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Several studies investigating color discrimination across languages have shown a 
facilitation effect in groups that employ more than one term to refer to a given color. 
While Uruguayans use “azul” to refer to dark blue and “celeste” for light blue, Spaniards 
use “azul” for dark blue and the compound terms “azul celeste” or “azul claro” for light 
blue. In this study, Uruguayan and Spanish participants discriminated between pairs of 
color stimuli that lie at different distances from each other on the blue color spectrum 
in three different sessions: a session with no interference (basic task), one with verbal 
and one with visual interference. Only the Uruguayans were more accurate at distin-
guishing between stimuli associated with different color terms. Furthermore, while both 
Uruguayans and Spaniards showed a category effect in response times, the effect was 
strongest for Uruguayans when items were closer to each other on the color spectrum 
(i.e., more difficult). This study is unique in that we observed different Whorfian effects in 
two groups that speak the same language but differ in their use of color-specific terms. 
Our results contribute to the discussion of whether and to what extent language or other 
cultural variables affect the perception of different color categories.

Keywords: color perception, categorical perception, linguistic relativity, sapir–Whorf hypothesis, cross-cultural 
cognition

inTrODUcTiOn

To what extent do language and/or culture affect the way we process and organize the information 
and experiences that make up our world? The work of Sapir, Whorf, and others sparked this famous 
debate at least a century ago, and these questions continue to interest academics across fields to this 
day (Whorf, 1956; Lucy and Shweder, 1979; Kay and Kempton, 1984; Vygotsky, 1987; Lupyan, 2012; 
Levelt, 2014).

Most investigations addressing this topic have been characterized as either descriptive, simply 
reporting interesting differences between two or more languages, or aiming to explain how observed 
disparities are associated with different cognitive processes (Zlatev and Blomberg, 2015). These two 
perspectives are also associated with weak and strong versions of the Sapir–Whorf hypothesis (lan-
guage and thought are interrelated vs. language determines thought, Brown, 1976). Both hypotheses 
have been criticized for being trivial and non-informative (weak version) or theoretically and/or 
methodologically wrong (strong version) (Bloom and Keil, 2001).

Zlatev and Blomberg (2015) propose approaching each investigation according to whether the 
focus is on the structure of language or on its implementation (discourse). Traditional cognitive 
approaches focus on abstract structural aspects of language and search for innate universal fea-
tures. On the other hand, linguistic relativism concentrates on how the phenomenon of categorical 
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perception (CP, Harnad, 2005) is affected by different contextual 
factors, such as language and culture.

According to Lucy (1997), there are three “logical components” 
that are typically taken into account when studying linguistic 
relativity: (1) the distinction between language and thought, (2) 
the mechanisms explaining the instantiation of a possible influ-
ence, and (3) the identification of other factors involved in the 
phenomenon.

Regarding the first point, relativists often agree with a broad 
definition of thought, not just as a conscious reflective process 
(as understood in folk psychology) but also involving less aware, 
automatic processes, such as perception and categorization. 
Moreover, language and perception are not understood as iso-
lated modules—as in classic cognitivism (Pylyshyn, 1999)—but 
are thought to interact with a myriad of processes. Thus, the role 
of verbal labels affecting perception and categorization is a key  
issue in contemporary approaches (Thierry, 2016). How basic 
cognitive processes are influenced by implicit recovery of linguis-
tic (but also contextual and sociocultural information) is another 
key question, which involves points 2 and 3.

Therefore, the key notion leading the research on linguistic 
relativity is not whether minds are dependent on a given language 
but how verbal labels and categories interact with cognition across 
different contexts (Thierry, 2016; Zhong et  al., 2017). Topics 
currently being studied include: cross-cultural comparisons (i.e., 
Boroditsky, 2001; Casasanto, 2008), the exploration of categorical 
effects under different interference conditions (i.e., Roberson and 
Davidoff, 2000; Gilbert et al., 2006; Winawer et al., 2007), and the 
time course of the effect, which informs whether perception or 
higher cognitive processes are involved (Mo et al., 2011; Clifford 
et al., 2012; He et al., 2014; Forder et al., 2017).

One line of research within this debate concerns the way 
in which different languages divide color space. The key 
question within this work is whether these varying linguistic 
representations affect performance on tasks that are seemingly 
non-linguistic. In other words, does the way in which a par-
ticular language categorizes colors affect the way its speakers 
think about and organize color in their minds, even in the 
absence of an explicitly linguistic task? One special case—that 
of the color blue—has been studied by researchers across a 
number of languages, including Greek (Androulaki et al., 2006; 
Athanasopoulos, 2009; Thierry et  al., 2009), Italian (Bimler 
and Uusküla, 2014), Japanese (Athanasopoulos et  al., 2010), 
Korean (Roberson et  al., 2009), and Russian (Witthoft et  al., 
2003; Winawer et al., 2007). These languages share a common 
feature that distinguishes them from English: they divide the 
color blue into two distinct linguistic categories, one depicting 
lighter blues, and the other depicting darker blues. In the above 
studies, speakers of those languages were relatively better than 
English speakers at distinguishing between color samples along 
the blue color spectrum when the samples’ names came from 
different linguistic categories, even though the task did not 
require linguistic output.

This kind of implicit linguistic effect is explained by theories 
arguing that linguistic labels can aid in the discrimination of 
stimuli that are hard to categorize (Lupyan, 2012) thanks to a pre-
dicting coding process in which “every level of the hierarchically 

organized system that constitutes the brain works to predict the 
activity in the level below” (Lupyan and Clark, 2015, p. 279).  
In such a predictive framework, the brain’s function is to produce 
a percept that fits the best hypothesis regarding the state of the 
world that is being conceived (Lupyan and Clark, 2015). That is 
acquired through an interplay of top-down knowledge about the 
world and incoming bottom-up sensory information (Bar, 2003). 
In Lupyan’s view, labels work as hubs of perceptual, semantic 
and contextual information related to specific categories. Their 
function is to reduce prediction error by enhancing the percep-
tion of typical categorical features. Therefore, verbal labels can be 
elicited to foster predictability and support cognition.

