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Abstract
Dark mode is an increasingly common design option in which a dark screen background is used with light-coloured text and 
graphic elements. This option is, therefore, also relevant for the design of screen maps. This article examines the question of 
whether a “light-is-more bias” also applies in dark mode for the display of choropleth maps, analogous to the “dark-is-more 
bias” with light backgrounds (i.e. that dark colours are associated with greater attribute values). However, the results of an 
online study with 214 people show that the dark-is-more bias is still clearly the most frequently used strategy. This frequency 
is slightly lower compared to the light mode, and it is depending on the specific colour scheme for the dark mode and on 
user’s expertise. The study results also allow general design recommendations for dark-mode colour schemes for maps.
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Dark-is-More Bias auch im Dunkelmodus? Wahrnehmung von Farben in Choroplethenkarten 
im Dunkelmodus

Zusammenfassung
Der Dunkelmodus (engl.: dark mode) ist eine immer häufiger verwendete Gestaltungsoption, bei der ein dunkler Bildschirm-
Hintergrund mit hellen Text- und Graphikelementen verwendet wird. Diese Option gewinnt auch wachsende Bedeutung 
für die Gestaltung von Bildschirmkarten. In diesem Beitrag wird der Vermutung nachgegangen, dass bei der Nutzung von 
Choroplethenkarten analog zum „dark-is-more bias“ bei hellen Hintergründen (d. h., dass dunkle Farben größere Attribut-
werte repräsentieren) ein „light-is-more bias“ im Dunkelmodus gilt. Die Ergebnisse einer Online-Studie mit 214 Personen 
belegen jedoch, dass weiterhin der dark-is-more bias auch für den Dunkelmodus die eindeutig die häufigste Anwendung 
findet. Diese Häufigkeit fällt gegenüber dem Hellmodus etwas geringer aus, ist abhängig vom gewählten Farbschema für den 
Dunkelmodus und variiert je nach Nutzerexpertise. Die Studienergebnisse erlauben auch generelle Gestaltungsempfehlungen 
für künftige Dunkelmodus-Farbschemata für Karten.

Zusammenfassung Dunkelmodus · Dark-is-more bias · Choroplethenkarten · Farbschemata · Gebrauchstauglichkeit

1 Introduction

Dark mode is an increasingly common design option that 
uses a dark screen background with light-coloured text and 
graphic elements—in contrast to light mode, which uses a 
white or at least light background.

A number of advantages are cited for the use of dark 
mode—in particular, it is easier on the eyes, saves energy 
and improves aesthetics. Even if these benefits have not 
yet been fully proven, supply and demand for the sole or 
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alternative use of dark mode has increased significantly in 
recent years.

These statements can also be applied to the cartographic 
environment, in which applications such as Google Maps or 
Apple Maps as well as web mapping libraries such as Leaf-
let or Mapbox offer a dark-mode option. Its use is currently 
mainly focussed on navigation maps, preferably for use in 
night-time. However, dark mode is also becoming increas-
ingly important for thematic maps: for example, the German 
online magazine ZEIT ONLINE now not only creates map 
variants for different screen sizes as standard, but also for 
light and dark modes (Tröger 2024).

In this context, the question of the effect of colours of 
text and graphics in dark mode arises. However, there is 
still a lack of empirical studies investigating the usability 
of maps in comparison with the two background options 
(Qiau und Wu 2023). To fill this gap to some extent, this 
article focuses on sequential colour schemes in choropleth 
maps and examines the assumption whether a “light-is-more 
bias” applies in dark mode, analogous to the “dark-is-more 
bias” with light backgrounds (i.e. that in this case dark col-
ours represent larger attribute values; Robinson et al. 1984; 
Schloss et al. 2019).

For this purpose, the results of an empirical study, con-
sidering different dark-mode colour schemes and different 
user groups, are presented (Sect. 4). Before this, the basic 
principles and previous work on the topic of dark mode are 
presented—in general and in combination with cartographic 
representations (Sect. 2). Subsequently, selected and simple 
options for creating the necessary dark colour schemes and 
their properties in terms of contrast and colour distances 
are presented (Sect. 3). Section 5 summarises the results 
and provides an outlook for future research and develop-
ment work.

