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ARTICLE INFO ABSTRACT

Keywords: Color influences behavior, from the simplest to the most complex, through controlled and more automatic in-

Red formation elaboration processes. Nonetheless, little is known about how and when these highly interconnected

Green processes interact. This study investigates the interaction between controlled and automatic processes during the

Information processing . . P . ‘s . e . . RN
processing of color information in a lexical decision task. Participants discriminated stimuli presented in different

Valence . .

Psuedowords colors (red, blue, green) as words or pseudowords. Results showed that while color did not affect the faster and

Words more accurate recognition of words compared to pseudowords, performance was influenced when examining
words and pseudowords separately. Pseudowords were recognized faster when presented in blue or red, sug-
gesting a potential influence of evolutionary color preferences when processing is not guided by more controlled
processes. With words, emotional enhancement effects were found, with a preference for green independent of
valence. These results suggest that controlled and more automatic processes do interact when processing color

information according to stimulus type and task.

1. Introduction

Color is an ever-present feature of psychological experience (Maule
et al., 2023; Witzel & Gegenfurtner, 2018). It is a key signal for basic
vision and a useful cue for object perception and cognition. Color helps
distinguish objects with similar shapes and objects from backgrounds (e.
g., Gegenfurtner & Rieger, 2000). It can also provide information about
object properties (e.g., Bortolotti et al., 2023; Osorio & Vorobyev, 1996).
For example, individuals may use color to determine whether fruit is
ripe or whether meat is spoiled. The color of the sky can be used to es-
timate the time of day, and the color of trees may indicate the season.
Color can also provide information about an individual's internal
state—blushing when embarrassed, pale when in poor health (e.g.,
Stephen et al., 2009). Moreover, colors help describe and communicate
efficiently (e.g., Conway et al., 2020) since different colors have been
shown to have reliable associations with emotions (Mammarella et al.,
2016) and abstract concepts (Tham et al., 2020). In this regard, there are
a number of studies that have investigated the role of color and emotions
in word recognition tasks (Crossfield & Damian, 2021; Kuperman et al.,
2014), and the role of color in communication (e.g., red for stop, green
for go) and word processing (Gerrig & Bower, 1982; Larsen et al., 2008;

Sereno et al., 2015).

Several theories have been advanced to explain color preferences
and clarify how color information is processed. The cone-contrast theory
posits that color preferences arise from hard-wiring in early visual
processing (Hurlbert & Ling, 2007; Ling et al., 2006). In line with this,
studies have focused on the correct description of color as a stimulus
(Bortolotti et al., 2023; Briki & Hue, 2016; Xia et al., 2016) since colors
can vary widely according to characteristics such as hue, chroma, and
lightness (Bortolotti et al., 2022; Wilms & Oberfeld, 2018). In addition,
studies on color and selective attention suggest that red stimuli receive
an attentional advantage and found that participants' visual search times
were faster for desaturated red compared to other colored targets (e.g.,
Folk, 2015) and Sahin and Figueiro (2013) found that participants
exposed to blue (relative to yellow) illumination reported greater mental
alertness.

Color information may also be used as a visual cue for word seg-
mentation (Cunillera et al., 2010; Saffran et al., 1996; Sell & Kaschak,
2009). Studies have shown how color information is effectively used to
delimit words in unspaced writing systems like Chinese (Perea et al.,
2015; Perea & Wang, 2017; Zhou et al., 2020), and thus to facilitate eye
guidance in Chinese reading (Pan et al., 2021). In a behavioral study,
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Vergara-Martinez et al. (2023) found that prime and target colors in a
masked priming paradigm influences lexical decision performance when
target were nonwords. Neuroimaging research has also shown advan-
tages for congruent prime target shapes, but only when color is also
congruent (Emmanouil et al., 2013), suggesting that color can influence
information processing at very early stages.