Aiming to clarify this issue, several studies include a verbal 
interference condition. That is, they introduce a concurrent 
task demanding linguistic resources (e.g., remembering a string 
of digits). This interference is expected to disrupt categorical 
effects (advantage for the discrimination of stimuli pertaining to 
different categories) if linguistic processes are necessary for CP 
to occur. For instance, Winawer et al. (2007) showed that when 
an additional task requiring verbal memory was included, the 
categorical effects found for the Russian participants vanished, 
suggesting linguistic resources are used by Russian speakers in 
this seemingly non-linguistic color perception task. The authors 
also presented a spatial interference condition that did not alter 
categorical effects, further supporting the view that the a disrup-
tion of the CP advantages was in fact due to a disruption in lin-
guistic processing and not to the heavier cognitive load imposed 
by any interference task.

In the current study, we compared two groups of speakers 
of the same language that employ different verbal labels for the 
same color. This comparison is interesting because, unlike previ-
ous studies where groups of speakers spoke different languages, 
differences between the current groups should be much subtler, 
and may reflect cultural variations that affect the frequency of use 
of such labels.

Similarly to the languages investigated in previous studies 
(Androulaki et al., 2006; Winawer et al., 2007), in some variants 
of Spanish, the color blue is associated with two different lingui-
stic terms: dark blues are azul and light blues are celeste. However, 
the Spanish language presents an interesting case, in that dif-
ferent populations of Spanish speakers differ in the way they 
implement this distinction. Namely, in some South American 
countries such as Uruguay, the term celeste (light blue) is used 
on its own. By contrast, in Spain, the term “celeste” is used as 
part of a compound word, i.e., azul celeste, making celeste a sub-
category within the larger category of azul, or (regular or dark) 
blue. The word (and color) celeste also carries significant cultural 
weight in Uruguay, given that it is found on national emblems 
and by extension, national sports team uniforms. A recent study 
conducted by our group confirmed the use of celeste as a sepa-
rate basic color term (BCT) for light blues in Uruguay. Thirty 
healthy participants were given 2  min to write down as many 
color names as they could remember while keeping their eyes 
closed (Elicited List task: Corbett and Davies, 1997). Following 
Berlin and Kay’s (Berlin and Kay, 1969) work, one would predict 
that only 11 different color names would be elicited in more than 
50% of the lists produced by participants. In this study, however, 
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FigUre 1 | Illustration of the stimuli employed in the experimental tasks. Top: color chips ranging from light blue to dark blue. Bottom: middle: example of a triad 
used in the discrimination task; left: example of a cross-category comparison; right: example of a within-category comparison.

FigUre 2 | Examples of far (left) and near (right) comparison triads.
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Uruguayan participants consistently produced 12 names, as they 
included celeste as its own color category. In fact, both azul and 
celeste were consistently found among the first BCTs reported by 
Uruguayans (Lillo et al., 2016).

For the current experiment, we tested Uruguayan as well as 
Spanish participants on a color discrimination task we designed 
using stimuli along the azul-celeste boundary. Since cultural as 
well as linguistic differences have been used to explain Whorfian 
effects across different populations, the Uruguay-Spain com-
parison is interesting because the two populations come from 
different cultures but use the same language and very similar 
color space partitions. That is, when asked to assign segments 
of the color spectrum to different color terms, Uruguayans and 
Spaniards coincide perfectly on all terms except for celeste: the 
space Uruguayans call “celeste” falls into the greater category of 
“azul” for Spaniards (Lillo et al., 2016). Given the presence of the 
12th BCT for the Uruguayans, we hypothesized that this group 
would display a relatively stronger categorical advantage than 
Spaniards.

MaTerials anD MeThODs

Participants
A total of 73 individuals participated in this study: 35 were 
recruited from the Universitat Autònoma de Barcelona, Spain, 
and 38 were recruited from the Universidad de la República in 
Montevideo, Uruguay. All of them were native speakers of the 
Spanish spoken in their country, and 22 of the Spanish partici-
pants were also Catalan speakers. Nine participants (2 from Spain 
and 7 from Uruguay) who produced more than 25% errors and 
RTs < 200 and >3,000 ms were excluded from the analysis, for a 
final group of 33 Spaniards (mean age = 25.1, SD = 3; 18 female) 
and 31 Uruguayans (mean age  =  22.5, SD  =  3.2; 17 female). 
Groups did not differ significantly from each other in terms of 
gender or age [F(1,62) = 0.802, p = 0.374].

stimuli
We created 20 computer-simulated color chips that ranged from 
light blue (azul celeste in Spain and celeste in Uruguay) to dark 
blue (azul oscuro in Spain and azul in Uruguay) (Figure  1). 
Stimuli coordinates (Commission Internationale de l’Eclairage, 
Yxy) ranged from Y = 29.26, x = 0.217, y = 0.274 for stimulus 1 
to Y = 4.18, x = 0.182, y = 0.167 for stimulus 20. Stimuli varied 
primarily in the luminance axis (Y) and the y chromaticity axis, 
and were selected taking into account previous research on color 
categories in Spanish (Lillo et al., 2007) as well as cross-linguistic 
comparisons (Winawer et al., 2007; Roberson et al., 2009). The 
color squares measured 2.5  cm per side, and subjects viewed 
the screen from a distance of 60 cm. In addition, there were two 
categories of deviant stimuli: near and far. “Near” stimuli were 
colors that were two chips away from the target stimulus while 
“far” stimuli were four chips away (Figure  2). Discrimination 
between “near” stimuli was expected to be more difficult than 
between “far” stimuli.

Procedure
Prior to participation, an investigator explained the study 
to participants, who then signed an informed consent form. 
All study procedures were conducted with the approval 
of the Research Ethics Committee of the Department of 
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FigUre 3 | Example of stimuli employed in the spatial interference block (left), and in the verbal interference block (right).
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Psychology at University of the Republic (Uruguay) and the 
Department of Basic Psychology at the Autonomous University 
of Barcelona (a separate ethics approval was not required as 
per the Autonomous University of Barcelona guidelines and 
as per Spanish regulations) and were in accordance with the 
Declaration of Helsinki. Participants viewed three color squares 
arranged in triads (1 above and 2 below) (Figure 1) and were 
asked to decide which of the two lower squares matched the 
one on top. The side (right or left) on which the distractor was 
presented was counterbalanced across trials. Each participant 
completed three blocks of 136 color discrimination trials: 
one regular block (Basic Task), one block that also included 
a secondary spatial interference task, and a third block that 
included a verbal interference task. Half of the comparisons 
included “near” stimuli and half included “far” stimuli. The two 
interference tasks (one verbal and one spatial) were included, 
following Winawer et  al. (2007), to test whether either type 
of interference affected any observed categorical effects, thus 
shedding light on the type of processing employed by partici-
pants during the basic task.

interference Tasks
 (a) Spatial interference: participants viewed a 4 × 4 square grid 

in which four randomly chosen squares were shaded black 
(Figure  3) and were instructed to maintain a picture of it 
in mind until tested. A two-choice test was presented every 
eight color discrimination trials.

