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Abstract

This research investigated the possibility that semantic control mechanisms are recruited only when the interfering semantic
information does not overlap with task-relevant semantic dimensions. To reach this goal, we investigated two semantic types
of Stroop interference—the semantic and the taboo Stroop effects—and used delta-plots to investigate the role of attentional
and semantic control in these two interference phenomena. The semantic Stroop effect, where interference stems from the
task-relevant color-related information, was absent in faster responses, whereas it steeply increased in the slowest ones.
Contrary to our predictions, the same pattern was detected even for the taboo Stroop interference, with no trace of selective
suppression of the interfering semantic connotation, despite its dissociation from any task-relevant semantic dimension.
Further, there was a significant correlation between the increase of the two effects in the slowest responses, pointing towards
a common underlying processing dynamic. We identified such common background with lapses of executive attention in
maintaining task goals and schema, which in turn make the participants performance more prone to interference phenomena.
Finally, the absence of any interference effects in the fastest responses suggests that an effective filtering of the distracting

word stimuli can be implemented in the context of Stroop paradigms.
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Introduction

Access to meaning is the ultimate goal of visual word recog-
nition and reading. In this context, conceptual processing is
usually envisaged as the retrieval of semantic features and/or
representations from a long-term memory store. Yet the way
in which we access this store and the information we retrieve
may flexibly change as a function of the contextual goals.
According to recent neurocognitive and computational stud-
ies on semantic processing, control mechanisms flexibly align
conceptual processing with contextual goals and demands
(e.g., Hoffman et al., 2018; Lambon Ralph et al., 2017). Here,
we investigated the flexibility of semantic control processes by
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comparing two semantically driven interference effects trig-
gered within the same task, namely the semantic and the taboo
Stroop effects. While being similar in terms of their seman-
tic origin and with respect to the overall task configuration,
these two types of semantic interference differ with respect to
their reliance on the task-relevant semantic dimensions (i.e.,
information related to the domain of colors), thus potentially
offering a test-case for context-driven and goal-driven modu-
lations of semantic control.

In the classic Stroop task, participants are presented with
colored strings, and are asked to name the color and ignore
the carrier string stimulus. The to-be-ignored stimulus is typi-
cally a color word (e.g., red). In the standard Stroop effect
(Stroop, 1935), responses are slower (and less accurate) when
the color-word is incongruent with the color response (e.g.,
the word red written in blue) compared with when the two are
congruent (e.g., the word red written in red). According to a
recent line of research, the detrimental influence exerted by the
incongruent carrier words may vary as a function of the con-
textual factors, such as the proportion of neutral (e.g., Gold-
farb & Henik, 2007; Kinoshita et al., 2018; Spinelli & Lupker,
2020a) or incongruent trials included in the experimental list
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(e.g., Bugg, 2014; Bugg & Hutchison, 2013; Hutchison, 2011;
see also Spinelli et al., 2019; Spinelli & Lupker, 2020b). This
suggests that cognitive control and/or attentional mechanisms
can intervene to regulate the activation of different sources of
information in an adaptive fashion, thus modulating the Stroop
interference (but see, e.g., Algom & Chajut, 2019; Schmidt,
2019, for different perspectives).

Moving from these considerations, we selectively focused
on the semantic component of the Stroop interference, and
investigated the potential unfolding of semantic control pro-
cesses that may intervene in flexibly weighing conceptual
activation as a function of the task context. To focus on the
semantic component of the Stroop interference, we imple-
mented Stroop tasks requiring manual responses. This (a)
eliminated a first source of interference related to the com-
petition between the color response and the carrier word at
the level of phonological encoding (e.g., Kinoshita & Mills,
2020), and (b) minimized the task-conflict stemming from
the prepotent association of the word distractors with the
task-set of reading (Sharma & McKenna, 1998; see also
Kinoshita, De Wit, & Norris, 2017). More crucially, we
focused on two versions of the Stroop task exploiting inter-
ference effects that seem to more strongly hinge on semantic
processing—namely, the semantic and the taboo Stroop.

In the semantic Stroop (Klein, 1964), carrier stimuli include
color-associated words, such as sky (associated with blue) or
fire (associated with red). When presented in an incongruent
ink color (e.g., sky in red), color-associated words produce an
interference effect, compared with words that are not associated
with a specific color (e.g., table in red). The taboo Stroop effect,
instead, refers to the interference effect detected when carrier
stimuli are socially inappropriate words, compared with neu-
tral control ones (Siegrist, 1995). Although both the semantic
and the taboo interference effects require that the carrier word
stimulus meaning is processed, the processing dynamics under-
lying the two semantically triggered effects can be different. The
semantic Stroop effect has been considered a marker of semantic
conflict, stemming from the activation of conflicting semantic
codes in the color dimension. Moreover, it may avoid overlap-
ping contamination from response conflict mechanisms, as car-
rier word stimuli are not part of the response set (e.g., Neely &
Kahan, 2001; see also Augustinova et al., 2018). In contrast, the
taboo interference effect has been linked to attentional capture
phenomena triggered by task-irrelevant taboo words (e.g., Wil-
liams et al., 1996, see also Reynolds & Langerak, 2015), which
would divert resources away from the main task. As a first step,
we thus exploratively assessed correlations between the two
effects across participants, to shed light on the overall overlap
in terms of the underlying mechanisms. Given the putatively dif-
ferent processing dynamics underlying the two semantic inter-
ference phenomena (semantic conflict vs. attentional capture),
potential correlations are not to be taken for granted, even in the
context of highly similar tasks.

