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Abstract

In the early 20th century, the German expressionist painter Franz Marc formulated assumptions con-
cerning the meanings of color, based on his individual sensations. He characterized the ‘cool” blue as
the ‘masculine principle’. Yellow represented the ‘feminine principle’ which he declared as ‘gentle,
cheerful, and sensual’. This leaves red, the color he perceived as ‘brutal and heavy’. Here, we tested
some of the color-meaning associations assumed by Franz Marc via implicit measures based on
response times, using Single Category Implicit Association Tests. The participants had to classify
words as belonging to one of two semantic categories (e.g., masculine or feminine) by pressing one
of two response buttons. One of the semantic categories shared a response button with a hue (e.g.,
masculine-blue), and this button needed to be pressed whenever a color patch was presented on the
screen. The results showed that response times were faster when related hues and meaning categories
(according to Marc’s assumptions) shared the same response button, compared to when unrelated
hues and meaning categories were assigned to the same button. The pattern of response times was
compatible with the associations of blue—masculine, yellow—feminine, blue—cool and yellow—gentle
as proposed by Marc. In addition, our data indicate associations of yellow—warm and red—warm,
which were not explicitly formulated by Franz Marc. However, the proposed red—brutal association
was not confirmed.
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1. Introduction
1.1. Franz Marc’s Color Theory

“Color, the fruit of light, is the foundation of painterly means of painting—and
its language,” as the French painter Robert Delaunay (1885-1941), a friend
of Franz Marc, once said, emphasizing the great importance of colors and
their function as a form of communication between the artist and the audience
(Vriesen and Imdahl, 1967, p. 42; English translation by the authors). But how
does the artist apply color? And does the audience understand intuitively what
the artist intended to communicate?

Van Paasschen et al. (2014) provided evidence that artists are able to cap-
ture emotions in a set of low-level visual characteristics and that observers
interpret them consistently (Melcher and Bacci, 2013). Evidently, painters
know about such rules but they, and especially the expressionists like Marc
and Delaunay, need a deeper knowledge about formal instruments such as
colors and forms because their compositions were intended to communicate a
message via pronounced contours and strong contrasts reflecting their subjec-
tive perception of reality (Fauth, 2010).

Franz Marc (1880-1916), a German expressionist painter who co-founded
the famous art group ‘Der Blaue Reiter’ with his colleague Wassily Kandin-
sky, was very interested in theoretical aspects of art. He studied several color
theories just to find that none of these worked perfectly for him and, as he
put it, “My few superstitious notions about colors serve me better than all
these theories” (Marc and Macke, 1964, p. 45; all translations from German
to English by the authors). As Marc mainly painted animals and intended to
make their soul visible (Partsch, 2005), he needed colors to represent their
characteristics and emotions (see Partsch, 2010). In a letter to his friend, the
painter August Macke, dating from 12 December 1910, he briefly formulated
his own ‘theory’ concerning meanings of different primary hues:

“Blue is the masculine principle, stern, and spiritual.

Yellow the feminine principle, gentle, cheerful, and sensual.

Red is matter, brutal and heavy and always the color which must be fought and
vanquished by the other two!

If, for instance, you mix the serious, spiritual blue with red, then you augment
the blue to an unbearable mourning, and the reconciling yellow, the comple-
mentary to violet, will be indispensable (...). If you mix red and yellow to or-
ange, you give the passive and feminine yellow a sensual power, for which the
cool, spiritual blue will again be indispensable (...). But if you now mix blue
and yellow to green, you bring red, the material, the earth to life (...)” (Marc and
Macke, 1964, p. 28—see Note 1).

Thus, Franz Marc assumed blue to be associated with ‘cool’, although he
did not state explicitly which color(s) he believed to represent ‘warm’. In
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the following, we assumed that the two other primary colors mentioned by
Marc, red and yellow, should be more strongly associated with ‘warm’ than
with ‘cool’. An association between color and temperature was already pro-
posed by Johann Wolfgang von Goethe in his ‘Farbenlehre’ (theory of colors;
Goethe, 1867). In fact, many studies that obtained ratings on semantic dif-
ferential scales to measure associations between color and meaning identified
the warm—cool dimension as one important factor (Gao and Xin, 2006; Gao
et al., 2007; Kobayashi, 1981; Ou et al., 2004; Sato et al., 2000; Wright, 1962;
Wright and Rainwater, 1962). In these studies, hues from the blue range were
typically rated as cooler than hues from the red or yellow range, compatible
with the assumption by Franz Marc. Besides hue, the saturation (chroma) and
the brightness of a color (Wyszecki and Stiles, 2000) were reported to con-
tribute to the ‘color warmth’. In some studies, highly saturated colors were
perceived as warmer than colors with low saturations (Gao and Xin, 2006;
Ou et al., 2004; Wright and Rainwater, 1962; Xin et al., 2004), while Wright
(1962) found the color warmth to be mainly determined by the hue. Darker
colors were sometimes also reported to be perceived as warmer than light col-
ors (Wright and Rainwater, 1962). Note that Franz Marc did not consider the
color dimensions brightness and saturation but talked only about the hue, cor-
responding to the hue-dominated concept of color used in everyday language.

A second meaning dimension mentioned by Marc is gender. He assumed
blue to be masculine and yellow to be feminine. In fact, besides ‘color warmth’,
factor analyses of semantic differential ratings for colors often identified a fac-
tor like potency (Osgood et al., 1957) or ‘color weight” (Wright, 1962), which
in a study by Ou et al. (2004) included the semantic differential masculine—
feminine, but also heavy-light and hard—soft. This factor depended mainly on
the brightness, but also on the hue. However, in Ou et al.’s model the ‘color
weight’ is lower for blue than for yellow and red. This is compatible with
Marc’s assumption that red should be perceived as ‘heavy’, but not with his
assumption that blue is perceived as ‘masculine’. However, because Ou et al.
(2004) do not report the relation between the single scales for masculine—
feminine and heavy-light and the hue, this apparent contradiction to Marc’s
ideas could be due to the combination of the masculine—feminine and heavy—
light scales into a single factor. More direct evidence is provided by Taft
(1997) who obtained ratings on a masculine—feminine semantic differential
scale for color photographs of objects like a sofa or a bicycle. Blue objects
received ratings on the masculine side of the bipolar scale, while yellow and
red received ratings on the feminine side of the scale.