 (b) Verbal interference: participants were shown an eight-digit 
number series (Figure 3) for 3 s every eight color discrimi-
nation trials and were asked to rehearse it while completing 
the color discrimination task. Their recall was then tested by 
having them choose between the original series and a foil that 
differed by one digit.

Participants’ Boundaries
Following the categorization tasks, participants also completed 
a Border detection task designed to test each individual’s color 
boundary between dark and light blues. Participants viewed the 
20 stimuli (which appeared 10 times and in random order) and 
pressed a key to indicate whether each color was celeste or azul 
(for Uruguayans) and azul celeste or azul oscuro (for Spaniards). 
They were asked to make all judgments as quickly and accurately 
as possible.

Overall, 36% of participants identified Stimulus 10 as the cat-
egorical boundary, 24% chose Stimulus 9, 20% chose Stimulus 8, 
14% chose Stimulus 11, and 6% chose Stimulus 7. All Uruguayans 
categorized Stimulus 1 as celeste (light blue) and stimulus 20 as 
azul (dark blue), while all Spanish participants categorized 
Stimulus 1 as azul celeste (sky blue) or azul claro (light blue) and 
Stimulus 20 as azul oscuro (dark blue). Each participant’s score 
was determined individually by using his/her color boundary to 
classify the color discrimination trials as either cross-category 
or within-category. This classification was made individually  
(i.e., not based on the group average).

errors and Outliers
In order that we only analyzed data from trials in which partici-
pants were actively following the interference tasks, we system-
atically discarded all eight color trials preceding each incorrectly 
answered interference trial (5.74% of trials).

We also eliminated all trials with reaction times below 200 or 
above 3,000 ms (2.41% of trials across participants). RT analyses 
were conducted only on accurate responses (87.5%).

resUlTs

We conducted a mixed ANOVA with three within-subject factors 
(Distance × Interference × Category) and one between-subjects 
factor (country: Uruguay vs. Spain).

accuracy
Groups did not differ in terms of overall accuracy: Uruguay 
(M = 86.1, SD = 0.61) vs. Spain (M = 88.3, SD = 0.63), F(1, 62) = 1.942,  
p = 0.168, η2 = 0.030.

There were two significant main effects: Distance, 
F(1,62)  =  303.109, p  <  0.0001, η2  =  0.830, and Category, 
F(1,62) = 5.845, p = 0.01, η2 = 0.086. When analyzed together, 
participants were more accurate at distinguishing between far 
trials (M = 0.94, SD = 0.04) than between near trials (M = 0.80, 
SD = 0.09), and between cross-category trials (M = 0.87, SD = 0.07) 
than between within-category trials (M = 0.86, SD = 0.06). There 
were also three significant interactions: Interference × Country, 
Distance × Country and, most interestingly, Category × Country.

Interference  ×  Country, F(1, 62)  =  3.219, p  =  0.043, 
η2 = 0.049. Post hoc analyses showed that the interference factor 
was not significant when analyzed separately for each group, 
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FigUre 5 | Mean response times (ms) between cross- and within-category 
stimuli by country. Error bars represent SEM.

FigUre 4 | Mean differences in accuracy between cross- and within-
category stimuli by country. Error bars represent SEM.

5

González-Perilli et al. Blues in Two Different Spanish-Speaking Populations

Frontiers in Communication | www.frontiersin.org December 2017 | Volume 2 | Article 18

and that the difference between groups was significant only in 
the verbal interference condition, F(1,62) = 2.304, p = 0.025, 
d = 0.4.

Distance × Country, F(1, 62) = 4.252, p = 0.043, η2 = 0.064. 
Uruguayans had relatively greater difficulty discriminating 
between near stimuli (near: M = 0.78, SD = 0.13; far: M = 0.94, 
SD = 0.06) than did Spaniards (near: M = 0.82, SD = 0.13; far: 
M = 0.95, SD = 0.06).

Post hoc analyses (separate one-way ANOVAs for each group) 
showed that distance effects were significant for both countries, 
Uruguay.

F(1, 30) = 157.375, p < 0.0001, η2 = 0.840., Spain: F(1, 32) =  
145.353, p < 0.0001, η2 = 0.820. Moreover, pairwise comparisons 
showed that neither near nor far cases showed differences between 
countries (p > 0.05).

Category ×  Country, F(1,62) =  2.123, p =  0.19, η2 =  0.086. 
Uruguayans showed an advantage for cross-category trials com-
pared to within category trials (M = 0.87, SD = 0.07 vs. M = 0.85, 
SD = 0.07); post hoc analyses: t(1,30) = 3.268, p = 0.003, d = 0.29. 
Spaniards, on the other hand, did not show this advantage (within: 
M = 0.88, SD = 0.06, cross: M = 0.88, SD = 0.07), p > 0.05 (see 
Figure 4). All other effects and interactions were not significant 
(all p > 0.05).

rT
Overall, Uruguayans were significantly slower than Spaniards, 
F(1,62) = 8.196, p = 0.006, η2 = 0.117 (M = 1043 ms, SD = 278 ms 
vs. M = 900 ms, SD = 287 ms). There were also significant main 
effects of Distance, F(1,62) = 267.638, p < 0.0001, η2 = 0.812, and 
Category, F(1,62) = 27.331, p < 0.0001, η2 = 0.306.

In line with the accuracy results, participants were faster at 
discriminating between far trials (M = 862 ms, SD = 175 ms) than 
near ones (M = 1,081 ms, SD = 235 ms), and on cross-category 
(M  =  952  ms, SD  =  206) compared to within-category trials 
(M = 991 ms, SD = 198 ms) (see Figure 5).

The first-order interaction of Interference  ×  Country was 
significant, F(1,61)  =  3.517, p  =  0.033, η2  =  0.054. Sessions 
with spatial interference, in which Uruguayans performed best, 
resulted in the Spanish group’s slowest responses (Spain: Basic: 
M = 889, SD = 336; Spatial: M = 941, SD = 328; Verbal: M = 869, 
SD = 343; Uruguay: Basic: M = 1087, SD = 347: Spatial: M = 994, 
SD = 342; Verbal: M = 1048, SD = 354).