Then, we addressed the more specific issue concerning how
cognitive control may react to these different semantic inter-
ferences. In both tasks, the access to the meaning of the task-
irrelevant word stimuli (i.e., the color-associated and the taboo
words in the semantic and in the taboo Stroop task, respectively)
hinders the performance. Therefore, the intervention of control
mechanisms may be invoked to control the activation of irrel-
evant interfering information. However, the semantic and the
taboo Stroop task differ in terms of how the interfering infor-
mation relates to the task-relevant color dimension. Evidence
shows that the semantic features related to the task-relevant color
dimension trigger more interference compared with features that
are not related to colors. For example, as first reported by Klein
(1964), color words that are not part of the response set yield
stronger interference effects compared with color-associated
words, because only for color-words the semantic features are
entirely related to the task-relevant color dimension (Kinoshita
et al., 2018). Further, words not associated with a specific color
(hat) yield no more interference than pseudowords (hix) because
the words semantic features are not diagnostic of colors (e.g.,
Kinoshita, De Wit, & Norris, 2017). Here we hypothesized that
differences in the overlap between interfering and task-relevant
semantic information across the taboo vs. the semantic Stroop
effects might be coupled with the intervention of different mech-
anisms of semantic control. To gain a deeper insight into this
issue, we resorted to delta-plot analyses (De Jong et al., 1994),
in which the two Stroop effects are considered as a function of
response speed.

In principle, in the taboo Stroop task, the taboo connota-
tion can be selectively suppressed to control its detrimen-
tal influence on the performance. A similar mechanism has
been identified in the context of a lexical decision task (Scal-
tritti et al., 2021). Specifically, the taboo interference showed
a reduction, and actually turned to a facilitation, in slower
responses. This distributional pattern has been interpreted
as a marker of a semantic suppression mechanism that needs
time to fully accrue, thus becoming more evident only in the
slowest responses. In the current experiment, we explored
whether a similar suppression mechanism is invoked even in
the context of a Stroop task featuring taboo words.

This sort of semantic suppression may not be invoked in
the case of the semantic Stroop configuration. Here, the inter-
fering semantic information activated by color-associated
words cannot be suppressed as it pertains to the task-relevant
dimension of color. Indeed, in the manual Stroop task, the
semantic Stroop effect is enhanced in the slowest responses
(Sulpizio et al., 2021). This pattern has been linked to the
inability to consistently deploy inhibitory mechanisms due to
a fluctuating efficiency of attentional control in maintaining
the task goals and schemas, which would become particularly
evident in the slowest responses (e.g., De Jong et al., 1999;
see also San José et al., 2021; Scaltritti et al., 2015).
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Interestingly, we recently observed (Sulpizio et al., 2021)
that, when considering the slowest responses, the reduction
of the taboo interference effect of the lexical decision task
was inversely correlated with the enhancement of the seman-
tic Stroop effect (but not with the reduction of compatibility
effects of a Simon task). We speculated that participants
for whom semantic information is more promptly available
may reactively enhance semantic control via suppression
in lexical decision, where the hindering taboo connotation
is task irrelevant. Differently, an increased availability of
semantic information in the context of the semantic Stroop
task, where the task-relevant color dimension cannot be sup-
pressed, would yield an enhanced semantic interference, par-
ticularly in the slowest trials where attentional control of the
task schema (respond to the color and ignore the word) is
less efficiently maintained. Albeit tentative, this speculative
explanation suggested that semantic access may be regulated
by control mechanisms that are flexibly implemented as a
function of task configuration and goals.

In our current experiment, we further investigated the
potential differences in the involvement of semantic control
mechanisms based on selective suppression as a function of
the overlap between the interfering semantic information and
the task-relevant semantic dimension. Importantly, here we
attempt to investigate this difference while relying on two
instantiations of a manual Stroop task—namely, a semantic
and a taboo Stroop experiment, rather than by comparing
different experimental paradigms. The two types of seman-
tically triggered interference effect may differ with respect
to the involvement of semantic control mechanisms and, to
investigate this possibility, we assessed the distributional
profiles of the semantic and the taboo Stroop effect.

We focused on the slope of the last segment of the delta-
plots, which has been consistently used to capture selective
suppression (e.g., van den Wildenberg et al., 2010), a mecha-
nism that needs time to fully accrue, and that becomes evident
in a negative slope of this segment. This measure should also
capture fluctuations in the deployment of attentional control,
which are particularly reflected in the slowest latencies (e.g.,
De Jong et al., 1999). We thus tested for potential correlations
across tasks with respect to the slope of the last segment of the
delta plots. Albeit the slope may be expected to show a differ-
ent direction across the two tasks (positive for semantic Stroop,
signaling an enhancement of the effect in the slowest responses;
negative in the taboo Stroop, signaling a suppression-driven
reduction in the slowest latencies), a (inverse) correlation can
be nonetheless hypothesized due to the common semantic ori-
gin of the interference effects. Participants may vary in their
ability to access word meaning (e.g., Pexman & Yap, 2018),
thus making the interfering semantic information more or less
available during the Stroop task. In line with observations from
our previous work (Sulpizio et al., 2021), we predict that the
extent to which semantic information becomes available may
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have different consequences with respect to the mechanisms
deployed to overcome semantic interference, as a function of
the overlap with the task-relevant semantic dimension. In the
semantic Stroop task, where color-related information cannot
be blocked, an increased availability of the semantic informa-
tion may determine an enhanced interference, particularly
within trials in which task control is less effectively deployed
(i.e., slowest trials). In contrast, in the taboo Stroop task, where
the interfering taboo connotation can be suppressed, a higher
availability of semantic information may prompt a stronger reli-
ance on inhibitory mechanisms, with the aim to control the
detrimental influence of performance. As a result, the same
participants showing an enhanced interference in the semantic
Stroop task, might also display a stronger reduction of the taboo
interference in the taboo Stroop task. Such correlation would
support the notion that semantic control mechanisms are flex-
ibly implemented as a function of the task set.

