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1 |  INTRODUCTION

Hypnosis usually follows an induction procedure that in-
volves the hypnotist asking the person being hypnotised to 

concentrate on relaxing until they are eventually counted up 
(or down) into “hypnosis”. By listening to the suggestions 
delivered by the hypnotist, some individuals can produce an 
apparent form of control over their thoughts and actions not 
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Abstract
The mechanisms underpinning the apparently remarkable levels of cognitive and be-
havioural control following hypnosis and hypnotic suggestion are poorly understood. 
Numerous independent studies have reported that Stroop interference can be reduced 
following a post-hypnotic suggestion that asks participants to perceive words as if 
made up of characters from a foreign language. This effect indicates that frontal 
executive functions can be more potent than is generally accepted and has been de-
scribed as resulting from top-down control not normally voluntarily available. We 
employed eye tracking and pupillometry to investigate whether the effect results from 
voluntary visuo-attentional strategies (subtly looking away from the word to prevent 
optimal word processing), reduced response conflict but not overall conflict, Stroop 
effects being pushed from response selection to response execution (response dura-
tions) or increased proactive effortful control given enhanced contextual motivation 
(as indexed via pupil dilation). We replicated the reduction in Stroop interference fol-
lowing the suggestion despite removing any trials on which eye movements were not 
consistent with optimal word processing. Our data were inconclusive with regards 
to conflict type affected by the suggestion in the latency data, although preserved 
semantic conflict was evident in the pupil data. There was also no evidence of Stroop 
effects on response durations. However, we show that baseline-corrected pupil sizes 
were larger following the suggestion indicating the socio-cognitive context and ex-
perimental demands motivate participants to marshal greater effortful control.
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usually possible via more self-directed, effortful approaches. 
Under the influence of hypnotic suggestion (or post-hypnotic 
suggestion1) the experiences of pain (Derbyshire et al., 2004; 
Tan et  al.,  2015; Thompson et  al.,  2019), colour (Kosslyn 
et al., 2000) and delusions (Rahmanovic et al., 2011) can be 
produced or extinguished (see Oakley & Halligan,  2009, 
2013, for reviews). Hypnosis has been shown to modify fron-
tal lobe activity (Crawford,  1996; Jamieson et  al.,  2005; 
Rainville et  al.,  1999) and function (Farvolden & 
Woody,  2004; Gruzelier & Warren,  1993; Jamieson & 
Sheehan,  2004; Jamieson & Woody,  2007; Sheehan 
et al., 1988; Terhune et al., 2017; Wagstaff et al., 2007), al-
though there is a debate as to whether responses to suggestion 
are the result of increased or decreased executive control (see 
Parris, 2017, for a review).

One of the more remarkable findings reported in the lit-
erature is the elimination of the Stroop interference effect 
following a post-hypnotic suggestion describing the word 
dimension of the Stroop stimulus as being made up of 'mean-
ingless symbols' and 'characters of a foreign language' (to be 
referred to as the word blindness suggestion; Raz et al., 2002). 
The Stroop interference effect (Stroop,  1935) refers to the 
finding that people are slower to name the colour that a word 
is printed in when the word denotes an incongruent colour 
(e.g. the word red in blue) compared to when naming the 
print colour of a colour neutral word (e.g. the word top in 
red), and has been referred to as the “gold standard” of atten-
tional measures (MacLeod, 1992). Raz et al. (2002, 2005) re-
ported that both the Stroop interference effect and the activity 
in the anterior cingulate cortex that represents conflict pro-
cessing in the Stroop task are substantially reduced following 
the post-hypnotic suggestion for word blindness. Importantly, 
the word blindness suggestion effect (WBSE) has been rep-
licated numerous times across different independent labora-
tories (e.g. Augustinova & Ferrand, 2012; Parris et al., 2012; 
Raz et al., 2005).

Raz and colleagues (Raz et al., 2005; Raz et al., 2002) 
have argued that the WBSE reflects a level of top-down 
control over word reading through a means not normally 
voluntarily available; that is, a level of control conferred by 
post-hypnotic suggestion (or suggestion without hypnosis; 
see Parris & Dienes, 2013; Raz et al., 2006) that partici-
pants are unable or unlikely to marshal outside of the con-
text of hypnosis and/or suggestion. Lifshitz et  al.  (2013) 
have argued that this atypical control mechanism can mod-
ify automatic cognitive processes. However, the nature of 
this mechanism has not been elucidated. Given its implica-
tions for understanding the efficacy of cognitive and neural 

mechanisms of control, the aim of the present study was to 
explore four alternative accounts of the WBSE based on 
normal mechanisms of control.

1.1 | A motivational account

Highly suggestible participants might be highly motivated 
to act as good hypnotic subjects and might therefore fully 
engage control mechanisms that are not normally fully en-
gaged (De Jong et al., 1999). Highly suggestible participants 
could be motivated to proactively fully focus attention on 
the Stroop task following the suggestion; more so than they 
would under standard experimental conditions. In the Dual-
Mechanisms of Control framework (Braver, 2012), proactive 
control refers to the effortful preparation and then mainte-
nance of control mechanisms for ongoing goal-oriented 
behaviour (this is in contrast to reactive control which is pre-
set, but is not maintained in memory, and is later triggered by 
predefined cues). If it were shown that the WBSE were the 
result of participants marshalling frontal executive functions 
to engage more effortful control under suggestion, it could 
be understood as an effect resulting from the motivational 
context in a similar way to Stroop interference reductions 
following financial incentives (Krebs et  al.,  2010) and not 
from an atypical control mechanism (Lifshitz et  al.,  2013; 
Raz et al., 2002). Indeed, involuntary, effortless responding 
is thought to be a key marker of responding to hypnotic sug-
gestions (Bowers,  1982; Weitzenhoffer,  1980), indicating 
that responding to suggestions does not involve effortful ex-
ecutive control mechanisms. There are, however, reasons to 
reject the hypothesis that hypnotic responding is involuntary 
and effortless including evidence of regulation of hypnotic 
responses, and the demonstration of active attention-demand-
ing attempts to fulfil the requirements of hypnotic suggestions 
(Lynn et al., 1990). Indeed, subjective reports of involuntary 
responding could simply be a marker of demand characteris-
tics and their effect on awareness of intentions (Dienes, Lush, 
et al., in press; Dienes, Palfi, et al., in press).