The ecological valence theory (EVT; Palmer & Schloss, 2010),
instead, affirms that individuals like some colors more than others due to
the valence of the objects associated with those colors. Thus, color
preferences result from an individual's associated liking/disliking to
corresponding colored objects (Palmer & Schloss, 2010; Taylor &
Franklin, 2012). Indeed, sometimes colors send an “approach” signal (e.
g., bright colors to attract insects), and other, send an “avoid” signal (e.
g., dark colors to deter predators). Although the colors of many things
are completely arbitrary (e.g., the color of a shirt or car) and thus do not
have significant signal value, deeply ingrained natural color signals (e.
g., the redness of a blushing face) may be strong enough to influence
color preferences (Humphrey, 2019).

Another explanation, the Color-emotion Theory, suggests that color
preferences arise from the emotional content of colors (Ou et al., 2004).
From a semantic point of view, color may also convey meaning,
including affective content and knowledge important to surrounding
contexts. For example, in western cultures red is generally associated
with negativity whereas green is more often associated with positivity
(Mammarella et al., 2016; Sivananthan et al., 2021) showing how color
can assume an affective connotation and thereby influence information
processing in line with studies on the influence of affective content on
information processing (Balsamo et al., 2020; Fairfield et al., 2022) have
shown how neutral and emotionally charged stimuli influence a number
of cognitive processes, including lexical decision (e.g., Scott et al., 2009;
Scott et al., 2014), speed of processing (e.g., Hildebrandt et al., 2012),
stimulus evaluation (e.g., Manippa et al., 2018; Padulo et al., 2018),
accuracy of word detection (Ortigue et al., 2004), and memory
(Kuchinke et al., 2006; Mammarella et al., 2013).

Elliot and Maier (2014) proposed the Color-in-Context Theory, a
broad model of color and psychological functioning. They posit color
carries meaning, influences psychological functioning, and that its ef-
fects are automatic. Most importantly, color meanings and effects are
context specific. For example, in achievement contexts, red seems to
impair performance and assume a meaning of failure (Elliot et al., 2007)
whereas in affiliation contexts, red carries a positive meaning (Elliot
et al., 2010).

Nonetheless, although context effects have repeatedly been demon-
strated, it is difficult to predict which salient features in the context will
influence the meaning of specific concepts (Bramao et al., 2011). For
example, the dimension-specificity hypothesis (Schietecat et al., 2018)
predicts that cross-modal associations emerge depending on the most
salient affective dimension (i.e., valence, arousal, or dominance) in a
specific context. Thus, when categorizing red, green, positive, and
negative related stimuli in a cognitive task, both concept pairs (i.e., red
vs green, and positive vs negative) have the highest conceptual distance
on the evaluation dimension and should become the salient dimension
of meaning underlying color associations. Based on the salient dimen-
sion in the task, green and positive will both be assigned a positive
meaning, whereas red and negative will be assigned a negative meaning.
Moreover, when more than one dimension is present in a task, a
weighting process will determine salience. Thus, colors may be pro-
cessed differently in terms of controlled and automatic information
processing.

Comparing words and pseudowords may shed light on how color
affects information processing since lexical processing can be driven by
both controlled and automatic processes (Garrido et al., 2019; Sulpizio
et al., 2021). Controlled lexical processes stress the importance of higher
mental processes such as expectations and beliefs and place demand on
an individual's cognitive skills and short-term memory. Yet, even top
down lexical processing becomes more automatic in time since words
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are stored in long-term memory can be accessed rapidly when needed. In
this manner, words are generally discriminated quickly and easily.
Differently, pseudowords, strings of letters conforming to a language's
orthographic pattern and pronounceable but without meaning, require
more cognitive resources since the ability to discriminate these items
necessitates access to phonetic information and semantic memory as
well.

