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Rainbow Dash: Intuitiveness, interpretability 
and memorability of the rainbow  

color scheme in visualization 
Izabela M. Gołębiowska, Arzu Çöltekin  

Figure 1. Tested color schemes (top row) and responses to T1: order hues (in columns below). Each row shows a unique sequence 
provided by at least one participant (counts are shown next to each set). Participants ordered the colors from “min to max” (left to right) 
purely based on their perceptual associations for the seven hues. We see 101 different orders for the rainbow and seven for the se-
quential schemes. The ‘correct’ sets are shown on top.  

Abstract—After demonstrating that rainbow colors are still commonly used in scientific publications, we comparatively evaluate 
the rainbow and sequential color schemes on choropleth and isarithmic maps in an empirical user study with 544 participants to 
examine if a) people intuitively associate order for the colors in these schemes, b) they can successfully conduct perceptual and 
semantic map reading and recall tasks with quantitative data where order may have implicit or explicit importance. We find that 
there is little to no agreement in ordering of rainbow colors while sequential colors are indeed intuitively ordered by the participants 
with a strong dark is more bias. Sequential colors facilitate most quantitative map reading tasks better than the rainbow colors, 
whereas rainbow colors competitively facilitate extracting specific values from a map, and may support hue recall better than 
sequential. We thus contribute to dark- vs. light is more bias debate, and demonstrate why and when rainbow colors may impair 
performance, and add further nuance to our understanding of this highly popular, yet highly criticized color scheme. 

Index Terms—Color, visualization, colormap, color perception, visual design 

——————————   ◆   —————————— 

1 INTRODUCTION
EMIOTIC importance of color has been acknowledged 
for decades, and it is well documented that color 

changes how viewers perceive and interpret the underly-
ing data (e.g., [1], [2], [3]). A number of empirical studies 
have been conducted to examine color use in visualization 
(e.g., [4], [5]) and cartography (e.g., [6], [7], [8], [9]). Besides 
these scientific efforts, post-Internet decades led to dozens 
of online channels about the importance of color, and how 
to use it correctly, as well as color recommender software 
(e.g., [10]–[19]). Despite the plethora of information, empir-
ical evidence, and tools, people violate recommended 

practices in color use. A particularly common 'offense' ap-
pears to be the use of the rainbow color scheme (RC) for 
presenting quantitative data. The RC, mimicking the rain-
bows in nature, is composed of spectrally ordered hues: 
blue, cyan, green, yellow, and red [20], [21]. While people 
enjoy rainbow colors [22], the RC has been shown to create 
problems in legibility and pattern detection when used in 
visualizing quantitative data [23], [24]. Arguably, this is at 
least partly because the global ordering of the hues in the 
RC is not intuitive. It has been argued by some authors that 
ordering colors locally (describing the relationship of a hue 
with its near neighbors) in selected parts of the RC might 
work without problems, though it is important to note that 
this statements are based on general reasoning or intro-
spection, i.e., without empirical evidence [5], [25], [26], [27]. 
As opposed to the RC, sequential color schemes (SC) are 
considered intuitive for ordering colors, as they cater to 
subconscious associations, such as the dark is more or the 
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opposing light is more bias [28], [29]. Despite the relative 
intuitiveness of the SC, RC has been popular for a long 
time. More than two decades ago, Brewer [30] urged her 
readers that “...the public is learning this code” (p. 217) as 
more people used the RC in visualizations. Brewer’s warn-
ing seems to have become a persistent challenge [31], as we 
see a surprisingly frequent use of the RC in practice also 
today (see Section 3). Despite the expert evidence discour-
aging the use of the RC, such as Borland and Taylor’s sem-
inal paper titled “Rainbow color map (still) considered 
harmful” [23], empirical studies that provide nuanced evi-
dence on precise boundaries of how much RC hurts per-
formance, and for which tasks, are rare. Thus, we con-
ducted a user experiment comparing the RC to the SC for 
various tasks on two map types: Choropleth (Choro) and 
isarithmic (Isa). These map types can represent the same 
information, but Choro requires classification and repre-
sents discrete categories, while Isa uses continuous data. 
They also use color in different spatial configurations; 
Choro often does not have ordered colors on the map and 
shows the order in a legend, whereas Isa features colors 
always in the same order and the order is presented on the 
map itself. Comparing RC and SC with these two map 
types enables examining if the effect of the color scheme 
type remains stable across different representations. Also 
importantly, our review (see Background) suggests that 
whether the RC is ‘good or bad’ largely depends on task 
type: Value-varying schemes, such as the SC, might facili-
tate tasks that require ordering values by magnitude well 
(e.g., interpreting general patterns, anomaly detection. 
comparing values); and hue-varying schemes, such as the 
RC, might be in general better for reading specific details. 
Therefore, we hypothesize that RC may lead to different 
degrees of performance loss depending on task type (for 
specific hypotheses, see Study 2) irrespective of map type. 
To test our hypotheses, we designed tasks that differed in 
cognitive processing requirements (see Procedure), and 
conducted a controlled study comparing the RC to the SC 
(Figure 1 top row) on the two map types (see Experiment 
design). Specifically, we answer the following five research 
questions (RQs – note that 1 and 2 split in two as A and B):  

RQ1. A) Can participants intuitively order the RC? B) Is 
ordering affected by exposure to a color scheme? 

RQ2. Do the effects of the RC remain stable across vari-
ous A) map reading and B) visuospatial recall tasks, 
and across the two map types? 

RQ3. Do participants like the RC more than the SC? 
In addition to the RQs above, we explore how partici-

pants' self-declared task difficulty correlates with their task 
accuracy as an implicit measure of confidence. Confidence 
is interesting as it can signal "intuitiveness" or "obvious-
ness" [32], [33]. We believe our study contributes to visual-
ization research and practice in supporting design deci-
sions where color plays a crucial role.  

2  BACKGROUND 

The RC has received much criticism from experts for a long 
time for many reasons, e.g. [34], [35], [36], [37]. Nonethe-

less, this color scheme is often used, also in scientific pub-
lications. A detailed account of the critique and possible 
reasons why people still use the RC is presented in Suppl. 
Mat., Sections 2.1. and 2.2. Borland and Taylor [23] esti-
mated that 40-59% of the papers in IEEE Visualization con-
ference proceedings between 2001-2005 used the RC. We 
examined the same question in planetary science and re-
mote sensing journals more than 20 years later, and found 
even higher percentages in some cases (see Section 3.2). 

