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ABSTRACT

We explored the semantic power of two Italian basic “blue” terms, blu “dark blue” and azzurro “light/medium blue,” using the
Stroop task. Across three experiments with Italian speakers, color word sets and ink colors varied; in a control condition, “X”
strings were presented. Experiment 1 employed words ROSSO “red,” GIALLO “yellow,” BLU, and VIOLA “purple” presented in
six ink colors, including both dark blue and light blue inks. In Experiment 2, six color words, including BLU and AZZURRO, as
well as ROSA “pink” were displayed in six corresponding ink colors. Response speed (absolute RTs) was found to be significantly
longer for BLU—Iight blue ink and AZZURRO—dark blue ink combinations compared to congruent combinations. However,
BLU revealed no significant Stroop effects (related to control RTs). In contrast, AZZURRO showed strong Stroop interference
(195ms) and facilitation (46 ms). In Experiment 3, to probe the lightness effect of the ink, BLU was replaced by VERDE “green”
rendered in dark green and light green ink: no Stroop effects were found. Projected to the “blue”-pairings, this implies no percep-
tual factor in the AZZURRO Stroop effects. In addition, across Experiments 1-3, response speed was examined in (in)congruent
“red”-pairings, for ROSSO and ROSA: similarly to the “blue”-pairings, these differ in lightness of their denotata and, also, in
the terms’ basic status (primary vs. secondary). Stroop interference was demonstrated for ROSSO—pink ink combination only,
when ROSA was part of the word set (Experiment 2), indicating that informational conflict is amplified due to the response set
membership effect. For the two “Italian blues,” the Stroop effects revealed an asymmetry of their semantic power: although blu
is a primary term and has higher frequency in modern Standard Italian, azzurro (Italian “blue” arcilessema), revealed greater
interference manifesting its stronger ideation and greater processing automaticity, which conceivably reflect its deep entrench-
ment in Italian.

1 | Introduction 1.1 | Basic Color Categories: The Universal
Inventory and Language-Specific Modifications

In the present study, we explored semantic relatedness of two

Italian basic “blue” terms, blu “dark blue” and azzurro “light/
medium blue,” operationalized as the terms' inhibiting potential
in the Stroop task. Results of the study—mutual semantic power
of the “blue” terms'—are considered in relation to (psycho)lin-
guistic factors specific for Italian, such as the terms’ basicness,
entrenchment, psychological salience, and denotative clearcut-
ness of the corresponding categories.

“Blue” is one of the 11 basic color categories (BCCs)/basic color
terms (BCTs) in languages with a developed color term inven-
tory [1, 2]. The Berlin-Kay hypothesis implies biocultural bases
of the universal color naming system [3]. Three (complementary)
explanations were offered (for reviews see Refs [4-7]): (i) panhu-
man psychophysiological mechanisms of color vision processing
(e.g., Ref [8]); (ii) an emergent property of the visual-processing
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system that maximizes inter-category separation [9], with an
optimal partitioning of color space in BCCs [10, 11]; and (iii)
optimality of BCC assortment reflecting statistical distribu-
tion of predominant colors in the natural visual environment,
“color diet” [12, 13]. These explanatory schemes constitute non-
language-specific cognitive biases mirrored in universal lin-
guistic categories [14, 15]. A recent complementary hypothesis
introduced the role of communication efficiency as the driving
force for linguistic consensus in naming color of culturally sa-
lient objects [16-18], which results in emergence of population-
specific BCTs enabling additional lexical distinctions [19].

The most intriguing case is the “blue challenge™ in several
languages there are two BCTs for “blue,” with a distinction of
the blue area along the lightness dimension. The possibility of
Russian sinij “dark blue” and goluboj “light blue” being both
basic terms was surmised by Berlin and Kay [1] and since then
confirmed by linguistic and psycholinguistic markers [20-22].
The light-dark distinction in the blue area is also present in
Italian, as well as in several other circum-Mediterranean (Greek,
Maltese, Turkish) and some Far East languages (Japanese, Thai)
(for a review see Ref [7]). The refined signification of the blue
area is likely to have developed as a result of the presence of
large water bodies and visibility of a blue sky, that is, salient fea-
tures of the environment [23], hence, the communication pres-
sure to convey refined concepts for color variation of snow or
marine environment.

The challenges of the 11 BCC/BCT upper limit tenet triggered
fresh inquiries into understanding of color category “basicness.”
Berlin and Kay (Ref [1, p. 6]) introduced main and auxiliary cri-
teria of the term “basicness.” Paraphrasing their main criteria,
to qualify as a BCT, a color name should be:

i. hyperonym, understood and widely used by all speakers of
alanguage;

ii. contextindependent, that is, generalizable across semantic
domains;

iii. psychologically salient, that is, manifest high intra-
individual consistency and inter-individual consensus.

We surmise that the semantic power of Italian “blue” terms,
the focus of the present study, is related to their basicness. To
provide the context for previous findings on the “Italian blues”
reported in the next section, we briefly overview recent develop-
ments in the operationalization of the (i)-(iii) criteria, which en-
ables a more rigorous assessment of the basicness of color terms
and corresponding categories.

Linguistic criteria (i) and (ii) were scrutinized by Kerttula (in the
British English Corpus) [24, 25]: based on a combined estimate
of BCTs' hyperonomy, frequency, number of referents, and der-
ivational productivity, she arrived at the conclusion that BCTs
vary on a continuum of “basicness.” The ranking of BCTs' “rela-
tive basicness” matches the order in which they have developed
historically; a BCT's long-term rooting is most reflected by its
derivational productivity (Berlin-Kay auxiliary criterion).

Psychological (cognitive) salience, criterion (iii) is tested in (psy-
cho)linguistic studies. Broadly accepted is Sutrop's [26] cognitive

salience index derived from color lexicon measures—CT's fre-
quency (“prevalence”) and the order of occurrence (“priority”)
across elicited lists. Alternative estimates of CT's cognitive sa-
lience, instead of relying on color lexicon, capture denotative
specification of a color category in terms of its concentricity and
density [27]. Douven and Girdenfors [28] operationalized the
salience of a BCC as the degree of “well-formedness” through
measures of naming consistency and consensus. In compari-
son, Fider and colleagues [29, 30] developed the measure of BCC
“category strength”—the degree of population members' shared
agreement (frequency and consensus) on the labeling of color
stimuli.

1.2 | Italian Basic “Blue” Terms

Contemporary Standard Italian possesses 10 counterparts of the
universal BCTs [31] and, also, presents the “blue challenge” to the
Berlin-Kay hypothesis. Converging evidence has accumulated
in recent (psycho)linguistic studies that to name the blue area,
speakers of Standard Italian require two terms—azzurro “light/
medium blue” and blu “dark/navy blue” [31-38]. Both Italian
“blue” terms are considered to preserve the distinction between
the color of the sky and the sea, respectively [39-41]. It is notewor-
thy that in Italian regiolects the basic “Italian blues” may vary:
Tuscan speakers possess a third basic “blue” term, celeste “light
blue,” distinct from “medium blue” azzurro [42-44]; in compari-
son, for speakers of Alghero (Sardinia), along with blu, the other
basic term is celeste “light/medium blue,” whereas low in use az-
zurro is constrained to a small range of medium blue [45].

Diachronically older is azzurro (13th century) idealized by native
speakers as being “more Italian” compared to blu that entered
the language in the 17th century and semantically curtailed
the denotative range of azzurro (for linguistic historical back-
ground of the two “Italian blues,” see the Section 9. Addendum),
Grossmann [46] views azzurro as Italian “blue” arcilessema. It
is deeply entrenched in the language (criteria (i)-(ii)), as attested
by linguistic corpus analysis [33, 47] and idiomatic expressions
[48, 49]; it prevails in collocations and has higher metaphoric
and metonymic use than that of blu. Azzurro is also marked in
compounding and richer than blu in derivational productivity in
part due to its better integration in the morphological and pho-
nological system of Italian [50-52].