Here we aimed to investigate how controlled and automatic pro-
cesses interact when color information is present in a lexical decision
task in which participants are required to discriminate between words
and pseudowords. We expect words, independent of color and valence,
to be recognized faster and more accurately than pseudowords (Dufau
et al., 2012; Perea et al., 2002; Ratcliff et al., 2004). In addition, if color
is processed principally through more automatic processes, we expect
words and pseudowords presented in red to be recognized faster and
more accurately than words presented in green and blue since red seems
to have a basic perceptual preference in attention (Elliot & Aarts, 2011;
Elliot et al., 2007; Kuniecki et al., 2015. If, instead, color is preferentially
processed through controlled processes, we may find faster and
increased accuracy for words presented in both red and green compared
to stimuli in blue since affective information typically shows memory
advantages (Mammarella et al., 2016; Mehta & Zhu, 2009). We also
expect accuracy for affective words to be higher than neutral words as
typically found in literature (Fairfield et al., 2013). Finally, with regards
to valence/color congruency effects, if controlled processing has an
overall advantage over automatic processing, we expect faster and more
accurate recognition when negative words are presented in red and
positive words in green compared to negative in green and positive in
red.

2. Method
2.1. Participants

One hundred and twenty-three undergraduates from the University
of Chieti took part in the experiment for course credit (104 Females;
mean age 21.71, SD 6.93). All participants had normal or corrected-to-
normal vision and were native Italian speakers. All participants reported
being in good mental and physical health and without major hearing or
vision problems. Participants did not self-report any color vision defi-
ciency such as Daltonism or Achromatopsia.

2.2. Materials

We selected 180 affective words from the Italian version of the
ANEW (Montefinese et al., 2014) and 180 pseudowords for the lexical
decision task. 60 words were positive (M 7.70, SD 0.50), 60 were
negative (M 2.10, SD 0.46), and 60 words were neutral (M 5.09, SD
0.41). Positive and negative words were more arousing than neutral
words. Positive and negative words were matched in terms of arousal.
Mean arousal for positive words was M 6.48 (SD 0.67), while it was M
6.55 (SD 0.6) for negative ones and M 4.9 (SD 0.43) for neutral ones.
Words were comparable for length, frequency of use and familiarity.
Words whose meanings frequently associated with a color (e.g., grass
and green) were excluded. The 180 pseudowords were constructed
following the rules of Italian grammar and starting from existing words.
The pseudoword length was M 6.48 (SD 1.42). Colors were chosen ac-
cording to the RGB model (red: 255, green: 0, blue: 0; green: 255, red:
0 and blue: 0; blue: 255, green: 0, red: 0).

Words and pseudowords were randomly assigned to red, green, and
blue color conditions across participants so that each participant saw
each word and pseudoword once only in one color. Each participant saw
a total of 360 trials (180 words and 180 pseudowords).
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3. Procedure

Participants were tested online using E-prime go software. Partici-
pants were accommodated in a quiet room and were informed about the
task. Participants gave informed consent before beginning the experi-
mental task. Before beginning the experimental task, participants
completed a practice session to familiarize with the task (8 trials). Each
item (Font Size 70) was presented visually on a grey background in the
center of a computer screen for 2 s with a 500 ms interstimulus interval
(+). The order of word and pseudoword presentation at study was
randomly intermixed. Participants were instructed to silently read each
stimulus and to press one of two keys: “yes” if the stimulus was an Italian
word or “no” if it was a pseudoword. The entire experiment lasted about
15 min.

4. Data analysis

Data analyses were carried out on mean RTs and on mean accuracy
rates calculated as correct recognition using Statistica 8.0. Regarding
mean RTs, as done in previous studies (Perea & Lupker, 2004), we
excluded incorrect responses and RTs less than 250 ms or greater than
1500 ms from the analysis. We calculated mean RTs and mean accuracy
rates (ACC) separately for Lexicality (i.e., words and pseudo-words) and
Color (i.e., blue, green, red). For words only, we also calculated mean
RTs and mean ACC for Valence (i.e., negative, neutral, positive).

We carried out 2 (Lexicality: word vs pseudo-word) x 3 (Color: blue,
green, red) ANOVAs separately on RTs and ACC. For words only, we
carried out 3 (Color: blue, green, red) x 3 (Valence: negative, neutral,
positive) ANOVAs separately on RTs and ACC. When significant effects
were found, Tukey post-hoc comparisons were applied.
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averages and standard deviations of both accuracy and response times
see Table 1.