As athird aspect, Franz Marc proposed ‘gentle’ and ‘brutal’ as associations
with yellow and red, respectively. We are not aware of studies that obtained
ratings for colors on the semantic differential brutal-gentle.

In our study, we focused on the meaning dimensions discussed above:
gender (masculine—feminine), aggression (gentle-brutal), and temperature
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(warm—cool). The two former dimensions were selected because Franz Marc
had proposed opponent color pairs for these opponent pairs of meaning cat-
egories (yellow—gentle/red—brutal and yellow—feminine/blue—masculine). We
added the association blue—cool proposed by Marc and contrasted it with the
association red—warm that was not explicitly mentioned by Marc, so that our
experiment included the color pairs yellow—red, yellow-blue, and blue-red.
In order to limit the duration of the experiment, we did not consider the re-
maining meaning dimensions implied by Marc’s use of the adjectives stern,
spiritual, cheerful, sensual, heavy, serious, and passive.

1.2. Implicit Testing Procedures

The aim of the present study was to evaluate certain hue-meaning associa-
tions proposed by Franz Marc. He developed his theory based on subjective
perceptions and sensations; he constantly tried to “[...] organize color and
make it the tool of artistic expression” (Marc and Macke, 1964, p. 45). Being
an expressionist, he intended color to evoke an immediate emotional response
within the viewer. For this reason, we were interested in whether the stated
color—meaning associations proposed by Marc show up in an implicit testing
procedure where participants are not required to explicitly express their opin-
ion about the relation between a color and a semantic concept, as for example in
the studies using semantic differentials discussed above. We used the Implicit
Association Task (IAT) proposed by Greenwald et al. (1998), which is one of
the implicit testing methods used most frequently (Fazio and Olson, 2003),
and has been applied in the area of art and perception (Makin and Wuerger,
2013). In IATs, participants use two designated response buttons (e.g., left
and right) for classifying stimuli into categories. For instance, in a study by
Greenwald et al. (1998), participants were required to classify names of flow-
ers and insects as either flowers or insects (termed targets or objects in the
IAT literature), and to classify word stimuli (e.g., ‘love’, ‘hatred’), termed at-
tributes in the IAT literature, as being either positive or negative. Both flower/
insect names and positive/negative words were presented in an experimental
block, and the same response buttons were used for the classification as flower
or insect and positive or negative. The fundamental assumption is that partici-
pants’ responses are faster when associated and therefore congruent concepts
share the same response button, compared to when non-associated (so-called
incongruent) concepts share the same button. If one assumes, e.g., an asso-
ciation between flowers and pleasant words on the one hand and insects and
unpleasant words on the other hand, response times (RTs) in the IAT should be
faster when the concepts ‘flower’ and ‘pleasant’ are mapped to one response
button and ‘insect’ and ‘unpleasant’ to the other button, compared to when
the mapping is ‘flower’—‘unpleasant’ for button 1 and ‘insect’—‘pleasant’ for
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button 2. In fact, the IAT applied by Greenwald et al. (1998) was sensitive to
evaluative differences: Congruent mappings resulted in a more rapid perfor-
mance than incongruent pairings.

For the present purposes, a difficulty arises because the classic IAT de-
scribed above requires complementary concepts (Greenwald and Farnham,
2000). While in Franz Marc’s assumptions concepts like ‘masculine—feminine’
or ‘cool-warm’ are organized in opponent pairs, it is not possible to identify an
unequivocal opposite of, for example, the hue-category ‘red’. For this reason,
we used the Single Category Implicit Association Test (SC-IAT) proposed by
Karpinski and Steinman (2006). This method still includes two opponent at-
tribute categories but, in contrary to the classic IAT, only one target category.
To give an example, in a study by Bluemke and Friese (2008), a political
party (e.g., the German CDU), shared the same response button with either
the attribute ‘positive’ or the attribute ‘negative’. In the experiment, subjects
were asked to classify nouns (e.g., ‘poison’ or ‘gift’) as being either positive
or negative, and to press the response button labeled ‘CDU’ when a logo of
this political party or the name of a politician belonging to this party was
presented on the screen. Again, response times are expected to be faster when
the response mapping (e.g., ‘CDU’ and ‘positive’ sharing the same response
button) matches the participant’s attitude, compared to when the mapping is
reversed (e.g., ‘CDU’ and ‘negative’ sharing the same button).

In our experiment, three different opponent pairs of meanings proposed
by Franz Marc (e.g., ‘masculine’—‘feminine’) were combined with the three
hues (blue, red, yellow) in separate SC-IATs. In concordance with the cor-
responding color-meaning associations according to Franz Marc, we expect-
ed stronger associations between masculine-blue and feminine—yellow than
between feminine—blue and masculine—yellow. For this reason, we expected
shorter RTs for the two former than for the two latter response pairings. Note
that Marc did not propose an association between red and either masculine or
feminine. Following the same rationale, we expected faster RTs in the condi-
tion pairing cool-blue than for the pairing of warm—blue. Here, Marc did not
propose an association between yellow or red and either cool or warm. Finally,
the combination of gentle—yellow and brutal-red should evoke faster response
times than the pairings of brutal-yellow and gentle-red, while Marc’s theory
does not predict an association between blue and either brutal or gentle.

2. Method
2.1. Participants

Thirty-six volunteers (20 females and 16 males) took part in our experiment.
Their age ranged from 18 to 53 years with a mean age of M = 26.7 years
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(SD = 8.1 years). All had normal or corrected-to-normal vision and normal
color vision according to a short version of the Ishihara Color Test (Ishihara,
2013) using six plates. Twenty-nine of them were students or trainees and sev-
en were working full-time. Psychology students received partial course credit
for their participation. The other participants were not rewarded. The experi-
ment was conducted in accordance with the principles stated in the Declara-
tion of Helsinki. Prior to the experiment, every subject gave informed consent
about the participation in a written form. The participants were not informed
about the hypotheses under test.