Method
Participants

Ninety Italian native speakers took part in the experiments (33
females, mean age = 25.96 years, SD = 5.24, range: 18-39
range). Three participants were recruited among direct contacts
of the authors, whereas 87 participants were recruited via the
research platform Prolific Academic (Palan & Schitter, 2018),
and rewarded with £3.75. All participants reported normal or
corrected-to-normal vision and no history of learning disabilities.
One participant was excluded from the sample due to the low
accuracy in one of the two tasks (proportion of correct responses
= .40), and another one because too few trials were retained in
the final data file (16, eight for each experimental procedure) due
to a failure in data transfer. The final sample thus consisted of 88
participants. The study was approved by the Ethical Committee
of the University of Milano-Bicocca (protocol n.: RM-2020-279).

Stimuli

For both the semantic and the taboo Stroop tasks, there
were four response colors: Green (RGB: 0,155,0), red
(RGB: 255,0,0), blue (RGB: 0,170,255), and yellow (RGB:
255,255,0). For the semantic Stroop task, four color-associated
words were selected, prato (lawn), fragola (strawberry), cielo
(sky), and limone (lemon). These items were selected relying
on previous experiments (e.g., Kinoshita et al., 2018), includ-
ing our own (Sulpizio et al., 2021). Four words not associated
with colors were selected to serve as control stimuli. These
were mazzo (deck), cratere (crater), bagno (bath), and salita
(hill). Control words were selected to be matched, as closely
as possible, with color-associated words in terms of raw and
log lexical frequency, number of letters, number of syllables,
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orthographic neighborhood size, and orthographic Levenshtein
distance (see Table 1). Words and colors (verde, rosso, blu,
and giallo, in Italian) did not share their initial phonemes.
Color-associated words were presented only in combination
with unrelated colors (e.g., strawberry was presented only in
green, blue, and yellow). Likewise, each corresponding control
word appeared only in three colors (e.g., crater was presented
only in green, blue, and yellow).

For the taboo Stroop task, 72 taboo words (from ITA-
BOO; Sulpizio et al., 2020) and 72 control words (from Ital-
ian adaptation of the Affective Norms for English Words;
Montefinese et al., 2014) were selected. Compared with
the semantic Stroop task, we selected a larger number of
stimuli as taboo-interference is modulated by habituation
(e.g., Sulpizio et al., 2021; see also the Appendix). Taboo
stimuli consisted of socially inappropriate words referring to
the domains of sexuality, insults, severe illness, and disgust.
Control stimuli were neutral, socially appropriate words.
For both taboo and control words, we tried to avoid stimuli
that had an obvious association with specific colors. Taboo
and control words differed in terms of arousal and valence,
whereas they were comparable with respect to a series of
psycholinguistic variables (see Table 1).

Table 1 Psycholinguistic properties of the words in the semantic and
in the taboo Stroop experiments

Variables Semantic Stroop Taboo Stroop

Color- Control Taboo Control f-value

associ-

ated
Valence - - 391 5.76 —9.15%%*
Arousal - - 5.11 4.86 2.12%
Concreteness - - 5.89 5.60 1.16
Familiarity - - 5.74 6.07 —1.58
Imageability - - 5.88 6.18 —1.54
Freq. (log) 7.21 6.99 5.74 5.87 —0.39
N. of Letters 5.75 5.75 7.75 7.67 0.25
N. of Syllables  2.50 2.50 3.28 3.25 0.18
Orth. N 5.25 6.50 3.18 3.43 —0.32
OLD 1.71 1.63 2.35 2.16 1.30

Note. Freg. (log) = log lexical frequency; N. of Letters = number of let-
ters; N. of Syllables = number of syllables; Orth. N = number of ortho-
graphic neighbors; OLD = orthographic Levenshtein distance (Yarkoni
et al.,, 2008). Frequency values (log-transformed) were taken from the
SUBTLEX-IT database (Crepaldi et al., 2013). Number of orthographic
neighbors and OLD were computed on the Phonltalia database (Goslin
et al., 2014) using the vwr package (Keuleers, 2013) in R. Valence, arousal,
concreteness, familiarity, and imageability scores were taken from ITA-
BOO (Sulpizio et al., 2020) and the Italian adaptation (Montefinese et al.,
2014) of ANEW (Bradley & Lang, 1999), for taboo and control words,
respectively. The #-values result from independent-sample two-tailed  tests
conducted to compare taboo and control words. Tests were not conducted
for color-associated and control stimuli due to the low number of items (4)
in each category. ***p < .001; **p < .01; *p < .05

Apparatus and procedure

The experimental procedures for both the semantic and the
taboo Stroop experiments were programmed with the Open
Sesame software (Version 3.2.8; Mathot et al., 2012). The
experiments were administered online, and online data collec-
tion was managed using JATOS (Version 3.5.3; Lange et al.,
2015). At the beginning of the experiment, participants were
asked to close all the other windows in the browser and all the
other applications, as well as to set the browser to full-screen
mode. Participants were first presented with an informed con-
sent screen and asked whether they wanted to proceed. After
acceptance, participants provided information regarding their
age and were then directed to the first experimental procedure.

