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Abstract

The colour-word Stroop task produces both information conflict (detection of the ink colour vs word meaning) and
task conflict (respond to the ink colour vs read the word). In this study, we measured both reaction time and pupil
dilation, and the neutral stimuli in our study were non-readable letter strings as well as meaningless non-readable stimuli
(i.e., coloured patches and abstract character strings). Our results showed slowest responses in the incongruent trials
and fastest responses in the congruent trials. However, no differences were found between the investigated neutrals.
In contrast, pupil dilation was largest in the incongruent trials and smallest in the neutral trials. Moreover, the more
the neutral stimuli were meaningless, the less the pupil dilation that was observed. Our results suggest that non-word
meaningless stimuli reduced task conflict (compared with all the investigated conditions). Neutral equivalence should be

taken into consideration in Stroop and Stroop-like tasks.
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Introduction

The Stroop task (Henik et al., 2018; Parris et al., 2019) is
one of the most frequently used tasks to examine cognitive
control. It examines the ability to focus on relevant infor-
mation and ignore irrelevant information. Specifically, in
the commonly used colour-word Stroop task (Henik et al.,
2018), participants are presented with coloured stimuli and
are required to name the ink colour. The ink colour could be
congruent with the meaning of the word (e.g., the word
RED written in red ink) or incongruent with the meaning of
the word (e.g., the word BLUE written in red ink). In addi-
tion, there are cases when the stimulus is not a colour word
(e.g., the word TABLE)—this is a neutral condition. The
neutral condition does not have to be a readable word. It
can also be a non-word stimulus. Non-word stimuli can be
pseudo-words (e.g., TAKLE) (Kinoshita et al., 2017;
Monsell et al., 2001), letter strings (e.g., XXXX) (Brown,
2011; Goldfarb & Henik, 2007; Hershman & Henik, 2019;
Kalanthroff et al., 2013), or symbol strings (e.g., @@ @@)
(Augustinova & Ferrand, 2012; Kinoshita et al., 2018;
Monsell et al., 2001). In the original Stroop experiment
(Stroop, 1935), Stroop used coloured shapes as the control
condition. In general, slower responses are observed
in incongruent trials compared with neutral trials. This

difference in reaction time (RT) is called interference and it
is large and reliable. In addition, RTs to the neutral trials are
slower compared with congruent trials. This difference is
called facilitation and it is usually small and fragile
(Hershman & Henik, 2019; Kalanthroff & Henik, 2013;
MacLeod, 1991).

Stroop conflicts

The Stroop task presents a mismatch between word mean-
ing and ink colour in incongruent stimuli. This mismatch is
often called the information conflict and only arises when
the stimulus is a colour-word or colour-related incongruent
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stimulus (e.g., the word banana appearing in blue ink col-
our). However, it has been suggested that the Stroop task
also gives rise to task conflict. In general, stimuli evoke
tasks that are strongly associated with them (Rogers &
Monsell, 1995; Waszak et al., 2003) and words tend to
evoke reading (Monsell et al., 2001; Stroop, 1935). As a
result, when one has to name the colour of the ink of a
word stimulus, word reading competes with colour naming
and creates task conflict. Interestingly, the task conflict
appears regardless of ink-word congruency (i.e., in both
congruent and incongruent trials) (Goldfarb & Henik,
2007; Hershman & Henik, 2019; Kalanthroff et al., 2018).
When a stimulus word is a non-colour word or is a letter
string, the observed interference expresses the task conflict
and has nothing to do with informational compatibility
(Levin & Tzelgov, 2014). Thus, the task conflict should
represent a major component of Stroop interference.