1.2 | A visuo-attentional account

Stroop interference is substantially reduced when attention 
is focussed at the end letter position (Besner et al., 1997; 
Parris et al., 2007; Sheehan et al., 1988). One account of 
the WBSE therefore is that participants engage in strategic 
eye movements to focus their attention on the end letter 
to impair word processing. In an attempt to counter this 
explanation, Raz et al. (2003) showed that the WBSE is ob-
served even when active blurring of vision is temporarily 
impaired, and when video recordings show no attempts at 
moving the head or eyes or squinting to achieve the effect. 

 1A post-hypnotic suggestion is a suggestion given while ‘under hypnosis’ 
but not acted upon until the participant is no longer in a ‘hypnotized state’. 
When the participant is in their normal ‘non-hypnotized state,’ a cue is 
given (e.g. a clap) as a sign to activate the suggestion.
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However, noting that Raz et al.’s (2003) experimental ma-
nipulations would not have completely prevented blurring 
or been able to detect all eye movements, Palfi et al. (sub-
mitted) showed that both looking away from the irrelevant 
word and deliberate visual blurring substantially reduced 
Stroop interference indicating both as candidate strategies 
for producing the WBSE. However, neither strategy re-
sulted in a reduction of reaction times to incongruent stim-
uli (indeed, the RTs substantially increased), which they 
described as a key marker of the WBSE.

1.3 | A response-selection (not word 
blindness) account

Augustinova and Ferrand (2012) showed that while the 
WBSE substantially reduced one form of conflict in the 
Stroop task known as response conflict, semantic conflict 
was not affected by the suggestion, which was interpreted as 
showing that semantic processing of the words continues, de-
spite the suggestion for word blindness. Response conflict is 
typically measured by comparing RTs to Stroop stimuli that 
involve response conflict to stimuli that do not, but do involve 
conflict at the level of semantics. For example, response set 
stimuli are those in which the irrelevant word denotes a col-
our that is also part of the response set (e.g. the word RED in 
blue where both red and blue are possible responses). Non-
response set stimuli on the other hand do not involve irrele-
vant words denoting colours in the response set (e.g. the word 
ORANGE in blue where orange in not a response option). In 
non-response set, stimuli words and colours are still incon-
gruent colours and would compete at the level of semantic 
activation; they would not, however, strongly compete at the 
level of response selection. Response conflict can be meas-
ured by subtracting RTs to non-response set trials to those 
to response set trials. Semantic conflict can be measured by 
subtracting RTs to non-colour word neutral trials (e.g. the 
word TABLE in red) from RTs to non-response set trials 
(Hasshim & Parris, 2018). Thus, the data from Augustinova 
and Ferrand (2012) indicate that participants are not engag-
ing the suggested strategy of inducing word meaninglessness 
but are instead targeting response level conflict. However, 
Augustinova and Ferrand (2012) did not report evidence for 
no effect on semantic conflict, merely a non-significant ef-
fect. Furthermore, the effect has not yet been replicated.

1.4 | A response execution account

One of the interesting findings regarding the WBSE is that 
response times are substantially reduced in all Stroop condi-
tions following the suggestion (Parris et al., 2012; Parris & 
Dienes, 2013; Parris et al., 2014; Raz et al., 2002, 2005; Raz & 

Campbell, 2011; although see Augustinova & Ferrand, 2012; 
Raz et al., 2003, 2006, in which reductions occur for some 
but not all Stroop conditions) indicating a modified response 
threshold. Previous work has indicated that faster responses 
in the Stroop task can lead to absent Stroop effects at the level 
of response selection but also that the effects get pushed into 
response execution (Kello et al., 2000). Kello et al. (2000) in-
itially also observed a Stroop interference effect on response 
selection (~110 ms on vocal naming latencies) but no Stroop 
effects on response execution (vocal naming durations; i.e. 
the time it takes to actually vocalise the response “blue”). 
In a follow-up experiment, however, in which they intro-
duced a fast response deadline of 575 ms, the Stroop inter-
ference effect was substantially reduced to ~70 ms and they 
observed a Stroop interference effect of ~45 ms on response 
durations. Thus, if, in an attempt to perform better following 
the suggestion, participants set a different response threshold 
(they speed up their responses), it is possible that the miss-
ing Stroop effects (the WBSE) results from the effects being 
pushed into response durations.

1.5 | Testing the accounts

In the present study we employed similar methods to Raz 
et al. (2002, 2005), to produce the WBSE with a few modifi-
cations that permitted us to test the effort-, visuo-attentional-, 
response level, and response execution accounts of the effect. 
Instead of the manual Stroop task employed in previous stud-
ies (Augustinova & Ferrand, 2012; Parris et al., 2012; Raz 
et  al.,  2002, 2005) we had participants complete an oculo-
motor version of the Stroop task (Hasshim & Parris, 2015; 
Hermans & Walker,  2012; Hodgson et  al.,  2009; Singh & 
Mishra, 2012). In this version of the Stroop task, participants 
respond by looking at the on-screen patch that corresponds 
to the colour of the Stroop stimulus. Any eye movements 
made in a direction away from the target patch are counted 
as errors. Importantly, participants need to fixate on a cen-
tral fixation stimulus to trigger the appearance of the Stroop 
stimulus, meaning that their fixation will be on the centre 
of the Stroop stimulus when it appears. Moreover, any eye 
movements that are small enough to represent a saccade from 
the middle of the word to near its end letter (roughly 1–2° in 
amplitude) can be excluded from analysis. In other words, if 
participants achieve the WBSE by strategically looking away 
from the region of the screen that permits efficient word read-
ing (the word's centre), the WBSE will not be observed as 
these trials can be removed from the analyses. Furthermore, 
if Stroop effects are being pushed from response selection to 
response execution (Kello et al., 2000), the duration of the 
response saccades (saccades from the Stroop stimulus to the 
correct patch location) will exhibit Stroop effects. Finally, we 
employed a block design for the different trial types. This 
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decision was motivated by recent work showing that re-
sponse conflict is substantially reduced when trial types are 
mixed, thus reducing the likelihood of observing a reduction 
in its magnitude (Hasshim & Parris, 2018).

The use of eye tracking also permitted the use of pupillom-
etry. Pupillometry is a robust measure of mental effort with 
the pupil becoming larger as more cognitive effort is experi-
enced (Hess & Polt, 1960, 1964; Kahneman & Beatty, 1966; 
see Beatty & Lucero-Wagoner, 2000, and Laeng et al., 2012, 
for reviews). These mental effort-related pupil dilations are 
thought to be related to activity of the hypothalamus and the 
locus coeruleus with the latter thought to receive input from 
the anterior cingulate and orbitofrontal cortices to optimise 
utility of action (Aston-Jones & Cohen, 2005). Recent work 
employed pupillometry to measure motivation–cognition in-
teractions in attention tasks (Chiew & Braver, 2013; Massar 
et al., 2018) and pupillometric Stroop effects have been re-
ported (e.g. Hasshim & Parris,  2015; Hershman & Henik, 
2019, 2020; Laeng et al., 2011; see Laeng et al., 2012, for 
a review of the use of pupillometry in cognitive studies). If 
the WBSE results from increased effort and motivation, in-
creased pupil dilation would be expected in the Suggestion 
Present condition. If the WBSE results from atypical (Lifshitz 
et  al.,  2013; Raz et  al.,  2002) and perhaps involuntary, ef-
fortless control associated with responding to suggestion 
(Bowers, 1982; Weitzenhoffer, 1980), reduced pupil dilation 
would be expected in the Suggestion Present condition.