2  Basics and Previous Work

There are very few scientific publications on the topic of 
dark mode in general and even less on its use for maps—this 
is primarily due to the fact that dark mode is a rather new 
phenomenon. The following summarises general aspects of 
dark mode (namely, relevance and advantages) as well as 
previous work on the interface to map representations.

2.1  Relevance of Dark Mode

While monitors based on cathode ray tubes had a black back-
ground, attempts were made from the 1970s onwards to imi-
tate the white paper background with light mode. It was not 
until 2018/2019 that dark mode was made possible again by 
Apple in the macOS and iOS operating systems, followed 

shortly afterwards by Microsoft. Many browsers and services 
now offer the alternative use of light and dark mode.

There are no comprehensive studies on the actual use of 
the two modes. A survey by Android Authority (2020) states 
that around 82% of users use dark mode and a further 10% 
switch between dark and light mode. However, it should be 
noted that the survey only covered smartphone users and 
with that just a more tech-savvy user group.

It is generally claimed that the younger generation favours 
dark mode. On the other hand, there is less information on 
the frequency of use for other groups. Tröger (2024) esti-
mates that the webpages of the online magazine ZEIT 
ONLINE are only viewed in dark mode by around 10% of 
users.

The—albeit heterogeneous and not yet comprehensive—
usage behaviour of the dark mode indicates an increasing 
relevance, which should also be taken into account in the 
cartographic realm.

2.2  Advantages of Dark Mode

A number of advantages are cited for the use of dark mode—
in particular eye protection, energy savings and improved 
aesthetics. Eisfeld and Kristallovich (2020) provide a sum-
marised overview.

The aspect of eye protection results from the fact that 
in dark mode, light-coloured text and graphics take up less 
screen space than the dark background. This results in less 
radiation, especially in the blue spectrum, and a decrease 
of eye strain. On the other hand, it should be noted that the 
screen is generally used in a bright working environment, 
which certainly reduces this effect.

In any case, it seems meaningful to use dark mode in the 
dark, e.g. when using navigation systems during night-time, 
which leads to less glare for drivers (Qiau and Wu 2023).

On the other hand, it is also pointed out that (around 30% 
of all) people who suffer from astigmatism (i.e. an irregular 
curvature of the cornea) have difficulties reading in dark 
mode because the lens of the eye has to be opened further, 
thus exacerbating the dysfunction (Android Authority 2024). 
This is just one example of how dark mode may not be 
equally beneficial for all users due to very individual char-
acteristics and perceptual behaviour (Erickson et al. 2020).

The influence of screen content on the resulting radia-
tion and the energy consumption for displaying maps has 
also been investigated in other contexts in cartography: Han 
et al. (2021), for example, suggest varying colour schemes 
by reducing brightness, among other things, for the purpose 
of “energy-aware cartography”. Wu and Yuan (2022) also 
coined the term “green cartography” in this context.

Screens equipped with OLED (organic light emitting 
diode) technology only consume energy when bright col-
ours need to be displayed—this leads to significant energy 
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savings due to the lower proportion of displayable elements 
compared to the dark background. However, most screens 
currently still use LED (light emitting diode) technology, 
which is due to the high production effort and costs as well 
as the limited screen sizes and resolutions for OLED devices 
to date. LEDs, on the other hand, consume the same amount 
of power regardless of the brightness level of the individual 
pixels. Even though OLED devices are still in the minority, 
Deguang et al. (2016) argue that they can make a contribu-
tion to sustainability in the long term.

Finally, aspects of aesthetics are also cited when choosing 
between dark and light mode—emphasising that the smaller 
proportion of labels and graphics can create a stronger 
focus and a more elegant impression. Pedersen et al. (2020) 
reported a “modern or cool vibe” in their surveys and inves-
tigated correlations with the context of use (e.g. day or night 
use).

2.3  Dark Mode in the Context of Cartography

As already mentioned, there have been very few studies and 
publications on the interface between dark mode and carto-
graphic representations.

These include the above-mentioned study on the use of 
navigation systems during day or at night with light or dark 
mode (Qiau and Wu 2023). Furthermore, Bartling et al. 
(2021) found in an empirical study that certain map use tasks 
such as selecting lines or points based on distance estimates 
in dark mode (based on the Mapbox Streets Base Map for 
mobile applications) were solved with better effectiveness 
than with other backgrounds. Surprisingly, however, they 
also found a discrepancy, as the dark mode maps were rated 
as “less useful” by the participants, which may be due to the 
unfamiliar presentation.