2.1 User studies with the RC: Mixed evidence 

Results from the studies examining the RC use in visuali-
zation do not always agree. In cartography, this may be 
partly due to different map types, e.g., studies exist on Isa 
([38], [39] after [40]), Choro ([39] after [40], [2], [40]), and 
other map types [21], [41]–[43]. Besides map types, task 
types appear to be important, e.g., comparing areas [2] vis-
ible to the user might lead to different outcomes than tasks 
that rely on working from the memory [40]. The RC has 
been shown to impair user performance in some visuospa-
tial tasks. For example, people cannot order spectral hues 
intuitively: Olson [44] has shown that no two participants 
produced the same order while creating a legend for a bi-
variate map. In other tasks, e.g., estimating the degree of 
similarity between pairs of Isa maps [38], and for identify-
ing high, medium and low data densities in Choro and Isa 
maps with no legends [39], the RC led to low task accuracy. 
This might be because of the perceptual uniformity issues 
mentioned earlier, specifically, because the central portion 
of the RC facilitates feature discrimination poorly [45], [46]. 
Also, in a relative color distance judgement task, the RC 
resulted in higher error rates and longer response times 
than the SC and a diverging scheme [47]. Discretization ap-
pears to be difficult with the RC too, i.e., people were in-
consistent in recognizing and placing boundaries between 
rainbow hue bands [42], further confirming that the RC is 
not perceptually uniform.  

In contrast, some studies show that participants can 
achieve similar or higher visuospatial task accuracy with 
the RC than with its alternatives [2], [21], [40], [43], [48]. 
Ware [48] has shown that for extracting specific values, the 
RC leads to lower mean response error than the SC and di-
vergent schemes. Reda et al. [21] further found that partic-
ipants reached the highest accuracy with the RC compared 
to other alternatives in identifying locations of specified 
values in continuous color maps. In Reda et al.’s [21] study, 
RC resulted with one of the best accuracy scores for gradi-
ent (steepness) estimation. Brewer et al.’s [2] seminal study 
shows that participants, when retrieving values from 
Choro maps (‘legend matching’), were significantly more 
accurate with the RC than a grayscale. On the other hand, 
participants' response accuracy was lower in the same task 
with the RC than with two diverging schemes [30]. Hyslop 
[41], too, demonstrated that participants achieve higher ac-
curacy in map reading tasks with the RC than with a gray-
scale alternative. Using a modified version of the RC (yel-
low as the min value), Mersy [40] has shown that for read-
ing specific details and for recalling particular values, RC 
users do not perform worse than SC users. Mersy [40] pos-
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its that hue-varying color schemes with large contrasts, in-
cluding RC, work well for reading specific details from 
maps, also citing Robinson’s [49] explanation that the HVS 
is more sensitive to differences in hue than in value. Ware 
[48] and Mersy [40] both mention that the simultaneous con-
trast effect occurs less with hue than with value. Task type 
seems to be important: the RC did not facilitate tasks that 
require identifying general patterns well in either study 
[48],[40]. Mersy [40] notes that for reading and recall of 
general patterns on a map, and anomaly detection on 
Choro maps, the SC yields higher response accuracy than 
the RC. Recall tasks are especially interesting as people re-
member the colors that they can name better than colors 
they cannot [50], which could give the RC an advantage 
compared to the SC. In sum, the evidence for or against the 
RC is mixed and task type is important (see Suppl. Mat., 
Section 2 for a systematic overview of the literature sum-
marized above). Furthermore, people like the RC: Kumler 
and Groop [43] demonstrated that 73% of the participants 
preferred RC over other representations and Brewer et al.’s 
[2] participants rated the RC as the most ‘pleasant’ and 
‘easy to read’ among eight schemes.  

2.2 Original contributions 

We provide original contributions on 1) the current preva-
lence of the RC in scientific publications, 2) intuitiveness of 
the RC vs. SC in color ordering tasks and a re-examination 
of the dark is more bias, and 3) a systematic comparison of 
the consequences of using the RC vs. the SC for various 
visuospatial tasks with two different map types, examin-
ing the robustness of their effects across varying condi-
tions. Differing from previous work, we also evaluate par-
ticipants’ response speed (besides accuracy and prefer-
ences), which is a meaningful metric from an information 
processing perspective, and important for visualization 
use under time pressure. 

3 STUDY 1: PREVALENCE OF THE RC  
To document the current prevalence of the RC use in scien-
tific publications, similarly to Brewer [30] and Borland and 
Taylor [23], we sampled scientific publications in familiar 
domains that use visualizations heavily, and examined if 
they use the RC, and for what kind of tasks.  

3.1 Methods: Prevalence study 

In two scientific fields with large audiences, i.e., remote 
sensing and planetary science, we selected two journals, of 
wide outreach. For planetary science we browsed Icarus (IF 
2019 3.51) and Journal of Geophysical Research: Planets / JGR 
Planets (IF 3.71), and for remote sensing, we searched IS-
PRS Journal of Photogrammetry and Remote Sensing (IF 7.32) 
and Remote Sensing (IF 4.51). We queried 355 papers pub-
lished in late 2019 and early 2020, evenly spread across the 
two fields and journals. We marked if a paper contains at 
least one figure with the RC for representing quantitative 
data i.e., we excluded the papers that do not contain figures 
representing quantitative data even if they used RC, as 
well as those with only black-and-white figures or photos. 
As a result, we retained 205 papers for further analysis.  

3.2 Results: Prevalence study 

Table 1 shows the prevalence of the RC in 205 papers for 
quantitative data visualizations: The RC is still very popu-
lar, with an average of 64% in planetary science and 48% 
in remote sensing. In one journal this value hits 70%, which  
clearly demonstrates that the RC is still a very common 
choice for visualization in the analysed disciplines. This 
share is remarkably higher than the 51% reported by Bor-
land and Taylor [23] 13 years ago (though it is important 
to note that they analyzed IEEE Vis conference proceed-
ings, i.e., our study is not an exact replication of theirs).  

The RC is used in a variety of visualizations, e.g., maps, 
plots, etc., and for both raster and vector data. It is also used 
for a variety of topics, ranging from elevation, atmospheric 
characteristics (e.g., wind stress); through physical indices 
(e.g., gravity, mass) to specific indices (e.g., motion correc-
tion, methane abundance) in planetary science, and cam-
era-scene distance, estimation errors, vegetation mass 
change, etc. in remote sensing. Since this sampling verifies 
that RC is still popular, next we re-examine if, and in which 
tasks, it is (still) harmful [23].  