In comparison, blu, a much later borrowing, is less integrated in
the morphological system of Italian [52]; its derivational potential
is more limited than that of azzurro. In frequency (in the CORpus
diItaliano Scritto) two decades ago blu was comparable to azzurro
[40]; also, in free-association tasks they were elicited comparably
frequently [41, 48, 49]. Notably, the use of blu and the number of
contexts with blu increased considerably during the 20th century,
to the detriment of azzurro, due to a great number of calques and
loans from English, French, and German that entered Italian in
the globalization process [33, 53]. As a result, blu, a homophone
of English blue, has taken on an English blue-cognate role in the
corresponding Italian metonymies (e.g., casco blu “Blue Helmet”,
colletti blu “blue collars”) and compounds (e.g., blu oltremare, blu
marina, blu di Prussia, blu di Persia, etc.). Currently, blu is the
most widespread Italian “blue” term frequently used as an um-
brella signifier for the whole blue area [47, 49].
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In cognitive salience (criterion (iii)), blu is argued to have over-
ridden azzurro, which is losing its footing in contemporary
Italian [41, 44, 49]. The listing task provided evidence that blu
has a higher salience ranking, that is, is evoked more frequently
and eagerly than azzurro. Specifically, blu ranked 7 and azzurro
10 about a decade ago [54]; more recently, however, blu ranked 3
or 4 among primary Italian BCTs, while azzurro ranked 10 or 12
among secondary BCTs [44, 55]. A semantic map of Italian CTs,
reconstructed from the listing task, shows a strong association
of blu and azzurro (reflected by the terms' proximity), but blu
excels azzurro on the relative basicness dimension [56].

Denotatively, salience of azzurro category is slightly higher than
that of blu category—rank 2 and 4, respectively. The ranking is
based on a cumulative parameter of consistency, consensus and
RTs of monolexemic naming of (saturated) Munsell Mercator
projection colors (for speakers of Standard Italian in Verona)
[31]. The two “blue” categories, though, are comparable in their
“category strength”, that is, participants’ consensus on label-
ing blue chips, when Verona speakers named unconstrained a
densely represented blue “inner” area (varying saturation) of the
Munsell Color Solid [32]: azzurro 0.156 and blu 0.153 (Fider and
Komarova, unpublished data).

The discrepancies in the two “blue” terms' ranking, which de-
pends on the basicness criterion and its operationalization,
suggest that blu and azzurro may differ in relative basicness on
(linguistic and/or behavioral) grounds that are not captured by
the criteria (i)-(iii). In this relation, we speculated that (unequal)
relative basicness of blu and azzurro would manifest in the
Stroop test. In our endeavor we leaned upon Klein's [57] notion
of the evocative strength of the printed color word that impedes
the naming response of the ink color: the greater the semantic
power of the printed word, “the more interference the word ex-
erts—the stronger the competition it offers for dominance of the
single motor-outlet” (Ref [57, p. 584]). We were also bearing in
mind Fox et al.'s [58] semantic gradient hypothesis, according
to which interference increases as a function of the relation be-
tween the word and color.

1.3 | The Stroop Task: Probing Semantic
Relatedness of the Two “Italian Blues”

In the present study we assessed semantic relatedness of blu and
azzurro using the widely employed Stroop color-word task that
probes processing speed in a cognitively conflicting condition
[59]. The Stroop task involves naming the color of the ink of a
printed color word, whose meaning is either congruent or incon-
gruent with the ink color (e.g., the correct response to the word
YELLOW or GREEN printed in green is “green”). The original
Stroop test included three charts: (A) color words in black ink to
read; (B) color patches to name; and (C) color words written in an
incongruent ink color, to name the ink color. Stroop recorded the
response time (RT) in (A)-(C) to estimate the increase of the re-
sponse duration in the conflicting condition (C) compared to the
two baseline conditions (A) and (B) (for reviews see Refs [60-62]).

In computerized versions of the Stroop task, individual color
words are presented in congruent or incongruent ink colors.
For each color word, the speed of naming ink color (Stroop

condition) is related to the speed in the control condition of nam-
ing ink color of a nonverbal control stimulus, usually a series of
Xs (e.g., Refs [63, 64]; for reviews see Refs [60, 61]).

The Stroop effect is observed when an automatic response, that
is, lexicalizing the meaning of the color word, is inhibited in the
presence of a conflicting stimulus, that is, incongruent ink color.
Compared to the control condition, in the incongruent condi-
tion naming of the ink color is longer, in the order of 100 ms or
more, and more prone to errors, that is, Stroop interference. In
comparison, Stroop facilitation implies that RTs are shorter in
the congruent than in the control condition, but the effect is
much smaller (in the order of 20 ms or less) (for reviews see Refs
[60-62, 65, 66]). Note though that in some studies that reported
a strong interference effect no facilitation effect was observed
(e.g., Refs [67, 68]).

The Stroop effect implies that the Stroop stimuli activate two
responses, a fast and automatic one that is semantically driven
(color word meaning) and another perceptually driven (ink
color), which are unfolding in parallel and interacting. On incon-
gruent trials, Stroop interference reflects the processing effect of
diverging information on the color word meaning and the ink
color, with a greater relative strength of activation of the word
meaning response compared to the ink color response [60, 62].
On congruent trials, converging information on the color word
and ink color combines to produce response facilitation [69].

For Italian populations, the Stroop task was conducted in sev-
eral studies using the Italian version of the Stroop Color and
Word Test [70] (SCWT). The SCWT follows the design of the
original Stroop test, with the multi-item format, and consists
of three cards: (1) Italian color words BLU “dark blue,” VERDE
“green,” ROSSO “red,” MARRONE “brown,” and VIOLA “pur-
ple” printed in black ink, (2) corresponding colored squares or
circles, and (3) the five Italian color words printed in an incon-
gruent ink; the five ink colors include navy blue ink as corre-
sponding to blu. Assessed are correct answers achieved in the
first 30s for each card and the total time of reading each card.
The SCWT is broadly used in Italian (clinical) studies, either as
a printed version (e.g., Refs [71-73]) or a computer-assisted ver-
sion (e.g., Ref [74]). In all these studies, reported are RT data
aggregated across all color words and ink colors (for a review
see Ref [75]).

Recently, a computer-based Stroop task was conducted with
highly proficient French-Italian bilinguals, whose performance
in Italian language was compared to that of Italian mono-
linguals [76]. In Italian, four color words were used: ROSSO,
GIALLO, VERDE, and BLU, the latter presented in blue ink of
two lightness levels. Stroop interference was found in both bi-
and monolingual speakers: the word BLU rendered in light blue
ink was named azzurro slower and less accurately compared to
when it was presented in dark blue ink named blu.

1.4 | Aims of the Present Study

The focus of the present study was processing speed of blu and
azzurro in the Stroop task executed by native Italian speak-
ers. We reasoned that incongruent conditions—the word BLU
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rendered in light blue ink and the word AZZURRO in dark blue
ink—will enable gauging semantic power of each word by the
amount of interference, that is, slowing down the ink naming
response. In other words, the longer it will take to name the con-
flicting ink color, the greater is the semantic power of the printed
“blue” word and, hence, the required inhibition of its meaning.

Below we report results of three experiments. In these, we var-
ied stimulus sets with regard to the composition and number
of color words (BCTs) and the selection of ink colors. In ad-
dition to lightness variation of blue ink, we employed green
and red ink in dark and light versions. This was undertaken
to explore whether the light versus dark ink variation would
affect RTs to “green” and “red” words in a way similar to that
in the “blue series,” to disentangle possible perceptual and cat-
egorical effects.

The original data were collected in 2010 to examine whether az-
zurro, along with blu, is basic in Italian. The rationale was that
its basic status would be manifested by longer RTs in (incon-
gruent) combinations of BLU—light blue ink and AZZURRO—
dark blue ink than in the congruent combinations. In a short
report, Paggetti and Menegaz [77] presented absolute RTs for
the combinations in question, which indeed demonstrated the
terms’ incongruence, confirming the hypothesis that azzurro,
too, is basic in Italian. Since then, basicness of both “Italian
blues” was corroborated by employing various methods—lin-
guistic analysis, elicitation task, and color-naming—in ample
studies reviewed in the Section 1.2 [31-44].

In the meantime, the richness of the collected data allowed us
to explore a different research question—the semantic power of
the “Italian blues,” as manifested by their inhibitory potential in
the Stroop task. We undertook reanalysis of the original data to
estimate the Stroop interference and facilitation effects (relative
RTs) for each of the two “blue” terms.

Furthermore, to probe candidate (perceptual, linguistic) mecha-
nisms behind the observed interference, we analyzed the Stroop
effects for pairings of other Italian BCTs in the word set—
VERDE “green” rendered in ink color of two lightness levels.
An auxiliary objective was to explore whether the Stroop effects
for the “red”-pairings (ROSSO—pink ink and ROSA—red ink
combinations), varying in lightness, as well as in basic status,
would be comparable to those for the “blue”-pairings.

Our hypotheses were as follows:

H1. BLU—Ilight blue ink and AZZURRO—dark blue ink com-
binations will be incongruent and reveal the Stroop interference

effect.

H2. BLU—dark blue ink and AZZURRO—TIight blue ink com-
binations will be congruent and manifest the facilitation effect.