Deeb et al. (2015) analysed the background of maps on 
user preferences regarding the legibility of labels, whereby 
no “true” dark mode but different colours and grey tones 
were included. The authors found no significant differences 
in preferences. A similar scenario—the influence of the 
background on the legibility of scatterplots—was addressed 
by Mairena et al. (2021). They found that coloured represen-
tations in dark mode performed particularly well in terms of 
correctness of interpretation and processing time.

Finally, it can also be noted that there have not yet been 
any theoretical papers or empirical studies on the perception 
of different colour schemes in (choropleth) maps, the topic 
of this paper.

2.4  Separability of Colours

Individuals perceive colours very differently, making it dif-
ficult to obtain a well-accepted and accurate measure (Slo-
cum et al. 2009). In addition, the discriminability of colours 

depends on many factors—e.g. lighting conditions, the size 
of the coloured elements on the map, the contrast of the 
environment, etc. For these reasons, attempts are made to 
combine subjective and objective aspects to assess the leg-
ibility of entire colour schemes.

A typical parameter for describing the separability of col-
ours is contrast. Brewer and Pickle (2002) found that high 
colour contrasts have a positive influence on visual percep-
tion and information processing. If one focusses on a good 
separability to the (dark) background, the contrast should 
be at least 4.5:1 for text according to the web content acces-
sibility guidelines (WCAG; W3C 2023). This value can be 
reduced for larger or wider text. In accordance with WCAG, 
the contrast ratio K is determined using the relative lumi-
nances Y1 and Y2 of the two colours under consideration 
(with the extreme value of 21:1 for the contrast between pure 
white and pure black):

Due to the heterogeneous distribution of many graphic 
objects with different colours in a map, this measure can of 
course only provide a very rough orientation—and must be 
validated in practice by visual inspection.

Alternatively, the colour distance can also be taken into 
account. The frequently used colour distance ∆E00, which 
is determined between all neighbouring classes of a col-
our scheme, can represent a good approximation. A value 
of E00 = 10 is recommended here (Brychtova and Çöltekin 
2016). For comparison purposes: the maximum distance 
between white and black is ∆E00 = 100, whereas the dis-
tance from white to a primary colour has a lower value 
(white to blue: 63.6; white to red: 47.5; white to green: 30.4).

3  Dark Mode Colour Schemes

3.1  General Recommendations

As mentioned in Sect. 2.4, colour contrast is one possible 
measure for the legibility of colours against the (dark) map 
background. A “reliably” perceptible contrast for text is 
given by the 4.5:1 value described above, but in view of the 
area fillings such as in choropleth maps, values around 2:1 
can still be easily differentiated according to an own subjec-
tive assessment.

The naïve approach of generating the dark mode from the 
light-mode scheme by colour inversion often leads to viola-
tions of this contrast requirement for the darker elements 
in the colour sequence (Fig. 1). In addition, this also may 
result in new and possibly no longer required associative 
colour tones.

K =
Y
1
+ 0.5

Y
2
+ 0.5
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A good contrast to the black or very dark background 
can generally be achieved using very light or less saturated 
colours. For aesthetic reasons, but also to prevent the con-
trasts from becoming too extreme and thus causing too much 
eye strain, it is recommended to avoid using pure white for 
graphical elements or pure black as a background.

3.2  Example Colour Schemes

For the following study, three different approaches were 
used to generate a dark-mode colour scheme: in addition 
to the unmodified adoption of Brewer’s light-mode scheme 
(“Brewer Original”), the conversion of this scheme using the 
algorithm of a given software tool (“Brewer Converted”) and 
an own approach (“Multi-Criteria”) were used.

The schemes were implemented for two single-hue, 
sequential colour sequences with five classes each (with 
the primary colours blue and red) and a multi-hue colour 
sequence with eight classes (from yellow to red). A very 

dark grey (hexadecimal code #252525) is selected as the 
background in all examples.

For the dark-mode scheme “Brewer Original”, the light-
mode scheme from the ColorBrewer tool (https:// color 
brewe r2. org) is used unmodified. Figures 2, 3, and 4 (left 
columns) show the respective colour schemes, contrast and 
colour difference values as well as map examples. It can be 
seen for all three examples that the colour levels are exclu-
sively above the required threshold value (E00 = 10; refer 
to Sect. 2.4) and the contrast between the darkest class and 
the background is at the critical limit of 2:1.