4 STUDY 2: COMPARING THE RC TO THE SC 

Based on the literature reviewed above, we formulate and 
test the following hypotheses: 
H1) The RC will be overall inferior to the SC in color order-

ing tasks across the tested conditions (addressing 
RQ1A, see Introduction section) 

H2) In map reading, RC will be superior for extracting spe-
cific values and SC for general pattern interpretation 
(addressing RQ2A) 

H3) The RC will be a competitive alternative in recall tasks 
(RQ2B) 

H4) Participants will rate the RC more likeable than the SC 
(RQ3) 

H5) The expected effects (H1-H4) will persist across the 
two map types, irrespective of the task type 
(RQ2A&B).  

 Besides the above hypotheses, we explore two ques-
tions: 1) Would participants learn and remember the way 
the colors were used in the other experimental tasks more 
with the SC or the RC? (focusing on the RQ1B). We ex-
pected that they would, with both color scheme types, per-
haps a little more with the RC due to nameable colors. 2) 
Would participants' perceived task difficulty match the ac-
tual task difficulty? We expected that they like the RC bet-
ter, and they may be misguided by this and believe they 
did better with RC than the SC.  

journal # papers  
analyzed 

% using 
the RC 

Icarus 74 55 

JGR Planets 76 70 

Planetary Science discipline 150 64 

ISPRS JPRS 80 46 

Remote Sensing 75 50 

Remote Sensing discipline 155 48 

TABLE 1 PAPERS VISUALIZING QUANTITATIVE DATA WITH THE RC 
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4.1 Experiment design 

Using a mixed factorial design, we compared the RC vs. SC 
on two map types with various tasks (see Procedure) in a 
controlled experiment. Our independent variables are color 
scheme (RC vs. SC, main variable), map type (Choro vs. Isa) 
and task type (ordering, map reading, recall). Map and 
color scheme types were treated as between-subject varia-
bles, while task type was treated as a within-subject factor. 
As dependent variables, we measured two performance 
metrics effectiveness (response accuracy) and efficiency (re-
sponse time) and two subjective metrics, i.e., participants’ 
rating of task difficulty, and likeability of the RC and SC. 

4.2 Participants 

Because maps and atlases are commonly used in education 
[51], we decided to work with high school students. This 
age group is old enough to have some map-use experience, 
but not yet biased by professional expertise. To recruit par-
ticipants, we contacted the principals of 22 high schools 
which were selected randomly all over Poland. Participa-
tion was voluntary, no compensation was offered, and 
consent was obtained from the principals. Ethical approval 
was obtained from the ethics board of the Faculty of Geog-
raphy and Regional Studies, University of Warsaw. Total 
544 participants (50.9% female (f), 15-20 years-old) took 
part in the study. All of them completed courses covering 
geography and map reading. 16.2% declared that they use 
maps daily, 30.1% once a week, 20.7% several times a 
month, 18.5% once a month. 5.7% once a year and 7.8% less 
than once a year. None of them self-reported color vision 
deficiency, though in this age group, it is possible that they 
were not yet tested for color vision impairment, which typ-
ically is administered along with driving license tests. 
Since color vision deficiency can be up to 10% in men [37], 
we later conducted an outlier analysis to catch the possible 
effects of 'hidden' color deficiency issues. The participants 
were divided into four groups (n=140, 131, 134 and 139) 
counterbalanced for biological sex. Each group solved the 
same tasks using four maps (Figure 2). At the analysis 
stage, we excluded participants who did not complete all 
tasks and who provided answers in less than 3 seconds on 
average, as this suggests they did not read the task, and 
their response may have been random. We also excluded 
outliers, i.e., participants whose average response accuracy 
and time over all tasks was more than +/-3SD away from 
the mean. We ended up analyzing the answers collected 
from 534 participants, in four groups: RC-Choro (n=139, 
51.1% f), RC-Isa (n=127 49.6% f), SC-Choro (n=132, 53.0% 
f), SC-Isa (n=136, 50.7% f).  

4.3 Apparatus and materials  
We applied two 7-class color schemes: (1) RC (Figure 2a, 
2b) with fully saturated hues, and (2) SC using Color 
Brewer’s ‘7 class oranges’ (Figure 2c, 2d) checked with 
Color Oracle [18] (see Figure 1 top row and for specifica-
tions of the hues see Suppl. Mat., Table 2). When selecting 
the scheme we decided to test colors that are 'neutral', i.e., 
not clearly associated with any phenomenon (through cus-
tom or natural associations), e.g., blue for hydrography, 

red for dangers, green for nature etc. We also excluded di-
verging schemes, since they are more complicated for or-
dering tasks, and are recommended only for a specific set 
of data with a critical value within the range [52]. Since 
having a critical value to diverge from is a special case, we 
decided to keep our data and stimuli for a 'more general' 
case of linear variation (the RC is applied frequently also 
for data with no such 'critical value'). Seven classes are the 
recommended maximum in cartography, guided by Mil-
ler’s seminal “magical number seven plus minus two” 
study [53]. To keep seven classes also in the RC for compa-
rability, we used the spectral order minus the violet hues. 
We assigned higher values at the red end, as found on 
other maps that use the RC. We decided to use a white 
background, and dark is more order for the SC, since these 
reflect the current common practice. 

Figure 2. The stimuli: Rainbow (a: RC-Choro, b: RC-Isa) and sequen-
tial schemes (c: SC-Choro, d: SC-Isa) on two map types.  

 We then made four maps using the RC and the SC, both 
showing 'percentage of high school students working paid 
jobs' as we assumed this would be relatable for students. 
Reference data was sourced from the national database, 
whereas thematic data was fictitious. We used ArcMap 
and CorelDraw to create the maps, MS Excel and SPSS for 
data analysis. The resulting four maps are shown in Figure 
2: Choro (2a,c) and Isa (2b,d) maps. We selected the area (a 
remote region of Poland) so that it would not be commonly 
known. We verified this by asking a few expert geogra-
phers to identify it (they could not). We presented the tasks 
in Google Chrome under constant lighting and procedural 
conditions.  