H3. There will be no RT difference for VERDE word presented
in dark and light green ink.

H4. For ROSSO, there will be a facilitation effect in red ink and
an interference effect in pink (light red) ink, while the opposite will
be observed for ROSA.

2 | Method: General
2.1 | Participants

Participants were Italian native speakers (functional mono-
linguals with passive exposure to English through school and
university education), students at the University of Verona,
who participated as volunteers. All had normal or corrected-to-
normal vision and normal color vision assessed by the Ishihara
pseudoisochromatic plates. Across Experiments 1-3, the num-
ber of participants (constrained by available resources) varied
between 6 and 10 (sample sizes were comparable with those in,
e.g., Ref [78]). The study was conducted according to the guide-
lines of the Declaration of Helsinki; it was approved by the local
ethics committee. All participants gave their written informed
consent prior to participation in the study; data were collected
in 2010.

2.2 | Stimuli

Stimuli were color words rendered either in the matching ink
color (congruent trials) or a mismatching ink color (incongru-
ent trials) in the Stroop condition; “X” strings were used in
the control condition (cf., e.g., Refs [79-81]) (Figure 1). Across
Experiments 1-3, in total eight ink colors were employed: red,
yellow, dark blue and light blue, purple, pink, dark green and
light green (Table 1). In each experiment, six ink colors (out of
eight) were employed, with a varying composition (see Stimuli
and Design in Experiments 1-3). Specification of the stim-
uli, chromatic characteristics of the ink colors and vocal re-
cording can be found in “Details of the design” of Supporting
Information.

2.3 | Procedure
Participants were dark adapted and tested in an otherwise dark

room. They were requested to fixate the center of the screen,
where a cross appeared between the trials. Six practice trials

Control Congruent  Incongruent
XXX blu blu
XXXXX verde verde
XXXXX rosso rosso
XXXXXXX azzurro azzurro

FIGURE 1 | Exemplary stimuli: “X” strings (control condition)
match the length of the corresponding Italian color names; color words
(Stroop condition) in the congruent and incongruent combinations.
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were administered prior to the experimental session. In all
three experiments, the blocked control condition was run first,
followed by the Stroop condition. The order of the presenta-
tion of the color word—ink color combinations was pseudo-
random. Figure 2 illustrates the trial timeline. In the control
condition, participants were instructed to name the ink color
of the “X” string; in the Stroop condition, they were tasked to
ignore the meaning of the color word and name the ink color by
a monolexemic term, responding as quickly and as accurately
as possible.

Participants’ vocal responses were recorded using a microphone.
RTs (ms) refer to the time lapse from the onset of the “X” string
or color word to the onset of the participant's vocalization when
s/he named the ink color. The stimulus remained on the screen

TABLE 1 | Munsell coordinates of ink colors employed in
Experiments 1-3, accompanied by Italian color names elicited in the

experiment.
Ink color Munsell coordinates Italian name
Red 7.5R 5/20 0SS0
Yellow 5Y 9/12 giallo
Dark blue 5PB 1/10 blu
Light blue 5PB 6/14 azIUrro
Purple 2.5P 3/18 viola
Pink 7.5RP 7/10 rosa
Dark green 10GY 1/10 verde
Light green 10GY 6/14 verde
fixation X
2 sec

until a response was given. After the participant had provided a
response, the researcher pressed a key on the keyboard to pres-
ent the next stimulus. If an error was made, participants were
allowed to correct the response, and the response latency was
estimated to the onset of the correct naming of the ink color.

The response-to-stimulus interval (RST) was 2s (cf. Refs [82, 83]).
This RSI duration ensured that, following the preceding trial, an
afterimage had faded and the Stroop suppression effect, slowing
the naming of ink color, had dissipated [84]. Also, the 2-s RSI
was demonstrated to produce a greater Stroop interference effect
than at a shorter RSI [85].

2.4 | Overview of Experiments 1-3

The three experiments partly differed in the set of color words
and/or ink colors, but in each experiment six ink colors were used.
Specifically, in Experiments 1 and 2 (“blue series”), ink colors were
red, yellow, dark blue, light blue, purple, and pink; in Experiment
3 (“green series”), dark and light blue inks were replaced by dark
and light green inks. In the report below we capitalize a color
WORD and italicize the named ink color, while to signify an ide-
ated “Italian color concept,” we use double quotation marks.

In Experiment 1, there were four color words: ROSSO, GIALLO,
VIOLA, and BLU. Stroop effects were probed for BLU rendered
in dark blue and, critically, in light blue ink.

In Experiment 2, the word set was expanded to include, in addi-
tion, AZZURRO and ROSA. The focus was on the Stroop inter-
ference effect in the two incongruent combinations, BLU—Ilight
blue ink and AZZURRO—dark blue ink.

XXXXX rosso
stimulus &
response
/Ib
X
fixation
2 sec

FIGURE2 | Anillustration of the trial timeline. “X” strings (control condition) and color words (Stroop condition) were presented in blocks.
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In Experiment 3 (“green series”), VERDE replaced BLU of
Experiment 1 in the word set; response speed in VERDE combi-
nations with dark and light green inks was in focus.

Finally, we explored response speed in the “red”-pairings—
ROSSO in red and pink ink (Experiments 1-3), and ROSA in
pink and red ink (Experiment 2), the combinations similar to
the “blue”-pairings with regard to difference in categories’ deno-
tative lightness and terms’ basic status; an overview is presented
in Section 6 of the Results.

2.5 | Analysis

For individual experiments, RT means were estimated for (i)
each ink color (control condition), (ii) each color word—ink
color combination, and (iii) congruent versus (aggregated) in-
congruent color word—ink color combinations.

All 6 RT datasets (2 conditions, control and Stroop; 3 experiments)
contained outliers, partly due to the experimental protocol that
allowed participants to correct their responses (in such cases the
recorded response latency to the onset of the correct ink color
name was greater than average). To deal with RT outliers, we un-
dertook winsorizing of the data by replacing RTs above and below
two standard deviations (SDs) with the values at +2 SD and —2
SD, respectively, and recalculated the corresponding mean values
[86, 87]. Winsorizing resulted in only 1% of data entries that re-
quired replacement. RT means (M) and standard errors (SE) are
reported; parametric statistical methods were applied.

Initially, the analysis was carried out for absolute RTs. T-tests
were conducted between (i) “blue” word(s) rendered in dark
blue and light blue ink (critical condition; Experiments 1 and
2); (ii) “green” word rendered in dark green and light green ink
(Experiment 3); and (iii) “red” word(s) rendered in red and pink
ink (Experiments 1-3); as well as (iv) each color word in con-
gruent combination and aggregated incongruent combinations.

Further, for each experiment a one-way repeated-measures
ANOVA was conducted to estimate the effect of ink color on the
response speed. For multiple pairwise comparisons, all reported
p-values were Bonferroni corrected. No error analysis was con-
ducted since the number of errors was negligible.

Next, relative RTs were estimated. First, these were calculated
for each participant by subtracting, for each ink color, their
mean RT in the control condition from RT in the congruent and
the incongruent combinations. Here a value of zero indicates no
difference between the control and Stroop condition; thus, a one
sample ¢-test was used to test if these values were significantly
different from zero. A significant positive difference would indi-
cate Stroop interference, whereas a significant negative differ-
ence would demonstrate Stroop facilitation. We were mindful of
Ziaka et al.'s [81] warning that subtractions between the Stroop
and control conditions should be treated with caution, and con-
clusions about Stroop interference can be drawn by examining
estimates in both conditions separately.

In view of small sample sizes, one of the reviewers enquired
about statistical power of the reported results. Since post hoc

power analysis is argued not to be informative for interpreting
findings, following Heckman et al.'s [88] guidance, we calcu-
lated 95% confidence intervals (CIs) of effect sizes (nzp, d), which
inform of the possibility of low power or inappropriate sample
sizes. Effect size CIs were calculated using the Wald test; they
are reported for significant and non-significant outcomes.

2.6 | Transparency and Openness

We report all manipulations and measures in the study, to fol-
low the Journal Article Reporting Standards (JARS) [89]. All
raw data are available at https://osf.io/rp7z5/?view_only=94f2c
825c1c14b8fb0712acd1fde5d09. Data were analyzed using R,
version 4.4.1 [90] and the package ggplot2, version 3.4.2 [91].
The study design and analysis plan were not pre-registered.
Materials and code for this study are not available.

3 | Experimentl
3.1 | Method
3.1.1 | Participants

Originally seven participants were tested; one participant was ex-
cluded since they were not a native Italian speaker. Analyzed were
data of six participants (2 females), aged between 25 and 27years.