The “Brewer Converted” colour scheme is calculated 
by the online tool Datawrapper (datawrapper.de) from the 
given Brewer light-mode scheme. It is important to note 
that the colour schemes shown are not explicit suggestions 
from the online tool, but only represent the conversion of 
a light-mode scheme provided by the user. The conver-
sion is carried out by applying the inverted brightness, the 

Fig. 1  Given light mode scheme 
(left; Brewer, 5 classes) and 
dark mode scheme derived by 
colour inversion (right; showing 
very weak contrast between 
dark brown and black)

Fig. 2  Single-hue sequential 
dark mode colour scheme with 
primary colour blue (example 
map with random values, 5 
classes)

https://colorbrewer2.org
https://colorbrewer2.org
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original contrast from the light-mode specification and a 
gamma correction (Aisch 2023).

Figures 2, 3, and 4 (middle columns) show that, with 
one exception, the colour distances are sufficient, but the 
contrasts between the dark or darkest colours and the 
background are only weakly pronounced. In the multi-
hue schemes in particular, the dark colours very quickly 
acquire a brownish component that is difficult to distin-
guish from the background.

When creating the own scheme (“Multi-Criteria”), well-
accepted conventions for sequential colour schemes are 
taken into account (Slocum et al. 2009), with deriving the 
following thresholds in a trial-and-error process and start-
ing with values of the “Brewer Original” scheme: colour 
saturation is set to constant value of 65%, darkest colour to 
a minimum contrast of > 2:1 to the background (with value 
#252525) and lightest colour with a lightness of approx. 
90% (for avoiding a pure white). Although humans do not 

Fig. 3  Single-hue sequential 
dark mode colour scheme with 
primary colour red (example 
map with random values, 5 
classes)

Fig. 4  Multi-hue sequential 
dark mode colour scheme with 
primary colours yellow and 
red (example map with random 
values, 8 classes)
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perceive lightness differences in a strict or same manner, a 
linear interpolation of the lightness is carried out for sim-
plification purposes between the lightest and darkest colour 
to determine the remaining colours. In the single-hue case, 
a constant colour tone is maintained (in this case: blue and 
red), while in the multi-hue case, the colour tone is gradually 
adjusted (in this case: from yellow to red).

Compliance with the conditions is shown in Figs. 2, 3, 4 
(right columns). It is clear that the original yellow impres-
sion is lost in the multi-hue case, which is due to the limita-
tion of the lightness interval between the lightest and darkest 
colour. In general, the colour schemes appear less intense 
compared to the Brewer schemes.

4  Empirical Study

4.1  Hypotheses

The following empirical study essentially aims to answer 
the overarching research question of whether a sequential 
colour scheme for a map in dark mode should be designed 
based on the dark-is-more or light-is-more bias. While the 
following hypothesis 1 covers this research question directly 
in a very general manner, hypotheses 2 to 4 are intended to 
investigate more in-depth dependencies between perception 
based on habit, the chosen dark-mode colour scheme itself 
and the cartographic expertise of the users.

Hypothesis 1: The perception of sequential colours in 
dark mode follows the light-is-more bias.

This statement is based on the reversal of the argumenta-
tion for the dark-is-more concept, according to which the 
dominant colours (compared to the background) are associ-
ated with the dominant (i.e. largest) attribute values.

Hypothesis 2: The intuitive application of the light-is-
more (or dark-is-more) concept is not as clear in dark mode 
as in light mode.

This expectation is based on the assumption that, in par-
ticular, people with cartographic expertise, who consciously 
use the dark-is-more bias in light mode, may deviate less 
from it in dark mode (see also hypothesis 4).

Hypothesis 3: There are significant differences between 
the different examples of the dark-mode colour schemes.

As there is no generally accepted and well-investigated 
method for creating dark-mode colour schemes, it is also 
to be expected that different schemes will be perceived 
differently.

Hypothesis 4: There are significant differences between 
people with Cartography expertise compared to those with 
school or no knowledge.

This assumption is based less on the expectation of 
different intuition between the groups but more on the 

consolidated prior knowledge of experts regarding the dark-
is-more bias (see hypothesis 2).