Post hoc analyses showed that differences across sessions were 
not significant within countries, but results comparing Spain and 
Uruguay were different for two of the three interference condi-
tions. Differences between groups were significant in the Basic 
(no interference) session, t(1,62) =  3.271, p =  0.002, d =  0.58, 
and in the Verbal interference session, t(1,62) = 2.895, p = 0.005, 
d = 0.51.

Distance × Category, F(1,62) = 3.769, p = 0.019, η2 = 0.085. 
A category advantage (difference between cross- and within-
category trials) was stronger for far (Mdifference = 54 ms) than for 
near color comparisons (Mdifference = 25 ms).

Nevertheless, post hoc analyses reflected that both differences 
were significant: Far, F(1,63)  =  3.769, p  =  0.003, η2  =  0.129; 
Near, F(1,63)  =  3.769, p  =  0.000, η2  =  0.257. Additionally, 
categorical effects were significant at both distance conditions. 

Cross-category: F(1,62) = 27.811, p = 0.000, η2 = 0.310; within-
category: F(1,62) = 62.927, p = 0.000, η2 = 0.504.

While the Category × Country interaction was not significant 
(p = 0.090), the three-way Country × Distance × Category inter-
action was, F(1,62) = 6.596, p = 0.013, η2 = 0.096. Uruguayans 
showed a stronger categorical effect on near trials than on far 
trials.

Separate two-way ANOVAs conducted for each group showed 
that the interaction between distance and category was significant 
for Uruguayans, F(1, 30) = 11.041, p = 002, η2 = 0.269, but not 
for Spaniards, F(1, 32)  =  0.635, p  =  0.902. η2  =  0.00. For the 
Uruguayan group, RTs were faster for near cross-category trials 
than near within-category trials (M = 1112 ms, SD = 238 ms vs. 
M = 1193 ms, SD = 231 ms); post hoc analyses were significant: 
t(1, 30) = 5.312, p < 0.0001, d = 0.34, while far cross-category 
trials did not differ significantly from far within-category trials 
(M = 922 ms, SD = 194 ms: vs. M = 944 ms, SD = 198 ms; post hoc 
analyses: p > 0.05) (see Figures 5 and 6).

Post hoc analyses also showed that categorical differences 
between countries were significant for near trials, F(1,62) = 6.852, 
p = 0.011, η2 = 0.100, but not for far ones, p > 0.05.
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FigUre 7 | Category advantage (difference between cross-category and 
within category RT means) for the three interference conditions by group. 
Error bars represent SEM.

FigUre 6 | Mean response times (ms) between cross- and within-category stimuli by country and distance. Error bars represent SEM.
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Interestingly, a non-significant difference was observed for 
categorical effects between countries in the different interference 
conditions (country by category by interference, p = 0.059). We 
calculated the differences between cross- and within-category 
trials to obtain a categorical effect score. Categorical effect size 
was greater for Uruguayans (68  ms) than Spaniards (10  ms) 
in the basic condition [pos hoc: F(1,62)  =  6.089, p  =  0.016, 
e = 0.089], more similar between groups in the spatial condition 
[56 vs. 24; F(1,62) = 1.513, p = 0.223, e = 0.024] and almost equal 
between groups in the verbal interference condition [30 vs. 43; 
F(1,62) = 0.407, p = 0.526, e = 0.007] (see Figure 7).

In sum, participants were faster and more accurate when 
discriminating between far stimuli than near stimuli and when 
stimuli pertained to different categories. Uruguayans were 
slower than Spaniards overall, less accurate and slower in the 

verbal interference condition, and slower in the no interference 
condition. Also, Uruguayans were less accurate than Spaniards 
at discriminating between near stimuli. The Uruguayan group 
showed more categorical effects in terms of accuracy, while 
both groups showed stronger categorical effects for near cases in 
terms of RT (with Uruguayans displaying significantly stronger 
effects). Finally, there was a non-significant trend for differences 
in the effects of verbal interference on categorical effects between 
groups for RT.

DiscUssiOn

The current study supports the Whorfian notion that language 
can influence color perception and is unique in that we were 
able to show differences in categorical effects in two groups of 
participants who speak the same language. Specifically, we found 
that Uruguayans, who have distinct color terms for light and dark 
blue, were more sensitive to color boundaries than Spaniards, who 
use a single color term for dark blue and two different compound 
terms for light blue. We also observed that a less frequent non-
BCT—azul celeste—yielded some categorical facilitation. In this 
study, while both groups presented categorical effects in RT, the 
effect was strongest for Uruguayans on the more difficult “near” 
trials. Furthermore, only the Uruguayans were significantly more 
accurate at cross-category comparisons.

In contrast to previous studies where the color categories 
employed by the two populations clearly distinguished between 
dark and light blues (e.g., Russian and American participants 
in Winawer et al., 2007), one of the compound terms for light 
blue used by Spaniards (azul celeste) contains the monolexemic 
term (celeste) used by Uruguayans. From Lillo et al. (2016), we 
know that Spaniards do not consider “celeste” or “azul celeste” 
as a 12th BCT, as Uruguayans do, which may explain the 
weaker categorical effects observed among Spaniards relative 
to Uruguayans. Furthermore, as mentioned above, “celeste” is 
particularly salient in Uruguayan Spanish for cultural reasons, 
and may therefore appear more frequently for this population. 
According to several authors, the degree of exposure to color 
categories correlates with the strength of categorical effects in 
color discrimination tasks (Witthoft et al., 2003; Thierry et al., 
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2009; Athanasopoulos et al., 2011). An interesting future study 
would be to test category effects with a monolexemic color term 
whose frequency of use differs between two populations that 
speak the same language.

Importantly, several studies have shown that categorical effects 
on perception can be elicited by newly learned categories (Zhou 
et al., 2010; Clifford et al., 2012). In Zhou et al. (2010), partici-
pants who learned two new categories depicting light and dark 
shades of blue showed a categorical advantage compared with a 
control group, suggesting that the introduction of a novel verbal 
label can affect CP.

In Winawer et  al. (2007), verbal interference disrupted CP 
for Russian but not for English speakers, suggesting a key role of 
language in CP (Roberson and Davidoff, 2000; Gilbert et al., 2006; 
Winawer et al., 2007). The results of the present study suggest that 
category saliency may also be affected by cultural factors.