3.1.2 | Stimuli and Design

In the control condition, “X” strings were presented in one of
six ink colors: red, yellow, dark blue, light blue, purple, and pink
(Figure 3). Each ink color was presented six times, with 36 trials
in total spread over two sessions, each with 18 trials.

In the Stroop condition, four color words—ROSSO, GIALLO,
BLU, and VIOLA—were rendered in the same six ink colors as
in the control condition (Figure 3). The color word set did not
include the words that would correspond to the names of two ink
colors, light blue (azzurro) and pink (rosa), the manipulation that
allowed comparison of the effect of ink lightness for the critical
BLU—light blue ink pairing and the ROSSO—pink ink pairing.

There were 24 color word—ink color combinations, each pre-
sented six times, with a total of 144 trials spread across six ses-
sions. Four color word—ink color combinations (24 trials) were
congruent (17%); 20 combinations were treated as incongruent
(120 trials). The critical Stroop combinations, BLU rendered ei-
ther in dark blue ink (congruent) or light blue ink (incongruent),
are highlighted in Figure 3.

3.2 | Results and Discussion
3.2.1 | Control Condition
RTs (mean and SE) of naming “X” strings in each ink color are

reported in Table S1. There was a significant effect of the ink
color: F(5,25)=6.18, MSE=1705, p<0.001, 7%,=0.55, 95% CI
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Control Congruent  Incongruent
XXXXX rosso
giallo
XXX blu blu
XXXXXXX
XXXXX viola viola
XXXX

FIGURE 3 | Experiment 1. Control condition: “X” strings in six ink
colors. Stroop condition: Four employed color words in congruent and
(exemplary) incongruent combinations. Highlighted are the critical
Stroop combinations, BLU—dark blue and BLU—Ilight blue ink.

[0.19, 0.71]. Bonferroni corrected pairwise comparisons revealed
one significant difference: “X” strings in red ink were named
faster (M =496+44ms) than those in pink ink [M=604+61ms;
1(5)=—5.28, p=0.050, d=—2.15, 95% CI [(=3.70), (-0.60)]]. The
speed of blu-naming “X” strings in dark blue ink (M =510+ 48 ms)
did not differ significantly from azzurro-naming of “X” strings in
light blue ink [M=556+50ms; #(5)=-4.21, p=0.124, d=-1.72,
95% CI [(-3.05), (-0.39)]].

Notably (see Table S1) mean RTs of “X”-string inks named rosso,
giallo, and blu, by primary BCTs, were each shorter than mean
RTs for naming inks azzurro, viola, and rosa, by secondary BCTs.
It is likely that a minor information conflict, introduced by auto-
matically triggered reading of pronounceable letter-strings [83],
is resolved faster when ink colors are designated by primary
BCTs retrieved earlier compared to less salient secondary BCTs.

3.2.2 | Stroop Condition

Mean (SE) RTs for the four color words, each rendered in six
ink colors, are shown in Figure 4a (numerical values are pre-
sented in Table S2). As expected, for each color word, RTs were
shorter for congruent than (aggregated) incongruent combina-
tions (see Figure S1 with accompanying outcomes of the t-test
for each color word). In congruent combinations, mean RTs
for ROSSO, GIALLO, and BLU, primary BCTs, were slightly
shorter (527-565ms) than for VIOLA, secondary BCT (610 ms).
In incongruent combinations, for words ROSSO, GIALLO,
and VIOLA ink naming was significantly faster in combina-
tions with dark blue ink (675-690ms) than with light blue ink
[706-728 ms; £(23)=—3.25, p=0.016, d =—0.66, 95% CI [(-1.11),

(-0.22)], hinting that blu-naming of the ink was inhibited less by
the conflicting words than azzurro ink-naming.

Figure 4b,c (and Tables S2 and S5) allow a closer look at nam-
ing speed when BLU was rendered in the two blue inks.
Absolute mean RT (Figure 4b) for the BLU—dark blue ink
(M =556+26ms) was 110ms shorter than for the BLU—light
blue ink [M=666+20ms; t(5)=-3.963, p=0.020, d=-1.62,
95% CI [(-2.90), (-0.34)]]. Relative mean RTs (Figure 4c) re-
vealed neither significant interference in the BLU—Iight blue
ink combination [M =102+ 39 ms; t(5)=2.57, p=0.200, d=1.05,
95% CI1[0.02, 2.08]], nor facilitation effect in the congruent com-
bination [M=45+33ms; t(5)=1.37, p=0.920, d=0.56, 95% CI
[(~0.31), 1.43]].

The present finding of significantly slower responses (in abso-
lute terms) for the combination BLU—Ilight blue ink, named
azzurro, compared to the BLU—dark blue ink, named blu
(666 ms vs. 556 ms), is in accord with the finding for 22 young
Italian monolinguals in Simoncelli et al.'s study [76] (719 ms
vs. 695 ms, respectively). Noteworthy, in it a design was partly
different: responses were input manually using four keys; four
color words (ROSSO, GIALLO, VERDE, and BLU) and six
inks (including light and dark green inks) were used; control
stimuli were neutral words, and these were interspersed with
(in)congruent stimuli. The latter design feature, a mixed de-
sign, compared to the blocked design in the present study, may
have resulted in longer mean RTs in the two critical combina-
tions in Ref. [76], since blocking is considered to strengthen
the semantic activation of the concepts corresponding to the
stimulus words [83].

4 | Experiment 2

The main purpose of Experiment 2 was to replicate Experiment
1 but matching the “blue” word and the ink-naming response
sets. This was to ensure that the Stroop interference demon-
strated in Experiment 1 for the BLU—Iight blue ink combination
could not be attributed solely to a response set component, since
color words that are members of the color-naming response set
were shown to produce greater interference than words not part
of the response set [63, 82]. In an analogous way, manipulated
was also the “red” word-response set to explore similarity in
performance for the “blue”- and “red”-pairings, each containing
lightness variation.

4.1 | Method

4.1.1 | Participants

Participants (N=10; 5 females), aged between 21 and 31years,
have not participated in Experiment 1 to avoid the learning
effect.

4.1.2 | Stimuli and Design

In the control condition, stimuli and procedure were identical
to those in Experiment 1, that is, “X” strings were presented in
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FIGURE4 | Experiment 1. Stroop condition: Mean RTs (ms). (a) All four color words; (b) absolute and (c) relative speed of naming ink color of the

word BLU rendered in dark and light blue ink. Bar color indicates ink color the word was rendered in. Error bars indicate standard error.

one of the six ink colors: red, yellow, dark blue, light blue, pur-
ple, and pink (Figure 5). Each ink color was presented six times,
with 36 trials in total in the block.

In the Stroop condition, the color word set consisted of six
Ttalian terms: ROSSO, GIALLO, BLU, AZZURRO, VIOLA,
and ROSA. AZZURRO was included to compare Stroop ef-
fects for each of the two basic “blue” terms. Further, ROSA
was added to match the number of color words and the cor-
responding ink color names and, as well, to explore whether
there will be performance similarity between “blu/azzurro”
and “rosso/rosa” incongruent combinations. The color words
were presented in the same six ink colors, as in the control
condition. Thus, there were six congruent color word—ink
color combinations and 30 incongruent ones. The critical
“blue” combinations are highlighted in Figure 5. Each color
word—ink color combination was presented six times, across

six sessions, with a total of 216 trials, including 36 congruent
(17%) and 180 incongruent trials.

4.2 | Results and Discussion
4.2.1 | Control Condition

Across all sixink colors, the grand mean of RTs (M =580+ 15ms)
for naming “X” strings was comparable to that in Experiment 1
[M =539 +19ms; £(14)=0.78, p=0.775, d =0.20, 95% CI [(-0.71),
0.31]]. RTs for the ink colors of interest—dark blue, light blue,
as well as red and pink—slightly differed between Experiments
1 and 2 (see Table S1), but none of the differences was signifi-
cant (with the lowest p=0.126). A significant effect of the ink
color was found, too: F(5,45)=4.48, MSE=0.004, p=0.002,
r)zp =0.33, 95% CI [0.07, 0.49]. Pairwise comparisons, using
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Control Congruent  Incongruent
XXXXX rosso rosso
giallo
XXX blu blu
XXXXXXX azzurro azzurro
XXXXX viola
XXXX rosa rosa

FIGURE 5 | Experiment 2. Control condition: “X” strings in six ink
colors. Stroop condition: Six employed color words in congruent and (ex-
emplary) incongruent combinations. Highlighted are the critical Stroop
combinations, BLU—dark blue and BLU—Ilight blue ink; AZZURRO—
light blue and AZZURRO—dark blue ink.

the Bonferroni correction, revealed one significant difference,
with faster naming “X” strings giallo (M =524+35ms) than
viola [M=595+29ms; t(9)=-5.14, p=0.009, d=-1.63, 95% CI
[(=2.60), (—0.65)]]. The speed of blu-naming of “X” strings in
dark blue ink (M =571 + 24 ms) did not differ significantly from
azzurro-naming “X” strings in light blue ink [M=650+46ms;
1(9)=—-2.14, p=0.917, d = —0.68, 95% CI [(-1.37), 0.02]].