Each participant performed both the semantic and the
taboo Stroop experiment. The order of the two tasks was
counterbalanced across participants. The overall structure
of the two tasks, as well as the trial events, were the same
across both Stroop experiments. Participants were instructed
to categorize word stimuli as a function of the color in which
they were written by pressing one of four buttons (red: Z;
yellow: X; green: N; blue: M), using their right and left
index and middle fingers (one finger per response button).
In each trial, a fixation cross was presented at the center
of the screen for 450, 500, or 550 ms. After a 50-ms blank
screen, the target stimulus (colored words) was displayed
until response. When participants failed to respond before
the allotted time (1,500 ms), a feedback screen (“too slow!”)
was displayed for 300 ms. The beginning of the next trial
occurred after a blank screen lasting 800 ms.

In the semantic Stroop, each word (four color-associated
and four control words) was presented in each of the three
possible colors 12 times for a total of 288 trials. The whole
set of 288 trials were divided in two equal blocks of 144
trials. Each color-word combination occurred equally often
across the two blocks. Participants could take a self-termi-
nated break in between the two blocks. Similarly, in the taboo
Stroop experiment each participant was administered two
blocks of trials (144 trials per block), with a self-terminated
break in between. All the taboo (72) and control (72) words
were presented once in each block, in a different color across
the two blocks. The lists of stimuli were created so that each
color appeared equally often across taboo and control stimuli
within participants, whereas each word was displayed equally
often in each possible color across participants.

Before beginning the first experimental session, partici-
pants performed two practice sessions. The first consisted of a
response mapping training (following Kinoshita et al., 2018),
in which the stimuli consisted of colored strings of six hash-
marks (######). Participants were instructed to respond on
the basis of their color. Each response color was presented six
times, for a total of 24 trials. In the second practice session,
four words were presented instead of the stings of hash marks.
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Words were different from those selected for the experiments.
Participants were asked to respond on the basis of the color in
which words were written. Each word appeared three times
in three of the four colors, for a total of 36 trials. In both
practice sessions, the trial events were the same as in the
experimental tasks, except for the fact that a feedback screen
(300 ms) was delivered not just when participants failed to
respond within the allotted time, but also in case of incor-
rect responses (“ERROR”). To facilitate the color-response
association, during both practice sessions, four small colored
squares were constantly displayed in the lower part of the
screen, in correspondence to the associated response button
(on the left side, red = Z, yellow = X; on the right side, green
=N, blue = M).

Statistical analyses

Reaction times (RTs) were analyzed via linear mixed-effects
models and response accuracy via generalized linear mixed
effects models, using the lme4 library (Version, 4_1.1-
21; Bates et al., 2015) in R (R Core Team, 2021). Mod-
els included random intercepts for participants, response
colors, and words. Fixed effects were assessed using likeli-
hood ratio tests to compare models in which the fixed effect
under examination was present versus a version of the model
in which it was absent. Fixed terms were retained only if
their inclusion determined a significant increase in good-
ness of fit. In case any interaction resulted significant, all
the involved lower-order terms were retained.

For RTs, analyses were conducted only on correct
responses. Additionally, responses faster than 200 ms were
considered as anticipations and were not included in the
analyses. We first analyzed the overall effects of the two
experimental manipulations (semantic association and taboo
connotation), separately within the semantic and taboo
Stroop tasks. We then assessed the correlations between the
overall semantic and taboo Stroop effects detected across the
two experiments, using Spearman’s rho.

In a second step, we considered variations of both Stoop
effects as a function of response speed, focusing on a delta-
plot analysis. Specifically, within each participant and within
each condition, RTs were partitioned into five quantiles. The
first quantile thus included the fastest 20% of responses, the
second quantile the next fastest 20%, and so on, until the fifth
quantile, which included the slowest 20% of the responses.
To assess changes in the Stroop effects as a function of
response speed, the variable quantile was considered as a
fixed effect within subsequent statistical models. Particu-
larly, we assessed potential interaction between the variable
quantile and the effect of the experimental manipulations as
markers of changes in the unfolding of the Stroop effects as a
function of response speed. Nonlinear relationships between
quantiles and Stroop effects were assessed using orthogonal
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quadratic polynomials when fitting the quantile variable.
Polynomial terms were retained only if they improved good-
ness of fit, as assessed by likelihood ratio tests, compared
with a model including only linear relationships.

Accuracy analyses are instead reported only for the sake
of completeness. Response accuracy was modeled as a bino-
mial variable within generalized linear mixed-effects mod-
els. Correlations across experimental effects were not tested,
as accuracy was very high, and possibly at ceiling, in both
experiments (semantic Stroop: M = .94, SD = .05, range:
.68-1; taboo Stroop: M = .94, SD = .05, range:.76-.99).