Although the effect did not reach significance, we also observed 
that verbal interference diminished the categorical effect in 
Uruguayans and increased it in Spaniards (see Figure 7), which 
suggests CP effects are affected by linguistic input. Interestingly, 
Spaniards showed greater CP during the verbal interference 
block, suggesting the recruitment of the verbal label “azul” was 
inhibited. As shown by the Stroop effect (Stroop, 1935), automatic 
elicitation of a verbal label can interfere with color discrimina-
tion. Arguably, the discrimination between stimuli representing 
dark and light blues would benefit from the inhibition of the 
verbal label “azul” linked to the Spaniards’ main blue category. 
Thus, further work is needed to clarify this issue. If replicated, 
it would be an unusual finding that has not been reported for 
English speakers in previous cross-cultural studies.

It should be noted that because part of our study was con-
ducted in Barcelona, some of our Spanish participants also spoke 
Catalan, which uses “blau cel” as a term for light blue. We have not 
studied “blau cel” or Catalan speakers specifically, so we cannot 
say whether this term is more similar to any of the terms used 
by Spaniards in Spanish or by Uruguayans. In order to exclude 
this variable as a possible confound, we conducted an additional 
ANOVA comparing the subset of Catalan-speaking Spaniards 
(n  =  18) to the non-Catalan-speaking Spaniards (n  =  15) and 
found that groups did not differ on any of the variables or interac-
tions of interest.

A recent interpretation of Whorfian effects (proposed more 
than 100 years ago by William James; James, 1890) is called the 
Label feedback hypothesis (Lupyan, 2008, 2012), which proposes 
that labels (i.e., words) are automatically recovered to solve dif-
ficult discrimination cases and are recruited unconsciously when 
an object is perceived in order to highlight characteristic features 
and thus assist in the categorization process.

Furthermore, recent studies have revealed that neural net-
works of color perception show strong connections between 
basic visual areas V1 and V4 and inferotemporal and nearby 
regions associated with categorization (Walsh, 1999; Roe et al., 
2012; Gilbert and Li, 2013; Simanova et al., 2015; Winawer and 
Witthoft, 2015). Moreover, an fMRI study showed activation of 
language regions during color perception, supporting the notion 
of an interaction between higher level cognition and perceptual 
processes (Siok et al., 2009; Brouwer and Heeger, 2013).

In the present study, perceptual processes seemed to ben-
efit from the words’ referential attributes, but the effect differed 
between Spanish-speaking groups. This suggests that the interplay 
between categorization and perception only partially depends 
on a particular language’s structure (Ozgen and Davies, 2002; 
Harnad, 2005; Lupyan et al., 2007; Collins and Olson, 2014).

An alternative interpretation is that perception could be driven 
by cultural—and not just linguistic—influences. In fact, cultural 
differences in speakers of the same language may even be the 
driving force behind the creation of different linguistic terms. The 
Emergence Hypothesis for BCTs (Kay and Maffi, 1999) proposes 
an explanation for how BCTs have evolved in different cultures. 
Kay and McDaniel (1978) suggest that derived categories are a 
fuzzy set of intersections among primary terms. According to this 
view, the emergence of a new category denoting a light shade of 
blue would be the result of the intersection between the blue and 
white categories, as Androulaki et al. (2006) proposed for Greek. 
Exactly why a language would add a new BCT is not clear. Casson 
(1997) proposed that a society’s technological development will 
increase the importance of color as a distinguishing property of 
objects. Paramei (2005) and Steels and Belpaeme (2005) agree 
that cultural and social factors are key in the development of 
color lexicons. Such constraints imply that color names map 
onto color appearances in a culturally modal pattern (Frumkina, 
1999; Jameson, 2005) and, in certain languages, could emerge as 
culturally basic.

Probably the main debate in linguistic relativity is whether 
CP occurs early on (during stimulus perception; Notman et al., 
2005; Lupyan, 2012) or at the time a response is given (affecting 
post-perceptual processes; e.g., Pinker, 1995; Li and Gleitman, 
2002). This question has been investigated using ERP, with 
studies showing early (Fonteneau and Davidoff, 2007; Thierry 
et al., 2009; Clifford et al., 2010; Mo et al., 2011; Forder et al., 
2017), post perceptual (Clifford et  al., 2012; He et  al., 2014; 
Witzel and Gegenfurtner, 2016) and both effects (Holmes et al., 
2009). This suggests that a strictly linguistic theory of CP is at 
best incomplete.

One unexpected result in the current study was that Urug-
uayans were both most accurate and fastest at the spatial inter-
ference block, relative to the other two blocks. One possible 
interpretation for this is that unlike verbal interference, spatial 
interference had a minimal effect on performance on a task where 
verbal aspects were critical, and that the added challenge resulted 
in higher accuracy. This would not, however, explain why that 
interference block would result in better accuracy than the block 
with no interference. We do not have enough data to answer this 
question at the moment but will investigate it in future studies.

Another interesting but not totally unexpected finding was 
that overall, Uruguayans gave slower responses than Spaniards. 
As observed by previous investigators, this may reflect differences 
in groups’ experience as study participants (Witthoft et al., 2003; 
Winawer et  al., 2007; Witzel and Gegenfurtner, 2015). In the 
present study, while both groups were recruited within university 
psychology departments, the Spanish group was generally more 
familiar with psychophysical experiments than the Uruguayan 
group. In order to ensure that categorical effects across groups 
were not related to overall RT, additional analyses were performed 
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on the subset (50%) of Uruguayans with the fastest responses. 
Results confirmed the trends observed for the whole group.

To conclude, color terms (both monolexemic and compound) 
carry different degrees of enhanced frequency and saliency 
within a linguistic community, which in turn depend on social, 
cultural, and historical factors (see Berlin and Kay, 1969; Casson, 
1997; Kay and Maffi, 1999; Paramei, 2005, but also see Saunders, 
2000). The present work shows that these differences can lead to 
different CP effects across groups that speak the same language.

eThics sTaTeMenT

This study was carried out in accordance with the recommen-
dations of University of the Republic and Autonomous University 
of Barcelona ethics committees with written informed consent 
from all subjects. All subjects gave written informed consent in 

accordance with the Declaration of Helsinki. The protocol was 
approved by the University of the Republic ethics committee.

aUThOr cOnTriBUTiOns

AA and FG-P conceived the study which was designed with the 
collaboration of IR and AM. IR and FG-P carried out the experi-
ments and the analyses were conducted by AA, IR, and FG-P. All 
the authors contributed to the writing of the article.