4.4 Procedure  
We administered the study in all 22 schools' computer 
rooms. We first briefed the students and instructed them 
to work on their own without interacting with each other. 
Students could ask questions during the briefing but not 
during the experiment. Participants started the tasks at the 
same time in each group, and solved them without a time 
limit. Tasks were presented digitally (see Table 2 for pre-
cise wording and Suppl. Mat. Table 3 for further infor-
mation on the tasks). We designed the tasks largely con-
sistent with the literature (e.g., [2], [21], [40], [43], [54]).  
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Our task design also partially matches Knapp’s taxon-
omy of visual operators locate, identify, compare and rank, as-
sociate [55], and we added recall which fits with Çöltekin’s 
modifications [54]. The majority of the resulting 11 tasks 
were about map reading (value retrieval, interpretation, 
recall) whereas two (T1 and T11) required perceptually or-
dering seven hues (Figure 1). Tasks were presented in the 
order shown in Table 2, and each task was solved only 
once. We opted not to randomize the task order to prevent 
participants from seeing legend-based tasks before the 
tasks that are not assisted with a legend. If they had seen 
the tasks with legend, this would be a threat to the experi-
ment’s internal validity. We later verified that there were 
no order effects. Tasks T2-T10 were accompanied by maps 
placed next to the instructions (see Suppl. Mat. Figure 1). 
Tasks T2-T4 also involve ordering colors, i.e., for these 
tasks, maps do not include a legend, so participants 
needed to rely on their perceptual judgement alone to 
solve them. T5 and T6 require extracting specific values, 
based on visual search and comparison on maps with leg-
ends. T7 requires examining a line that crosses the map and 
matching the values of the colors across this line to the 
“profile” which shows the same data as a plot (Suppl. Mat., 
Figure 1a). T8 is a prototypical thematic map use task: Par-
ticipants selected the region with the lowest values among 
three options. T9-T10 measure information recall based on 
hue and value. Participants were instructed to try to re-
member as much as possible from a map they viewed for 
15 seconds. Then they matched some regions with a legend 
from memory, using a black and white map (see Suppl. 
Mat., Figure 1b). After each task, participants subjectively 
rated task difficulty. After all tasks were completed, likea-
bility of the color schemes (T12-T15) on the two map types 

(T12 RC-Isa; T13 SC-Choro; T14 RC-Choro; T15 SC-Isa) us-
ing a 5-point Likert scale, addressing RQ3. The tasks T1-T4 
and T11 refer to intuitive order (participants did not have 
access to legends), whereas T5-T10 are legend-based. 

4.5 Results: Performance and preference study 

We first report the main effects of color scheme and map 
type at aggregate level, then detailed analyses at the task 
level; based on task types (always linking it to color scheme 
and map type), and based on individual tasks.  

4.5.1 Main effects of color scheme and map type 

Color scheme (irrespective of map type, for all tasks) has 
statistically significant effects both on response accuracy 
and response time. On average, with the SC, participants 
are both more accurate (t=-7.74; p<.001; RC M=64.9, 
SD=21.8, SC M=77.1, SD=13.6); and faster (t=3.89; p<.001; 
RC: M=25.4 sec, SD=6.79 sec, SC: M=23.3sec, SD=5.90 sec) 
than with the RC. Map type (irrespective color scheme, for 
all tasks) does not lead to statistical significant differences 
at the aggregate level neither for response accuracy (t=-
1.15, p>.05, Choro: M=70.1, SD=18.8, Isa: M=72.0, SD=19.5) 
nor for response time (t=.146, p>.05, Choro: M=24.4 sec, 
SD=7.15 sec, Isa: M=24.3 sec, SD=5.63sec).  

4.5.2 Task-level analyses 

We organized the task-level analyses as: RQ1) Color order-
ing, RQ1A on an abstract display (T1) and on a map with-
out legend (T2, 3, 4), RQ1B learning (T11 vs. T1), RQ2) 
RQ2A (T5, 6, 7, 8) map reading, RQ2B (T9, 10) recall hue 
and value, and RQ3) likeability ratings (T12-15). The RQs 
and related sub-questions are treated as subsections after 
we provide an overview of the findings at aggregate level.  

Aggregate task analysis  
Because T1 & 11 are not map related, and T12-15 are sub-
jective ratings, we treat them later. The aggregate results 
for the rest of the tasks for RQ1A (ordering), RQ2A (map 
reading), and RQ2B (recall) are shown in Figure 3.  

Figure 3. Effects of color scheme and map type on response accuracy 
and response time for map-based task types. Left (RQ1A): Implicit 
color ordering tasks on maps, Middle (RQ2A): Map reading tasks with 
a legend, Right (RQ2B): Recall tasks. Color scheme and map type 
interact in (d). *p < .05, ***p ≤ .001. Error bars: ±2SEM. 

No Task instruction RQ  

T1 
Order hues starting from the one that should  
symbolize min values and finishing with hues  

symbolizing max values. 

RQ1A 

RQ1B 

T2 
Select an example unit representing  

the max values (map presented without legend). RQ1A 

T3 
Select an example unit representing  

the min values (map presented without legend). RQ1A 

T4 
Which of the marked units (A or B) features the 

higher value of the presented phenomenon? 
RQ1A 

T5 What is the value range in the marked unit?  RQ2A 

T6 Select an example unit featuring value range 10-15%  RQ2A 

T7 
Which profile (A/B/C) shows the values correctly 

 along the marked black line? 
RQ2A 

T8 
Which region (A/B/C) features the lowest  

average values? 
RQ2A 

T9 

On the black-and-white map, all units that fall into a 
particular color category (on the color map you have 
just studied) are marked in black. Using the legend 

below, match the color with the marked units.  
RQ2B 

T10 

On the black-and-white map, all units that fall into a 
particular color category (on the color map you have 

just studied) are marked in black. Indicate which 
value range is presented with marked units.  

RQ2B 

T11 
Order hues starting from the one that should 

 symbolize min values and finishing with hues  
symbolizing max values. 

RQ1B 

 TABLE 2. TASKS IN THE STUDY  
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Figure 3 (left) shows that participants perform better 
with the SC than with the RC in color ordering tasks on 
maps without a legend both in terms of response accuracy 
(F=158 p<.001, η2

p=.230) and speed (F=13.6, p<.001, 
η2

p=.025). Map type does not matter for accuracy in these 
tasks, but participants are slower with the RC than the SC 
(F=13.6, p<.001, η2

p=.025), more so with the Choro map 
than with Isa (F=4.55, p<.05, η2

p=.009). Thus, map type in-
teracts with color scheme (F=6.46, p<.05, η2

p=.012) in terms 
of response speed. Figure 3 (middle) shows that partici-
pants' accuracy (F=1.69, p=.194, η2

p=.003), or time (F=1.66, 
p=.197, η2

p=.003) do not differ based on color scheme. 
However, their overall accuracy with the Choro is higher 
than with the Isa (F=24.6, p<.001, η2

p=.044), irrespective of 
the color scheme. Figure 3 (right) demonstrates that, first 
of all, the recall tasks are overall harder than the others. 
Participants have a higher response accuracy with the RC 
than with the SC (F=21.1, p<.001, η2

p=.038), and with the 
Isa than with the Choro (F=36.1, p<.001, η2

p=.064) in recall 
tasks. Neither color scheme nor map type affect the re-
sponse speed for aggregated recall tasks.  