2.2. Stimuli and task

We tested the color—meaning associations using SC-IATs (Karpinski and
Steinman, 2006), measuring the association between one color category (e.g.,
red) and two meaning categories (e.g., masculine and feminine). In the IAT
nomenclature, the color category served as target concept and the meaning
categories as attribute dimensions. Throughout the experiment, participants
had to classify different colors (target stimuli) and words (attribute stimuli)
and assign them to the matching category by pressing the assigned response
button. Color patches served as stimuli for the target concept ‘color’, and word
stimuli for the meaning dimension (e.g., ‘masculine’ versus ‘feminine’).

As shown in table 1, we presented five word stimuli (‘attributes’) for each
of the meaning categories (e.g., for ‘feminine’), as recommended by Green-
wald et al. (1998) and Nosek et al. (2005). For the gender dimension (mascu-
line vs. feminine), we used a word list proposed by Nosek et al. (2005). For the
temperature dimension (warm vs. cool) and the aggression dimension (gentle
vs. brutal), we selected adjectives from the German Duden dictionary, intend-
ing to find universal synonyms and antonyms. In order to prevent word length
effects, the bipolar word pairs shared approximately the same number of let-
ters, i.e., an equal number or a difference of plus or minus one letter, the only
exception being: Junge (Boy) vs. Midchen (Girl). For an IAT, the most impor-
tant aspect is that each of the word stimuli clearly belongs to one of the two
poles of the attribute dimension (e.g., masculine vs. feminine) and is therefore
easy to classify. The word stimuli measured 1 cm in height (visual angle 1.0°)
and, depending on the word, 4-8 cm in width (visual angle 3.8-7.6°).

For the color categories (‘targets’), we presented five different color patches
for each hue (blue, yellow, red), resulting in 15 color stimuli. Their dimensions
on the screen were 4 cm X 10 cm (visual angle 3.8° X 9.5°). Again, each of
the color patches clearly represented one of the three hues, but within each
hue category the colors differed in their exact hue as well as in brightness and
saturation. The CIE 1931 xyY coordinates (Commission Internationale de
I’Eclairage, 2006) of the color stimuli are shown in table 2.
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Table 1.

Words (attribute stimuli) presented in the three SC-IATs (English translations in parentheses).
The two opponent words shown in the first row for each SC-IAT are taken from Franz Marc’s
list of color—meaning associations (except ‘warm’, which was not explicitly listed by Marc).
The words in the remaining rows represent the two opponent categories shown in the first row.

Gender SC-IAT Temperature SC-IAT Aggression SC-IAT
Minnlich Weiblich Warm Kiihl Sanft Brutal
(Masculine) (Feminine) (Warm) (Cool) (Gentle) (Brutal)
Mann Frau Sonnig Frostig Sacht Grob
(Man) (Woman) (Sunny) (Frosty) (Soft) (Rough)
Junge Maidchen Sommerlich ~ Winterlich Zart Derb
(Boy) (Girl) (Summer) (Winter) (Tender) (Coarse)
Er Sie Feurig Eisig Zirtlich Grausam
(He) (She) (Fiery) (Iey) (Sensitive) (Cruel)
Herr Dame Heif Kalt Wohlwollend Gewalttitig
(Sir) (Lady) (Hot) (Cold) (Benevolent) (Violent)
Table 2.

CIE 1931 x—y coordinates and luminance (Y) of the color stimuli.

Color X y Y (cd/m?)
Blue 1 0.198 0.203 159.154
Blue 2 0.173 0.125 21.541
Blue 3 0.151 0.066 8.154
Blue 4 0.175 0.151 9.420
Blue 5 0.152 0.069 3.722
Yellow 1 0.394 0.492 102.468
Yellow 2 0.404 0.512 103.276
Yellow 3 0.397 0.449 85.001
Yellow 4 0.418 0.489 83.735
Yellow 5 0.436 0.487 76.727
Red 1 0.529 0.348 31.918
Red 2 0.596 0.328 21.079
Red 3 0.630 0.331 19.579
Red 4 0.630 0.331 22.664
Red 5 0.610 0.326 6.248

The mapping of the meaning categories and the color category to the two
response buttons was shown by ‘category reminders’ in the two upper corners
of the screen. As shown in Fig. 1, the two opponent meaning categories (e.g.,
masculine vs. feminine) were shown in the left and right upper corner and the
single color category (e.g., red) was shown next to either the left or right at-
tribute, in the form of a color word separated from the meaning category by an
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Ménnlich_Rot Weiblich Ménnlich_Rot Weiblich

Figure 1. Gender SC-IAT. Example screenshots of the display with the categories ‘masculine’
and ‘red’ (minnlich-rot) mapped to the left response button and the category ‘feminine’
(weiblich) mapped to the right response button. (a) Word stimulus: ‘Frau’ (‘woman’). The
participant should press the right button. (b) Color stimulus: red. The participant should press
the left button. Note the ‘category reminders’ in the upper corners showing the mapping of the
two meaning categories and the color category to the two response buttons.

underscore. The category reminders measured 1.5 cm in height (visual angle
1.4°) and up to 8 cm in width (visual angle < 7.6°).

The task was to classify color and word stimuli as belonging to particular
categories. In order to do so, participants were instructed to position their left
index finger on key ‘E’ (left key) and their right index finger on key ‘P’ (right
key) on a German standard QWERTZ keyboard. Figure 1 shows two example
screenshots of the displays with the categories ‘masculine’ and ‘red’ both as-
signed to the left button and the category ‘feminine’ assigned to the right
button. In the left panel of Fig. 1, the word stimulus ‘Frau’ (‘woman’) has to
be categorized as ‘feminine’ by pressing the right key. In the right panel, the
color patch has to be categorized as ‘red’ by pressing the left key. Participants
were asked to respond as quickly and as accurately as possible. The stimuli re-
mained on the screen until the participant responded by pressing either the left
or the right response key. We did not impose a response deadline (Cunningham
et al., 2001). If the response was correct, the next stimulus was presented after
an inter-stimulus interval of 300 ms. If the response was incorrect, a large red
cross (‘X’) appeared under the stimulus in the center of the screen. As soon as
the participant entered the correct answer, the cross disappeared and the next
stimulus was presented after a delay of 300 ms.

