZATION

In this section, we present the mechanisms through which users can
interactively make specific 3D plots visible within the SPLOCIS
application. Exemplary interactions are also shown in the supple-
mentary video.

Initially, the whole SPLOC is invisible (see Figure 1 (a)). By se-
lecting one or more attributes per axis by either selecting the labels
directly or by selecting 2D plots in the SPLOMs, the user specifies
the conditions the 3D plots should fulfill. Only those 3D plots turn
visible that meet the strictest conditions.

This process can be seen as calculating volumetric intersections
– selecting a label for one spatial axis defines a plane paved by
3D plots (see Figure 1 (b)); selecting a 2D plot defines an elon-
gated cuboid (see Figure 1 (c)). As soon as there is an intersection
between two or more volumes, their intersections are displayed –
meaning only the plots matching all of their conditions (see Fig-
ure 1 (d)). If there is a set of plots matching one condition that
does not intersect with any other plot set, its whole set of plots is
displayed (so all 3D plots matching that single condition). One ex-
ception is if labels on all three different axes are selected: In this
case, their pairwise-intersections are omitted and only the intersec-
tion of all three 3D plot planes is shown.

More formally, let Ad be the set of attributes per room axis
d ∈ {x,y,z} and p(ax,ay,az) a 3D plot with attributes ax ∈ Ax,ay ∈
Ay,az ∈ Az. The set of all 3D plots within a SPLOC is then defined
as follows:

P := {p(ax,ay,az) | (ax,ay,az) ∈ Ax ×Ay ×Az}.

At the beginning, all plots P are hidden. By specifying conditions
through user input, plots that match the strictest conditions turn vis-
ible.

Each condition set by the user results in a subset of the original
plot set P and can be of two kinds: (i) it can either specify one
attribute per room axis d, (ii) or even a pair of attributes for two
distinct room axes d′ and d′′, with d′,d′′ ∈ {x,y,z},d′ ̸= d′′.

Regarding (i), the complete set Cd of plot subsets Ci
d ⊆ P pro-

vided by attribute specification for room axis d is then defined as
follows:

Cd := {Ci
d | ai

d ∈ Ad}.
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Therefore, Ci
x specifies the subset of plots matching the single con-

dition of having the attribute xi ∈Ax on their x-axis. More formally:

Ci
x := {p(ai

x,ay,az) | (ai
x,ay,az) ∈ {ai

x}×Ay ×Az}.

For y and z, with yi ∈ Ay and zi ∈ Az, it is defined analogously:

Ci
y := {p(ax,ai

y,az) | (ax,ai
y,az) ∈ Ax ×{ai

y}×Az},

Ci
z := {p(ax,ay,ai

z) | (ax,ay,ai
z) ∈ Ax ×Ay ×{ai

z}}.

Regarding (ii), the combined set Cd′d′′ of plot subsets Ci
d′d′′ ⊆ P

provided by attribute specification on room axes d′ and d′′ is then
defined as follows:

Cd′d′′ := {Ci
d′d′′ | d′

i ∈ Ad′ ,d′′
i ∈ Ad′′ ,d′ ̸= d′′}.

Therefore, Ci
xy specifies the subset of plots having the attribute xi ∈

Ax on their x-axis and the attribute yi ∈ Ay on their y-axis. More
formally:

Ci
xy := {p(ai

x,a
i
y,az) | (ai

x,a
i
y,az) ∈ {ai

x}×{ai
y}×Az}.

For the the remaining two attribute combinations the definitions are
analogously

Ci
xz := {p(ai

x,ay,ai
z) | (ai

x,ay,ai
z) ∈ {ai

x}×Ay ×{ai
z}},

Ci
yz := {p(ax,ai

y,a
i
z) | (ax,ai

y,a
i
z) ∈ Ax ×{ai

y}×{ai
z}}.

Let ⊖ be a new “set-of-sets-theoretic-operator” defined as follows:

B⊖D =
⋃

Bi∈B
(Bi ⊖D), with

Bi ⊖D =

{
Bi if Bi ∩ (

⋃
D j∈D D j) = /0,

Bi ∩ (
⋃

D j∈D D j) otherwise.

Generally speaking, the operator checks for every set Bi ∈B if there
is any intersection with one of the sets in D. If there is no intersec-
tion at all, the operator simply gives the original set Bi as is. If there
is an intersection, it gives the union of all intersections between Bi
and each subset D j ∈ D.

The plot subset P′ of 3D plots to be visualized is provided by
taking all conditions and their resulting plot subsets into account,
and applying the new operator ⊖ on each set of plot subsets that
may affect them – meaning that the other sets may further specify



the plots that already matched the conditions (in other words: that
may cause an intersection with the plot subset). More formally:

P′ = (Cxy ⊖ (Cxz ∪Cyz ∪Cz))

∪ (Cxz ⊖ (Cxy ∪Cyz ∪Cy))

∪ (Cyz ⊖ (Cxy ∪Cxz ∪Cx))

∪ (Cx ⊖ (Cyz ∪Cxy ∪Cxz ∪ (Cy ⊖Cz)∪ (Cz ⊖Cy)))

∪ (Cy ⊖ (Cxz ∪Cxy ∪Cyz ∪ (Cx ⊖Cz)∪ (Cz ⊖Cx)))

∪ (Cz ⊖ (Cxy ∪Cxz ∪Cyz ∪ (Cx ⊖Cy)∪ (Cy ⊖Cx))).