Finally, the present experiment also intended to investi-
gate potential differences in the effect of the word blindness 
suggestion on different types of conflict in the Stroop task by 
employing response set trials, non-response set trials, neu-
tral trials and trials with words that matched the font colour 
(congruent trials). To measure overall Stroop interference, 
we compared response set and neutral trial performance. The 
difference between response set and non-response set trials 
was taken as a measure of response conflict; the difference 
between non-response set and neutral trials was taken as a 
measure of semantic conflict and the difference between neu-
tral and congruent trials was taken as a measure of facilita-
tion. We employed a block design to maximise conflict types 
(Hasshim & Parris, 2018). If the WBSE works via a reduc-
tion of only response-level processing and not via inducing 
word blindness, semantic conflict will be unaffected by the 
suggestion.

Following Raz et al. work, participants completed the 
Stroop task under two conditions delivered in counterbalanced 
order. In one condition, participants were first induced into 
hypnosis and given the word blindness suggestion. They were 
then counted out of hypnosis. The experimenter then clapped 
once which participants were told would activate the sugges-
tion. Immediately following the clap, the participants com-
pleted the Stroop task. This will be referred to as the Suggestion 
Present condition. In the other condition, participants were 

simply asked to complete the Stroop task without the induc-
tion, the delivery of the suggestion and the clap. This will be 
referred to as the Suggestion Absent condition.

2 |  METHODS

2.1 | Design

The experiment had a 2 (Suggestion: Present, Absent) × 4 
(Stroop conditions: congruent, response set, non-response 
set, neutral) fully within-subjects design. The dependent vari-
ables were saccade latencies on the first saccade post-stimu-
lus onset (i.e. the time it took to make a saccade towards the 
corresponding area of the screen) and pre-trial and intra-trial 
pupil dilation.

2.2 | Participants

Participants were selected from a pool of students on 
Bournemouth University's Experiment Participation Scheme 
were pre-screened on the Stanford Hypnotic Susceptibility 
Scale, Form C (SHSS-C; Weitzenhoffer & Hilgard,  1962) 
with the age regression suggestion removed. Hypnosis scores 
from this pool ranged from 1 to 11. Participants who scored 
6 or above (medium-high hypnotizable) were invited to take 
part. Sixteen (15 women, 1 man) participants agreed to take 
part in the study of which six were classified as mediums 
and ten as highs. Previous research has shown the presence 
of the WBSE even in medium and low suggestible individu-
als, although to a lesser extent (Parris & Dienes, 2013; Parris 
et al., 2014; Raz & Campbell, 2011). The average age was 
22.24 years (SD = 6.40). Participants were given course cred-
its for their participation.

All procedures performed in this study were approved by 
the ethics committee of Bournemouth University. All partici-
pants gave their written informed consent to participate in the 
study and for the associated procedures.

2.3 | Eye movement and pupil size recording

Stimuli were presented using a standard PC running Experiment 
Builder software (SR Research Ltd) and displayed on a col-
our monitor displaying at 120 Hz. An SR Research Eyelink 
1000 (SR Research Ltd) video-based pupil/CR tracker was 
used to record eye movements. Calibration and validation of 
eye movements were carried out prior to the commencement 
of each trial block using a 9-point calibration process. A mo-
nocular sampling rate of 1,000Hz was used. Saccade parame-
ters were extracted off line using Eyelink DataViewer software 
(SR Research Ltd). Saccades were detected using a combined 
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velocity and acceleration criteria of 30°/s and 8,000°/s2. 
Saccades with a latency greater than 3 standard deviations from 
the mean or <80 ms were excluded from analysis as were tri-
als where the saccade amplitude was <2°. The primary meas-
ure of interest for reaction time was the latency of onset of the 
first saccadic response from the onset of the target patches and 
Stroop stimulus. Saccades which deviated from the correct tar-
get direction were classified as response errors.

Pupil size was measured in pixels. After each participant 
completed the task, a single measurement of a 4-mm dot was 
recorded from the same camera location (the placement of 
the camera was adjusted for each participant for comfort), 
and this was used as a reference point to convert all mea-
surements from the arbitrary pixel units into millimetres and 
to determine pupil diameter changes. The same stimuli were 
presented in both conditions the same number of times and 
the conditions were run one after the other in the same room 
with lighting in the lab was controlled, so the conditions did 
not differ in luminance.

Our study was designed to test for pupil size differences 
between the Suggestion Absent and Suggestion Present con-
ditions. Pupil sizes were sampled at two phases of the task: 
(a) The intra-trial response phase: The average pupil size 
within the period from stimulus onset to response completion; 
(b) The post-response phase: The average pupil size within a 
500 ms window from 250 ms after a response was made (see 
Figure 1). These phases were chosen because pupil dilations 
associated with effort related to Stroop task performance 

have been reported in pupil data both intra-trial (Hasshim & 
Parris, 2015) and post-response, with post-response Stroop ef-
fects peaking around 500-600 ms after the response is made 
(see Hershman & Henik, 2019, 2020; Laeng et al., 2011). A 
300 ms pre-trial period (just before stimulus onset) acted as 
the pupil size baseline for both phases and was subtracted from 
the intra-trial phase to provide a baseline-corrected measure 
of performance as recommended by Mathôt et al. (2018), and 
is a method used to show pupillometric Stroop effects (Laeng 
et al., 2011). The benefit of having both intra-trial- and post-re-
sponse phase is that it has been argued that the post-response 
phase might simply represent residual change due to the re-
sponse that was made (Simpson, 1969). Moreover, while the 
two response modes have not been directly compared, in-
tra-trial response Stroop effects have been reported with the 
saccadic response Stroop task that is employed in the present 
study, whereas post-response pupil Stroop effects have been 
reported with manual response Stroop tasks (Hershman & 
Henik, 2019; Laeng et al., 2011).