2.3. Procedure

The experimental blocks constituting each SC-IAT were designed according
to the recommendations of Karpinski and Steinman (2006), but we also in-
cluded a supplementary practice block for the word stimuli at the beginning
of each SC-IAT, as in Bluemke and Friese (2008). In the latter block, the
ten words selected for the relevant meaning dimensions (five word stimuli
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per meaning category; e.g. ‘Lady’ for the feminine category or ‘Sir’ for the
masculine category in the Gender SC-IAT) were presented without pairing
to a color. This block enabled participants to become familiar with the word
stimuli and the response mapping. Because in each experimental block only
one color category was presented, the color-categorization task was very sim-
ple so that we did not include any color-categorization practice trials.

Following the attribute discrimination task presented in the first block
(word practice trials), participants completed six combined blocks, each con-
sisting of 36 training trials [ten color trials (e.g., blue) mapped to one response
button; ten word classification trials of the meaning category paired with the
color (e.g., masculine) mapped to the same button as the color; 16 word classi-
fication trials of the unpaired meaning category (e.g., feminine) mapped to the
other button], followed by 70 testing trials [20 color trials (e.g., blue) mapped
to one response button; 20 word classification trials of the meaning category
paired with the color (e.g., masculine) mapped to the same button as the color;
30 word classification trials of the unpaired meaning category (e.g., feminine)
mapped to the other button]. The stimuli and the task in training and test tri-
als were identical, but only the test trials were included in the data analysis.
Note that as recommended by Bluemke and Friese (2008) and Karpinski and
Steinman (2006), we presented slightly different proportions of left-hand and
right-hand responses in the attempt to reduce response bias. During the test
trials, 40 stimuli were assigned to one key (20 color patches and 20 words of
the paired meaning category) and 30 stimuli to the other key (30 words of
the unpaired meaning category) meaning that 57% of correct answers were
allocated to one key and 43% to the other key. During the training trials, 20
of the 36 stimuli corresponded to one response button (ten color patches and
ten words of the paired meaning category), and the remaining 16 to the other
button (16 words of the unpaired meaning category). In order to present 16
word attributes for the unpaired meaning category, one word attribute had to
be presented more frequently than the remaining words. For this purpose, we
selected a word matching one of the category labels (masculine—feminine,
warm-—cool, gentle-brutal).

Each SC-IAT and each block were preceded by instructions explaining
the categorization task, the appropriate key assignments and the following
stimuli. All participants completed three SC-IATSs in the same order: 1) Gen-
der SC-IAT, 2) Temperature SC-IAT and 3) Aggression SC-IAT. We did not
vary this order because the critical difference between the RTs in blocks with
congruent and incongruent pairings of the color and the meaning category is
not confounded by the order of meaning category pairs within the experiment.
In IAT studies, fixed sequences of blocks are often used in order to minimize
variability due to position effects (see Bluemke and Friese, 2008; Karpinski
and Steinman, 2006; Penke et al., 2006). Within each SC-IAT, there was a
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fixed mapping of the meaning categories to the left and right key (Gender
SC-IAT: ‘masculine’ left, ‘feminine’ right; Temperature SC-IAT: ‘warm’ left,
‘cool’ right; Aggression SC-IAT: ‘gentle’ left, ‘brutal’ right).

Within each SC-IAT, we varied the sequence of blocks presenting the color
categories blue, yellow, and red, resulting in six possible color sequences. In
addition, for each color presented within a given SC-IAT (e.g., blue in the
Aggression SC-IAT), we varied the sequence of pairings of the two meaning
categories and the color, which results in two possible block orders. Either the
color category was paired with the left meaning category (as in the example
shown in Fig. 1) in the first block presenting a given color and therefore had to
be categorized to the left side, followed by a block in which the color category
was paired with the right meaning category, or vice versa. The six color se-
quences and two color position sequences were completely crossed, resulting
in 12 possible orders of conditions. We randomly assigned three participants
to each order of conditions, and the selected order of conditions was applied
in all of the three SC-IATs presented to the participant. Table 3 shows an ex-
ample sequence of experimental blocks. In the example, the color order was
blue—yellow—red, and within the blocks presenting one hue, the color category
was first assigned to the left key and then to the right key.

2.4. Apparatus

The experiment took place in a dimly lit booth in a laboratory space and took
45—-60 minutes per participant. The stimuli were presented at an approximate
distance of 60 cm on the center of a 17-inch CRT monitor (Dell M783p) with
a resolution of 1024 x 768 pixels (horizontal X vertical), a refresh rate of 85
Hz and a color depth of 32 bit. Our computer possessed an Intel® Pentium®
4 CPU processor with 2.8 GHz, a 2.00 GB RAM main memory and an ATI
Radeon X300/X550/X1050 series graphics card. We used the open source
PsychoPy software for generating the SC-IATs (Peirce, 2007).

2.5. Data analysis

Each of the three SC-IATs was analyzed separately. The response time (RT)
on correct trials was analyzed with repeated-measures analyses of variance
(rmANOVAs) using a multivariate approach with Pillai’s trace statistic. The
average error rate was 7.0%. RTs shorter than 300 ms were excluded as antici-
patory responses, which affected only 0.5% of the correct responses. Because
the asymmetric distribution of RTs can cause problems in repeated-measures
ANOVAs (e.g., Oberfeld and Franke, 2013), the RTs were log-transformed
prior to all analyses (Greenwald et al., 1998), RT,,, = log;o(RT), where RT
is the response time in milliseconds. For each combination of subject, SC-
IAT (gender, temperature, aggression), color (blue, yellow, red), and response
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Table 3.

