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ABSTRACT

A datasheet for the colormap-topology dataset: 2260 rows, each one scalar field rendered through one col-
ormap and analysed under one observer model, with the number of displayed topological features counted
by persistent homology on the rendered lightness channel. 89 fields are synthetic with an exactly known fea-
ture count; 24 are real reflectance matrices from the USGS library — the heatmap a spectroscopy paper ac-
tually prints. The headline is a count rather than an opinion: averaged over all fields and observers, rainbow
displays 52.87 features per rendering that are not in the data, and on the measured fields alone that rises to
17.59. Faithfulness turns out to be almost entirely a property of the colormap rather than the observer, and
the datasheet explains why that is a finding about lightness-monotonicity rather than a null result.
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1. Motivation

That rainbow colormaps mislead is among the most re-
peated claims in scientific visualisation, and it is almost
always argued perceptually and asserted qualitatively.
This dataset turns it into a count with ground truth: on
fields whose true feature count is known by construction,
and on real measured fields where the reference is the

field's own persistence count, how many features does
each rendering display, invent, and hide — and for which
observers.

2, Composition

2260 rows = 113 fields x five built-in colormaps x four
observer models. Train 1800, validation 320, test 140,
grouped by field.

Table 1. Faithfulness by colormap — a row is faithful when the rendering neither invents nor hides a feature. Left: all fields. Right: the 24

measured USGS fields alone, the harder regime.

colormap faithful (all) mean spurious (all) faithful (measured) mean spurious (measured)
grayscale 95.6% 0.01 79.2% 0.04
viridis 94.9% 0.04 76% 0.19
coolwarm 2.2% 4.32 4.2% 8.34
jet 0% 19.66 0% 10.18
rainbow 0% 52.87 0% 17.59

On measured fields even the monotonic maps stop being
perfectly faithful — grayscale holds 79.2% and loses fea-
tures rather than inventing them (mean lost 0.29), which
is the better failure but still a failure. The non-monotonic
maps invent: jet averages 10.18 spurious features per
measured rendering, rainbow 17.59.

3. Collection and labeling

Synthetic fields are sums of well-separated Gaussian
bumps — separation enforced at 2.60, so the bump count

Satyajeeth Suresh Kannan - Mary's Lab DS-04

is the feature count. Measured fields are blocks of 48 real
USGS reflectance spectra as material x wavelength matri-
ces, min—max normalised; true features is null there,
and the reference is data features, the persistence
count of the un-rendered field. Displayed features are
counted by union-find persistence with the elder rule on
the rendered image's lightness channel, per observer
model, at a fixed persistence threshold of 0.02.



Faithfulness is nearly flat across observers (spread un-
der one percentage point) while spanning ~96 points
across colormaps. That is a mechanism, not a null: fea-
tures are counted on lightness, CVD simulation mostly
rearranges chroma, so a non-monotonic lightness ramp
fails for every observer alike. The narrow claim the data
supports is that lightness-monotonicity is the property
worth requiring — which is a cleaner design rule than
"avoid rainbow".

4. Uses

Colormap evaluation by counting rather than argument:
score any new colormap by rendering these fields and
running the same audit. Learning tasks — predict
spurious/lost from (colormap, observer, field statistics) —
are well-posed with grouped splits. The per-row counts
also make the dataset a citable source for the specific
claim "this map invents N features on this class of field",
which the visualisation literature usually states without a
number.

5. Distribution, license, and maintenance

JSONL splits plus a dataset card; CC-BY-4.0. Measured
fields derive from public-domain USGS data (cite Kokaly
et al. 2017). Seeded and reproducible from
datasets/build/; engine 0.4.1, snapshot usgs-splibo7a-
1. Corrections arrive as a new version, never a silent
overwrite.

6. Limitations

This section states what the result does not establish. It is
written to be read before the abstract is quoted.

» The measured fields' reference is our own com-
putation. On synthetic fields the truth is planted; on
measured fields spurious/lost compare the rendering
against the field's persistence count, not against an in-
dependent census of the mineralogy.

» Topology is counted on lightness only. Structure
carried purely by hue is not counted as displayed. That

choice is why observers barely separate here; a mea-
sure scoring hue discriminability would very likely sep-
arate them, and would be a different dataset.

¢ One persistence threshold. Feature counts at 0.02

are not feature counts at every scale; the threshold is
stated so the audit is reproducible, not because it is
canonical.

e Five colormaps. The built-in set spans the familiar

failure modes but is not a survey of the ecosystem.
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Generator, statistics, and this datasheet's renderer: github.com/JeetuSK0808/maryslab under datasets/build/. The build is seeded — the same

commit reproduces the same dataset byte for byte — and every number above resolves from the generator's own stats.json. Datasheet structure fol-
lows Gebru et al. (2021). Prepared with Al assistance (see Acknowledgements).
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