Results
Overall effects
Semantic Stroop

The semantic Stroop effect was significant, Xz(l) = 6.28,
p = .012, with slower RTs for color-associated compared
with neutral words, b = 7.27, SE = 2.43, t = 2.99 (Table 2).

In terms of response accuracy, there was no difference
between color-associated and control words, Xz(l) = 0.04,
p = .84 (see Table 2).

Taboo Stroop

There was a significant effect of taboo interference, Xz(l) =
14.89, p < .001. Responses were slower in the taboo condi-
tion, compared with the neutral ones, b = 9.98, SE = 2.53,
t = 3.95 (Table 2).

There was no significant interference on response accuracy,
Xz(l) =0.01, p = .94 (Table 2).

Correlations

With respect to the RTs, there was no significant correlation
between the semantic and the taboo Stroop effect, r, = —0.05,
p = .64 (Fig. 1).

Delta plots
Semantic Stroop

For models presented in this section, the random intercept
for words had a variance close to zero, and was thus dropped
to aid models’ convergence. There was a significant interac-
tion between quantile and experimental condition (control
vs. color associated), Xz(l) = 23.35, p < .001. Fitting the
quantile variable using a quadratic orthogonal polynomial
increased goodness of fit, XZ(Z) = 3613, p < .001. Param-
eters of the final model are listed in Table 3.
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Table 2 Mean response latencies (RTs in ms) and proportion of accu-
rate responses in the two Stroop tasks

Table 3 Parameters of the model for the quantile analysis in the
semantic Stroop task

Condition RTs Accuracy
M SE M SE
Semantic Stroop
Semantic 644 7.24 94 .005
Control 637 7.69 94 .006
Difference 7 2.52 0 .002
Taboo Stroop
Taboo 654 8.30 .94 .005
Control 644 8.35 94 .005
Difference 10 2.51 0 .003
Note. M mean; SE standard error of the mean
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Fig. 1 Scatterplot of the semantic Stroop effect and the taboo Stroop
effect. Each point represents an individual participant. There was no
correlation between the two effects

As can be seen in Fig. 2a, the semantic Stroop interfer-
ence is absent in the fastest RTs. It begins to be detected
on modal RTs and appears to be strongly enhanced in the
slowest RTs.

Taboo Stroop

The random intercept for words had 0 variance and was thus
removed from all analyses. The quantile by condition (con-
trol vs. taboo) interaction was significant, X2(1) =60.49,p <
.001. Fitting the quantile variable using a quadratic orthogo-
nal polynomial increased goodness of fit, XZ(Z) =3629,p <
.001. Parameters of the model are reported in Table 4.

Random effects Variance SD

Participant 4,721.92 68.72

Color 3.95 1.99

Residual 7785 88.23

Fixed effects b SE t
Intercept 637.16 7.44 85.68
Condition (color-associated) 7.19 1.15 6.28
Quantile (linear) 23,621.92 125.69 187.94
Quantile (quadratic) 5,450.63 12491 43.63
Condition X Quantile (linear) 909.50 176.48 5.15
Condition X Quantile (quadratic) 168.91 176.47 0.96

Note. SD standard deviation; SE standard error

As Fig. 2b shows, the effect is absent in the first quantiles.
It begins to appear only in modal quantiles and is sharply
enhanced in the slowest RTs.

Correlations

For both the semantic and the taboo interference effect, for
each participant, we computed the difference between the
effect detected in the fifth versus the fourth quantile, thus
capturing the slope of the last segment of the delta plot (e.g.,
van den Wildenberg et al., 2010). The results highlighted a
positive correlation with respect to this index across the two
tasks, r, = .26, p = .02 (Fig. 2c).!

General discussion

The experiments highlighted reliable semantic and taboo
Stroop effects,? with no sizable correlation amongst the
two, at least at the level of mean differences between con-
ditions. This may suggest that the two phenomena, despite
being both elicited by semantic information, tap into differ-
ent mechanisms. Consistently, the literature suggests that
whereas the semantic Stroop effect stems from conflicting

1" All the correlation analyses were replicated after transforming RTs
into within-participants z-scores (Faust et al., 1999), in order to control
for overall differences across participants in terms of response speed.

2 Both the overall semantic and the taboo Stroop effects were rather
small. For the semantic Stroop effect, we note that the size of the
effects is similar to the one reported in other experiments using a
manual variant of the Stroop paradigm (e.g., Kinoshita et al., 2018),
including our previous one, featuring partially different control words
(Sulpizio et al., 2021). Other researchers have highlighted that the
semantic Stroop effect is usually small (e.g., Levin & Tzelgov, 2016;
see also Parris et al., 2021), but our data (including Sulpizio et al.,
2021) suggest it appears as a rather reliable phenomenon, even in a
transparent language such as Italian.
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Fig.2 Results of the delta-plot analyses. a Mean semantic Stroop
effect (color-associated — control; y-axis) as a function of trial quan-
tile (x-axis). Points represent empirical means, and error bars reflect
corresponding 95% confidence intervals. The black line represents

semantic codes activated by the color-associated word and
the ink color (e.g., Augustinova et al., 2018; Seymour,
1977), the taboo Stroop effect is related to the attentional

Table 4 Parameters of the model for the quantile analysis in the taboo
Stroop task