4.2  Study Design

The aim of the study is to observe people’s intuition when 
using dark-mode colour schemes. It is not about uncovering 
errors or understanding why some solutions work better than 
others. Against this background, a quantitative empirical 
design is chosen. The study is web-based in order to recruit 
as many participants as possible. Participants are be offered 
both an English and a German version.

After a brief introduction to the survey, questions are 
asked about cartographic skills (self-assessment between 
expert, school knowledge, and layperson) and possible col-
our vision deficiencies. The main block consists of 24 map-
related questions (see below). Finally, the three variants of 
the colour schemes (Sect. 3.2) are compared and the ques-
tion of aesthetic preference is asked. Free text comments are 
also possible for this assessment and for general statements.

In addition to expertise, the independent variables of 
the study are the different dark-mode colour schemes. A 
distinction is made between the example variants for the 
dark mode (Brewer Original, Brewer Converted, and Multi-
Criteria) and one for the light mode (Brewer) for reference 
purposes. These variants are each shown for two different 
single-hue sequential schemes (blue, red) and one multi-hue 
scheme (yellow to red). For each of these 4 × 3 cases, there 
are two repetitions, so that a total of 4 × 3 ×  2 = 24 map-
based questions are asked. To avoid any association with 
real-life issues, randomly generated data sets with different 
base maps are created. No legend is shown on purpose—
this fact was also communicated to the test subjects at the 
beginning, together with the request to make decisions as 
spontaneously and intuitively as possible.

The concept of colour perception (“dark-is-more” or 
“light-is-more”) is recorded as the dependent variable. For 
this purpose, one region per map is marked with a circle—
the test subjects are then asked to decide whether this colour 
filling belongs to the class with the largest or smallest values 
(or whether an assignment is difficult; Fig. 5).

4.3  Results

A total of 214 people took part in the study. The self-
assessment revealed that 66.3% categorised themselves as 
“experts”, 32.2% as people with “school knowledge” and 
1.4% as “laypersons”. An unexpectedly small number of 
three people (corresponding to approx. 1% instead of typi-
cally 4 to 5% according to literature; Schiewe 2022) reported 
colour vision deficiencies, which means that no statistical 
conclusions can be drawn due to this small sample (see 
Sect 5).
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Fig. 5  Example question 
(here: single-hue blue, Brewer 
original)

Table 1  Study results regarding the application of the dark- or light-is-more bias

For explanation: dark dark-is-more bias; light light-is-more bias; unc. uncertain decision; each upper line: absolute numbers, each lower line and 
in Italics: percentage values