Example of the sequence of experimental blocks.

51

SC-IAT Block Description Left categories Right categories Number of trials
Gender 1  Attribute Masculine Feminine 10
discrimination
practice block
2 Training Masculine-Blue ~ Feminine 36
Test Masculine-Blue =~ Feminine 70
3 Training Masculine Feminine-Blue 36
Test Masculine Feminine-Blue 70
4 Training Masculine—Yellow Feminine 36
Test Masculine-Yellow Feminine 70
5  Training Masculine Feminine—Yellow 36
Test Masculine Feminine—Yellow 70
6  Training Masculine-Red ~ Feminine 36
Test Masculine-Red ~ Feminine 70
7  Training Masculine Feminine—Red 36
Test Masculine Feminine-Red 70
Temperature 1 Attribute Warm Cool 10
Discrimination
2 Training Warm-Blue Cool 36
Test Warm-Blue Cool 70
3 Training Warm Cool-Blue 36
Test Warm Cool-Blue 70
4 Training Warm-Yellow Cool 36
Test Warm-Yellow Cool 70
5  Training Warm Cool-Yellow 36
Test Warm Cool-Yellow 70
6  Training Warm-Red Cool 36
Test Warm-Red Cool 70
7  Training Warm Cool-Red 36
Test Warm Cool-Red 70
Aggression 1 Attribute Gentle Brutal 10
Discrimination
2 Training Gentle-Blue Brutal 36
Test Gentle-Blue Brutal 70
3 Training Gentle Brutal-Blue 36
Test Gentle Brutal-Blue 70
4 Training Gentle—Yellow Brutal 36
Test Gentle—Yellow Brutal 70
5  Training Gentle Brutal-Yellow 36
Test Gentle Brutal-Yellow 70
6  Training Gentle-Red Brutal 36
Test Gentle-Red Brutal 70
7  Training Gentle Brutal-Red 36
Test Gentle Brutal-Red 70
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mapping of color and meaning category (e.g., ‘blue’ paired with ‘masculine’
vs. ‘blue’ paired with ‘feminine’), log-correct RTs more than three times the
interquartile range above the third or below the first quartile were excluded as
outliers (Tukey, 1977). This affected only 0.8% of the trials.

The hue (blue, yellow, red) and the paired meaning categories presented in
the respective IAT (masculine—feminine, warm—cool, or gentle—brutal) served
as within-subjects factors. The six color sequences and the two color position
sequences were included as between-subjects factors. An a-level of 0.05 was
used. Effect sizes are reported as partial > and, for the case of tests comparing
two conditions, as Cohen’s (1988) standardized mean difference measure d,.
In addition, we calculated so-called difference-scores (D-scores) that are often
used in the analysis of [ATs (Greenwald et al., 2003). As discussed by Green-
wald et al. (2003), the D-score is similar to the effect size measure d proposed
by Cohen (1988) because for each participant and condition the difference be-
tween the mean RTs is expressed relative to the standard deviation of the RTs.

3. Results
3.1. Gender SC-IAT

As shown in Fig. 2, color-meaning response mappings that are congruent
according to Franz Marc’s assumptions (i.e., blue—masculine and yellow—
feminine) resulted in faster response times compared to incongruent response
mappings (i.e., blue—feminine and yellow—masculine). Response times in
blocks including the color red did not differ strongly between the pairing with
either masculine or feminine. In the rmANOVA, the color (blue, yellow, red) X
paired meaning category (feminine, masculine) interaction just failed to reach
significance, F(2,23) = 3.38, p = 0.052, ;15 = (.227. We conducted three post-
hoc ANOVAs, each comparing two colors. To control for the familywise error
rate, we used a sequentially rejective step-up Bonferroni procedure (Hoch-
berg, 1988). At an a-level of 0.05, the color X paired meaning category interac-
tion was only significant in the analysis comparing blue and yellow, F(1, 24) =
7.015, p = 0.014, Cohen’s (1988) d, = 0.44, corresponding to Franz Marc’s
assumption that blue and yellow show opponent associations with mascu-
line and feminine. As a second type of post-hoc tests, we computed paired-
samples #-tests contrasting the log RTs for the pairing of each color with the
two meaning categories. For blue, the log RTs were not significantly longer
when the color was paired with feminine rather than masculine, #(35) = 1.76,
p =0.087, d,=0.29 (Cohen, 1988), although the descriptive trend (see Fig. 2)
is compatible with the blue—masculine association proposed by Marc. For yel-
low, the log RTs were not significantly longer when the color was paired with
masculine rather than feminine, #35) = 1.98, p = 0.056, d, = 0.33, while the
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Figure 2. Mean log RTs in the Gender SC-IAT, as a function of the pairing between meaning
category and color. Circles: blue; triangles: yellow; boxes: red. Error bars show plus and minus
one standard error of the mean (SEM).

descriptive trend was again compatible with Marc’s assumptions. For red, the
log RTs did not differ significantly between the pairing of the color with mas-
culine or feminine, #35) = 0.39, p = 0.70, d, = 0.07.

In the rmANOVA including all of the three colors, neither the effect of
color, F(2, 23) = 1.07, p = 0.359, 17[3 = 0.085, nor the effect of paired mean-
ing category, F(1, 24) = 0.14, p = 0.708, 711? = 0.006, was significant. The
rmANOVA showed a significant between-subjects effect of color position se-
quence, F(1, 24) = 6.86, p = 0.015, ;7; = 222, d, = 0.437. On average, par-
ticipants who started with a block in which ‘masculine’ and the hue shared a
response button responded faster than participants who started with blocks in
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which ‘feminine’ and the hue were mapped to the same button first (mean log
RTs: M = 2.73, SD = 0.059, and M = 2.77, SD = 0.042, respectively). We
have no explanation for this group difference. All remaining effects were not
significant (all p-values > 0.114).