Stimuli meaning and task conflict

Klein (1964) and Fox et al. (1971) in their replication used
various non-colour stimuli and reported that the interfer-
ence effect depended on the readability of the neutral stim-
uli; common words interfered more than rare words, rare
words interfered more than consonant strings, and conso-
nant strings interfered more than strings of asterisks.
Recent studies showed that during a vocal colour-word
Stroop task, the readability of neutral stimuli influenced
the interference effect in that readable (i.e., containing
lexical material) stimuli elicited much slower RTs than
completely unreadable geometric shapes. However, the
difference between letter strings and real words was less
pronounced and somewhat unstable across experiments
(Levin & Tzelgov, 2016). In a recent work by Kinoshita
et al. (2017), the researchers investigated the effect of
response modality on interference produced by a large
variety of neutral stimuli. Specifically, they showed gradu-
ally increasing interference as a function of the readability
of the presented stimuli, relative to a series of Xs. This
interference that appears due to reading and represents task
conflict (Levin & Tzelgov, 2016) was observed only when
vocal responses were required but not when manual (i.e.,
key pressing) responses were required. Recent studies
have confirmed these results and showed that task conflict
was observed only when vocal responses were required
but not when manual responses were required (Augustinova
et al., 2018; Parris et al., 2019).

Pupil dilation

Pupil dilation is an unobtrusive high temporal resolution
measure that is thought to change as a result of task diffi-
culty (Kahneman & Beatty, 1966). Interestingly, pupil
dilation seems to be a sensitive measurement for task con-
flict (Hershman et al., 2020; Hershman & Henik, 2019,
2020).

Recently, Hershman and Henik (2019, 2020) presented
anew approach to detect temporal changes in pupil size by
using Bayesian analysis. Examination of the temporal dif-
ferences between the conditions revealed different effects
(i.e., both task and information conflicts) in different time
windows. Specifically, it was found that during the manual
Stroop task, there are both task and information conflicts,
and moreover, the task conflict appears before the infor-
mation conflict is initiated. Hershman et al. (2020) used
this temporal approach to look into task-related sub-com-
ponents of the Stroop interference effect. They measured
changes in pupil size using trials with various kinds of
neutrals. Specifically, they found that comparisons of dif-
ferent neutral types (words, pseudo-words, letter strings,
and symbols) did not show any meaningful difference in
RT or pupil dilation. However, the indications for task con-
flict using the various types of neutrals were different.
Namely, the less readable the neutral stimulus was, the ear-
lier reverse facilitation appeared (i.e., less dilation for neu-
tral compared with congruent trials) and the longer the
duration (i.e., wider time window) of task conflict.

Words have both lexical and semantic meanings that
may be processed, pseudo-words (as well as consonant
strings) have quasi phonology that may be processed, and
also symbols have a semantic meaning that may be pro-
cessed (e.g., $ is associated with money, * and # are often
associated with passwords, and random presentation of
symbols like “#$%@” is strongly associated with swear
words). In this study, we used the same paradigm as in
Hershman et al.’s (2020) study to investigate the temporal
changes of task conflict for different stimuli sets.
Specifically, we used meaningless neutral stimuli sets that
should not cause task conflict (or at least, should cause less
task conflict compared to the typically used neutral stim-
uli). In particular, in addition to the standard letter strings
(e.g., XXXX), we used coloured patches and abstract
draws as neutrals. Colour patches do not have any seman-
tical/lexical/phonological meaning that may trigger pro-
cessing except for colour naming—the required task.
Abstract draw stimuli also have no semantic/lexical/pho-
nological meaning. Moreover, these stimuli were never
presented to the participants before and therefore they can-
not be associated with something else. While the abstract
draws look like characters and strings of them may some-
how be associated with words (at least in terms of their
visual properties), coloured patches are completely unread-
able—they do not possess any semantic/lexical/phonolog-
ical/orthographical feature that can be read—in contrast to
abstract draws as well as letter strings (e.g., XXXX has
letters that can be identified, which involves a reading sub-
process such as orthographic encoding).

Pilot experiment

In a pilot experiment (see supplementary material), we
conducted a colour-word Stroop task (MacLeod, 1991)
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with four colour responses and measured both RT and
pupil dilation. In our experiment, two types of neutrals
were used: letter strings (e.g., XXXX) and coloured
patches (filled horizontal rectangles). Our results showed
that RT was faster in congruent trials compared with both
letter strings and coloured patches. In the same vein, these
two types of neutrals provided faster responses compared
with incongruent trials. Similar to RT, pupil dilation was
larger in the incongruent trials (indicating more effort)
compared with the congruent trials. However, in contrast
to the RT, pupil dilation was larger in the congruent trials
compared with both letter strings and coloured patches.
Moreover, pupil dilation was considerably smaller for col-
oured patches compared with letter strings.