4.2.2 | Stroop Condition

Mean RTs for the six words are shown in Figure 6a (for numer-
ical values, see Table S3). As expected, for each color word, RTs
were shorter in congruent than in (aggregated) incongruent
combinations (Figure S2). In congruent combinations, mean
RTs for ROSSO, GIALLO, and BLU, primary BCTs (582-595 ms),
were not significantly shorter than for AZZURRO, ROSA, and
VIOLA, secondary BCTs [602-626ms; t(9)=-1.39, p=0.197,
d=-0.44, 95% CI [(-1.09), 0.21]. In incongruent combinations,
the interference of ROSSO, GIALLO, VIOLA, and ROSA with
blu-naming of dark blue ink (672-721 ms) was comparable to
when these words were rendered in light blue ink named az-
zurro [737-778ms; t(9)=-1.04, p=0.323, d=-0.33, 95% CI
[(=0.97), 0.31]. Across incongruent combinations, the magnitude
of word interference was comparable for azzurro-naming of
light blue ink (673-778 ms) and rosa-naming of pink ink [721-
784 ms; 1(9)=0.08, p=0.939, d=0.02, 95% CI [(-0.64), 0.60].

We consider more closely responses to the two “blue” words
rendered in blue ink varying in lightness (Figure 6b, Tables S3

and S5). BLU produced 78 ms shorter response in dark blue ink,
the congruent combination, than in light blue ink named az-
zurro but the difference was not significant [M' =596 +30ms vs.
M=674+27ms; ((9)=—2.90, p=0.119, d =—0.92, 95% CI [(-1.67),
(-0.17)]]. Conversely, when AZZURRO was rendered in dark blue
ink, it took 163 ms longer to name the ink blu than when it was
rendered in light blue ink [M=766+55ms vs. M=603+32ms;
1(9)=4.44, p=0.014, d =1.40, 95% CI [0.50, 2.30]].

Figure 6¢c shows relative processing speed of the two “Italian
blues” and prompts that the response pattern was asymmetrical.
Specifically, for BLU rendered in light blue ink, there was no
interference effect [M =23+ 36ms; #(9)=0.65, p=1.00, d=0.21,
95% CI [(-0.42), 0.83]]; neither there was a facilitation effect in
the congruent combination [M =24+ 38ms; t(9) =0.64, p=1.00,
d=0.20, 95% CI [(-0.52), 0.92]]. In contrast, for AZZURRO
in dark blue ink the interference effect was significant
[M=195+55ms; #(9)=13.81, p=0.007, d=4.37, 95% CI [2.26,
6.438]], implying a strong ideation of “azzurro,” hence, its greater
inhibition of naming the ink blu. AZZURRO also revealed a sig-
nificant facilitation effect [M =46 + 3 ms; t(9) = —18.95, p =0.007,
d=-5.99, 95% CI [(-8.83), (-3.15)]].

5 | Experiment3
5.1 | Method
5.1.1 | Participants

Participants were seven males, aged between 21 and 29 years
(other than those in Experiments 1 and 2).

5.1.2 | Stimuli and Design

In the control condition, “X” strings were presented in one of
six ink colors, as in Experiment 1, except that the two blue inks
were replaced by dark and light green ink colors (Figure 7).
In total, there were 36 trials, with each ink color presented six
times; data were collected in two sessions, each with 18 trials.

In the Stroop condition, there were four color words: ROSSO,
GIALLO, VERDE, and VIOLA, that is, similar to Experiment
1, except that BLU was replaced by VERDE. Presented in
the six ink colors, this resulted in 24 color word—ink color
combinations. Five combinations were congruent, including
VERDE—dark green and VERDE—Ilight green ink (Figure 7),
19 combinations were incongruent. Each color word—ink
color combination was presented six times, across six sessions,
with a total of 144 trials, with 30 congruent (21%) and 114 in-
congruent trials.

5.2 | Results and Discussion
5.2.1 | Control Condition
Mean (SE) of RTs are reported in Table S1. A significant effect of

the ink color was found: F(5,30)=4.72, MSE=0.181, p=0.003,
n2p=0.44, 95% CI [0.11, 0.63]. Bonferroni corrected pairwise
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FIGURE 6 | Experiment 2. Stroop condition: Mean RTs (ms). (a) All six color words; (b) absolute and (c) relative speed of naming ink color of the
words BLU and AZZURRO, each rendered in dark and light blue ink. The bar color indicates ink color the color word was rendered in. Error bars

indicate standard error.

comparisons revealed a single significant difference: naming red
ink rosso (M=532+32ms) was faster than naming purple ink
viola [M=705+35ms; t(6)=7.82, p=0.003, d=2.95,95% CI [1.12,
4.78]]. Response speed of naming “X” strings verde was comparable
for dark and light green ink [M=675+42ms vs. M=699 + 53 ms;
1(6)=—1.04, p=1.00, d=—0.39, 95% CI [(-1.17), 0.38]].

5.2.2 | Stroop Condition

Mean RTs for the four color words rendered in six ink colors
are shown in Figure 8a. For each color word, RTs were shorter

in congruent than in incongruent combinations (Tables S4
and S5). RTs for individual color words in congruent against
(aggregated) incongruent combinations are presented in
Figure S3 accompanied by statistics. In incongruent combina-
tions, GIALLO and VIOLA exerted a slightly lesser interfer-
ence with verde-naming of dark green ink (822-858 ms) than
light green ink (842-872ms), but the difference was not signif-
icant [#(6) = —0.25, p=0.083, d = —0.09, 95% CI [(-0.89), 0.72].
The greater interference (slowed down lexical access) in the
combinations with light green ink may be related to Italian
speakers' ideation (conceptual typicality) of “verde” as a rela-
tively light color (Ref [31], tab. V).
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Control Congruent Incongruent
XXXXX rosso
giallo
XXXXX verde verde
XXXXX verde verde
XXXXX viola viola
XXXX

FIGURE 7 | Experiment 3. Control condition: “X” strings in six ink
colors. Stroop condition: Four employed color words in congruent and
(exemplary) incongruent combinations. Highlighted are the critical
Stroop combinations, VERDE in dark and light green ink.

Figure 8b,c singles out the critical combinations of VERDE in
green ink varying in lightness. For absolute RTs, the difference
between VERDE—dark green ink and VERDE—Ilight green
ink combinations (43 ms) was not significant [M =644 +36ms
vs. M=687+57ms; t(6)=-1.30, p=0.726, d=-0.49, 95% CI
[(-1.28),0.30]]. In relative RTs, no facilitation effect was observed
for verde-naming of either dark green ink [M=-55+45ms;
1(6)=-1.22, p=1.00, d=—0.46, 95% CI [(-1.25), 0.32]] or light
green ink [M=12+20ms; #(6)=0.59, p=1.00, d=0.22, 95% CI
[(-0.53), 0.97]].

6 | ROSSO and ROSA in the Stroop Condition

For comparison with the two “Italian blues,” we consider perfor-
mance for the “red”-pairings in Experiments 1-3 (Figure 9, Tables 2
and S2-S5). As a reminder, in Experiments 1 and 3, ROSSO was
rendered in red and pink ink; in Experiment 2, the word set in-
cluded ROSSO and ROSA, each presented in red and pink ink.

In Experiments 1-3, absolute RTs for ROSSO in pink ink were
longer than when it was rendered in red ink (Figure 9a,c,e),
with differences being comparable across the experiments and
(marginally) significant (Table 2). The incongruent ROSSO—
pink ink combination (Figure 9b,d,f) showed no interference in
Experiment 1 or Experiment 3; however, the interference effect
(179 ms) was significant in Experiment 2. No facilitation effect
was found in either experiment (Table 2).

In Experiment 2, ROSA incurred 73ms longer absolute RTs
in incongruent than congruent combination (Figure 9c);

the difference was marginally significant. In relative terms
(Figure 9d), there was neither interference effect for ROSA—red
ink nor facilitation effect for ROSA—pink ink (Table 2).