2.4 | The Stroop task

There were four trial types, congruent trials (words spelling 
out a congruent colour that was part of the response set), neu-
tral trials (words not associated with a colour), non-response 
set trials (words spelling out a colour not part of the response 
set) and incongruent (response set) trials (words spelling out 

F I G U R E  1  The trial sequence and pupil sampling periods
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an incongruent colour that was part of the response set; stand-
ard incongruent trials) all presented in pure blocks. Each par-
ticipant began with eight practice trials of each trial type and 
the order of blocks was counterbalanced. There were 48 trials 
of each trial type.2 Two versions of the experiment were ad-
ministered, counterbalanced between participants. The differ-
ence between the versions was the colours making up the 
response set. Words that spelled out the four possible colour 
responses in one version acted as the word stimuli in the other 
version's non-response set trials. The first version used the 
colours yellow (RGB: 255, 255, 0), pink (RGB: 255, 153, 
204), green (RGB: 0, 200, 0) and white (RGB: 255, 255, 255), 
while the second version used blue (RGB: 0, 0, 255), purple 
(RGB: 204, 102, 255), orange (RGB: 255, 153, 0) and red 
(RGB: 255, 0, 0). The versions were counterbalanced between 
participants. The neutral words were ‘due’, ‘wall’, ‘story’ and 
‘marvel’ and were matched for length and frequency using the 
English Lexicon Project (Balota et al., 2007). Words were 
presented on the centre of the screen and all words were 
printed in upper-case, bold and in size-20 Courier New font 
against a white background. No word subtended an angle of 
>2.5° meaning that to look at the end letter of word a saccade 
would have to be smaller than roughly half of that value. Any 
trial on which the first saccade was less than 2° was excluded. 
Four squares (“patches”) 200 × 200 pixels in size appeared to 
the right, left, above and below the screen's central position. 
The black patches subtended approximately 3° of arc at an 
eccentricity of 7.5° from the fixation point. Participants placed 
their heads on a chinrest approximately 60 cm from the screen 
and made saccadic responses towards one of four target colour 
patches in the periphery.

2.5 | Post-hypnotic suggestion

In the post-hypnotic suggestion present condition, the par-
ticipants were given a standard induction (taken from the 
SHSS-C) followed by the following suggestion taken from 
Raz et al. (2002):

2.6 | Procedure

Participants were first given an information sheet describing 
what they were going to be asked to do and were then in-
vited to sign a consent form. The order in which participants 

completed the Suggestion Present and Suggestion Absent 
conditions was counterbalanced across participants. In the 
Suggestion Present condition, participants were administered 
a hypnotic induction using the procedure in the SHSS-C. The 
word-blindness suggestion was then delivered. Participants 
were then counted out of “hypnosis”. Following de-induc-
tion, and before the Stroop task was started, the post-hypnotic 
suggestion was activated via a single clap. During the Stroop 
task, participants were presented with a fixation cross in the 
centre of the screen which had to be fixated on for 300 ms 
before the Stroop stimulus was presented. Participants’ 
heads rested on a chin support. The Stroop stimulus was 
then presented until the participant fixated one of the four 
black peripheral patches for 100  ms. To train participants 
on the locations corresponding to each of the response set 
colours, participants completed 32 practice trials presented 
as described above with the exception that the patches were 
in colour. Hence, the patches would be linked to a specific 
colour which participants had to remember after the patches 
turned black during the experimental trials. While this would 
likely result in increasing task difficulty, its purpose was to 
prevent colour matching during the experimental trials and 
was more akin to responding by keypress for which there are 
no on-screen reminders of colour locations. Once a response 
was made and one of the patches fixated for 100 ms, a blank 
screen was presented for 1,500  ms until the next fixation 
cross was presented, beginning the next trial. The trial types 
were presented in their own blocks and the order of the blocks 
was counterbalanced across participants. After completion of 
all the blocks in the Suggestion Present condition, the sug-
gestion was deactivated. In the Suggestion Absent condition, 
participants performed the Stroop task but without the induc-
tion / post-hypnotic suggestion being delivered. Following 
Raz et  al.  (2002), there was a break (10  min) between the 
Suggestion Present and Suggestion Absent conditions.

2.7 | Analyses of eye movements and 
pupil size

For saccade latencies, 2 (Suggestion: Present, Absent) × 4 
(Word Type: Response Set, Non-response Set, Neutral, 
Congruent) repeated measures ANOVAs were planned. 
However, given predictions included potential null effects, 
Bayes factors (B) were also planned to assess strength of 
evidence for all tests with 1 degree of freedom, H1, over the 
null, H0 (see below for further details on Bayes Factors). For 
analysis of saccadic latencies, we applied the strict exclusion 
criteria employed by Hodgson et al. (2009) as this represents 
a previously reported method and permits us to exclude any 
trials on which participants shifted their gaze to anywhere 
else in the word. Therefore, only the first saccades follow-
ing stimulus onset whose latency was >80  ms (which are 

 2Due to a programming error, there were 64 non-response set trials instead 
of the intended 48. A re-analysis of the latency data including just the first 
48 non-response set trials revealed no differences in the outcomes of the 
analyses (Bayes Factors for difference in Stroop interference, response 
competition, semantic competition and facilitation were 14.213, 7.389, 
0.606 and 0.688, respectively, which are very similar to those reported 
below).
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known as express saccades and are generally assumed to not 
result from the onset of the stimulus (Fischer & Boch, 1983; 
Fischer & Ramsperger, 1984; Fischer et al., 1993; Wenban-
Smith & Findlay, 1991)) and whose amplitude was greater 
than 2° were analysed.

Pupil size was continuously sampled except for when 
blinks occurred; when blinks did occur pupil sizes 100 ms 
either side of the blink were removed without interpola-
tion and therefore did not contribute to the mean pupil size 
values.

For pupil size, while we report analysis using a 2 
(Suggestion: Present, Absent) × 4 (Word Type: Response Set, 
Non-response Set, Neutral, Congruent) repeated measures 
ANOVAs for consistency with the saccadic latency analyses, 
the main prediction concerned the main effect of Suggestion. 
As noted above, our study was designed to test for pupil size 
differences between the Suggestion Absent and Suggestion 
Present conditions with the intra-trial pupil sizes baseline 
corrected calculated by subtracting the pre-trial pupil sizes 
(Mathôt et al., 2018). The pupil analyses included on those 
trials analysed in the latency analysis.