The results suggested that the Stroop task includes two
conflicts, namely, both information and task conflicts. The
difference in pupil size response to incongruent compared
with congruent trials (between about 1,250ms to about
1,550 ms after the stimulus onset) is indicative of informa-
tion conflict. In addition, in line with previous pupillome-
try results (Hershman et al., 2020; Hershman & Henik,
2019, 2020), before these changes (i.c., early on, about
500ms post stimulus onset), our results showed larger
pupil dilation in the congruent trials compared with the
neutral trials (both for letter strings and coloured patches).
These reverse facilitations (that stayed for about 400 ms)
are typically used as a marker of task conflict (i.e., respond
to the colour vs read the word).

Interestingly, the divergence at about 500 ms post stim-
ulus onset appeared also between the two types of neutrals.
Specifically, from about 500 ms post stimulus onset, there
are meaningful differences between letter strings and col-
oured patches. These differences stayed stable until the
end of the trial. The lack of meaningful information of the
stimuli (e.g., coloured patches) did not trigger reading,
leading to no or much smaller task conflict (Augustinova
& Ferrand, 2014; Kinoshita et al., 2017; Levin & Tzelgov,
2016; Monsell et al., 2001).

This dissociation between RT and pupil dilation pro-
vides clear evidence for the influence of the meaning of
the stimulus. While RT suggests that all neutrals have the
same contribution to the Stroop conflict, pupil dilation (as
an indicator of mental effort) suggests that the meaning of
stimuli has a major influence on the Stroop conflict.

What would happen if a neutral stimulus without mean-
ing would be a string of meaningless objects? Most of the
presented stimuli in the pilot experiment were four-letter
strings, which formed a colour word or a meaningless let-
ter string. In contrast, the coloured patches were a single
“object” (i.e., one coloured patch). It could be argued that
the differences between coloured patches and the other
stimuli were due to the number of presented objects (i.e.,
smaller dilation for a single object compared with a string
of four objects), or due to the fact that coloured shapes
have no orthographic structure compared with the other

stimuli. To examine this possible artefact, we carried out
another experiment with one more type of neutral strings
of meaningless abstract characters that had the same ortho-
graphic structure.

This study

In this study, participants responded manually in a colour-
word Stroop task (MacLeod, 1991) with four colour
responses. The set of trials included (in addition to the
usual congruent and incongruent trials) letters, coloured
patches, and abstract character strings as neutrals. This
study had two main aims: first, we expected to replicate
the results of the pilot experiment (see supplementary
material); namely, larger dilation in the incongruent trials
compared with the congruent trials, larger dilation in the
congruent trials compared with the letters, and considera-
bly larger dilation in the letter strings compared with col-
oured patches. In addition, we wanted to find out if abstract
character strings (that do not include meaningful informa-
tion) would lead to smaller dilation than for the letter
strings.

Methods

Participants. Twenty-two undergraduate students (15
females, mean age = 24.18years, SD = 1.87) from Ben-
Gurion University of the Negev participated in the experi-
ment in return for 35 shekels (approximately $10) or
partial fulfilment of course requirements or credit. All par-
ticipants signed an informed consent form prior to their
participation in the experiment. All participants had nor-
mal vision (without glasses or contact lenses) as well as
normal colour vision and no reported history of attention-
deficit disorder or any learning disabilities.

Stimuli. The stimuli in the experiment subtended a visual
angle of 4.92° to 7.28° for height and 13.16° to 22.59°
for width, from a viewing distance of about 50 cm. The ink
colour was red (RGB: 255, 0, 0), blue (RGB: 0, 0, 255),
green (RGB: 0, 130, 0), or yellow (RGB: 255, 255, 0).
Each stimulus consisted of one of 16 possible stimuli
(see Table 1 for the list of stimuli). The stimuli were
divided into five possible groups: congruent colour words,
incongruent colour words, single character four-letter
strings in Hebrew, strings of abstract meaningless draws,
and coloured rectangles (patches). The draws were based
on La Heij and colleagues’ (2010) stimuli. There were 64
possible combinations of strings and ink colours: 4 con-
gruent (mean luminance = 190.34), 12 incongruent (mean
luminance = 190.23), 16 letters (mean luminance =
189.97), 16 abstract character strings (mean luminance =
189.86), and 16 patches (mean luminance = 187.8). The
experimental part of the experiment included 864 trials.
One-third of the presented trials were incongruent,
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Table 1. Stimuli used in our experiment.