Figure 3 shows the mean D-scores (Greenwald et al., 2003) for associations
between color (blue, yellow, red) and meaning category (masculine, feminine).
For each color, the D-scores were computed as the individual difference
between the mean log RT in blocks where the color was paired with ‘feminine’
and the mean log RT in blocks where the color was paired with ‘masculine’,
divided by the SD of the log RTs in all blocks of the Gender SC-IAT present-
ing the respective color > €.8. D f-m_blue = (M feminine-blue — masculine—blue)/ SD blue>
where M. minine_biue 1 the mean log RT in blocks of the Gender SC-IAT where
‘blue’ and ‘feminine’ shared the same response button, M,,cuiine—biue 1S the
mean log RT in blocks where ‘blue’ and ‘masculine’ were mapped to the same
response button, and SDy,. is the standard deviation of all log RTs in blocks
of the Gender SC-IAT presenting the color blue. Thus, the D-score contrasts
the RTs between the mappings of blue with either masculine or feminine, as
in the paired-samples ¢-tests reported above, but taking into account the in-
dividual variability of the RTs. Not surprisingly, the mean D-scores showed
a similar pattern as the paired-samples t-tests reported above. For blue, the
average D-score was positive, although not significantly different from 0 (as
shown by the 95% confidence intervals in Fig. 3). A positive D-score repre-
sents longer RTs for blue paired with ‘feminine’ than for blue paired with
‘masculine’. Thus, the observed non-significant trend is compatible with the
blue-masculine association proposed by Franz Marc. For yellow, the average
D-score tended to be negative, again compatible with the yellow—feminine
pairing proposed by Marc. For red, the average D-score was close to 0. In
accordance with this finding, Franz Marc had proposed no pairing of red with
either masculine of feminine.

3.2. Temperature SC-IAT

As shown in Fig. 4, this SC-IAT showed faster response times when blue was
paired with cool rather than warm, consistent with the assumption of Franz
Marc. Also, for red and yellow the opposite pattern was observed, compat-
ible with our assumption that these hues are associated with warm rather than
cool. This pattern was confirmed by the rmANOVA which showed a signifi-
cant color X paired meaning category interaction, F(2, 23) = 12.19, p < 0.001,
11[,2 = 0.515. Three post-hoc ANOVAs, each comparing two colors, resulted in
significant color X paired meaning category interactions when comparing the
SC-IATs for blue and red (d, = 0.82) as well as for blue and yellow (d, = 0.69),
but not for the comparison of red and yellow (Hochberg procedure, a-level of
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Figure 3. Mean D-scores for the Gender SC-IAT, as a function of color. Positive values
represent an association of the color and the meaning category ‘masculine’ (opposed to
‘feminine”). Error bars show 95% confidence intervals (CIs).

0.05). As a second type of post-hoc tests, we computed paired-samples z-tests
contrasting the log RTs for the pairing of each color with the two meaning cat-
egories. For all colors, the difference in log RT between the two paired mean-
ing categories was significant according to the Hochberg (1988) procedure
(blue: #(35) =2.41, p = 0.022, d, = 0.40; yellow: #(35) = 3.64, p = 0.001, d, =
0.61; red: #(35) =4.71, p < 0.001, d, = 0.78), compatible with Franz Marc’s
proposal that blue is associated with ‘cool’ and our additional assumption that
red and yellow should be associated with ‘warm’.

There was no significant effect of color in the main rmANOVA, F(2, 23) =
00.67, p = 0.520, 715 = 0.055, but a significant effect of paired meaning cat-
egory, F(1,24)=13.00, p =0.001, ;73 =0.351. A comparison of mean log RTs
for the two different attributes paired with the color showed that participants
responded faster in blocks where the meaning category ‘warm’ shared the re-
sponse button with the color (M =2.77, SD = 0.070) than in those were the cat-
egory ‘cool’ and the color shared the response button (M = 2.79, SD = 0.070).
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Figure 4. Mean log RTs in the Temperature SC-IAT, as a function of the pairing between
meaning category and color. Circles: blue; triangles: yellow; boxes: red. Error bars show +1
SEM.

We have no explanation for this effect. The effects of the between-subject fac-
tors and all other remaining effects were not significant (all p-values > 0.088).

The mean D-scores for associations between color (blue, yellow, red) and
the meaning category ‘warm’ (as opposed to ‘cool’) are shown in Fig. 5. They
were computed analogically to the D-scores of the Gender SC-IAT (e.g.,
Dy viie = Mool blue = Myarm-biue)/SDyp1ue)- The average D-score for blue was
negative, which is in accordance with Franz Marc’s assumption of an asso-
ciation of blue and cool, but just failed to reach significance. The D-scores
for yellow and red were positive and significantly different from 0, indicat-
ing longer RTs when these colors were paired with ‘cool’ compared to when
they were paired with ‘warm’. According to the D-scores and according to
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Figure 5. Mean D-scores for the Temperature SC-IAT, as a function of color. Positive values
represent an association of the color and the meaning category ‘warm’ (opposed to ‘cool’).
Error bars show 95% Cls.

the effect sizes reported above for the paired-samples ¢-tests, the association
of red—warm is even stronger than for yellow—warm. These two associations,
however, were not mentioned by Franz Marc.

3.3. Aggression SC-IAT

In line with Marc’s assumption, the congruent color—-meaning response map-
ping of yellow—gentle in this SC-IAT resulted in faster RTs compared to the
incongruent response mapping of yellow-brutal (see Fig. 6). However, the
RTs were very similar for the congruent response mapping of red—brutal and
the incongruent mapping of red—gentle. For blue, the RTs did also not differ-
entiate strongly between the pairing with either brutal or gentle.

The rmANOVA showed a significant color X paired meaning category in-
teraction, F(2, 23) = 5.85, p = 0.009, ;7,3 = 0.337. Thus, compatible with our
expectations, the RTs depended on the pairing of color and meaning category.
Separate post-hoc ANOVAs for each pair of colors indicated that the color X
paired meaning category interaction was only significant when comparing the
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Figure 6. Mean log RTs in the Aggression SC-IAT, as a function of the pairing between
meaning category and color. Circles: blue; triangles: yellow; boxes: red. Error bars show +1
SEM.