Moreover, while responses were faster with words presented in green
compared to words in red (p = .05), responses were slower with pseudo-
words written in green compared to pseudo-words written in red (p =
.01).

Analyses on word items with Color and Valence as within subject
factors, revealed a main effect of Color (F(2, 244) = 4.3122, p = .01, np2
= 0.034). Responses were faster for words written in green compared to
red (p = .01). We also found a significant main effect of Valence (F(2,
244) = 59.691, p < .001, np2 = 0.329), showing slower responses for
neutral words compared to both negative and positive words (both p <
.001). The two-way interaction between Color and Valence was also
significant (F(4, 488) = 2.5134, p = .04, np2 = 0.02). Post-hoc com-
parisons revealed that when words were written in blue and green, re-
sponses were faster for affective words (i.e., negative and positive)
compared to neutral (all p < .001), when words were depicted in red,
responses were faster for negative words compared to neutral (p < .001)
and positive (p = .04) (Fig. 2). For averages and standard deviations of
accuracy and response times see Table 2.

5.2. Accuracy (ACC)

Analysis with Lexicality and Color as within subject factors, revealed
a main effect of Lexicality (F(1, 122) = 69.980, p < .001, np2 = 0.365),
showing better accuracy for words than for pseudo-words. The two-way
interaction was also significant (F(2, 244) = 6.5569, p = .002, np2 =
0.051). Post-hoc comparisons revealed that accuracy for words was
better than accuracy for pseudo-words with all colors (all p < .001).
Moreover, while there were no differences in accuracy for colored words
(all p > .266), accuracy was poorer for pseudo-words written in green

5. Results
5.1. RTs Table 1 o
RT means (SD), and Accuracy rates (SD) for lexicality and color.
Analysis with Lexicality and Color as within subject factors, revealed Word Pseudoword
a main effect of Lexicality (F(1,122) = 208.977, p < .001, np2 = 0.631), Blue Green Red Blue Green Red
showing faster responses for words than for pseudo-words. The two-way ACC  0.89 0.9 0.89 0.79 0.77 0.8 (0.14)
interaction was also significant (F(2, 244) = 10.297, p < .001, np2 = (0.09) (0.08) (0.08) (0.15) 0.17)
0.087). Post-hoc comparisons revealed that responses for words were RT 643 636 646 768 777 766
faster than responses for pseudo-words with all colors (Fig. 1). For (88.95) (86.96) (85.81) (142.52) (155.48) (150.76)
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Fig. 1. RTs and Accuracy rates for lexical decision by lexicality.
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Fig. 2. RTs and Accuracy rates for words by valence x color.
Table 2
RT means (SD), and Accuracy rates (SD) for word valence and color.
Blue Green Red
Negative Neutral Positive Negative Neutral Positive Negative Neutral Positive
ACC 0.91 (0.1) 0.85 (0.13) 0.91 (0.1) 0.91 (0.1) 0.88 (0.11) 0.91 (0.12) 0.9 (0.12) 0.87 (0,11) 0.91 (0.09)
RT 631 (85.96) 667 632 (91.05) 627 656 625 632 661 645
(105.3) (89.58) (94.43) (93.18) (83.65) (91.8) (100.54)
compared to pseudo-words in red (p = .003). the task at hand.

An analysis on words with Color and Valence as within subject fac-
tors, revealed a significant main effect of Valence (F(2, 244) = 31.327, p
<.001, np2 = 0.204), showing less accuracy for neutral words compared
to both negative and positive words (both p < .001). The main effect of
Color and the two-way interaction were not significant (p = .246 and p
= .182, respectively).

6. Discussion

Color processing is often so subtle that its influence on affect,
cognition, and behavior usually goes undetected. Research on color in-
formation processing has generally focused on either controlled or
automatic processing without considering that the task and stimuli
adopted may create contexts in which these two types of processing
may, to different extents, coexist. Automatic processing is learned in
long-term store, is triggered by appropriate inputs, and then operates
independently of the subject's control. It does not require attention,
though may attract attention when appropriate. In search, detection,
and attention tasks, automatic detection develops when stimuli are
consistently mapped to responses. In this manner, information can
attract attention and initiate responses automatically, regardless of
other inputs or memory load. Controlled processing, instead, requires
attention and engages short-term capacity. In search, attention, and
detection tasks, controlled processing usually takes the form of a serial
comparison process.