Congruent  Incongruent Letters Patches  Abstract
(LET) (PTC) (ABST)

Colour word

213 (blue) 2999 ]

P17 (green) yyyYy . PR

217% (yellow) RRRR —— EX T XY

DX (red) vvvr g SAEEE

The stimuli were divided into five possible groups. Colour words were
used for both incongruent (e.g., the word 017X [red] written in blue ink)
and congruent (e.g., the word 911 [blue] written in blue ink) trials.

one-third were congruent, and one-third were composed of
three conditions of neutrals—one-ninth were letters, one-
ninth were abstract character strings, and one-ninth were
coloured patches. The stimuli were presented at the centre
of a screen on a silver background (RGB: 192, 192, 192;
mean luminance = 192). The conditions and the stimuli
within the conditions were selected randomly. The stimuli
were printed in 150-point, Arial font.

Procedure. The experiment was conducted in a dimly illu-
minated room. A keyboard was placed on a table between
the participant and the monitor. Participants were tested
individually. The experiment started with a short pre-
experimental part. In this part, the experimental procedure
was the same as the main task but here the participants
were presented with a coloured background instead of a
Stroop stimulus. The colour of the background was blue,
green, yellow, or red and each background appeared eight
times. In total, this part included 32 trials. Participants
were asked to press the appropriate key for each presented
colour (e.g., z for blue). This pre-experimental trial was
repeated until the participants had a success rate of more
than 80% (namely, a maximum of six mistakes). The
experimental part included 10 practice trials (which were
repeated and ended when the participants had a success
rate of more than 80%; these trials were not analysed) and
864 experimental trials. After every 144 trials, the partici-
pants took a rest for few seconds. The different stimuli
were presented in random order in both the practice and
the experimental blocks. During practice, participants
received feedback on accuracy. Each trial (see Figure 1 for
a visual example) started with a 1,000 ms fixation (a black
“+” sign in the centre of the screen), followed by a Stroop
stimulus (i.e., a colour word/string/patch printed in col-
our). The participants were instructed to press the “z” key
on the keyboard if the ink colour was blue, the “x” key if
the ink colour was green, the “n” key if the ink colour was
yellow, and the “m” key if the ink colour was red. They
were asked to ignore the meaning of the stimulus and to
press the correct key as fast as possible, without making

(a)

1,000 ms

RT (<1,100 ms)

(b)

Blue

1,000 ms

RT (<1,100 ms)

1,500 ms

Figure |. Examples of a typical trial. Participants had to
respond to the ink colour of the stimulus/background. (a) An
example of pre-experimental practice. (b) An example of an
experimental trial.

mistakes. The visual stimulus stayed in view for 400 ms
and was followed by a blank screen for a maximum of
1,100ms or until a key press. RT was calculated from the
appearance of the visual stimulus to the onset of a response.
Each trial ended with a 1,500 ms inter-trial interval.

Apparatus. Pupil size was measured using a video-based
desktop-mounted eye tracker (The Eye Tribe) with a sam-
pling rate of 60 Hz (16.66 ms inter-sampling time). Stimu-
lus presentation and data acquisition were controlled by
Psychtoolbox software (version 3.0.14) on MATLAB
(MathWorks version 9.4.0.813654 [R2018a]). Stimuli
were displayed on a 23-inch LED monitor (Dell E2314Hf)
at a resolution of 1920 X 1080 pixels, with a refresh rate of
60 Hz. The participant’s head was positioned on a chin rest
and the distance from the eyes to the monitor was set at
about 50 cm. To maintain an accurate measurement of
pupil size during the task, participants were required to
keep their eyes fixated on the centre of the screen and to
avoid eye movements for the entire task. Pupil area was
determined using the Eye Tribe algorithm.

Results

Pre-processing of pupillometry data. One participant was
excluded from the analysis because she did not have at
least 50 valid trials (correct responses with no more than
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CONG PTC LET ABST INCONG
Congruency

Figure 2. Mean reaction time for each congruency condition
of Stroop trials. Error bars represent | confidence interval
from the mean.