SC-IATs for yellow and red (Hochberg procedure; d, = 0.57). As a second
type of post-hoc tests, we again computed paired-samples z-tests contrasting
the log RTs for the pairing of each color with the two meaning categories.
Only for yellow a significant difference in log RT between the two paired
meaning categories was observed (blue: #(35) = 0.55, p = 0.59, d, = 0.09; yel-
low: #(35) =4.81, p < 0.001, d, = 0.80; red: #(35) = 0.34, p = 0.74, d, = 0.06),
compatible with Franz Marc’s proposal that yellow is associated with ‘gentle’,
while his proposed association between red and ‘brutal’ was not confirmed.

In the mainrmANOVA, there were no other significant effects (all p-values >
0.081).
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Figure 7. Mean D-scores for the Aggression SC-IAT, as a function of color. Positive values
represent an association of the color and the meaning category ‘gentle’ (opposed to ‘brutal’).
Error bars show 95% Cls.

The average D-scores for the Aggression SC-IAT were computed for associa-
tions between color (blue, yellow, red) and meaning category (gentle, brutal),
c.g. D b-g_blue = (Mbrutalfblue - gentle—blue)/ SD blue* As shown in Flg 7’ for yel'
low, a significantly positive D-score was observed, which means that yellow
paired with brutal resulted in longer RTs then yellow paired with gentle. This
speaks in favor of Marc’s proposed association of yellow and gentle. The D-
score for red was weakly negative, but not significantly different from 0. Thus,
the RTs did not confirm the association of red and brutal proposed by Franz
Marc. Marc did not mention any associations with blue in this context, which
is in accordance with the D-score for blue being close to 0 and therefore not
differentiating RTs in the pairing with either gentle or brutal.

4. Discussion

We tested a subset of the hue—meaning associations proposed by the expres-
sionist painter Franz Marc (Der blaue Reiter) (Marc and Macke, 1964), using
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response time-based implicit association tests. In sum, certain assumptions of
Franz Marc were confirmed by our results, others received no empirical sup-
port, and additional hue—-meaning associations not proposed by Franz Marc
were identified.

The first SC-IAT (Karpinski and Steinman, 2006) confirmed the associa-
tions blue-masculine and yellow—feminine proposed by Franz Marc. Response
times were significantly shorter in blocks with these congruent response map-
pings, compared to blocks with incongruent mappings, as indicated by the
color X paired meaning category interaction in the post-hoc rmANOVA of
the log RTs for the colors blue and yellow. However, judging from the ef-
fect sizes, the associations between blue and yellow and either masculine or
feminine were relatively weak, and less clear cut than, for instance, the as-
sociations between hue and temperature (see below). The response times did
not indicate a significant association of red with either masculine or feminine,
and in fact Franz Marc had not proposed such an association. As discussed
in the introduction, a study by Taft (1997) measuring color—meaning asso-
ciations had included a ‘masculine’—‘feminine’ semantic differential, and re-
ported that blue was associated with ‘masculine’, while red and yellow were
associated with ‘feminine’. Here, we assessed the associations between hue
and the masculine—feminine dimension using an implicit, RT-based task.
Although it is not possible to perform a quantitative comparison between the
color—gender associations observed in Taft (1997) and in our study, the fact
that our RT-based measures indicated a comparable pattern of (weak) associa-
tions between blue/yellow and feminine/masculine speaks to the robustness of
these color—-meaning correspondences. For red, the rating data by Taft (1997)
showed an association with feminine rather than with masculine, while our
implicit measure did not indicate an association of red with either gender.

In the second SC-IAT, we tested the association of blue and cool proposed
by Franz Marc, and the associations between red and yellow and warm, which
we had expected based on previous results concerning ‘color warmth’ (e.g.,
Wright and Rainwater, 1962). Response times were significantly shorter in the
congruent condition blue—cool than in the incongruent condition blue—warm,
although the D-score was not significantly different from 0. Thus, the associa-
tion between hue and temperature as judged from the D-scores was stronger
for red and yellow, for which Franz Marc had not proposed an association with
either warm or cool. However, our results are compatible with previous data
showing that ‘color warmth’ depends mainly on the hue, with blue hues be-
ing associated with cool and yellow or red hues being associated with warm
(Kobayashi, 1981; Ou et al., 2004; Sato et al., 2000; Taft, 1997; Wright, 1962;
Wright and Rainwater, 1962; Xin et al., 2004). All of the latter studies asked for
explicit ratings of associations between a color and temperature. Our data rep-
resent a complement to existing results because we assessed the associations
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between hue and the warm—cool dimension using an implicit, RT-based task.
How can the color-temperature associations be explained? A role of changes
in the daylight spectrum has been proposed (e.g., Huebner et al., 2016), al-
though the association with colors of the environment and temperature are not
always clear cut. For example, on a day with clear sky, the sky is blue at noon
but reddish or yellowish at dusk or dawn. However, on average, the ambient
temperature is higher at noon than at dusk or dawn, so that the association
blue—cool cannot be explained on this basis. A pattern compatible with the
blue—cool association arises in a situation with direct sunlight: in the sun, col-
ors tend to be yellowish while in the shadow they tend to be bluish. It should
be noted that changes in the daylight spectrum or in color statistics of natural
scenes across day times or seasons are relatively complex (Hernandez-Andres
et al., 2001; Lee and Hernandez-Andres, 2005; Webster et al., 2007), and that
humans are not highly sensitive in judging the time of day, month, or tempera-
ture from pictures of natural scenes (Granzier and Valsecchi, 2014). It appears
that color—temperature associations of specific objects are more clear cut, like
a warm, red/yellow bonfire or cool blue water. On a more general level, our
data do not permit to decide whether the color-meaning associations are ‘in-
nate’ as opposed to ‘cultural’/‘learned’.