Back-ground Scheme Total Experts School knowledge Laypersons

Dark Light Unc Dark Light Unc Dark Light Unc Dark Light Unc

Light mode Brewer Single blue 415
97.0

11
2.6

2
0.5

278
97.9

5
1.8

1
0.4

131
94.9

6
4.3

1
0.7

6
100.0

0
0.0

0
0.0

Single red 407
95.1

13
3.0

8
1.9

277
97.5

5
1.8

2
0.7

125
90.6

7
5.1

6
4.3

5
83.3

1
16.7

0
0.0

Multi-hue 409
95.6

12
2.8

7
1.6

279
98.2

5
1.8

0
0.0

126
91.3

6
4.3

6
4.3

4
66.7

1
16.7

1
16.7

Dark mode Brewer original Single blue 373
87.1

27
6.3

28
6.5

259
91.2

9
3.2

16
5.6

111
80.4

15
10.9

12
8.7

3
50.0

3
50.0

0
0.0

Single red 390
91.1

16
3.7

22
5.1

269
94.7

4
1.4

11
3.9

117
84.8

12
8.7

9
6.5

4
66.7

0
0.0

2
33.3

Multi-hue 400
93.5

14
3.3

14
3.3

273
96.1

5
1.8

6
2.1

122
88.4

9
6.5

7
5.1

5
83.3

0
0.0

1
16.7

Brewer converted Single blue 221
51.6

64
15.0

143
33.4

147
51.8

38
13.4

99
34.9

72
52.2

24
17.4

42
30.4

2
33.3

2
33.3

2
33.3

Single red 222
51.9

66
15.4

140
32.7

150
52.8

36
12.7

98
34.5

70
50.7

27
19.6

41
29.7

2
33.3

3
50.0

1
16.7

Multi-hue 222
51.9

47
11.0

159
37.1

146
51.4

29
10.2

109
38.4

74
53.6

17
12.3

47
34.1

2
33.3

1
16.7

3
50.0

Multi-criteria Single blue 385
90.0

21
4.9

22
5.1

264
93.0

9
3.2

11
3.9

117
84.8

11
8.0

10
7.2

4
66.7

1
16.7

1
16.7

Single red 392
91.6

14
3.3

22
5.1

270
95.1

4
1.4

10
3.5

120
87.0

8
5.8

10
7.2

2
33.3

2
33.3

2
33.3

Multi-hue 392
91.6

14
3.3

22
5.1

272
95.8

6
2.1

6
2.1

117
84.8

7
5.1

14
10.1

3
50.0

1
16.7

2
33.3
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Table 1 summarises the results on the application of the 
dark-is-more and light-is-more concept. Figure 6 provides a 
reduced representation in which only the percentage values 
of the application of the dark-is-more bias are shown.

4.4  Interpretation and Discussion

Hypothesis 1: it can be seen that the use of the dark-is-
more bias clearly predominates in all cases with dark back-
grounds. Even though there are certainly differences in terms 
of expertise and colour scheme (see also hypotheses 3 and 
4), the use of the dark versus light-is-more principle is also 
statistically significant in all cases (χ2 test, p < 0.0001). One 
exception is the group of laypersons, where the sample size 
is too small and is also neglected in the following observa-
tions. The use of the dark-is-more bias is also significant for 
the “Brewer Converted” colour scheme, where the propor-
tion of uncertain assignments is quite high (see hypothesis 
3). Overall, this disproves hypothesis 1.

Hypothesis 2: the application of the dark-is-more con-
cept with a dark background generally occurs with a lower 
frequency than with a light background (based on the 
total values of the Brewer Original and the multi-criteria 
schemes: 87.1 to 93.5% for dark mode and 95.1 to 97.0% for 
light mode). However, these differences are not statistically 

significant in most cases—with two exceptions: in addition 
to all cases with the “Brewer Converted” scheme, this also 
includes the difference for the single-hue scheme in blue for 
people with school knowledge (80.4% vs. 94.9%; see also 
hypothesis 3). With regard to hypothesis 2, the expected dif-
ference between light and dark mode (concerning the appli-
cation of the dark-is-more concept) can, therefore, be veri-
fied; however, this does not achieve statistical significance.

Hypothesis 3: comparing the different colour schemes, 
the “Multi-Criteria” scheme achieves the highest percentage 
values in terms of applying the dark-is-more concept, closely 
followed by the unmodified “Brewer Original” scheme. 
However, these differences are relatively small and not sta-
tistically significant. The “Brewer Converted” scheme falls 
sharply and statistically significantly in all cases. It is notice-
able here that around half of the test subjects apply the dark-
is-more concept (51.8 to 52.8%), but more than a third also 
feel unsure (34.5 to 38.9%). Many test subjects noted that the 
contrast between the dark colours and the background was 
too low and that the brown shades were unfamiliar and dis-
tracting (see also Figs. 2, 3, 4, middle columns). The choice 
of colour scheme can, therefore, have a significant influence 
on interpretation, which confirms hypothesis 3.

Hypothesis 4: when comparing user expertise, it is 
noticeable that—for the “Brewer Original” and “Multi-Cri-
teria” schemes—the dark-is-more concept is generally used 
more frequently by experts than by people who only have 
school knowledge (depending on the colour scheme, these 
differences are in the order of 10%, with some differences 
being significant, and some not significant). This difference 
can probably be attributed to the prior knowledge of the 
expert group, which is habitually transferred from the light 
to the dark background. This statement is also supported by 
the conspicuous difference already mentioned above for the 
single-hue blue scheme for people with school knowledge 
between dark and light mode (80.4% vs. 94.9%). At the same 
time, however, this can also be interpreted that the dark-
is-more concept for dark backgrounds is less intuitive for 
non-experts. To summarise, hypothesis 4 can be verified.