CONG: congruent; PTC: patches; LET: letters; ABST: abstract charac-
ter strings; INCONG: incongruent.

40% of missing values) in each condition. Pupil data was
processed using CHAP software (Hershman et al., 2019).
First, pupil data was extracted from the Eye Tribe (pupil
size in arbitrary units). Then, we removed outlier samples
with Z-scores larger than 2.5 (by using Z-scores based on
the mean and standard deviation calculated for each trial).
Next, for each participant, we excluded from analysis the
trials with more than 40% of missing values. We also
excluded trials with no response or with incorrect
responses. This resulted in exclusion of one participant.
For the 21 remaining participants (14 females, mean age =
24.14years, SD = 1.9) included in the analysis, pre-pro-
cessing of pupil data eliminated 7.1% of trials on average.
Next, we detected eye blinks by using Hershman et al.’s
(2018) algorithm and filled missing values by using a lin-
ear interpolation (Hershman & Henik, 2019). Next, the
time courses were aligned with the onset of the Stroop
stimulus and divided by the baseline (baseline was defined
as the average pupil size 500 ms before the stimulus onset).

RT. Mean RTs of correct (pupil valid) trials for each par-
ticipant in each condition were subjected to a one-way
repeated-measures analysis of variance (ANOVA) with
congruity (congruent, incongruent, neutral letter strings,
abstract character strings, and coloured patches) as
an independent factor. As expected, an omnibus analysis
produced a significant effect, F (4,80)=14.9, p <.001,
N, = 43,BF, =2.523x10° (mean RTs in the various con-
ditions are presented in Figure 2).

Mean RT was faster in congruent trials compared with
patches, F(1,20)=12.1,p =.002,BF,, =17.14_ RT to
patches and letters was similar, F(1,20) <1, BF,, =4.34.
RT to letters tended to be similar to that of abstract charac-
ter strings, F(1,20) = 2.34, BF;,, =1.61, and RT to abstract

character strings tended to be faster than response in the
incongruent trials, F'(1,20) =5.11, p =.035,BF,, =1.81. In
addition, the standard interference effect was found (i.e.,
RTs to letter strings were faster than responses in incon-
gruent trials), F(1,20) =14.86, p <.001, BF;, =36.59.

Error rate. Incongruent trials had an error rate of 13.96%,
congruent trials had an error rate of 10.35%, letter trials
had an error rate of 14.38%, abstract character strings
had an error rate of 13.84%, and patch trials had an error
rate of 13.39%. Error rates were subjected to a one-way
ANOVA with congruity as an independent factor. The
analysis produced a significant effect,
F(4,80)=5.121,p = .001,1112, =.168, BF|, =30.219. Mean
error rate was smaller for congruent trials compared with
other trials, F(1,20) =22.82, p <.001, BF, = 244.141. No
difference was found between letter, abstract character
strings, patch and incongruent trials, £(3,60)<1,8F, =10.96.

Pupillometry. Mean relative changes of the pupil size in
each condition are presented in Figure 3a (see Figure 3b
for the detailed Bayes factor figures). Significant differ-
ences are presented in Figure 3a by the horizontal lines
(e.g., the top two horizontal lines present significant differ-
ences between congruent and incongruent conditions).

Our analysis indicates significant differences between
all the investigated conditions. Specifically, the differences
between incongruent (red line) and congruent (green line)
conditions appeared at about 1,260ms after the stimulus
onset. These differences stayed for about 240ms (until
about 1,500 ms after the stimulus onset). Moreover, the dif-
ferences between the congruent (green line) trials and let-
ters (blue line) appeared at about 620 ms after the stimulus
onset (before the appearance of the differences between
congruent and incongruent trials). These differences stayed
for about 250ms (until about 870ms after the stimulus
onset). Differences were also found between letters (blue
line) and abstract character strings (light blue line) around
470 ms after the stimulus onset for about 760ms. In addi-
tion, differences between abstract character strings (light
blue line) and patches (purple line) appeared early on at
about 400ms after the stimulus onset and stayed until the
end of the trial. Consistent with previous studies, differ-
ences were also found between incongruent (red line) and
letter (blue line) conditions. These differences appeared
carly on at about 1,360ms after the stimulus onset and
stayed until about 1,560 ms post stimulus onset (for about
200ms).