2.8 | Bayes factors

A B of above 3 indicates moderate evidence for H1 over 
H0 and below 1/3 moderate evidence for the H0 over Hl. 
All Bayes factors, B, reported here represent the evidence 
for H1 relative to H0; to find the evidence for H0 relative 
to H1, take 1/B. Bs between 3 and 1/3 indicate data insen-
sitivity (see Dienes, 2014). Here, BH(0, x) refers to a Bayes 
factor in which the predictions of H1 were modelled as a 
half-normal distribution with an SD of x (see Dienes, 2014, 
2016); the half-normal can be used when a theory makes 
a directional prediction where x scales the size of effect 
that could be expected. All Bayes Factors were calcu-
lated with an adjusted standard error where standard error 
(SE) = SE*(1 + 20/df*df) due to the sample size being less 
than 30 (Dienes, 2014).

To indicate the robustness of Bayesian conclusions, for 
each B, a robustness region is reported (Dienes, 2019), giv-
ing the range of scales that qualitatively support the same 
conclusion (i.e. evidence as insensitive, or as supporting H0, 
or as supporting H1), notated as: RRconclusion [×1, ×2], where 
×1 is the smallest SD that gives the same conclusion and ×2 
is the largest; the “conclusion” will be notated as “B < 1/3”; 
“1/3 < B < 3” or “B > 3”.

2.9 | Derivation of models of H1

For saccade latencies relevant to the main effect of the sug-
gestion, we contrasted the theory that the suggestion had 

some effect with the null hypothesis that the suggestion 
had no effect. Predictions of the theory were represented as 
a half- normal scaled with an expected reduction of 50 ms 
which represent the significant main effect observed in Raz 
et al. (2002).

For saccade latencies relevant to the effect of the sugges-
tion on each conflict type, we contrasted the theory that the 
suggestion had some effect with the null hypothesis that the 
suggestion had no effect. Predictions of the theory were rep-
resented as a half-normal scaled with an expected reduction 
of 70% of the Suggestion Absent interference effect and 40% 
of the Suggestion Absent facilitation effect which represent 
the average effect sizes of the suggestion across numerous 
studies (see Parris et al., 2013).

For saccade durations relevant to the effect of the sug-
gestion on Stroop interference, we contrasted the theory 
that the suggestion had some effect (by producing a Stroop 
effect), with the null hypothesis that the suggestion had 
no effect (the Stroop effects in the Suggestion Present and 
Suggestion Absent conditions are equal). Predictions of the 
theory were represented as a half-normal scaled with an 
expected value of 1 ms which represents the approximate 
size of an effect of night shift-related tiredness on saccade 
durations (Skrzypek et al., 2017) where saccade durations 
were similar in magnitude to those observed in the present 
experiment (~50–60 ms).

For pupil size, we based expectations on Laeng 
et  al.  (2011) who obtained a baseline-corrected change in 
pupil diameter of about 0.026 mm for the pupil Stroop effect 
when averaging over mean and peak dilation changes; thus, 
this was used as the SD for all tests.

With these choices of models of H1, results significant at 
p < .05 in fact corresponded to Bs above 3 (although there is, 
in general, no guarantee of such a correspondence between p 
values and Bayes factors, Dienes, 2014).

3 |  RESULTS

We excluded 34% of trials due to the first saccade being 
smaller than 2° in amplitude. Next, we excluded 2% of the 
remaining trials because the latency was less than 80 ms. 
We next excluded error trials which were defined as any 
trial on which saccades were made in the wrong direc-
tion, resulting in the exclusion of 20.1% of the remaining 
trials. This large proportion of errors attests to the diffi-
culty of having to remember the location associated with 
each colour after the patches turned black following the 
practice block. However, this also means that errors are 
not approaching the upper bound and thus likely avoid un-
deradditive or overadditive artefacts that would prompt the 
need for logistic regression analysis (Dixon, 2008). Finally, 
following all other studies on this effect we excluded any 
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of the remaining trials whose latency was greater than 3 
standard deviations from the overall mean (e.g. Parris & 
Dienes, 2013; Parris et al., 2014; Raz et al., 2002) resulting 
in the exclusion of 0.06% of the remaining trials. In total, 
following the criteria employed by Hodgson et al.  (2009) 
meant that 48.7% of trials were excluded from analysis of 
the saccadic latencies. Raw data are available at https://osf.
io/enpdy/.

3.1 | Saccade latencies

The data were entered into a 2 (Suggestion: Present, 
Absent) × 4 (Word Type: Response Set, Non-response Set, 
Neutral, Congruent) repeated measures ANOVA. There 
was no evidence one way or the other for the main effect of 
Suggestion, F(1, 15) = 0.737, p =  .404, BH(0,50) = 0.428, 
RR1/3  <  B  <  3 [0, 73], where the expected effect size was 
taken from Raz et al. (2002). The main effect of Word Type 
was significant, F(3, 45) = 8.798, p < .001, �2

p
 = 0.370. The 

interaction between Suggestion and Word Type was also 
significant, F(3, 45)  =  5.572, p  =  .013 (Greenhouse-
Geisser), �2

p
  =  0.271. See Table  1 for latencies in all 

conditions.
To explore the interaction and to test for the presence of 

the WBSE and a differential effect of the WBSE on conflict 
types, the magnitudes of Stroop interference (response set 

– neutral), response competition (response set – non-response 
set), semantic competition (non-response set – neutral) and fa-
cilitation (neutral – congruent) in the Suggestion Absent con-
dition were compared to their counterparts in the Suggestion 
Present condition. For the key effect of interest (the WBSE), 
the analyses revealed that Stroop interference was greater 
in the Suggestion Absent condition than in the Suggestion 
Present condition (72 ms vs. −1 ms), t(15) = 2.720, p = .016, 
r = 0.575 BH(0, 50.4) = 16.871, RRB>3 [12, 695], replicating 
the WBSE (see Figure  2). Response competition was also 
substantially modified (54  ms vs. −53  ms), t(15)  =  2.661, 
p  =  .018, r  =  0.567, BH(0, 37.8)  =  7.478, RRB>3 [19, 923]. 
However, the Bayes Factors for the remaining comparisons 
were insensitive but favoured the null: semantic competition 
(18 ms vs. 54 ms), t(15) = −1.419, p > .17, BH(0, 12.6) = 0.575, 
RR1/3  <  B  <  3 [0, 32.5] and facilitation (14  ms vs. 46  ms), 
t(15) = −1.651, p > .12, BH(0, 5.6) = 0.686, RR1/3 < B < 3 [0, 
22]. See Table 2.

Given that the application of the criteria set by Hodgson 
et al. led to the exclusion of almost half the trials, we 
re-analysed the data but included trials on which second 
(29%) or third (8%) saccades satisfy the above criteria 
(fourth saccades only added a negligible number of tri-
als (2%)). Their inclusion meant that only 16.9% of trials 
were excluded in total. Importantly, the WBSE remained. 
However, the magnitudes of response competition (re-
sponse set – non-response set trial RTs) in the Suggestion 
Present versus Suggestion Absent conditions were no lon-
ger sensitive.