Finally, Fig. 7 summarises the information on aesthetic 
impressions for the individual colour schemes (regardless of 
expertise). The answer options (attractive = 1, medium = 0, 
not attractive = − 1) were averaged and summarised to form 
a score. There is a clear trend towards attractive impres-
sions with the paler “Multi-Criteria” schemes (scores of 0.42 
to 0.80), a neutral to attractive perception of the “Brewer 
Original” scheme (0.07 to 0.37) and a very low appeal of the 
“Brewer Converted” scheme (− 0.72 to − 0.86). The latter 
values correspond well with the inconsistent applications 
of the dark- or light-is-more approaches and in particu-
lar the uncertain decisions (see hypothesis 3). The rather 
large gap between the “Brewer original” and “Multi-Crite-
ria” schemes, on the other hand, is surprising. A frequent 

Fig. 6  Percentage application of the dark-is-more bias
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argument in the free text was the too strong lightness of the 
classes for the smallest values in the case of the “Brewer 
Original” schemes.

5  Summary and Outlook

The increased use of dark mode (i.e. a dark background with 
light text and graphics) also raises questions about colour 
design in maps. In this article, one central aspect was empha-
sised: for the case of choropleth maps, it was investigated 
whether the dark-is-more concept (i.e. the intuitive assign-
ment of dark colours to large attribute values) continues to 
be valid—or whether the greatest contrast of an area fill to 
the background becomes effective (and thus a light-is-more 
approach applies to dark backgrounds).

The empirical study carried out has shown that, regard-
less of the expertise and the colour scheme for the dark 
mode, the dark-is-more bias is still clearly the most frequent 
approach in colour perception and processing in the brain. 
Although this frequency is lower than in light mode, it is not 
statistically significant in most cases.

It also became clear that the certainty of the decision 
depends on the colour scheme presented. Here, it was shown 
that the example for the “Brewer Converted” scheme did not 
result in a satisfactory solution. This was due to the observed 
trend towards brownish colours and the low contrast between 
the dark colours and the background.

Overall, the use of the paler “Multi-Criteria” scheme 
resulted in a slightly clearer application of the dark-is-more 
concept compared to the “Brewer Original” scheme. One 
reason for this may be that the very bright colours in the 
“Brewer Original” scheme stand out very strongly for small 
values compared to the background (also quantifiable by 

the contrast values) and appear more dominant in the visual 
hierarchy for some users. Even if it contradicts the actual 
idea of the dark mode, a paler representation (i.e. with a low 
overall contrast) seems more suitable for the representation 
of colour sequences in maps.

If the “Brewer converted” scheme is excluded for the 
reasons mentioned above, it has been shown that the dark-
is-more bias is followed around 10% more frequently by 
experts in dark mode than by people with school knowledge. 
Even if rates of over 80% are still achieved in the second 
group, an explanation in the legend is highly recommended.

A potential weakness of the study is the fact that although 
the maps were presented in dark mode on a very dark back-
ground (with wide, blank dark borders; Fig. 5), a completely 
dark mode for the entire screen was not feasible for technical 
reasons in the context of the online survey. Although the 
study results are very clear, follow-up studies are planned 
under stricter environmental conditions with a smaller sam-
ple. In addition, the categorisation into experts vs. layper-
sons—which is based on a self-assessment—is naturally 
rather blurred, so that the small differences that were identi-
fied for some aspects should be treated with a certain degree 
of caution.

The overall contribution of this paper can be summarised 
as follows: as there have been no corresponding studies to 
date (see Sect. 2), it has empirically been confirmed that the 
dark-is-more bias is also valid for colour schemes for choro-
pleth maps shown in dark mode. In addition, the dependen-
cies between perception based on experience or habit (little 
effect), the chosen dark-mode colour scheme (strong effect) 
and expertise of users (little effect) have been pointed out.

Since the degree of validity of applying the dark-is-more 
concept for dark mode is not (yet) as high as for the light 
mode, the explanation in the legend is strongly recom-
mended. On the other hand, it also became clear that dras-
tic lightness and contrast behaviour in the colour scheme 
for maps should be avoided in order not to create opposing 
dominances in perception.

The results of this study serve as a basis for further work 
in connection with the design of (thematic) maps in dark 
mode. First, suitable, “off-the-shelf” colour schemes for the 
dark mode need to be developed and empirically tested (only 
a first, rough approach was carried out for the study in this 
paper). Other aspects concern, for example, the perception 
of colour schemes for people with colour vision deficiencies, 
ensuring a visual hierarchy (made possible in light mode by 
shadows, which is almost impossible to implement in dark 
mode) and the consideration of symbols and text (with the 
need for a better contrast ratio).
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