FUnDing

FG-P received support from PRODIC (Programa de Desarrollo 
Académico de la Información y la Comunicación, FIC-UDELAR). 
FG-P and AM received support from CICEA (Interdisciplinary 
Cognition Center for Teaching and Learning - UDELAR).

reFerences

Androulaki, A., Gômez-Pestaña, N., Mitsakis, C., Jover, J. L., Coventry, K., and 
Davies, I. (2006). Basic colour terms in modern Greek: twelve terms including 
two blues. J. Greek Linguist. 7, 3–47. doi:10.1075/jgl.7.03and

Athanasopoulos, P. (2009). Cognitive representation of colour in bilinguals: the 
case of Greek blues*. Bilingualism 12, 83–95. doi:10.1017/S136672890800388X 

Athanasopoulos, P., Damjanovic, L., Krajciova, A., and Sasaki, M. (2011). 
Representation of colour concepts in bilingual cognition: the case of Japanese 
blues. Bilingualism 14, 9–17. doi:10.1017/S1366728909990046 

Athanasopoulos, P., Dering, B., Wiggett, A., Kuipers, J. R., and Thierry, G. (2010). 
Perceptual shift in bilingualism: brain potentials reveal plasticity in pre- 
attentive colour perception. Cognition 116, 437–443. doi:10.1016/j.cognition. 
2010.05.016 

Bar, M. (2003). A cortical mechanism for triggering top-down facilitation in visual object 
recognition. J. Cogn. Neurosci. 15, 600–609. doi:10.1162/089892903321662976 

Berlin, B., and Kay, P. (1969). Basic color terms: their universality and evolution. 
David Human Series Philos. Cogn. Sci. Reissues 19, 178. 

Bimler, D., and Uusküla, M. (2014). “Clothed in triple blues”: sorting out the Italian 
blues. J. Opt. Soc. Am. A 31, A332–A340. doi:10.1364/JOSAA.31.00A332 

Bloom, P., and Keil, F. C. (2001). Thinking through language. Mind Lang. 16, 
351–367. doi:10.1111/1468-0017.00175 

Boroditsky, L. (2001). Does language shape thought? Mandarin and English speakers’  
conceptions of time. Cogn. Psychol. 43, 1–22. doi:10.1006/cogp.2001.0748 

Brouwer, G. J., and Heeger, D. J. (2013). Categorical clustering of the neural  
representation of color. J. Neurosci. 33, 15454–15465. doi:10.1523/JNEUROSCI. 
2472-13.2013 

Brown, R. (1976). Reference in memorial tribute to Eric Lenneberg. Cognition 4, 
125–153. doi:10.1016/0010-0277(76)90001-9 

Casasanto, D. (2008). Who’s afraid of the big bad Whorf? Crosslinguistic 
differences in temporal language and thought. Lang. Learn. 58, 63–79. 
doi:10.1111/j.1467-9922.2008.00462.x 

Casson, R. W. (1997). “Color shift: evolution of English color terms from brightness 
to hue,” in Color Categories in Thought and Language, eds  C. L. Hardin and  L. 
Maffi (Cambridge: Cambridge University Press), 225–239.

Clifford, A., Franklin, A., Holmes, A., Drivonikou, V. G., Özgen, E., and Davies, I. R.  
(2012). Neural correlates of acquired color category effects. Brain Cogn. 80, 
126–143. doi:10.1016/j.bandc.2012.04.011 

Clifford, A., Holmes, A., Davies, I. R., and Franklin, A. (2010). Color categories 
affect pre-attentive color perception. Biol. Psychol. 85, 275–282. doi:10.1016/j.
biopsycho.2010.07.014 

Collins, J. A., and Olson, I. R. (2014). Knowledge is power: how conceptual knowl-
edge transforms visual cognition. Psychon. Bull. Rev. 29, 843–860. doi:10.3758/
s13423-013-0564-3 

Corbett, G. G., and Davies, I. R. L. (1997). “Establishing basic color terms: measures 
and techniques,” in Color Categories in Thought and Language, eds  C. L. Hardin 
and  L. Maffi (Cambridge: Cambridge University Press), 197–223.

Fonteneau, E., and Davidoff, J. (2007). Neural correlates of colour categories. 
Neuroreport 18, 1323–1327. doi:10.1097/WNR.0b013e3282c48c33 

Forder, L., He, X., and Franklin, A. (2017). Colour categories are reflected in 
sensory stages of colour perception when stimulus issues are resolved. PLoS 
ONE 12:e0178097. doi:10.1371/journal.pone.0178097 

Frumkina, R. M. (1999). What does my eye tell your mind? Behav. Brain Sci. 22, 
951–952. doi:10.1017/S0140525X99302211 

Gilbert, A. L., Regier, T., Kay, P., and Ivry, R. B. (2006). Whorf hypothesis is sup-
ported in the right visual field but not the left. Proc. Natl. Acad. Sci. U.S.A. 103, 
489–494. doi:10.1073/pnas.0509868103 

Gilbert, C. D., and Li, W. (2013). Top-down influences on visual processing.  
Nat. Rev. Neurosci. 14, 350–363. doi:10.1038/nrn3476 

Harnad, S. (2005). “To cognize is to categorize: cognition is categorization,” in 
Handbook of Categorization in Cognitive Science, eds H. Cohen and C. Lefebvre 
(Oxford: Elsevier Science), 19–43.

He, X., Witzel, C., Forder, L., Clifford, A., and Franklin, A. (2014). Color cate-
gories only affect post-perceptual processes when same-and different-category 
colors are equally discriminable. JOSA A 31, A322–A331. doi:10.1364/
JOSAA.31.00A322 

Holmes, A., Franklin, A., Clifford, A., and Davies, I. (2009). Neurophysiological 
evidence for categorical perception of color. Brain Cogn. 69, 426–434. 
doi:10.1016/j.bandc.2008.09.003 

James, W. (1890). The Principles of Psychology, Vol. I. New York: Henry Holt.
Jameson, K. A. (2005). Culture and cognition: what is universal about the 

representation of color experience? J. Cogn. Cult. 5, 293–348. doi:10.1163/ 
156853705774648527 

Kay, P., and Kempton, W. (1984). What is the Sapir-Whorf hypothesis?  
Am. Anthropol. 86, 65–79. doi:10.1525/aa.1984.86.1.02a00050 

Kay, P., and Maffi, L. (1999). Color appearance and the emergence and evolution 
of basic color lexicons. Am. Anthropol. 101, 1–32. doi:10.1525/aa.1999.101. 
4.743 

Kay, P., and McDaniel, C. K. (1978). The linguistic significance of the meanings of 
basic color terms. Language 54, 610–646. doi:10.2307/412789 

Levelt, W. (2014). A History of Psycholinguistics: The Pre-Chomskyan Era. Oxford: 
Oxford Univeristy Press.