Color ordering tasks (RQ1) 
Responding to RQ1A and 1B we report response accuracy 
and time (Figure 4) for color ordering tasks (see detailed 
statistics in Suppl. Mat., Section 4). We first present an over-
view of T1-4 and T11, then analyze individual tasks. Note 
that there is not an objectively accurate order for the RC, 
while for the SC, one can argue for two, based on dark- or 
light is more bias [28], [29]. When we say ‘accuracy’ in this 
section, we mean consistency of responses with our leg-
end. We assigned the order for the RC based on its com-
mon use of it in maps. We also present agreement among 
participants as a measure of intuitive color ordering later.  

Figure 4a shows that for every color ordering task, the 
SC led to higher response accuracy than the RC, and par-
ticipants needed less time in five out of eight trials, and 
never took longer to order colors with the SC than with the 
RC (Figure 4b). Chi-square goodness of fit (for response ac-
curacy) and Mann–Whitney U tests (for response time), re-

veal that all differences in participants’ accuracy and re-
sponse time based on color scheme are statistically signifi-
cant (Figure 4, for more statistical detail including effect 
sizes see Suppl. Mat., Section 4). While color scheme leads to 
consistent differences in accuracy in color ordering tasks, 
map type does not: We only see a difference in the two tasks 
which require identification of extreme values (T2 and T3, 
max/min). In T2, when selecting the max value, Isa group 
has a higher accuracy than the Choro group for either color 
scheme (RC: χ2=3.97, φ=.122, p=.046; SC: χ2=17.1, φ=.252, 
p=.000). When selecting the min value, the Isa group has 
lower accuracy than the Choro (χ2=19.8, φ=.273, p=.000), 
but only with the SC. A Mann–Whitney U test revealed 
that for map-based tasks T2-4, participants were slower 
with the RC only in the Choro group. In the Isa group, color 
scheme did not matter (Figure 4b). In tasks T2 and T4, the 
Isa group was faster than the Choro group while working 
with the RC (T2: U=6844, r=.194, p=.002; T4: U=7188, 
r=.161, p=.009). Next, we present task specific observations 
in two categories 1) ordering hues (T1 and T11) and 2) im-
plicit color ordering on a map without a legend (T2-4).  
   T1 and T11 With the RC, responses to T1 are 38% con-
sistent with our map legend (Figure 4a, Suppl. Mat., Table 
4). While solving T1, participants have not seen the maps, 
thus this shows participants’ intuition vs. common practice 
in the RC maps. Remaining solutions exhibit great varia-
bility with the ordering of the RC (Figure 1, Suppl. Mat., 
Figure 2). After excluding incomplete responses where par-
ticipants did not use all seven hues (9.63% for the RC, 
8.43% for the SC), we found 101 unique sets with the RC 
(Figure 1), where 77 of them were by one participant only. 
53.3% of participants started with dark blue as the min 
value, and 20.7% with yellow. Otherwise, participants 
placed six out of seven individual hues for either min or 
max values at least once. With the SC, responses are much 
‘tidier’: 81.7% match with the map legend (Figure 4a, also 
see Suppl. Mat., Table 4), and only 7 different solutions (Fig-
ure 1, Suppl. Mat., Figure 2). With the SC, in T1 91.4% as-
sume dark is more, and 7.8% light is more. 

 

Figure 4. Participants’ response accuracy (a) and time (b) with the RC and SC for color ordering tasks. *p < .05, **p < .01, ***p ≤ .001. Error 
bars: ±2SEM (shown only for response times, as the accuracy data is categorical, i.e., right/wrong). 
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Figure 5. Participants’ mean ratings of task difficulty, for all explicit and implicit color ordering tasks (RQ1). Higher number means participants 
rated the task more difficult. Error bars: ±2SEM, *p < .05, ** < .01, ***p ≤ .001.

Responses to T11, after having worked with the maps, 
were similar for the SC: 80.2% consistent with the legend. 
For the RC, answer accuracy increased to 53.4%. The vari-
ability in the ordered sets were smaller for the RC in T11 
too; 53 unique sets, 42 by one participant only; while it re-
mained the same for the SC (statistical detail in Suppl. Mat., 
Section 4). A McNemar’s matched pair test comparing T1 
(before) and T11 (after) revealed that participants' answer 
accuracy increased for the RC (χ2=21.3, φ=.469, p=.000). For 
the SC this difference is not statistically significant 
(χ2=.145, φ=.267, p=.703). For both conditions, according to 
a Wilcoxon signed-ranks test for related pairs, there is a 
speed gain from T1 to T11: Participants were 26.4s faster 
with the RC (Z=12.9, r=.793, p=.000), 16.5s with the SC 
(Z=12.4, r=.756, p=.000) after the experiment (Figure 4b). 

T2, T3 and T4 T2 and T3 require implicit color ordering, 
i.e., a series of comparisons on a map without a legend to 
identify the min and max values in a set, based on partici-
pants’ preconceived perceptual associations. Both tasks 
were very difficult with the RC: Only about half the partic-
ipants ‘correctly’ indicated hues representing max and min 
values (as we assigned them) with the RC (Figure 4a). We 
also analyzed the frequency of hues that were selected as 
max and min values. For tasks T2 and T3, demonstrates 
some variability in the responses with the RC, in fact, each 
color is selected at least once, whereas we see a clear agree-
ment among the participants with the SC. With the RC, 
bright red appears to be strongly associated with the max 
value, which is in accordance with our legend. Dark blue 
is the second most frequently picked color for the max 

value, which is the opposite of what we assumed. It ap-
pears that participants associated the brightest hues (cyan, 
green and especially yellow) with min values. These pat-
terns were similar for the two map types (Choro and Isa). 
With the SC, variability is near zero; lighter colors are as-
sociated with less and darker with more. There are only 
few, seemingly negligible deviations in sorting the SC by 
perceptual association (further details in Suppl. Mat., Sec-
tion 4). T4 required pairwise-comparisons, for which the 
results are clearly in favor of the SC (Figure 4).  

Task difficulty: Color ordering tasks. Participants’ sub-
jective ratings of task difficulty for color ordering tasks 
based on a 5-point Likert scale are presented in Figure 5. 
Participants rated the color ordering tasks overall as ‘easy’ 
(rarely higher than two out of five), whereas they rated the 
RC as ‘more difficult’ in all. A Mann–Whitney U test re-
vealed that these differences were statistically significant 
in all tasks except T2 with Isa (Figure 5). Map type overall 
does not affect the difficulty ratings in color ordering tasks 
(RQ1) except for T4 (U=7677, r=.125, p<.05) where partici-
pants in the RC group marked that it was harder to work 
with the Choro map than with the Isa. 

Map reading and recall tasks (RQ2) 
We present the tasks that we study under RQ2 in two cat-
egories 1) Map reading (T5-8) and 2) Recall tasks (T9-10).  