Discussion

We conducted a colour-word Stroop task (MacLeod, 1991)
with four colour responses and measured both RT and
pupil dilation. This experiment used the same procedure of
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Figure 3. (a) Mean relative pupil size (compared to average
pupil size 500 ms before the stimulus onset) for the five
congruency conditions. Participants had to respond to the
ink colour of the stimulus. Time 0 represents stimulus onset
and the vertical lines represent mean manual RT (around
time 650 ms post stimulus onset) for each condition. The five
line curves present changes in pupil dilation as a function of
time. The shaded areas represent | standard error from the
mean. The horizontal lines represent meaningful comparisons
(BF,, = 3) for each contrast (e.g., the top red and green lines
indicate meaningful differences in pupil response between
the incongruent and the congruent conditions). (b) BFs as
function of time for each comparison, from 500 ms before
the stimulus onset to 1,800 ms after the stimulus onset. Each
curve represents BF |, (namely, evidence for the alternative
hypothesis that two conditions are not the same) for the
specific comparison. The horizontal black lines on 3 and on 0.3
represent the thresholds for the decision making (BF, values
above 3 provide evidence for the alternative hypothesis and
BF,, values below 1/3 provide evidence for the null hypothesis).
Please note that the scale for the Y-axis is exponential.

Hershman et al.’s (2020) study that tested different types
of neutrals. In contrast to the neutrals that were used in
Hershman et al.’s study, here we used three types of neu-
trals: letter strings, abstract character strings, and coloured
patches. Although the letter strings have phonological
meaning, the abstract character strings and the coloured
patches have no phonological, lexical, or semantic mean-
ing. Moreover, the coloured patches have no structure that
may be associated with readable words (i.e., coloured
patches have no orthographical features). Our results
showed that RT was faster in congruent trials compared
with all the investigated neutral trials (namely, letter
strings, coloured patches, and abstract character strings).

In addition, the neutral trials provided faster responses
compared with incongruent trials. Analysis of the changes
in pupil dilation provided a similar pattern to that of the
pilot experiment. Specifically, pupil dilation was larger in
the incongruent trials compared with the congruent trials,
which was larger than for the letter strings. In line with the
pilot experiment, pupil dilation was smaller for the col-
oured patches compared with all the other investigated
conditions. Moreover, abstract character strings led to
more dilation compared with coloured patches but smaller
dilation compared with letter strings.

In line with previous Stroop and pupillometry studies
(Hershman et al., 2020; Hershman & Henik, 2019, 2020),
our results indicate the existence of both information and
task conflicts. Specifically, the difference in pupil size
response to incongruent compared with congruent trials is
indicative of information conflict. In addition, our results
show larger dilation in the congruent trials compared with
the neutral trials (letter strings, abstract character strings,
and coloured patches). These reverse facilitations are typi-
cally used as markers of task conflict (i.e., respond to the
colour vs read the word). In addition to the evidence for
the existence of these conflicts, our results provide evi-
dence for the temporal priority of the task conflict com-
pared with the information conflict. Although the evidence
for the information conflict (i.e., the difference between
congruent and incongruent conditions) appears at an
advanced stage of the trial (about 1,200 ms post stimulus
onset), the evidence for the task conflict (i.e., the differ-
ence between congruent and neutral conditions) appears
earlier (about 500 ms post stimulus onset).

Interestingly, the time point of the divergence between
the neutrals and the congruent trials was also the time
point of the divergence between the neutrals themselves.
Specifically, at this time point (about 500 ms post stimulus
onset), pupil dilation showed differences between the dif-
ferent types of neutrals. The differences between letter
strings and coloured patches were initiated at this time
point. Moreover, pupil dilation showed differences
between letter strings, coloured patches, and also abstract
character strings. These results eliminate the artefact of the
presentation type suggested by the pilot results (i.e., larger
dilation due to the larger number of objects or due to sig-
nificant different visual properties). In other words, the
differences between coloured patches and any other mean-
ingless stimulus cannot be explained only by the presenta-
tion of the stimuli. Specifically, when the presented stimuli
were strings of an abstract character, smaller dilation was
observed compared with strings of familiar letters. Hence,
we believe that our results suggest that meaningful stimuli
(and specifically, stimuli with orthographic or lexical
meaning such as a series of Xs) produce task conflict.
Moreover, our results suggest that not all stimuli produce
the same amount of task conflict. Specifically, the more a
stimulus is abstract and meaningless (i.e., coloured
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patch)—and as a consequence requires less mental effort—
the smaller the task conflict will be (Augustinova &
Ferrand, 2014; Kinoshita et al., 2017; Levin & Tzelgov,
2016; Monsell et al., 2001).