7 | General Discussion

We focused on assessing the mutual semantic power of the two
basic Italian “blue” terms, blu and azzurro, by using the Stroop
task. We anticipated that the amount of interference within the
“blue”-pairings would accord to the semantic gradient hypothe-
sis: as the semantic relationship between the color word and ink
color increases, so also does the magnitude of the Stroop inter-
ference [57, 58, 63, 65, 82, 83].

We hypothesized that the combinations BLU—Ilight blue ink
and AZZURRO—dark blue ink will be incongruent revealing
the interference effect (H1); conversely, BLU—dark blue ink and
AZZURRO—Ilight blue ink, congruent combinations, will show
the facilitation effect (H2).

In the “blue series” (Experiments 1-2), as expected, dark blue
ink evoked blu-response, while light blue ink elicited azzurro-
response. We manipulated the color word set by presenting
solely BLU (Experiment 1) or both BLU and AZZURRO words
(Experiment 2).

Further, in the “green series” (Experiment 3), we related the
Stroop effects for the “blue”-pairings to effects for VERDE
rendered either in dark or light green ink, hypothesizing that
variation of lightness of the ink color, a low-level stimulus char-
acteristic, as such would not incur Stroop effects (H3).

Finally, to explore the potential role of difference in basicness
of blu and azzurro, across Experiments 1-3 we examined the
semantic relatedness for the “red”-pairing, rosso and rosa, the
terms that differ in both lightness of their denotata and basic sta-
tus (primary vs. secondary BCTs), and hypothesized observing
Stroop effects for the “red”-pairing (H4)—Ilike those manifested
by the “Italian blues.”

Prior to discussing main results related to H1-H4, we shortly
address an incidental finding on the ink naming by BCTs vary-
ing in their basic status and a certain aspect of the Stroop task
protocol, with both conceivably impacting/related to the main
results.

7.1 | Response Speed of Naming Ink Color by
Italian Primary and Secondary BCTs

One of the study's novelties is reporting Stroop effects for indi-
vidual ink colors/their combinations with color words, unlike
usually reported effects for aggregated congruent vs. aggregated
incongruent combinations. This scrutiny revealed differences
in lexical access to ink names by Italian primary and second-
ary BCTs. Specifically, in the control condition mean RTs of
“X”-string inks named by primary BCTs—rosso, giallo, and
blu—were shorter than mean RTs for inks named by secondary
BCTs—azzurro, viola, and rosa (Experiments 1-2). Similarly,
in congruent combinations of the Stroop condition naming the
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FIGURE 8 | Experiment 3. Stroop condition: Mean RTs (ms). (a) All four color words; (b) absolute and (c) relative speed of naming ink color of the
word VERDE rendered in dark and light green ink. Bar color indicates ink color the color word was rendered in. Error bars indicate standard error.

ink by primary BCTs—for words ROSSO, GIALLO, and BLU
(Experiments 1-2) or VERDE (Experiment 3)—in most cases
was slightly shorter than naming the ink for words AZZURRO,
ROSA, and VIOLA, secondary BCTs.

The RT differences observed in the Stroop task are at odds
with the finding that primary and secondary BCTs (American
English) were comparable in response speed for naming color
patches [92]. We attribute the discrepancy to the Stroop “whole
task set of reading” (Ref [93, p. 137]): unlike naming color of a
patch, naming ink of colored characters—here: pronounceable
letter-strings and color words in the congruent combinations—
automatically triggers an online covert language that aids verbal
encoding [94] and, by the same token, introduces a minor infor-
mation conflict [82, 83]. It appears that the conflict is resolved
faster when ink naming involves primary BCTs characterized
by higher elicitation prevalence, that is, have greater access to
semantic and phonological codes, than secondary BCTs.

7.2 | The Proportion of Congruent
and Incongruent Trials

Foreshadowing the discussion of the results for the “Italian
blues” in the Stroop condition, we note that the magnitude of the
reported Stroop effects may have been affected by a rather low
proportion of congruent-to-incongruent trials in our design (17%
or 21% across Experiments 1-3). Compared to a design with a
prevalence of congruent trials, our design implies high informa-
tion monitoring demand. Consequently, RTs are expected to be
longer for congruent and shorter for incongruent combinations,
resulting in smaller, if any, facilitation effects on congruent tri-
als and a decrease of interference effects on incongruent trials
[78, 82, 95, 96]. Indeed, in Experiments 1-3 all congruent com-
binations, apart from one, showed no facilitation effect. We re-
mark that in many cases, the RT difference between congruent
and control conditions is comparable to values reported earlier,
about 20ms [60-62, 65, 66].
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TABLE 2 | Color words ROSSO and ROSA: Mean (£SE) of absolute and relative RTs (ms) in congruent (C) and incongruent (IC) conditions.

Absolute RTs
Color word Experiment Redink Pinkink IC-C difference Statistic
ROSSO Exp. 1 527433 671£38 144 t(5)=2.50, p=10.055, d =1.02, 95% CI [0.00, 2.04]
Exp. 2 587£30 759+ 38 172 t(9)=4.39, p=0.014, d =1.39, 95% CI [0.50, 2.28]
Exp.3 617 =55 752+ 65 135 t(6)=5.04, p=0.012, d=1.91, 95% CI [0.60, 3.22]
ROSA Exp. 2 674+41 60227 73 £(9)=2.10, p=0.065, d=0.67, 95% CI [(-0.02), 1.36]
Relative RTs
IC-control C-control
Color word Experiment (interference) Statistic (facilitation) Statistic
ROSSO Exp. 1 67458 #(5)=1.17, p=0.296, d=0.48, 32+45 #(5)=0.70, p=0.518, d =0.29,
95% CI [(~0.37), 1.33] 95% CI [(=0.53), 1.11]
Exp. 2 179+ 37 t(9)=3.39, p=0.032, 36122 t(9)=0.82, p=1.00,d=0.29,
d=1.07,95% CI [0.28, 1.86] 95% CI [(~0.53), 1.11]
Exp. 3 116 +60 t(6)=1.85, p=0.114, d=0.70, -19£69 t(6)=-0.27, p=1.00, d=-0.10,
95% CI [(~0.14), 1.54] 95% CI [(~0.85), 0.64]
ROSA Exp. 2 116 £51 t(9)=2.30,p=0.118,d=0.73, 2019 t(9)=0.49, p=1.00, d=0.15,

95% CI[0.02, 1.44]

95% CI [(-0.47), 0.77]

Note: Significant and marginally significant effects are highlighted by bold.

7.3 | Processing Speed of the “Italian Blues”

First, we were interested whether the naming speed of dark and
light blue ink by blu and azzurro, respectively, would differ in
the control condition and incongruent combinations with non-
“blue” words in the Stroop condition (Experiments 1 and 2). In
the control condition, we found that “X” strings in dark blue
ink were named blu slightly faster than named azzurro in light
blue ink, although the difference was not significant: 510 versus
565ms (Experiment 1); 571 versus 650ms (Experiment 2). We
remark that color patches were found to be named blu (752 ms)
faster than azzurro (912ms) [31].

Further, in incongruent combinations of the blue inks with non-
“blue” words we observe difference in the amount of interfer-
ence with naming dark blue and light blue inks. Specifically,
ROSSO, GIALLO and VIOLA (Experiment 1), and ROSSO,
GIALLO, VIOLA and ROSA (Experiment 2) interfered signifi-
cantly less (Experiment 1) or slightly less (Experiment 2) with
naming dark blue ink blu than when these words were rendered
in light blue ink named azzurro.

Faster blu-naming in the control condition and conflict Stroop
combinations conceivably reflects easier activation of and,
hence, faster lexical access to blu—a primary BCT, the term
used with high frequency, than azzurro, a secondary BCT.
Alternatively, faster naming of the ink color by phonetically
shorter blu might reflect its faster phonological encoding, that
is, unfolding of a phonetic plan for generating an oral response,
compared to azzurro. The phonetic length seems though to
be unlikely the factor: the naming speed of color patches by
two basic “Russian blues,” sinij and goluboj [97], and two basic
“Japanese blues,” ao “blue” and mizu “water” [98], indicates

that RTs are shorter for the respective primary “blue” terms,
sinij and ao, compared to secondary “blue” terms, goluboj and
mizu, for respective languages.