Random effects Variance SD

Participant 5,901.62 76.82

Color 5.28 2.30

Residual 7,363.73 85.81

Fixed effects b SE t
Intercept 643.75 8.31 77.49
Condition (color-associated) 9.94 1.11 8.92
Quantile (linear) 24,307.98 122.12 199.05
Quantile (quadratic) 5,145.03 121.49 42.35
Condition X Quantile (linear) 1449.63 171.64 8.45
Condition X Quantile (quadratic) 486.14 171.63 2.83

Note. SD standard deviation; SE standard error

@ Springer

means predicted by the statistical model. b As in Panel a, for the
taboo Stroop task. ¢ Scatterplot of the slope of the last segment of
the delta plot for the semantic Stroop effect (x-axis) versus the taboo
Stroop effect (y-axis). Each point represents an individual participant

capture exerted by the inappropriate connotation of the
carrier words, which divert resources away from the task-
set (e.g., Williams et al., 1996). The lack of correlation
between the two effects clearly warrants caution against
any strong interpretation, particularly when considering
limitations in the reliability of Stroop effects (and conflict
effects more in general) when used to measure individual
differences in correlational research (Hedge et al., 2018).
The delta-plot analyses, however, revealed a different and
more interesting pattern.

The semantic Stroop interference increased as a function
of response speed, being absent in fastest responses and dis-
playing a steep enhancement in the slowest ones. The over-
all pattern replicates our previous observation with partially
different stimuli (Sulpizio et al., 2021), thus solidifying the
finding. As in Sulpizio et al. (2021), we interpret this pattern
as an index of fluctuating efficiency in attentional control
(e.g., De Jong et al., 1999), yielding lapses in the mainte-
nance of task goals and schema. Detrimental fluctuation in
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control would become particularly evident in the slowest
responses, whereas fastest ones would capture instances in
which attentional control is tightly focused on task requests,
thus minimizing distractors interference.

Delta-plot analyses of the taboo Stroop effect revealed
a very similar pattern, with no interference in fastest
responses, followed by an enhancement beginning within
modal quantiles and becoming stronger in the slowest
responses. Admittedly, this pattern contradicted our predic-
tion concerning the possible engagement, for this particu-
lar type of Stroop interference, of a selective suppression
mechanism that may intervene to dampen the detrimental
influence of task-irrelevant taboo connotation, akin to what
has been observed in lexical decision tasks (Scaltritti et al.,
2021; Sulpizio et al., 2021). The rationale for our prediction
was that the semantic feature of taboo connotation is com-
pletely unrelated with respect to the task-relevant semantic
dimension pertaining to color-related information, in con-
trast to what occurs in the semantic Stroop effect, where
the interfering semantic information carried by color-asso-
ciated words is, by definition, related to the task-relevant
color dimension. Whereas in the latter case selective sup-
pression might not be an optimal way to control for interfer-
ence, as it would also act on task-relevant information, for
taboo stimuli, the interfering semantic connotation is differ-
ent form the task-relevant one. We thus hypothesized that,
in this second scenario, semantic control could be actively
engaged to suppress the task-irrelevant taboo connotation of
the carrier word stimuli. However, we did not find any trace
of selective suppression. Like the semantic Stroop effect,
the taboo interference revealed an enhancement in the slow-
est latencies. Additionally, the results revealed a significant
correlation between the positive slopes of the last segment
of the two effects. This potentially points towards a shared
underlying phenomenon, that we identified with a fluctuat-
ing efficiency of attentional control in maintaining the task
goal (i.e., categorize the color) thus limiting any interference
from the irrelevant stimuli (i.e., words). Specifically, the cor-
relation may reflect a general sensitivity towards different
forms of (semantic) interference in the context of a complex
task requiring the engagement of general control resources
to maintain the task goal and the task-relevant schema. By
requiring four different manual responses in the context of a
purely arbitrary mapping, the manual version of the Stroop
task may be particularly taxing in terms of task-set main-
tenance. Under these circumstances, participants might be
reliably prone to suffer from different forms of interference,
at least when the efficiency of attentional control decreases.

This interpretation finds further support in the pattern
observed for the fastest responses. Notably, both the seman-
tic and the taboo Stroop effect are absent in the first two

quantiles (see Fig. 2a-b), which capture a relevant portion
(40%) of participants responses. In other words, across both
tasks, participants fully experienced interference only in a
subset of trials (i.e., the slowest ones). When their attention
was fully oriented on the task goal (i.e., identify the color),
as in faster trials, it is likely that participants could filter out
the carrier-word without fully processing it (for the nonau-
tomaticity of word meaning in the Stroop task, see Kinoshita
et al., 2018). In contrast, when participants incurred into
lapses of attention, the likelihood to process the irrelevant
carrier-stimulus was higher, and semantic information had
more chance to interfere with the task.