In this study, the RTs suggest that all the investigated
neutrals had similar influence on the response. Moreover,
in the pilot experiment, the analysis of the RTs indicated
longer responses to coloured patches than to letter strings.
In contrast, pupil dilation provided a clear-cut different pat-
tern of dilation for each investigated neutral type. In fact,
pupil dilation was considerably smaller for coloured
patches compared with all the other investigated conditions
and specifically, compared with the letter strings. The same
pattern (i.e., smaller dilation compared with all the investi-
gated conditions and specifically compared with the letter
strings) occurred for the abstract character strings as well.

In line with our previous studies (Hershman & Henik,
2019, 2020), our results indicate an interference effect (i.c.,
pupil dilation in the incongruent trials was larger compared
with the neutral trials). However, in contrast to the duration
of the time window of the effect, here the effect was pretty
short (about 200 ms compared with longer effects of more
than 1,000ms). In this study, we used three kinds of neu-
trals (instead of one in our previous studies). These results
may suggest that the more the variability of the neutral
stimuli, the more the cognitive control that will appear.

We would like to mention the relationship between RT
and pupil changes. The reverse facilitation that serves as a
marker of task conflict is usually obtained with measure-
ment of RT when task conflict is high enough (for a
detailed discussion, see Entel et al., 2015). In contrast, the
current and previous Stroop and pupillometry studies
(Hershman et al., 2020; Hershman & Henik, 2019, 2020)
showed that there is no need to increase the likelihood of
task conflict to observe the reverse facilitation when using
measurement of pupil dilation. Moreover, in previous RT
experiments (Hershman et al., 2020; Kinoshita et al.,
2017), response to neutrals did not differ from one another
when manual responding was used. In contrast, the current
experiments showed significant differences among neu-
trals when pupil changes were measured. Hence, we can
conclude that task conflict and additional differences
between conditions that are concealed in RT measure-
ments are easily detected with pupillometry.

Recently, task conflict has attracted attention (Littman
et al., 2019) and researchers tend to suggest that task con-
flict is a major component of Stroop interference (Levin &
Tzelgov, 2014). Interestingly, in a recent study by Ferrand
et al. (2020), it was shown that for the first-grader partici-
pants, the magnitude of the Stroop interference was a
result of only task conflict, whereas for third and fifth
graders, more cognitive conflicts were present (i.e., task,
semantic, and response conflicts).

Here, in addition to the evidence for the existence of
the task conflict, we found that multiple levels of task

conflict could be observed by using different levels of
meaningfulness. In the last two decades, researchers have
tried to produce task conflict by manipulation of the read-
ability of the stimulus (Kinoshita et al., 2017; Monsell
et al., 2001) or by manipulating the semantic meaning of
the stimulus (Kinoshita et al., 2018; Levin & Tzelgov,
2016). Here, we suggest that task conflict can also be
revealed (and maybe more clearly) by using meaningless
stimuli-like series of letters (and not only with words or
word-like stimuli). Specifically, by using the meaningless
original Stroop (1935) neutrals (i.e., coloured patches),
we significantly reduced the task conflict as reflected by
smaller pupil dilation. Our findings suggest that coloured
patches (meaningless stimulus) as well as strings of
abstract characters trigger less task conflict compared
with colour words, and moreover, compared with mean-
ingless neutral strings. Hence, researchers who run Stroop
tasks, and specifically, researchers who want to eliminate
task conflict from the task, should consider using these
meaningless stimuli. At the same time, researchers who
are interested in eliminating task conflict in other Stroop-
like tasks (as well as object-interference tasks, La Heij
et al., 2010, and affordance tasks, Phillips & Ward, 2010)
should consider adopting equivalent types of neutrals in
their experiments.
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