Comparing the overall mean RTs of all three SC-IATs, the Temperature
SC-IAT resulted in the longest RTs. This observation is accompanied by many
comments of our participants stating that the second SC-IAT was the most
difficult, presumably because the classification of the word stimuli as ‘warm’
or ‘cool’ (see Table 1) was more difficult than the classifications in the other
two SC-IATs.

The association between red and ‘brutal’ as well as yellow and ‘gentle’
proposed by Franz Marc was tested in the third SC-IAT. The RTs and the
D-scores were compatible with an association of yellow and gentle, but did
not show clear associations with red and blue and either brutal or gentle. We
are not aware of previous studies assessing associations between color and
the brutal-gentle dimension with either explicit or implicit measures. How-
ever, a recent study (Dael et al., 2017) measured the associations between
color words and discrete emotions using the Geneva Emotion Wheel (Scherer,
2005). The emotion ‘anger’, which has an aggressive connotation, was rela-
tively strongly associated with red in participants from Germany and the UK,
and to a limited extent also in participants from China and Greece. However,
red was also associated with the positive (and non-aggressive) emotion ‘love’
in all of the four countries (see also Sutton and Altarriba, 2016). This pattern
is compatible with the lack of a clear association of red with either ‘gentle’
or ‘brutal’ observed in our experiment. For yellow, Dael et al. (2017) found
an association with the ‘aggressive’ emotion ‘hate’ only in participants from
Greece, while in all of the four countries yellow was associated with positive
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emotions like joy, pleasure, or contentment. This is again compatible with the
significant yellow—gentle association observed here. However, blue was as-
sociated only with discrete emotions from the positive spectrum in Dael et al.
(2017), while the Aggression SC-IAT showed no clear association between
blue and either ‘gentle’ or ‘brutal’. Taken together, the aggression dimension
in relation to color is less well researched than for example the temperature
dimension.

The implicit testing procedure (SC-IAT; Karpinski and Steinman, 2006)
used in the present experiment measures ‘automatic’ associations (Greenwald
et al., 2003). Compared to an explicit assessment of color-meaning asso-
ciations, for example by asking the subject to rate a color on a masculine—
feminine semantic differential scale, this measure avoids potential effects of
social desirability, because the participants are typically not aware of the asso-
ciations the experimenter intends to test. In addition, the effect of a mapping of
color and meaning on the response time in a simple classification task shows
that the color—meaning association is a relatively fast process that does not re-
quire conscious deliberation. For this reason, the fact that our study confirmed
several color—-meaning associations with an implicit testing procedure speaks
to the robustness and validity of these associations. As a cautionary note, one
should not, however, draw the conclusion that an effect of color—meaning
mappings in an RT-based task shows that these associations are ‘low level’ in
the sense that they do not involve cognition.

Franz Marc proposed associations between German meaning categories and
hue, and our experiment tested these associations using German words. The
color—-meaning associations might be different in other languages and other
cultures, and it remains for future research to study such associations with im-
plicit testing procedures in different languages. Previous cross-cultural studies
on color—-meaning and color—emotion associations showed both similarities
and differences between cultures and languages (e.g., Adams and Osgood,
1973; Dael et al., 2017; D’Andrade and Egan, 1974; Gao, et al., 2007; Hupka
et al., 1997). For example, in the study by Dael ef al. (2017), participants
from China, Germany, Greece, and the UK consistently associated only posi-
tive emotions with the color pink but only negative emotions with the color
gray. However, there were also a few systematic differences. For example, the
color white was associated with sadness in China, but not in the other three
countries.

When telling his friend August Macke about his ideas of colors and their
association, Franz Marc was talking about his own individual sensation. This
study confirms parts of his ‘color theory’ empirically. It would be interesting
to test the additional color—-meaning associations mentioned by Franz Marc,
for instance blue—spiritual and red-heavy.
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In the SC-IATS, the color category reminders present on top of the screen
(see Fig. 1) were presented as color words printed in an achromatic color,
rather than as, for example, patches with a chromatic color. It appears likely
that the ‘images’ of color elicited by the color terms ‘blue’, ‘red’, and ‘yel-
low’ were relatively ‘typical’ exemplars with a high saturation, rather than
some lowly saturated variants. At this point, it is important to recall that in
his brief formulation of a ‘color theory’ Franz Marc considered only the hue,
but not the brightness and saturation of colors. However, from other parts of
his correspondence with August Macke, it is evident that he was well aware
that there are for example many different types of blue, and that these types of
blue can have different functions in a painting or can carry different meanings.
In fact, previous research has identified effects of brightness and saturation
on emotion (e.g., D’Andrade and Egan, 1974; Valdez and Mehrabian, 1994;
Wilms and Oberfeld, 2017) as well as effects of these color dimensions on
color warmth or color weight (Ou et al., 2004; Wright and Rainwater, 1962).
It remains for future research to investigate meaning associations for colors
varying not only in their hue but also in saturation and brightness using im-
plicit testing procedures.

To summarize, our data show that some associations between color and
meaning are confirmed in implicit tests, and that bringing together the heuris-
tic science of art and the empirical science of psychology opens up interesting
topics in the fields of perception and emotion.
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Note

1. Original German text: “Blau ist das ménnliche Prinzip, herb und geistig.
Gelb das weibliche Prinzip, sanft, heiter und sinnlich. Rot die Materie, bru-
tal und schwer und stets die Farbe, die von den anderen beiden bekampft
und tiberwunden werden muss! Mischst Du z. B. das ernste, geistige Blau
mit Rot, dann steigerst Du das Blau bis zur unertriglichen Trauer, und das
versohnende Gelb, die Komplementirfarbe zu Violett, wird unerlisslich...
Mischst Du Rot und Gelb zu Orange, so gibst Du dem passiven und weib-
lichen Gelb eine ,megérenhafte®, sinnliche Gewalt, dass das kiihle, geistige
Blau wiederum unerlésslich wird. .. Mischst Du nun aber Blau und Gelb zu
Griin, so weckst du Rot, die Materie, die ,Erde‘, zum Leben...”.
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