Li, P., and Gleitman, L. (2002). Turning the tables: language and spatial reasoning. 
Cognition 83, 265–294. doi:10.1016/S0010-0277(02)00009-4 

Lillo, J., Moreira, H., Vitini, I., and Martin, J. (2007). Locating basic Spanish colour 
categories in CIE L*u*v* space: identification, lightness segregation and corre-
spondence with English equivalents. Psicologica 28, 21–24. 

Lillo, J., Prado-León, L., Gonzalez, F., Alvaro, L., Moreira, H., and Melnikova, A. 
(2016). Spanish Basic Color Categories Are 11 or 12, Depends on the Dialect, 
Presented at Progress in Colour Studies Conference, London, 2016. London: 
University College of London.

Lucy, J., and Shweder, R. (1979). Whorf and his critics: linguistic and nonlinguistic 
influences on color memory. Am. Anthropol. 81, 581–615. doi:10.2307/675777 

Lucy, J. A. (1997). Linguistic relativity. Annu. Rev. Anthropol. 26, 291–312. 
doi:10.1146/annurev.anthro.26.1.291 

Lupyan, G. (2008). The conceptual grouping effect: categories matter (and 
named categories matter more). Cognition 108, 566–577. doi:10.1016/j.
cognition.2008.03.009 

http://journal.frontiersin.org/journal/communication
http://www.frontiersin.org
http://www.frontiersin.org/Communication/archive
https://doi.org/10.1075/jgl.7.03and
https://doi.org/10.1017/S136672890800388X
https://doi.org/10.1017/S1366728909990046
https://doi.org/10.1016/j.cognition.2010.05.016
https://doi.org/10.1016/j.cognition.2010.05.016
https://doi.org/10.1162/089892903321662976
https://doi.org/10.1364/JOSAA.31.00A332
https://doi.org/10.1111/1468-0017.00175
https://doi.org/10.1006/cogp.2001.0748
https://doi.org/10.1523/JNEUROSCI.2472-13.2013
https://doi.org/10.1523/JNEUROSCI.2472-13.2013
https://doi.org/10.1016/0010-0277(76)90001-9
https://doi.org/10.1111/j.1467-9922.2008.00462.x
https://doi.org/10.1016/j.bandc.2012.04.011
https://doi.org/10.1016/j.biopsycho.2010.07.014
https://doi.org/10.1016/j.biopsycho.2010.07.014
https://doi.org/10.3758/s13423-013-0564-3
https://doi.org/10.3758/s13423-013-0564-3
https://doi.org/10.1097/WNR.0b013e3282c48c33
https://doi.org/10.1371/journal.pone.0178097
https://doi.org/10.1017/S0140525X99302211
https://doi.org/10.1073/pnas.0509868103
https://doi.org/10.1038/nrn3476
https://doi.org/10.1364/JOSAA.31.00A322
https://doi.org/10.1364/JOSAA.31.00A322
https://doi.org/10.1016/j.bandc.2008.09.003
https://doi.org/10.1163/156853705774648527
https://doi.org/10.1163/156853705774648527
https://doi.org/10.1525/aa.1984.86.1.02a00050
https://doi.org/10.1525/aa.1999.101.4.743
https://doi.org/10.1525/aa.1999.101.4.743
https://doi.org/10.2307/412789
https://doi.org/10.1016/S0010-0277(02)00009-4
https://doi.org/10.2307/675777
https://doi.org/10.1146/annurev.anthro.26.1.291
https://doi.org/10.1016/j.cognition.2008.03.009
https://doi.org/10.1016/j.cognition.2008.03.009


9

González-Perilli et al. Blues in Two Different Spanish-Speaking Populations

Frontiers in Communication | www.frontiersin.org December 2017 | Volume 2 | Article 18

Lupyan, G. (2012). Linguistically modulated perception and cognition: the 
label-feedback hypothesis. Front. Psychol. 3:54. doi:10.3389/fpsyg.2012.00054 

Lupyan, G., and Clark, A. (2015). Words and the world: predictive coding and 
the language-perception-cognition interface. Curr. Direct. Psychol. Sci. 24, 
279–284. doi:10.1177/0963721415570732 

Lupyan, G., Rakison, D. H., and McClelland, J. L. (2007). Language is not just for 
talking: redundant labels facilitate learning of novel categories. Psychol. Sci. 18, 
1077–1083. doi:10.1111/j.1467-9280.2007.02028.x 

Mo, L., Xu, G., Kay, P., and Tan, L. H. (2011). Electrophysiological evidence for the 
left-lateralized effect of language on preattentive categorical perception of color. 
Proc. Natl. Acad. Sci. U.S.A. 108, 14026–14030. doi:10.1073/pnas.1111860108 

Notman, L. A., Sowden, P. T., and Özgen, E. (2005). The nature of learned cate-
gorical perception effects: a psychophysical approach. Cognition 95, B1–B14. 
doi:10.1016/j.cognition.2004.07.002 

Ozgen, E., and Davies, I. R. L. (2002). Acquisition of categorical color perception: 
a perceptual learning approach to the linguistic relativity hypothesis. J. Exp. 
Psychol. 131, 477–493. doi:10.1037/0096-3445.131.4.477 

Paramei, G. V. (2005). Singing the Russian blues: an argument for culturally basic 
color terms. Cross-Cult. Res. 39, 10–38. doi:10.1177/1069397104267888 

Pinker, S. (1995). Language acquisition. Language 1, 135–182. 
Pylyshyn, Z. (1999). Is vision continuous with cognition? The case for cognitive 

impenetrability of visual perception. Behav. Brain Sci. 22, 341–365. doi:10.1017/
S0140525X99002022 

Roberson, D., and Davidoff, J. (2000). The categorical perception of colors and 
facial expressions: the effect of verbal interference. Mem. Cognit. 28, 977–986. 
doi:10.3758/BF03209345 

Roberson, D., Hanley, J. R., and Pak, H. (2009). Thresholds for color discrimina-
tion in English and Korean speakers. Cognition 112, 482–487. doi:10.1016/j.
cognition.2009.06.008 

Roe, A. W., Chelazzi, L., Connor, C. E., Conway, B. R., Fujita, I., Gallant, J. L., 
et  al. (2012). Toward a unified theory of visual area V4. Neuron. 74, 12–29. 
doi:10.1016/j.neuron.2012.03.011 

Saunders, B. (2000). Revisiting basic color terms. J. R. Anthropol. Inst. 6, 81–99. 
doi:10.1002/col.5080170514 

Steels, L., and Belpaeme, T. (2005). Coordinating perceptually grounded categories 
through language: a case study for colour. Behav. Brain Sci. 28, 469–488.