7.4 | Asymmetric Stroop Effects in
the “Blue”-Pairings

For the “blue”-pairings in Experiments 1-2, we anticipated that
“blu” and “azzurro” would exert mutual interference reflecting
their semantic power. We reasoned that if their Stroop effects
would not be comparable, this could manifest differences in se-
mantic representation of the “blue” terms in one or more aspects
reviewed in the Section 1.2, specifically, (i) variation on the per-
ceptual dimension—in lightness of denotata of the two “blue”
categories; (ii) linguistic distinction: while blu is more frequent
and often is used as an umbrella term for describing the whole
blue area, azzurro is older, more entrenched, and better morpho-
logically integrated in Italian; (iii) relative basicness (based on
elicitation indices): cognitive salience of blu, a primary BCT, is
higher than that of azzurro, a secondary BCT.

We found that in absolute RTs, for both “blue” words naming the
ink color in incongruent combinations was significantly longer
than in the respective congruent combinations. For BLU—Ilight
blue ink, the difference was 110ms (Experiment 1) and 78 ms
(Experiment 2). Slightly greater inhibition in the former prob-
ably was due to the BLU-only word set that ensued higher ex-
pectancy of “blu” (cf. Ref. [93]) and, hence, its greater lexical
access when it competed with naming light blue ink azzurro.
For AZZURRO (Experiment 2) rendered in dark blue ink, it took
significantly longer (163 ms) to name the ink blu than in the con-
gruent combination.
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Within the interactive activation model [83], mutual impeding
of BLU and AZZURRO in incongruent combinations reveals
the task conflict—between the ink color-naming and automati-
cally triggered color word reading, as well as the informational
conflict—the activation of the competing semantically related
color concepts. Mutual interference of these semantic neighbors
points to the distinctiveness of their semantic representations, in
accord with the conclusion that both terms are basic, arrived at
in earlier (psycho)linguistic studies and in the previous analysis
of absolute RTs of the present dataset [77].

Experiment 2, with the matched color-word set and the re-
sponse set, enabled direct comparison of Stroop effects (in rela-
tive RTs) for the two “blue” terms. Unexpectedly, BLU revealed
neither interference nor facilitation effects. For AZZURRO, in
contrast, the interference effect was considerable, 195ms; the
facilitation effect (46 ms), too, was significant, both with large
effect sizes. The latter finding is indicative of a strong ideation
of “azzurro” and suggests, in terms of Levin and Tzelgov [83],
informational amplification of the word, that is, its greater
activation and lexical access and, hence, greater inhibitory
potential in competition with naming dark blue ink blu. As
pointed out by Klein (Ref [57, p. 586]), “[t]he evocative power of
a word will be indicated by its impeding effect upon the nam-
ing of color”. Our main finding is the marked asymmetry of
the Stroop effects in the “blue”-pairings: strong interference
and facilitation is exerted solely by AZZURRO but not by BLU.
We conjecture that the revealed Stroop effects of AZZURRO,
idealized by native speakers as being “more Italian” [33], re-
flect the term's deep linguistic entrenchment, that is, routinized
and automated activation of the corresponding semantic unit
[99, 100]. An indication that “azzurro” representation is acti-
vated with higher automaticity than “blu” comes from a triad
discrimination task of the two “Italian blues,” which demon-
strated that light(er) blue stimuli labeled azzurro by Italian
monolinguals were discriminated faster and more accurately
than dark(er) blue stimuli labeled blu [101].

We remark that, along with the factors relating to the word
meaning, the semantic power of a color word was argued to re-
flect frequency of the word usage [57, 58], which is attributed to
faster visual recognition and, hence, more efficient lexical en-
coding of high frequency words [92]. Our finding that Stroop
effects were absent for BLU implies that, although in modern
Italian blu usage is higher than that of azzurro [49, 53, 102], it
is not the term's frequency that stipulates impelling of lexical
access to the name of the ink color in the Stroop task. However,
it is possible that it is not the frequency of the term's usage per se
that affects the amount of Stroop interference but the frequency
with which the word used to interfere is associated with the
color of the ink to be named (cf. Scheibe et al. 1967; cit. in Ref
[89]). In the present context this would imply that the frequency
of AZZURRO-association with blu is greater than otherwise, of
BLU with azzurro.

Our hypotheses H1 and H2 are confirmed only partly: BLU—light
blue ink and AZZURRO—dark blue ink demonstrated slowing
down of ink naming, that is, indicating that these combinations
are incongruent and implicating semantic competition between
the two activated “blue” concepts; conversely, RTs were shorter
on congruent than incongruent trials. However, at odds with our

hypotheses, the Stroop effects—interference (H1) and facilitation
(H2)—were revealed only for AZZURRO, not for BLU.

7.5 | Difference in Lightness of the Ink Color:
“Blue Series” Versus “Green Series”

We asked whether the Stroop effects in the “blue”-pairings are stip-
ulated by the difference in lightness of the ink color. To disentangle
the “lightness” factor from the “basicness” factor of the two Italian
“blue” terms, BLU (of Experiment 1) was replaced by VERDE,
Italian BCT for “green” (Experiment 3). We reasoned that if the
processing speed in (in)congruent combinations were influenced
by the perceptual dimension, the same trend would emerge for
both BLU and VERDE in combinations with dark versus light inks.

The results of Experiment 3 (“green series”), with VERDE—
dark green and VERDE—Ilight green ink combinations, showed
that the variation of ink color lightness incurred neither inter-
ference nor facilitation effect, in line with H3. Based on this
outcome, we reckon that when a color space area (here: green)
is denoted by one basic term and, in the Stroop task, two corre-
sponding ink colors are identical in hue, it is not the lightness
level of the ink color (stimulus feature) or difference in light-
ness between the (prototypical) color ideated by the word and
the perceived ink color that instigates Stroop effects. Provided
this inference is correct, the non-effect of ink color lightness on
Stroop interference can be projected onto the “blue”-parings.

7.6 | Relative Basicness of the Interfering BCTs:
“Blue”-Pairings Versus “Red”-Pairings

Based on elicitation indices, the two “Italian blues” differ in rel-
ative basicness, blu a primary BCT and azzurro a secondary BCT.
We asked whether the amount of Stroop interference could be
related to the basic status of the interfering terms. For compar-
ison with the “blue”-pairings, we explored processing speed in
the Italian “red”-pairings—of primary BCT rosso and secondary
BCT rosa. We reasoned that semantic relatedness within both
pairings is comparable—in difference of lightness of the corre-
sponding denotata and of basic status: rosso in cognitive salience
isranked 1 or 2, while rosa is ranked 8 or 9, that is, the rosso-rosa
difference in cognitive salience (6-8 ranks) is comparable to that
between blu and azzurro (6-9 ranks) [44, 55]. Thus, we expected
that in the within-pairings incongruent combinations, the pat-
tern of Stroop interference would be comparable for “blu” and
“rosso”, and as well it would be similar for “azzurro” and “rosa.”

First, we observe that the primary “blue” term manifested
slightly lesser inhibiting potential than the primary “red” term,
as assessed by the difference (in absolute RTs) between the in-
congruent and congruent combinations. Specifically, responses
in BLU—Ilight blue ink were longer than BLU—dark blue ink
by 110ms (Experiment 1) and 78 ms (Experiment 2). In com-
parison, responses in the ROSSO—pink ink were longer than
ROSSO—red ink by 144 ms (Experiment 1), 172 ms (Experiment
2), and 135 ms (Experiment 3).

Further, we expected that in Experiment 2 (with six words and
six ink colors), in incongruent combinations the words BLU and
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ROSSO would slow down naming of the respective light inks,
azzurro and rosa, to a greater degree than the words AZZURRO
and ROSA would stall naming the darker inks, blu and rosso, re-
spectively. However, this prediction was supported only for the
“red”-pairing: in ROSA—red ink, the response was 73-ms longer
than in ROSA—pink ink (i.e., shorter than 172-ms (in)congruent
difference for ROSSO). In contrast, the response in AZZURRO—
dark blue ink was longer than in AZZURRO—Ilight blue ink by
163 ms (i.e., longer than 78-ms (in)congruent difference for BLU).

Finally, for ROSSO—pink ink the interference effect (179 ms)
was significant only in Experiment 2, where ROSA was part
of the word set. We reckon that while in all three experiments
the ROSSO—pink ink combination involved lexical and seman-
tic relatedness components of the response competition [82],
ROSSO-impeding of rosa-naming was greater in Experiment 2
due to the additional response set membership component [82].
The latter implies an increased activation in the lexical system
of the internal unit corresponding to the printed word [63, 65]
(here: ROSA), hence, a greater competition between the ac-
tivated rosso- and rosa-responses, and an increase in the time
needed at the response selection stage.