The absence of interference in the fastest responses fur-
ther differentiates the present results from those we reported
in our previous lexical decision studies with taboo words
(Scaltritti et al., 2021; Sulpizio et al., 2021), where the taboo
interference was already visible in the first quantile and
turned into a facilitation within slower responses. Our ten-
tative explanation for the discrepancies in the distributional
features of the taboo interference between lexical decision
and (manual) Stroop task relies on the differences between
the two experimental paradigms in terms of task goals. In
lexical decision, the task goal requires to decide whether a
letter string is a word or not, a task set that encourages lex-
ical-semantic processing (e.g., Balota et al., 1991; Pexman,
2012). This should limit any chance to filter out the distract-
ing taboo connotation, which would need an “active” inhibi-
tion via selective suppression mechanisms requiring time to
fully accrue. As a consequence, taboo interference in lexical
decision is fully displayed even in the fastest responses and
turns into a facilitation (or a null effect) only in slowest ones
(Scaltritti et al., 2021; Sulpizio et al., 2021). In the case of
Stroop tasks instead, the lexical-semantic information from
the distractor words is, in principle, useless to accomplish
the task goals. Here, attentional control may effectively filter
out the taboo connotation, at least when attention is tightly
focused on task goals and schema (fastest trials). In contrast,
lapses of attentional control (slowest responses), would let
the distracting taboo information hinder the performance. As
a result, the taboo interference is absent in fastest responses,
and greatly enhanced in the slowest ones.

Further, in the present experiments, the absence of a system-
atic interference may discourage the system to use a more spe-
cific control mechanism, which would be useless on almost half
of the trials. This reasoning resonates with recent neurocogni-
tive models of conceptual processing assuming partially distinct
networks subserving semantic and domain general control (e.g.,
Hoffman et al., 2018; Lambon Ralph et al., 2017). According
to these models, specific mechanisms for semantic control are
functionally dissociated from more general control mechanisms
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and ““are only recruited when conceptual information itself must
be controlled, and not whenever semantic tasks become hard”
(Gao et al., 2021, p. 2). Therefore, the sporadic interferences
we reported here, surfacing when attentional control operates
less efficiently, may not prompt the recruitment of any form
of semantic control, and may simply reflect fluctuations in a
general control mechanism working to maintain task goals and
task schema.

We should acknowledge that the literature on Stroop
effects also offers a different interpretation with respect to
Stroop interference showing an enhancement as a function of
response speed that is a positive slope in the delta plots. This
perspective relies on the framework of drift diffusion mod-
els (e.g., Ratcliff et al., 2016), in which decision is viewed
as a process of (noisy) evidence accumulation, continuously
unfolding over time until reaching a response-triggering
boundary. Here, the positive slope in the delta plot of an
effect is usually related to differences in the rate of evidence
accumulation as a function of experimental conditions. As
in the Stroop task the distracting information (word) and
the task-relevant one (color) are merged within one stimu-
lus, competing evidence coming from both sources would
be sampled in parallel during the decisional process, thus
reducing the rate at which evidence pertaining to the target
dimension is collected. The rather ubiquitous positive delta
slope found across variants of Stroop interference may thus
be mapped onto a change in the rate of evidence accumula-
tion (for more discussion and evidence, see Kinoshita, De
Wit, Aji, & Norris, 2017; Kinoshita, De Wit, & Norris, 2017;
Pratte et al., 2010). In this context, our findings suggest that
the taboo connotation of carrier words should be included in
the types of information from the distractor that hinder evi-
dence accumulation from the target, despite the fact that the
taboo information per se does not seem to involve evidence
incongruent with the target (i.e., color).

Another important conundrum that we should consider in
the context of the present results is related to the interpreta-
tion of the semantic Stroop effect. In line with some of the
extant literature, we have endorsed the notion that the difference
between trials with color-associated words and trials with color-
unrelated words represents a measure of semantic conflict.
Briefly, our choice relied on evidence of dissociations between
effects of semantic and response conflict. For example, whereas
semantic conflict (as indexed by the comparison between, e.g.,
sky in green vs. dog in green) remains relatively constant across
manual and verbal variants of the semantic Stroop paradigm,
response conflict (as indexed by the comparison between, e.g.,
blue in green vs. sky in green) is reduced in the manual ver-
sion of the task (Augustinova et al., 2018; see also Augustinova
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et al., 2019; Brown & Besner, 2001). The fact that semantic
conflict remains comparable when response conflict is reduced
or eliminated seems to support the notion that the two types of
conflict can be differentiated, and that semantic conflict cannot
be reduced to a form of response conflict.

In a different perspective, color-associated words would
still trigger response-conflict, due to their ability to activate
the set of response colors (e.g., Cohen et al., 1990; Roelofs,
2003), and dissociations would merely reflect quantitative
differences in response competition (for further discussion,
see Parris et al., 2021). Importantly, evidence suggests that
response conflict in manual Stroop tasks may be displayed
in slower RTs (Hasshim et al., 2019), a distributional pattern
that resembles the one we reported for the semantic Stroop
effect. Without a measure of response conflict, our experi-
ment is unable to tease apart the contribution of the two
forms of conflict to the semantic Stroop effect. It is however
interesting to note that, in our experiment, the taboo Stroop
effect displayed the very same distributional profile and the
enhancement of the two effects in the slowest RTs was sig-
nificantly correlated. As the taboo interference effect reported
here seems hard to reconcile with any form of response con-
flict, the correlation would seem to capture, at least, a partial
overlap of the two phenomena, that we ascribe to semanti-
cally driven interference effects resulting from attentional
lapses in maintain task goals and schema.