Here we adopted a lexical decision task in which participants cate-
gorize stimuli presented one at a time as words or non-words, to
investigate the potential interaction between bottom-up and top-down
processes during color information processing. As expected, we found
that words were recognized faster and more accurately than pseudo-
words in line with studies in literature (e.g., Antos, 1979). However,
color, in general, did not affect this robust finding suggesting that
automatic language processing may guide the task requests and that
color may not be considered an essential cue for correctly completing

Interestingly, performance changed when we examined words and
pseudowords independently. We found that psuedowords presented in
blue or red were recognized faster and better than pseudowords pre-
sented in green suggesting that when processing is not captured by top-
down processes linked to word and language processing, automatic
preferences may emerge. Our results are in line with studies that have
established early attentional preferences for red (Elliot et al., 2007;
Kuniecki et al., 2015). An alternative explanation may be that perfor-
mance with items presented in green are slower and less accurate linked
to a conflict between answer and experience learned semantic associa-
tions. Indeed, the lexical decision task requires a “no” response while the
color green may be linked to semantic associations learned through
experience such as “go”, “right”, “up”, “positive”, “correct “(Goodhew &
Kidd, 2017, 2020; Mammarella et al., 2016; Maule et al., 2022) creating
a conflict indexed by increased response time and lower accuracy.

Differently, when we examined performance for words, we found
typical emotional enhancement effects with positive and negative word
recognition being both faster and better than neutral word recognition.
Interestingly, we found an advantage for the affective words when these
were presented in green independent of valence. Green may be
considered a contextual cue indicating “go” in line with studies that
have found associations between stimulus properties across different
sensory modalities enhancing top-down processing of meaningful in-
formation (words) in a task where individuals are asked to discriminate
between words and pseudowords. For example, associations between
particular sounds and certain visual shapes are demonstrated in the now
famous example in which people overwhelming link the sound of the
verbal name “bouba” to a rounded-contour visual shape and the name
“kiki” to a sharp-angled shape (Goodhew & Kidd, 2020; Maule et al.,
2022; Ramachandran & Hubbard, 2001).

We did not find valence color congruency effects as found in litera-
ture (Mammarella et al., 2016). A potential explanation for this differ-
ence is that Mammarella et al. (2016) used an old/new affective word
recognition task, whereas we used a lexical decision task. The lexical



A. Bortolotti et al.

decision task does not necessarily require participants to deeply process
the semantic meaning of the word items to correctly complete the task.
Indeed, since the task requires individuals to simply discriminate be-
tween words and non-words, it may be that individuals limit language
processing to superficial phonological and/or orthographic processing,
just enough to be able to discriminate a word from a pseudoword.

Our study, however, is not without limits. Certainly, color is a
complex type of information that contains not only hue but luminance/
lightness and saturation as well and although there do seem to be some
innate preferences for hue, future studies should take luminosity and
saturation into consideration as well. Also, our results certainly do not
allow us to completely disentangle top-down and bottom-up processing
of color information. Future studies need to adopt different tasks that
require different degrees of top-down control to better understand how
color information is processed and to clarify how and when bottom-up
and top-down processes interact during information processing.
Finally, it would be interesting to investigate cross-cultural performance
for stimuli in green in populations that do not semantically associate
green with “go” or individual differences in the number of associations
between specific objects and green.

In sum, our results seem to suggest that automatic and controlled
processes do interact according to stimulus type and on-going task
evidencing how different salient features in the context may influence
cognitive performance. In general, as task requirements increase,
controlled processes take over and more automatic color influences do
not emerge. However, when discriminating responses for stimuli that do
not active top-down language processing (pseudo-words), blue and red
color preferences emerge. With words, instead, emotional enhancement
effects are observed and the preference for green, independent of word
valence, suggests a sort of cross modal effect for task-response.
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