T5-T8 Map reading tasks T5-8 varied in levels of com-
plexity where participants always had access to a legend, 
resulting in more than 80% response accuracy with one ex-
ception (Figure 6a): T7 was difficult for the Isa group with 
either color scheme (58% for both).  

Figure 6. (a) Participants’ response accuracy for map reading and recall tasks for RQ2A and B (T5-T8 map reading, T9-T10 recall tasks). (b): 
Response times for the same tasks. Error bars: ±2SEM, *p < .05, **p < .01, ***p ≤ .001. 
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Figure 7. Participants’ task difficulty ratings for tasks studied under RQ2A and B (T5-T8 map reading, T9-T10 recall tasks). Higher number 
means participants rated the task more difficult. Error bars: ±2SEM, *p < .05, **p < .01, ***p ≤ .001. 

Participants did well in tasks that require reading spe-
cific map details (T5-6) irrespective of map type. The RC 
appears to work better than the SC for T6 with either map 
type. For the two tasks that require interpretation of gen-
eral information (T7-8), participants’ overall accuracy is 
not affected by color scheme, except in the Choro group 
where the SC was superior to the RC. In T7, map type has 
an effect with both color schemes: Choro group has higher 
response accuracy than the Isa in this task (RC: χ2=16.9, 
φ=.252, p=.000; SC: χ2=35.7, φ=.365, p=.000). Response 
time analysis based on color scheme yielded statistically 
significant differences for T5 for both map types, for T6 for 
Isa, and for T8 for Choro. For tasks that require extracting 
details from the map (T5-T6), participants were faster with 
the RC than with the SC, although for T5 accuracy did not 
differ (Statistical details provided in Suppl. Mat., Section 4).  

Map type affects response time as well (Figure 6b): Par-
ticipants took longer with the SC with Isa than with Choro 
for T5 and T6 (T5: U=7497, r=.142, p<.05; T6: U=7418, 
r=.150, p<.05), even though this is not reflected in their re-
sponse accuracies. With T7, map type matters on both 
counts: Participants were faster with the Choro map than 
with the Isa using either color scheme (RC: U=7108, r=.168, 
p<.01; SC: U=7637, r=.129, p<.05) and they were also more 
accurate with it (Figure 6a). For T8, which requires inter-
preting a more general pattern, participants in the Choro 
group took longer to respond with the RC than with the 
SC. Participants in the Choro group are overall faster in T8 
than those in the Isa group (RC: U=5632, r=.313, p<.001, 
SC: U=7673, r=.125, p<.05).  

T9-T10 The recall tasks resulted in lower response accu-
racy than map reading tasks (Figure 6a). However, for 
these tasks, the RC overall facilitated higher response ac-
curacy than in other tasks. In T9, participants' accuracy was 
67.7% with the RC with Isa maps, but remained at 23.5% 
with the SC. The pattern is persistent with the Choro maps 
where RC facilitates 42.4% accuracy, and SC only 28.8%. 
The differences in accuracy with different color schemes in 
task T9 are statistically significant for both map types. Par-
ticipants’ response accuracy is still considerably higher 
with the RC (32.4%) than with the SC (22%) with Choro 
maps, but this difference is statistically not significant 
(p=.055). With Isa, the effect is reversed for T10; partici-
pants’ recall accuracy is higher with the SC (59.6%) than 
with the RC (44.9%), and the difference between the two is 
statistically significant. When we focus on map types, we 
see that in T9, participants in Isa group responded more 

accurately than in Choro group (χ2=17.1, φ=.253, p=.000) 
with the RC. Isa facilitates higher accuracy also for T10, but 
for both color schemes (RC: χ2=4.39, φ=.128, p=.036, SC: 
χ2=39.1, φ=.382, p=.000). Response time analysis for T9 and 
T10 (Figure 6b) did not reveal an effect of color scheme, but 
for T10 they are somewhat faster with the Choro maps (RC: 
U=7224, r=.157, p<.05; SC: U=7552, r=.137, p<.05). The in-
ferential analyses of the effects of color scheme, including 
effect sizes, can be seen in Suppl. Mat., Section 4. 

Task difficulty: Map reading and recall tasks. T5-6 were 
rated as the easiest among map reading and recall tasks 
(Figure 7). The difficulty rating is somewhat higher for T7 
and T8, though with T8 we do not see differences based on 
color scheme or map type. The two recall tasks T9-T10, on 
the other hand, were overall rated as ‘difficult’ compared 
to the other tasks (and they were difficult, given the re-
sponse accuracy and response time data). Color scheme 
did not matter in T9-10 difficulty ratings, though map type 
had a peculiar effect: Over 50% of participants of Choro 
rated T9 and T10 as ‘difficult’ or ‘rather difficult’. Partici-
pants working with the Isa rated these tasks ‘easy’, in fact, 
less than 15% of the participants marked the tasks as ‘diffi-
cult’/’rather difficult’ irrespective of color scheme. A 
Mann–Whitney U tests revealed statistically significant 
differences between participants’ rating of the RC and the 
SC in reading details from the map (T5 and T6) for both 
map types, and a pattern analysis task (T7) for Choro (de-
tailed in Supp. Mat., Section 4). The recall tasks were rated 
similarly difficult with the exception of T9 for Isa, for 
which the RC was rated easier than the SC. Map type (Isa 
vs. Choro) comparison revealed an effect on T7 (RC: 
U=6697, r=.218, p<.001, and SC: U=7367. r=.162, p<.01), T9 
(RC: U=5140, r=.367, p<.001, and SC: U=5196, r=.377, 
p<.001) as well as T10 (RC: U=6512, r=.231, p<.001, and SC: 
U=5450, r=.351, p<.001). 

Measured vs. perceived task difficulty 
Comparing the participants’ performance with their task 
difficulty ratings gives us an indirect measure of confi-
dence. Earlier work on naïve cartography and realism sug-
gest that people might not always ‘know’ what works well 
[32], [33]. In this study we find a general alignment in ac-
tual task difficulty based on performance data, and task 
difficulty ratings (Figure 8). While response accuracy in-
creases, rated difficulty decreases (Figure 8 left), e.g. plot-
ting response accuracy vs. difficulty (Figure 8 right) also 
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reveals this general trend, even though the correlation be-
tween the two variables is not statistically significant 
(Spearman’s r(11)=-.536, p=.089). 

Figure 8. Participants’ mean response accuracy over all tasks vs. their 
subjective ratings of task difficulty. 