In conclusion, the semantic and the taboo Stroop effects
both seem to stem from similar processing dynamics, in
particular from fluctuations in attentional control of task
goals and schema. When attention is deployed less effi-
ciently (i.e., in the slowest trials), (semantic) interference
phenomena are enhanced. Moreover, we did not find any
trace of a selective semantic suppression of the taboo inter-
ference (i.e., the semantic connotation not overlapping with
the task-relevant dimension of colors). We speculate that
this sort of control mechanism, which has been reported in
lexical decision, was not implemented in the current task
due to the inconsistent effect of taboo interference in the
Stroop paradigm. In fact, both the taboo interference and the
semantic Stroop effect, were virtually absent in almost half
of the responses. This suggests that rather than unavoid-
able consequences of the automaticity of lexical-semantic
access, these phenomena may be linked with lapses in atten-
tional control, which make the performance more prone to
general interference effects from distractors (i.e., words). In
turn, the ability of the system to efficiently filter out hinder-
ing semantic information, at least in a substantial proportion
of trials, further challenges the notion of full automaticity
in visual word recognition.
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Appendix 1

Analyses of the semantic and taboo Stroop effects
as a function of trial progression

In this analysis, we assessed potential changes in the seman-
tic and taboo Stroop effects as a function of the trial progres-
sion. Taboo interference effects are often subject to habitu-
ation phenomena (e.g., Bertels & Kokinsky, 2016; MacKay
et al., 2004; 2015; Sulpizio et al., 2021).

For the semantic Stroop experiment, there was no evi-
dence for a modulation of the effect during the course of
the experiment, as the interaction between the type of car-
rier word (color-associated vs control) and trial number
failed to reach significance, ;{2 (1) =2.27, p = .13. The
main effect of trial number, however, was significant, )(2
(1) = 16.59, p < .001, indicating that RTs were getting
progressively faster over the course of the experiment, b
=-0.06, SE = 0.01, t = -4.07. Using orthogonal quadratic
polynomial in fitting the variable of trial number signifi-
cantly increased goodness of fit, X2 (1) =4.09, p = .04.

The unfolding of RTs across trials for the two conditions
is represented in Appendix Fig. 3, panel a.

For the taboo Stroop experiment, instead, there was a sig-
nificant interaction between the experimental condition (taboo
vs control) and the trial number, ;(2 (1) =5.26, p = .02, as the
taboo interference declined over the course of the experiment,
b=-0.07, SE =0.03, t =-2.29. The use of a quadratic orthogo-
nal polynomial in fitting the trial number variable significantly
increased goodness of fit, y° (2) = 25.06, p < .001. In fitting the
models for the taboo Stroop experiment, we dropped the ran-
dom intercept for words (i.e., the one associated with the small-
est amount of variance) in order to aid model convergence and
keep the random effects structure comparable across all models

The unfolding of RTs across trials for the two conditions
is represented in Appendix Fig. 3, panel b.

Note that the correlation between the last segments of
the delta-plots from the semantic and the taboo Stroop tasks
remained significant (ry = .26, p = .02) even when, for the
taboo Stroop, we included in this analysis only the trials
from the first half of the experiment (i.e., from trial 1 to trial
144), where the taboo interference was actually displayed.
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Fig.3 Modulation of the RTs across different conditions as a func-
tion of trial progression. Panel a: mean RTs (y axis) as a function
of trial number (x axis) and experimental condition (labels on top)
for the semantic Stroop task. Points represent mean RTs, and error

bars reflect corresponding 95% confidence intervals. Solid black line
represents the effect of trial number predicted by the statistical model,
whereas dashed lines represent the corresponding 95% confidence
intervals. Panel b: as in panel a, for the taboo Stroop task
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Appendix 2

Exploratory analyses of the frequency of occurrence
of slow response across the trial sequence

We considered slowest RTs as indicative of trials in which
attentional control was operating less efficiently (e.g., De
Jong et al., 1999). In this exploratory analysis, we tried to
assess how slow responses are distributed across the experi-
ment. Separately for the semantic and the taboo Stroop tasks,
we considered the frequency of occurrence of the slow-
est responses (i.e., those responses falling within the fifth

Semantic Stroop

40 -

30 -

10 4

Freq. of responses in the fifth quantile

T T T T
1 50 100 150 200 250
Trial Number

Fig.4 Exploratory analysis of the distribution of slowest responses
over the course of the experiments. Frequency of occurrence of the
slow responses falling in the fifth quantile (y-axis) plotted as a func-
tion of trial progression (x-axis) in the semantic and taboo Stroop
tasks. Grey points and lines represent the number of responses at each
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quantile) as a function of trial progression (i.e., from trial 1
to trial 288). Specifically, we fitted linear regression models
using trial serial number as the predictor variable, and the
frequency of slow responses falling in the fifth quantile as
the dependent variable. Both in the semantic (b = - 0.013,
SE =0.003, t=-4.21, p < .001) and in the taboo Stroop task
(b=-0.017, SE=0.003, r =-5.97, p < .001), the frequency
of very slow responses was reduced over the course of the
experiment (Appendix Fig. 4). This pattern may be tenta-
tively linked with practice effects, possibly reinforcing the
(arbitrary) response mapping and thus attenuating the impact
of attentional lapses.

Taboo Stroop

40 4

304

10 4

T T T T
1 50 100 150 200 250

trial serial position (from 1 to 288). Solid black line represents the
effect of trial number (i.e., trial ordinal position within the sequence)
predicted by the statistical model, whereas dashed lines represent the
corresponding 95% confidence intervals
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