The analyses of the saccade latency data therefore dis-
count the visuo-attentional account of the WBSE as it was 
present despite removing unnecessary saccades, but do not 
permit a conclusion with regard to specific effects of the 
WBSE on conflict types.

T A B L E  1  Saccade latencies with standard deviations in brackets 
for each condition in milliseconds

Suggestion absent
Suggestion 
present

Response set 516 (98) 470 (111)

Non-Response set 462 (79) 523 (93)

Neutral 444 (100) 469 (116)

Congruent 430 (78) 424 (74)

F I G U R E  2  Scatterplot (with density displayed above) of the 
observed Word Blindness Suggestion Effect showing the Stroop 
interference effect (Incongruent – Neutral trials) for saccade latency 
was smaller in the Suggestion Present condition compared to the 
Suggestion Absent condition for the majority of the participants

T A B L E  2  Magnitudes of Stroop effects (in ms) for each condition

Stroop effects
Suggestion 
absent

Suggestion 
present Difference

Interference 
(Response set 
– Neutral)

72 −1 73

Response conflict 
(Response set – 
Non-response set)

54 −53 107

Semantic conflict 
(Non-response set 
–Neutral)

18 54 −36

Facilitation (Neutral 
– Congruent)

14 46 −32

aBayes Factor > 3 for change following the suggestion. 
*p<.05 for change following the suggestion. 

 14609568, 2021, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejn.15105 by T

est, W
iley O

nline L
ibrary on [18/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://osf.io/enpdy/
https://osf.io/enpdy/


   | 2827PARRIS et Al.

3.2 | Saccade durations

The analysis of saccade durations was motivated by the find-
ing that speeded responding, often observed following the 
word blindness suggestion (e.g. Parris et  al.,  2012; Raz 
et al., 2002, 2005), can push Stroop effects out of response 
latencies and into response durations (Kello et  al.,  2000). 
However, there was no clear main effect of suggestion on 
response latencies in the present data. Nevertheless, for the 
interested reader we report the outcome of a 2 (Suggestion: 
Present, Absent)  ×  4 (Word Type: Response Set, Non-
response Set, Neutral, Congruent) repeated measures 
ANOVA. The analysis did not reveal substantial evidence for 
a main effect of Suggestion, F(1, 15)  =  4.679, p  =  .047, 
�

2
p
 = 0.290 (Greenhouse-Geisser), BH(0, 1) = 1.8, RR1/3 < B < 3 

[0, 200], where sample durations were longer in the 
Suggestion Present condition (65 ms vs. 59 ms). There was 
no significant main effect of Word Type (p = .290) or inter-
action (p = .545). No firm conclusions follow.

3.3 | Proportion errors

Errors were defined as the first saccade following stimulus 
onset whose latency was >80 ms and whose amplitude was 
greater than 2° and that was executed in the wrong direction. 

20.1% of all trials were errors. The proportion error data were 
arcsine transformed before being entered into the analysis. A 
repeated measures ANOVA revealed no evidence one way or 
the other for a main effect of Suggestion (F (1, 15) = 0.027, 
p = .873), BH(0,0.8%) = 0.97, RR [0, 0.14], no significant main 
effect of Word Type (F (3, 45) = 1.964, p = .133, and no sig-
nificant interaction where F(3, 45) = 1.564, p = .211.

3.3.1 | Pupil size

Baseline-corrected Intra-trial pupil sizes
For baseline-corrected Intra-trial pupil sizes, the interaction 
was non-significant, F(3, 45) = 1.281, p = .293 (Greenhouse-
Geisser). However, both the main effects of Word Type, F(3, 
45) = 4.527, p = .011, �2

p
 = 0.2 (Greenhouse-Geisser), and 

Suggestion, F(1, 15)  =  9.223, p  =  .008, �2
p
  =  0.381, were 

significant with the latter being supported by a Bayes Factor 
of BH(0,0.026mm) = 31.927, RRB>3 [0.002, 0.3]. See Figure 3.

The main effect of suggestion was the result of base-
line-corrected pupil sizes being larger in the Suggestion 
Present (0.0798  mm) compared to the Suggestion Absent 
(0.0649 mm) condition indicating more effort expenditure in 
the former (see Figure 4). Paired-sample t-tests revealed the 
main effect of Word Type was the result of a Stroop interfer-
ence effect (response set: 0.077 mm – neutral: 0.063 mm), 

F I G U R E  3  Bar chart showing pupil size changes in both conditions and for each trial type in the intra-trial period. Only the main effects (of 
Suggestion condition (Absent, Present) and Word Type (response set, non-response set, neutral, congruent)) were significant
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t(15)  =  2.453, p  =  .027, r  =  0.535, BH(0,0.026mm)  =  7.666, 
RRB  >  3 [0.075, 0.78], and a semantic Stroop effect (non-
response set: 0.08 mm – neutral: 0.063mm) t(15) = 3.263, 
p = .005, r = 0.644, BH(0,0.026 mm) = 66.953, RR B>3 [0.002 
– 0.73]. However, for our measure of response conflict (re-
sponse set: 0.077  mm – non-response set trials: 0.08mm) 
there was evidence for the null hypothesis, t(15)  =  0.549, 
p = .591, BH(0,0.026 mm) = 0.325, RRB<1/3 [0.055, >0.1]. For 
Stroop facilitation (neutral: 0.063mm – congruent trials: 
0.07mm), the result was insensitive, t(15) = 1.497, p = .155, 
BH(0,0.026 mm) = 0.999, RR B<1/3 [0.092, >0.1].

Baseline-corrected post-response pupil sizes
For baseline-corrected post-response pupil sizes, the in-
teraction was non-significant, F(3, 45)  =  1.191, p  =  .319 
(Greenhouse-Geisser) and neither were the main effects 
of Word Type, F(3, 45)  =  1.019, p  =  .382 (Greenhouse-
Geisser), and Suggestion, F(1, 15)  =  2.136, p  =  .164, 
BH(0,0.026mm) = 1.703, RR1/3 < B < 3 [0, 0.17].