Subjective color scheme likeability (RQ3) 
We examined likeability of the color schemes in all four vis-
ualization conditions (Figure 9) on a 5-point Likert scale (1: 
'I don’t like it', 5: 'I like it'). Almost half (47%) of the partic-
ipants marked 1 or 2 for the RC-Choro (shown in Supp. 
Mat., Section 4). For the RC-Isa, SC-Choro and SC-Isa, more 
than 60% of the participants marked 4 and 5 on the scale. 
A Wilcoxon matched pairs signed-ranks test shows that 
participants like the SC-Choro more than the RC-Choro 
(Z=7.97, r=.345, p<.001), whereas for the Isa, we see no dif-
ference (Z=1.36, r=.059, p>.05) (Figure 9). Isa-RC are rated 
more likeable than Choro-RC (Z=8.63, r=.373, p<.001), 
while with the SC, likeability of the map types does not 
differ (Z=.473, r=.020, p>.05). 

Figure 9. Likeability ratings of the RC and the SC with Choro and Isa. 
Error bars: ±2SEM, ***p ≤ .001. 

5 DISCUSSION 

To understand the effects of using rainbow colors in visu-
alizations with a greater nuance than a binary "good or 
bad" statement, we conducted a large study (n=534) exam-
ining a series of visuospatial tasks on two map types. We 
posed three RQs (see Introduction) on participants' ability 
to intuitively order the RC hues for the magnitude they 
represent (RQ1A); implicit learnability of this order from 
the maps (RQ1B); effects of the RC when solving map read-
ing (RQ2A) and recall tasks (RQ2B), and likeability of it 
across two map types (RQ3), and five related hypotheses 
(see Section 4). As a baseline, we obtained the same 
measures using the SC in all tasks.  

For color ordering tasks (RQ1), our observations regard-
ing the color schemes are very clear. In line with the con-
sensus in literature, our participants ordered the SC with 
over 90% agreement in T1 (Supp. Mat., Figure 2), before 

they knew about the tasks or seen the maps. This may be 
interpreted as intuition or subconsciously learned associa-
tion. Furthermore, participants exhibited a clear dark is 
more bias in T1 (91.8%), and even stronger in T11 (96.2%) 
with the SC. In contrast, with the RC, variation is high (101 
different responses) and it is difficult to argue for a specific 
bias. Many participants picked dark blue as the min value 
with the RC (T1 53.3%, T11 81%). Perhaps this is partially 
explained by proposition that there is a 'natural order' of 
hues from cold (blue) to warm (red) [56], as it is found in 
rainbows in nature. This cold-to-warm order is also likely 
learned from temperature maps which use dark blue as 
min value (and for our T11, from our own legend too). 
While the dominant "dark blue as min value" answer sug-
gests that the dark is more bias breaks down with the RC, 
we find it notable that 20.7% of the participants choose yel-
low (the lightest hue in the set) as the min value in T1 and 
most of them placed darker hues as more in these sets. This 
choice goes against the spectral order, in which yellow 
would be in the middle, suggesting that for some partici-
pants dark is more association persists despite having used 
the RC in the previous tasks, and/or having seen actual 
rainbows in the nature or being exposed to spectral order 
in physics classes. Other variations, while interesting, are 
not repeated often enough to interpret as a pattern. With 
T2-4, more implicit, map-based color ordering tasks, the 
SC is also consistently superior to the RC (Figure 4). 
Changes from T1 to T11 (RQ1B) are negligible for the SC 
(consistency with the map legend went from 81.7% to 
80.2%), though we observe some learning for the RC (38% 
to 53.4%, i.e., 15.4% increase) and number of different sets 
is nearly halved (now 53 instead of 101). From T1 and T11, 
not surprisingly, both groups got faster, but markedly 
more with the RC (SC: 24.4-17.7=6.7s gain, RC: 65.3-
38.9=26.4s gain). This is interesting but provides limited 
support for the use of the RC, i.e., even after some (implicit) 
learning in our study, or 'learning the code' from other 
graphics and media [30], many still do not associate the RC 
colors with a specific order. In fact, our results are "worse 
for the RC" than what Olson [44] and Cuff [39] reported 
decades ago. Olson [44] asked participants to order nine 
hues in a complex two-variable choropleth map legend. 
We asked seven hues to be ordered for one variable, yet 
this task is still clearly difficult ("unintuitive") with the RC. 
In sum, the answer to RQ1A is that rainbow hues do not 
have an intuitive order, whereas sequential hues do, with 
a strong dark is more bias. The answer to RQ1B suggessts 
that there is considerable learnability for the RC. However, 
in this study we did not test how long this learning effect 
persists, or how it may progress with longer exposure to 
the RC. For example, scientists in the fields discussed in 
Section 3 may have had a longer exposure to the RC scheme 
and it may have an even stronger, more persistent effect on 
its intuitiveness, readability and memorability. Taken to-
gether, as we hypothesized (H1) the RC is overall inferior to 
the SC in color ordering tasks across varying conditions, 
providing clear support to the critical voices on hue-vary-
ing schemes (e.g., the RC) for representing magnitude, as 
formulated by many classics (e.g., [1], [57], [36]).  
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Next, we explored the effect of the RC on map reading 
(RQ2A) and recall (RQ2B) tasks. Map reading is a complex 
task and can require different modes of information pro-
cessing, e.g., extracting specific details or interpreting over-
all patterns. In some of these tasks, the RC can be compet-
itive, even superior. For example, in T5: retrieve value in our 
study, participants' response accuracy did not differ, but 
they were faster with the RC than the SC. Also in favor of 
the RC, T6:locate results in higher accuracy with the RC 
than the SC, and higher (with Isa) or comparable (with 
Choro) speed. These findings (T5-6) might be because large 
contrasts between the rainbow hues facilitate extracting 
specific map details well [2], [21], [40]. However, for the 
tasks concerning more general information processing (T7: 
associate pattern and T8: rank regions), the effect of the color 
scheme is not clear: The SC appears favorable in T7 for one 
map type (Choro), while there are no differences in T8. 
Thus, we can only partially accept H2: In map reading, RC 
will be superior for extracting specific values and SC for general 
pattern interpretation. The data only supports RC's superi-
ority for extracting specific values. In contrast, our findings 
regarding general pattern interpretation broadly suggest 
that the RC can compete with the SC.  