USER STUDY TASKS

In Table 1 the formulations per task type are listed. In Tables 2
and 3, we list details about the tasks the participants had to solve
during our user study. They contain the task number, the name of
the respective dataset (which are in our supplementary material),
the type of task and the valid plot attribute combinations. We only
list the attributes the 3D plot must have in general; it does not matter
on which axis the attributes are located: E.g., an entry of (A, C,
E) in the tables covers the plots p(A,C,E), p(A,E,C), p(C,A,E),
p(C,E,A), p(E,A,C), and p(E,C,A).
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Figure 1: Three SPLOMs build the SPLOCIS’ information and interaction basis. Initially, no 3D plot is visible (a). 3D Plots can be turned
visible (highlighted in light blue) by selecting the labels located at the borders of the SPLOMs (b) and/or by selecting individual 2D plots
(selected labels and 2D plots are highlighted in red) in the SPLOMs directly (c). This way, the user specifies step-by-step which attributes are
of interest, filtering which 3D plots should remain visible for further investigation (d).



Table 1: Here, the specific formulations per task type are listed.

Task Wording
Attribute “Put a 3D plot into the box that has following attributes:” – followed by the three attributes.
Correlations “Put a 3D plot into the box that has three different attributes, all of which show pairwise linear relationships.”
Positive Correlations “Put a 3D plot into the box that has three different attributes, all of which show pairwise linear positive rela-

tionships.”
Clusters “Put a 3D plot into the box that has three different attributes, in which two clusters are visible (each cluster

should contain at least nine data points).”
Outlier “Put a 3D plot into the box that has three different attributes and includes a clear outlier.”
No Relation “Put a 3D plot into the box that shows neither linear relationships nor multiple clusters.”

Table 2: This table shows the task number, the name of the respective dataset (in our supplementary material), the type of task and the valid
plots are listed. During the tutorial the datasets consisted of four attributes A, B, C, and D. This resulted in a total of 64 3D plots.

Task Nr. ⟨Dataset Name⟩.csv Task Valid Plot Attribute Combinations
1 1 Tut Attributes: B, C, D. (B, C, D)
2 1 Tut Correlations (A, B, C)
3 -1 Tut Positive Correlations (B, C, D)
4 0 Tut Clusters (A, B, C), (A, B, D), (A, C, D)
5 -1 Tut Outlier (A, B, D), (A, C, D), (B, C, D)
6 0 Tut No Relation (B, C, D)

Table 3: This table shows the task number, the name of the respective dataset (in our supplementary material), the type of task and the valid
plots are listed. During the actual study the datasets consisted of five attributes A, B, C, D, and E. This resulted in a total of 125 3D plots. Per
task type the number of valid plot combinations remained the same in order to have the same level in difficulty.

Task Nr. ⟨Dataset Name⟩.csv Task Valid Plot Attribute Combinations
1 -1 Attributes: A, A, A. (A, A, A)
2 -1 Attributes: B, B, C. (B, B, C)
3 -1 Attributes: A, C, E. (A, C, E)
4 -1 Attributes: B, D, E. (B, D, E)
5 6 Correlations (A, B, C), (A, B, E), (A, C, E), (B, C, E)
6 2 Positive Correlations (B, D, E), (B, C, E), (B, D, E), (C, D, E)
7 5 Correlations (A, C, D), (A, C, E), (A, D, E), (C, D, E)
8 4 Positive Correlations (A, B, C), (A, B, D), (A, C, D), (B, C, D)
9 7 Clusters (A, B, C), (A, B, D), (A, B, E), (A, C, D), (A, C, E), (A, D, E)
10 6 Clusters (A, B, D), (A, C, D), (A, D, E), (B, C, D), (B, D, E), (C, D, E)
11 5 Clusters (A, B, C), (A, B, D), (A, B, E), (B, C, D), (B, C, E), (B, D, E)
12 4 Clusters (A, B, E), (A, C, E), (A, D, E), (B, C, E), (B, D, E), (C, D, E)
13 8 Outlier (A, B, C), (B, C, D), (B, C, E)
14 3 Outlier (A, B, D), (A, C, D), (A, D, E)
15 2 Outlier (A, B, E), (B, C, E), (B, D, E)
16 1 Outlier (A, B, E), (A, C, E), (A, D, E)
17 0 No Relation (A, C, E), (B, C, E), (C, D, E)
18 8 No Relation (A, B, D), (A, C, D), (A, D, E)
19 3 No Relation (A, B, E), (B, C, E), (B, D, E)
20 1 No Relation (A, B, C), (B, C, D), (B, D, E)