Uncorrected pre-trial pupil sizes
Due to the fact that we used a block design where the 
Suggestion Present and Suggestion Absent conditions were 
undertaken in different blocks separated by a break of 
10–15 min, a reviewer pointed out that it is possible that the 
larger baseline-corrected pupil sizes in the Suggest Present 
condition reported above could be due to pupil sizes already 
being different between the two conditions (i.e. a change that 
occurred between blocks that had nothing to do with the pres-
ence or absence of the suggestion). To check for this possibil-
ity, we analysed the uncorrected pre-trial pupil sizes. For 
pre-trial uncorrected pupil sizes, the interaction was non-sig-
nificant, F(3, 45) = 2.076, p = .122, as was the main effect of 
Word Type, F(3, 45)  =  1.882, p  =  .155, (Greenhouse-
Geisser). There was a main effect of Suggestion F(1, 
15) = 5.313, p = .036, �2

p
 = 0.262, BH(0,0.1 mm) = 7.364, RRB>3 

[0.00325, 0.15] but this was the result of the uncorrected 
pupil sizes being larger in the Suggestion Absent (3.47 mm) 
compared to the Suggestion Present (3.37  mm) condition, 
which is the opposite of the effect reported above.

4 |  DISCUSSION

The aim of the present study was to test potential accounts 
of the reduction in Stroop interference that follows a post-
hypnotic suggestion for word blindness that do not rely on 
atypical processes. Specifically, we tested whether: (a) the 
WBSE resulted from the visuo-attentional strategy of looking 
away/at the end letter of the irrelevant word to impair word 
processing; (b) only response-level processes are affected to 
achieve the appearance of word blindness; (c) the missing in-
terference is pushed into response execution or (d) the experi-
mental context provided highly suggestible participants with 
the extra motivation required to more fully engage effortful 
control mechanisms. Below we consider the implications of 
the reported results for each of these accounts.

Our results showed that the WBSE was observed despite 
eliminating any trial on which the initial eye movement after 
stimulus onset was made in any direction other than the cor-
rect direction or was of a magnitude indicative of a move 
to either end (i.e. to the initial or final letter positions) or 
near either end of the irrelevant word. The preservation of 
the WBSE following the removal of these trials indicates that 
the WBSE is not the result of a visuo-attentional strategy. 
Therefore, while it has been shown that Stroop interference 
can be reduced by altering the spatial distribution of atten-
tion across the word (Besner et al., 1997; Parris et al., 2007) 
this does not appear to be underpinning the WBSE. Indeed, 
our design permitted us to lock participants attention at or 
near the optimal viewing position for maximum Stroop inter-
ference (see Parris et al., 2007). A caveat to this conclusion 
is that while eye tracking permitted us to track where par-
ticipants had directed their gaze, it is possible that partici-
pants’ attention was not focussed where they were looking 
(Rayner, 2009; Shepherd et al., 1986) and therefore that, de-
spite controlling for gaze location, participants were actively 
refocussing their attention while keeping their eye position 
constant to de-optimise word processing. However, Rayner 
(2009) argued that such a dissociation between eye position 
and attention in complex tasks like reading, scene perception 
and visual search is unlikely to be the result of a strategy em-
ployed by participants.

The saccade latency data indicated that it was a reduc-
tion in response conflict that led to the reduction in over-
all Stroop interference which is consistent with the results 
from Augustinova and Ferrand (2012). However, this effect 
became insensitive when we added some of the previously 

F I G U R E  4  Scatterplot (with density displayed above) showing 
increased overall intra-trial pupil sizes in the Suggestion Present 
condition which is taken as evidence for the recruitment of effortful 
control to achieve the word blindness suggestion effect
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excluded trials in the analysis rendering our results incon-
clusive on this matter. The semantic conflict effect numeri-
cally increased in the Suggestion Present condition but again 
Bayes Factors were insensitive indicating that our data cannot 
be taken as evidence for or against a modification of semantic 
conflict by the word blindness suggestion. The analysis of 
the pupil data indicated the presence of a semantic conflict 
effect in the intra-trial period. In contrast, our measures of 
response conflict and Stroop facilitation were not significant 
in the pupil data.

Following the relatively consistent finding that the WBSE 
results in overall reductions in response times (a main effect 
of suggestion; Parris et  al.,  2012; Parris & Dienes, 2013; 
Parris et al., 2014; Raz & Campbell, 2011; Raz et al., 2002, 
2005), and the finding showing that speeded responses can 
push Stroop effects from the level of response selection to 
response durations (Kello et  al.,  2000), we sought to iden-
tify whether the missing Stroop effects associated with the 
WBSE were to be found in the saccade duration data. Our 
data turned out not to be non-evidential on this matter.

Analysis of the pupil size data revealed larger pupil sizes 
in the Suggestion Present condition. This finding is consis-
tent with the notion that participants were more motivated to 
more fully engage effortful control in this condition (Chiew 
& Braver, 2013; De Jong et al., 1999; Massar et al., 2018) in 
a similar way to Stroop interference reductions following fi-
nancial incentives (Krebs et al., 2010). This finding contrasts 
with the notion that involuntary, effortless responding is key 
marker of responding to hypnotic suggestions (Bowers, 1982; 
Weitzenhoffer,  1980) and is more consistent with the no-
tion that responses to suggestions are active attention-de-
manding attempts to fulfil the requirements of goals (Lynn 
et al., 1990). These data do not necessarily indicate that par-
ticipants are being deceptive in their attempts to achieve a re-
duction in Stroop interference and could be a marker of how 
demand characteristics can be turned into genuine experience 
by their effect on the awareness of a participants intentions 
to act to achieve a desired outcome (Dienes, Lush, et al., in 
press; Dienes, Palfi, et al., in press).

The pupil size data also permit us to rule out explanations 
based on squinting (Raz et al., 2003) as squinting results in 
occluding the pupil, rendering pupils smaller, the opposite to 
the finding reported here. However, a potential explanation of 
the WBSE is that participants blur their vision to impair word 
reading. As noted above, Raz et al. (2003) attempted to rule 
this out by showing that, when the muscles used to blur vision 
were temporarily paralysed, the WBSE was still observed. 
Noting that Raz et al.’s method (cyclopentolate eye drops) 
does not fully prevent blurring, Palfi et al. (submitted) asked 
participants to deliberately blur their vision and reported that 
while doing so substantially reduced Stroop interference, 
it also substantially slowed responding, which they noted 
is not a marker of the WBSE. However, the present results 

contribute evidence consistent with the blurring account. It 
is well established that visual accommodation, used to focus 
gaze on a particular object, results in pupillary constriction 
(via constriction of the ciliary muscles; Atchison et al., 1979; 
Campbell & Gregory, 1960; Liang & Williams, 1997; Sheedy 
et al., 2003; Woodhouse, 1975). Relaxation of accommoda-
tion (blurring) would therefore lead to less constriction and 
larger pupils which is what we observed here. Nevertheless, 
one cannot discount the results from Palfi et al. (submitted) 
and Raz et al. (2003), so on balance the evidence favours an 
account of the larger pupils based on the employment of more 
effortful control.