Recalling (or not being able to recall) information from 
a map can have important implications from an applied 
perspective (i.e., in education, journalism, wayfinding), as 
well as in studying spatial cognition. With this in mind, we 
examined the RC's effect on recall across our experimental 
conditions (RQ2B, T9 and 10). Overall performance was 
low with this task (Figure 4, Suppl. Mat. Tables 7 & 8) com-
pared to other map tasks. However, for T9: recall hue, the 
RC led to higher accuracy than SC with both map types 
(differences are 44% with Isa, and 13.6% with Choro). We 
speculated that this may happen as it has been shown that  
that nameable colors are easier for people to remember 
[50]. With T10: recall value, where colors are much harder 
to name, the results shifted. We observed no differences 
based on color scheme for the Choro, while with the Isa, 
the SC was superior. This is possibly explained by the fact 
that, with the SC-Isa, values are ordered on the map and 
on the legend similarly while this is not the case with the 
Choro (Figure 2). We can thus only partially accept H3: The 
RC will be a competitive alternative in recall tasks, i.e., for re-
calling hues. When we take the results of all map reading 
and recall tasks together (RQ2) the answer to whether peo-
ple are effective and efficient with the RC in map tasks is 
"it depends": For some tasks (extracting specific details, re-
call hue) it works well, but for some tasks (general pattern 
interpretation, recall value) the SC works better. Among 
the 11 tasks (T1-11), the RC was superior to SC in two (T6: 
locate, T9: recall value) across conditions, was competitive in 
two (T5: retreive value, T8: rank regions) where partici-
pants' response accuracy was comparable but they were 
faster with the RC. In the remaining tasks, the SC was su-
perior to the RC, with two exceptions where there was no 
effect based on map type.  

Map types were included in the study to mainly exam-
ine the robustness of the effect of the color scheme. In four 
out of nine tasks, the observed effects hold for both map 

types (T4, 5, 6, 8), while for the others we have mixed re-
sults (T2, 3, 7, 9, 10). In map-based ordering tasks, map 
type matters for locating min/max values, but only with 
the SC (T2 and 3, Figure 4). For some map reading and re-
call tasks (T7, T9 and 10) we see differences based on map 
type, where for T7 Choro appears to facilitate better, and 
for T9 and 10, Isa, although it is difficult to argue for a pat-
tern. Choro and Isa can represent the same information, 
while a key difference between them is that Isa contains an 
order within the map which is comparable to the legend 
while Choro does not. Part of the differences might be ex-
plained by e.g., possible difficulty in distinguishing colors 
in lighter shades of the SC, or a hidden simultaneous con-
trast effect based on surrounding colors. In sum, against 
our prediction, the effect of map type can be stronger than 
the effect of the color scheme in map-related tasks as 
demonstrated in a fair number of cases in our study. Thus, 
we reject our H5 The expected effects will persist across map 
types, irrespective of task type. When formulating opinions 
for or against the RC, one should consider the context of use. 

Besides the performance metrics discussed above, we 
examined two subjective metrics: Participants' ratings of 
likeability (RQ3) and task difficulty as an implicit measure 
of confidence (additional exploratory question). Interest-
ingly, our likeability results contradict Brewer et al.’s [2] 
findings that demonstrate the RC as a highly likeable color 
scheme: Our participants overall like the SC more than the 
RC (no difference for Isa, in favor of the SC for Choro). The 
fact that we see a difference based on map types also here 
supports the notion that the spatial context plays an im-
portant role when evaluating the color [8]. We thus reject 
our working hypothesis H4 that participants will rate the RC 
more likeable than the SC. Likeability is important to study 
because if people like something they may be 'fooled' by 
this feeling and think that thing is better for them [32], [33]. 
Therefore, we explored participants' task difficulty ratings, 
and if these match with actual task difficulty (response ac-
curacy). For map reading tasks, both color scheme and 
map type matter for task difficulty ratings in about half of 
the pairs we compared. An additional analysis (Figure 9) 
shows that the task difficulty ratings broadly match partic-
ipants' performance with both color schemes. In other 
words, in the case of the RC use, we did not detect signs of 
'naïve cartography' [32] in this study. This leaves the pop-
ularity of the RC in media, conferences and scientific pa-
pers (see Section 3) somewhat more puzzling. Possibly it is 
not that people do not understand that RC may be harmful 
to their performance, but the nuance that it is bad for some 
tasks and not-so-bad for some others does not allow for 
building patterns of preference. 

All experiments suffer from certain limitations and so 
does this study. For example, we opted for not randomiz-
ing the order of the tasks, motived by nature of the tasks 
we had in the study (first on maps with no legend, then 
with legend). Lack of randomization brings the risk of 
learning/order effects. To make sure that this was not the 
case, we examined the task accuracy vs. time in the order 
the tasks were solved, and found no detectable trend. 
While we cannot fully rule out the possibility of a hidden 
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learning effect, that would be true for both examined vari-
ables (color scheme and map type), so we believe those 
comparisons are justified. We also are aware that data type 
presented using different color schemes might matter. For 
example, future studies that use a color scheme other than 
shades of orange would most definitely be very useful to 
verify it the baseline SC would affect the outcomes. Simi-
larly, one can test diverging colors to further verify if the 
effects we observe here remain consistent. Furthermore, 
there are some perceptual properties of, and associations 
with, color that might affect the intuitiveness when pre-
senting magnitudes, e.g., red as danger, or green as calm-
ing. Also, we tested only two map types among many pos-
sible data visualizations. Some of the effects of the RC on 
the performance shown in this study may hold while using 
other types of visualizations (e.g., we believe these can be 
replicated for other SC color schemes), whereas others may 
differ from our result (e.g., if the map type or data distri-
butions change). While our study is large and we believe 
data is robust, more work is needed to test its generaliza-
bility to other maps and visualization types. Participant 
characteristics might be an issue too, e.g., we had high 
school students under 20 years old. As perceptual and cog-
nitive abilities change with age, we hope to repeat the 
study with different age cohorts to further examine our 
findings.  

6 CONCLUSIONS 

In this paper, we examined if the RC was still popular, and 
what are the consequences of using it for representing 
quantitative data. Our findings show that the RC is a) still 
very popular, b) is not intuitive, and clearly harms perfor-
mance for tasks that require ordering colors, c) task type 
and map type matters i.e., the context matters (different 
from abstract color ordering tasks). Specifically, we 
demonstrated that the RC does not clearly support general 
pattern interpretation. Thus, common and important visu-
alization tasks such as pattern recognition or comparing 
regional differences are not properly assisted by the RC. 
On the other hand, for tasks requiring reading details, the 
RC can be competitive. Nonetheless, even for tasks where 
the RC might facilitate, it is not appropriate for people with 
color vision deficiencies. At this point in time, color encod-
ing advice is still largely based on conventions or people’s 
convictions rather than empirical evidence [21]. As Brewer 
[30] noted, experimental work is the most convincing way 
to challenge conventional wisdom. Our work further es-
tablishes in which situations the RC is clearly not recom-
mendable, but also demonstrates why one should examine 
if a variable is good or bad in its specific context.  
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