Simanova, I., Francken, J. C., de Lange, F. P., and Bekkering, H. (2015). Linguistic pri-
ors shape categorical perception. Lang. Cogn. Neurosci. 3798, 1–7. doi:10.1080/ 
23273798.2015.1072638 

Siok, W. T., Kay, P., Wang, W. S., Chan, A. H., Chen, L., Luke, K. K., et al. (2009). 
Language regions of brain are operative in color perception. Proc. Natl. Acad. 
Sci. U.S.A. 106, 8140–8145. doi:10.1073/pnas.0903627106 

Stroop, J. R. (1935). Studies of interference in serial verbal reactions. J. Exp. Psychol. 
18, 643. doi:10.1037/h0054651 

Thierry, G. (2016). Neurolinguistic relativity: how language flexes human percep-
tion and cognition. Lang. Learn. 66, 690–713. doi:10.1111/lang.12186 

Thierry, G., Athanasopoulos, P., Wiggett, A., Dering, B., and Kuipers, J.-R. 
(2009). Unconscious effects of language-specific terminology on preattentive 
color perception. Proc. Natl. Acad. Sci. U.S.A. 106, 4567–4570. doi:10.1073/
pnas.0811155106 

Vygotsky, L. S. (1987). Thinking and speech. The Collected Works of LS Vygotsky, 
Vol. 1, New York: Plenum Press, 113–114.

Walsh, V. (1999). How does the cortex construct color? Proc. Natl. Acad. Sci. U.S.A. 
96, 13594–13596. doi:10.1073/pnas.96.24.13594 

Whorf, B. L. (1956). Language, Thought, and Reality. Cambridge, MA:  MIT Press.
Winawer, J., and Witthoft, N. (2015). Human V4 and ventral occipital retinotopic 

maps. Vis. Neurosci. 32, E020. doi:10.1017/S0952523815000176 
Winawer, J., Witthoft, N., Frank, M. C., Wu, L., Wade, A. R., and Boroditsky, L. 

(2007). Russian blues reveal effects of language on color discrimination. Proc. 
Natl. Acad. Sci. U.S.A. 104, 7780–7785. doi:10.1073/pnas.0701644104 

Witthoft, N., Winawer, J., Wu, L., Frank, M., Wade, A., and Boroditsky, L. (2003). 
“Effects of language on color discriminability,” in Proceedings of the 25th Annual 
Meeting of the Cognitive Science Society (Mahwah, NJ: Lawrence Erlbaum), 
1247–1252.

Witzel, C., and Gegenfurtner, K. R. (2015). Categorical facilitation with equally 
discriminable colors. J. Vis. 15, 22. doi:10.1167/15.8.22 

Witzel, C., and Gegenfurtner, K. R. (2016). Categorical perception for red and 
brown. J. Exp. Psychol. 42, 540–570. doi:10.1037/xhp0000154

Zhong, W., Li, Y., Huang, Y., Li, H., and Mo, L. (2017). Is the lateralized categorical 
perception of color a situational effect of language on color perception? Cogn. 
Sci. doi:10.1111/cogs.12493 

Zhou, K., Mo, L., Kay, P., Kwok, V. P., Ip, T. N., and Tan, L. H. (2010). Newly trained 
lexical categories produce lateralized categorical perception of color. Proc. Natl. 
Acad. Sci. U.S.A. 107, 9974–9978. doi:10.1073/pnas.1005669107 

Zlatev, J., and Blomberg, J. (2015). Language may indeed influence thought. Front. 
Psychol. 6:1631. doi:10.3389/fpsyg.2015.01631 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 González-Perilli, Rebollo, Maiche and Arévalo. This is an 
open-access article distributed under the terms of the Creative Commons 
Attribution License (CC BY). The use, distribution or reproduction in other forums 
is permitted, provided the original author(s) or licensor are credited and that the 
original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

http://journal.frontiersin.org/journal/communication
http://www.frontiersin.org
http://www.frontiersin.org/Communication/archive
https://doi.org/10.3389/fpsyg.2012.00054
https://doi.org/10.1177/0963721415570732
https://doi.org/10.1111/j.1467-9280.2007.02028.x
https://doi.org/10.1073/pnas.1111860108
https://doi.org/10.1016/j.cognition.2004.07.002
https://doi.org/10.1037/0096-3445.131.4.477
https://doi.org/10.1177/1069397104267888
https://doi.org/10.1017/S0140525X99002022
https://doi.org/10.1017/S0140525X99002022
https://doi.org/10.3758/BF03209345
https://doi.org/10.1016/j.cognition.2009.06.008
https://doi.org/10.1016/j.cognition.2009.06.008
https://doi.org/10.1016/j.neuron.2012.03.011
https://doi.org/10.1002/col.5080170514
https://doi.org/10.1080/23273798.2015.1072638
https://doi.org/10.1080/23273798.2015.1072638
https://doi.org/10.1073/pnas.0903627106
https://doi.org/10.1037/h0054651
https://doi.org/10.1111/lang.12186
https://doi.org/10.1073/pnas.0811155106
https://doi.org/10.1073/pnas.0811155106
https://doi.org/10.1073/pnas.96.24.13594
https://doi.org/10.1017/S0952523815000176
https://doi.org/10.1073/pnas.0701644104
https://doi.org/10.1167/15.8.22
https://doi.org/10.1037/xhp0000154
https://doi.org/10.1111/cogs.12493
https://doi.org/10.1073/pnas.1005669107
https://doi.org/10.3389/fpsyg.2015.01631
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Blues in Two Different 
Spanish-Speaking Populations
	Introduction
	Materials and Methods
	Participants
	Stimuli
	Procedure
	Interference Tasks
	Participants’ Boundaries
	Errors and Outliers

	Results
	Accuracy
	RT

	Discussion
	Ethics Statement
	Author Contributions
	Funding
	References