Crucially, the comparison of naming speed in incongruent com-
binations in the “blue”- and “red”-pairings shows that it is not
the term's primary basic status that incurs greater inhibition
than a secondary term. In addition, results for both pairings are
consistent in that Stroop interference of dark(er) and light BCT
counterparts are sensitive to response set membership.

The results for the “red”-pairings only partly confirm H4. In
none of the experiments, facilitation effects for ROSSO or ROSA
were observed. The interference effect was found only for ROSSO
when the word set and response set matched. The asymmetry of
the interference pattern for the two “red” terms can be attributed
to a greater semantic power of the ideated “rosso” than “rosa.”

7.7 | Stroop Effects for the Two Basic “Russian
Blues”

Related to the present study of the two “Italian blues” is a Stroop
task testing of the two basic “Russian blues,” where words SINIJ
“dark blue” and GOLUBOJ “light blue” were rendered in either
dark blue or light blue ink [103]. Also employed were “red” and
“yellow” words and the corresponding inks. Notably, in congru-
ent combinations, responses for GOLUBOJ were significantly
faster than for the other three words. In incongruent combina-
tions, the “Russian blues” revealed, too, response asymmetry:
SINIJ was a stronger interferer than GOLUBOJ, that is, the re-
verse pattern compared to the Italian “blue” counterparts, BLU
and AZZURRO (Experiment 2). However, compared to SINIJ,
GOLUBOIJ was a stronger facilitator, like Italian AZZURRO.

7.8 | Constraints on Generality

The present study's analysis of the Stroop effects in the “blue”-
pairings demonstrated that the two basic “Italian blues” are
asymmetric in their semantic power: AZZURRO, older and more
entrenched term, exerts strong interference and facilitation,

unlike BLU, historically later emerged term, that revealed nei-
ther interference nor facilitation effects. We expect that our re-
sults, obtained for Verona participants, generalize to speakers of
Standard Italian. However, the blu/azzurro Stroop effects might
vary for speakers of other Italian dialects, in which entrenchment
of azzurro deviates from that of Standard Italian (e.g., Algherese
Catalan [45] or Tuscan dialects [43]). It should also be noted that
in replications, the magnitude of the Stroop effects might well
differ on statistical grounds and/or due to certain methodological
aspects of our study: our sample sizes were modest; the block de-
sign (which strengthens the semantic activation of the concepts
corresponding to the words [84]); the proportion of congruent tri-
als was rather low; in cases of an initial error, RTs were estimated
to the onset of the correct(ed) response rather than by repeating
the trial. We have no reason to believe that the results depend on
other characteristics of the participants, materials, or context.

8 | Conclusions

Italian has two basic “blue” terms, blu “dark blue” and azzurro
“light blue.” We assessed their semantic power (“evocative
strength”) using the Stroop task. The Stroop interference be-
tween the two “blue” terms was hypothesized to manifest one
or more subjacent mechanisms: linguistic—the term'’s cognitive
salience and basic status (primary or secondary), and percep-
tual—difference in lightness of the terms' denotata.

In three experiments in different combinations, the Stroop condi-
tion included words ROSSO, GIALLO, BLU, AZZURRO, VERDE,
VIOLA, and ROSA, each in one of six ink colors, as were “X”
strings in the control condition. The response set membership var-
ied across the experiments; in particular, in Experiment 1, the four-
word set included only BLU, while in Experiment 2 the six-word
set included both BLU and AZZURRO matched to ink colors.

We found that in the critical incongruent combinations, BLU—
light blue ink named azzurro and AZZURRO—dark blue ink
named blu, absolute RTs were significantly longer than in the
congruent combinations, confirming that both “Italian blues”
have basic status. The main finding are estimates of Stroop ef-
fects for the two “blue” terms (measured by the speed of ink
naming in the (in)congruent combinations in relation to the
control condition). Specifically, we found that BLU showed nei-
ther interference nor facilitation effects; in contrast, AZZURRO
revealed strong interference and facilitation effects.

We surmise that the demonstrated Stroop effects are linguistic
in origin and indicative of stronger ideation of azzurro and faster
lexical access to its semantic representation compared to blu.
Greater semantic power of azzurro conceivably reflects its deep
entrenchment in Italian, hence, highly routinized activation of
an “azzurro” cognitive unit manifested in the Stroop task.

9 | Addendum: Linguistic Historical Background
of the Two “Italian Blues”

Azzurro originates from Persian laZward and is surmised to have
entered Italian through Greek (Aadovp, lazour), when it denoted a
painting pigment obtained from lapis lazuli [104]. The term's oldest
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occurrence is dated to the 4th century AD (Frison, personal commu-
nication). The term's Latin transition, with the Graecism lazurin, is
dated to the 9th century AD [105] denoting also an organic dye or a
mixture of minerals. In the 13th century azzurro is attested in Old
Italian with numerous formal variants; in the 14th century azzurro
occurs twice in Dante's Inferno and three times in Boccaccio [33].
According to Kristol [39] and Uuskiila [105], initially azzurro be-
longed solely to the written language and was absent in Italian di-
alects; it entered the spoken language after the political unification
of Italy during Risorgimento (1815-1871), when school education
became affordable to the general population. In diachronic cor-
pora, azzurro is reported to be extremely frequent; it qualifies the
color of various entities—eyes, cloths, clothes, heraldry elements,
sky, sea, lakes, mountains, flowers, birds, and so forth. Diachronic
and synchronic corpus analysis attests abundant occurrences of
azzurro in a great variety of compounded and suffixed forms, collo-
cations, metaphors and metonymies [33, 53, 102]. Metonymically,
azzurro is considered the national color of the Republic of Italy: the
color was originally used in the standards, flags, military scarves,
and so forth of the Savoia royal family; more recently it became the
official color of the Italian national sports teams.

In comparison, blu entered Italian much later, at the end of the
17th century; in diachronic corpora blu occurs with a limited
frequency [33]. It is a loanword derived from an early form of
French bleu and had been adopted from Germanic languages
[105, 106]. From the perspective of diachronic lexical seman-
tics, emergence of blu was motivated by the dyeing trade (cf.
Ref [107, p. 127]): from the 16th century onwards indigo in-
creasingly substituted woad as the fabric dyeing source and
enabled achieving stable dark blue color of cloths. Blu was de-
ployed to lexicalize deep (dark/navy) blue tied to fashion, mil-
itary uniforms and banners [108], which cemented “branding”
of the new term.

The emergence of blu implies that the enrichment of the Italian
BCT inventory in the blue area was driven not only by the per-
ceptual prominence of color in the natural environment (sea,
sky) [39-41, 105] but also by changes in material culture (here:
dyeing technology), as well as the usefulness of blu in communi-
cative contexts and its symbolic significance [109].
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Supporting Information

Additional supporting information can be found online in the
Supporting Information. Section “Details of the Design”. Table S1:
Experiments 1-3. Control condition: Mean(SE) of RTs (ms) of naming
ink color of “X” strings. Table S2: Experiment 1. Stroop condition:
Mean(SE) of RTs (ms) of naming six ink colors of four color words.
Critical combinations of the word BLU rendered in dark and light blue
ink are in bold; congruent combinations are gray-shaded. Table S3:
Experiment 2. Stroop condition: Mean(SE) of RTs (ms) of naming six ink
colors of six color words. Critical combinations of the words BLU and
AZZURRO rendered in dark and light blue ink are in bold; congruent
combinations are gray-shaded. Table S4: Experiment 3. Stroop condi-
tion: Mean(SE) of RTs (ms) of naming six ink colors of four color words.
Critical combinations of the word VERDE in dark and light green
ink are in bold; congruent combinations are gray-shaded. Table S5:
Overview of the processing speed in Stroop conditions in the “blue se-
ries” (Experiments 1-2): Mean(SE) of RTs (ms) of naming ink color of
the ‘blue’ word(s), BLU and AZZURRO, rendered in dark and light blue
ink. For comparison, shown are RTs of naming ink color in the control
condition, “X” strings, as well as of the word VERDE ‘green’ rendered in
dark and light green ink (Experiment 3, “green series”), and ‘red’ words,
ROSSO and ROSA, rendered in red and pink ink (Experiments 1-3).
Figure S1: Experiment 1. Stroop condition: Mean RTs (ms) of naming
ink color for each of the four color words in the congruent and aggre-
gated incongruent combinations. Error bars indicate standard error.
Figure S2: Experiment 2. Stroop condition: Mean RTs (ms) of naming
ink color for each of the six color words in the congruent and aggregated
incongruent combinations. Error bars indicate standard error. Figure
S3: Experiment 3. Stroop condition: Mean RTs (ms) for each of the four
color words in the congruent and aggregated incongruent combina-
tions. Error bars indicate standard error.
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