Raz et al. (2002, 2005) invoked an account of the WBSE 
based on a form of top-down control they describe as being 
not normally voluntarily available; and one that is able to 
deautomatise cognitive processes, and perhaps one that is 
special to the context of hypnosis and suggestion (Lifshitz 
et al., 2013). As noted, this account needs further elucidation. 
However, one result from the present study that could be in-
terpreted as being broadly consistent with this account is one 
showing the WBSE to be the result of more fully engaged 
effortful control mechanisms which have been described as 
being available but not normally utilised (De Jong et al., 1999; 
Parris, 2014). Notably, however, this is not limited to the con-
text of hypnosis and suggestion. Chiew and Braver (2013) 
and Massar et al.  (2018) have argued that larger pupils ev-
idence more effortful (proactive) control and thus here we 
argue that the experimental context provides highly suggest-
ible participants with extra motivation to perform well and 
resultantly increase the level of effortful control employed.

Notably, De Jong et al. (1999) used an external manipu-
lation (shortened the response-stimulus interval) to draw out 
this extra level of control. The WBSE is therefore evidence 
that manipulations of stimulus presentation are not needed 
to marshal this extra level of control. It is possible that par-
ticipants engaged an effortful strategy to achieve the WBSE. 
For example, Palfi et al. argued that the WBSE could be 
the result of deliberating imagining a counterfactual world 
in which words are meaningless. This argument was based 
on the finding that priming the concept of dyslexia has been 
shown to reduced Stroop interference in a similar way to the 
word blindness suggestion (Augustinova & Ferrand,  2014; 
Goldfarb et  al.,  2011), and which would require a similar 
method to prevent/slow word processing.

Theoretical accounts of responding to suggestion based 
on the strategic relinquishment of awareness of the inten-
tion to act according to the suggestion (Barnier et al., 2008; 
Dienes & Perner, 2007) are not contradicted by the present 
results. Such accounts hold that whatever control is achieved 
under hypnosis and suggestion should also be achievable out-
side of the context of hypnosis and suggestion because the 
only difference is the modified awareness of the intention to 
act in accordance with the suggestion. We did not measure 
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awareness, however, and so do not know whether partici-
pants were aware or not of the extra effort applied to achieve 
the WBSE. A recent study has shown that in the context of 
the Stroop task, pupil sizes can increase in response to an 
increase in task difficulty indicating extra effort but that par-
ticipants are unaware of a change in task difficulty (Diede & 
Bugg, 2017).

To permit the measurement of response execution (sac-
cade durations), the present study employed a relatively rare 
mode of response for the Stroop task which might have modi-
fied the strategy participants employed to achieve the WBSE. 
Indeed, research has indicated that there might be important 
differences between response modes in terms of the nature of 
Stroop interference and its control (Augustinova et al., 2019; 
Parris et al., 2019; see Parris et al., submitted, for a review). 
For example, it has been argued that the manual response 
Stroop task does not result in semantic conflict (e.g. Sharma 
& McKenna, 1998) or does not result in equally large magni-
tudes of various types of conflict (e.g. task and phonological 
conflict; e.g. Augustinova et al., 2019; Parris et al., 2019). To 
the best of our knowledge, there has not been a comparison of 
the oculomotor Stroop task with manual and vocal versions 
and thus it is not possible to comment on whether differences 
exist or whether there are differences in the strategies adopted 
or the mechanisms employed to produce the WBSE. Thus, 
the conclusions from the present work need to be verified 
with the more common manual response Stroop task. Indeed, 
a notable difference between most previous studies employ-
ing pupillometry as a measure of Stroop task performance 
and the present study is that previous studies have observed 
post-response pupillometric Stroop effects (see Hershman & 
Henik, 2019, 2020; Laeng et  al.,  2011). In contrast, in the 
present study, we observed intra-trial pupillometric Stroop 
effects, a finding that is consistent with a previous oculo-
motor Stroop task study (Hasshim & Parris, 2015). This in-
dicates that the oculomotor Stroop task differs in some way 
from the manual response Stroop task. However, the benefit 
of the observation of an intra-trial effect is that it does not 
simply represent residual change due to the response that 
was made; a criticism levied at the post-response pupil ef-
fects (Simpson,  1969). Nevertheless, despite the different 
response mode, we reported substantial Stroop effects with 
the oculomotor Stroop task and the WBSE is of an expected 
magnitude (Parris et al., 2013) rendering it unlikely that the 
mode of response selected for the present study would mod-
ify strategies employed. Indeed, the present results are con-
sistent with those of Palfi et al. (submitted) who employed a 
manual response.

A potential further limitation of our study is the make-up 
of the participant sample. Most of our participants were 
women. There is evidence indicating women are more sug-
gestible than men (Page & Green,  2007), and that women 
are suggestible for different reasons (Geiger et al., 2014). For 

example, Geiger et al. (2014) showed that hypnotic suggest-
ibility in women was more strongly related to crystallised 
intelligence. Notably, in contrast to Page and Green (2007), 
Geiger et al. did not report a difference in men and women 
in terms of the levels of suggestibility. Nevertheless, together 
these studies indicate that men and women might differen-
tially respond to suggestions. In turn, this means that it is 
possible that women might achieve the WBSE in a different 
way from men. Our results do not permit us to effectively 
assess this possibility, but it would be an interesting area of 
investigation for future research.

We also included medium hypnotisable participants in 
our sample. As noted above, previous research has shown 
the presence of the WBSE even in medium and low suggest-
ible individuals, although to a lesser extent (Parris & Dienes, 
2013; Parris et al., 2014; Raz & Campbell, 2011). It remains 
possible, however, that medium hypnotisable participants use 
different strategies/mechanisms to highly hypnotisable par-
ticipants. With only six medium participants, our data do not 
permit us to provide a meaningful analysis of this possibility 
and thus a question for future research is whether level of 
hypnotic suggestibility also modifies the strategies/mecha-
nisms employed to achieve the effect.

A large proportion (20.1%) of trials in the present study 
were classified as errors. This is larger than the proportion 
of errors reported in other studies of the WBSE (<10%) and 
larger than that reported in other oculomotor Stroop papers 
(<6%). In designing the present study we wanted to avoid 
the potential colour matching that would have occurred in 
the original oculomotor Stroop study reported by Hodgson 
et  al.  (2009). To this end, only during the practice session 
were the patches coloured. During the experimental phase of 
the study, the patches were rendered black as per Hasshim and 
Parris (2015). This in fact better mimics the manual response 
Stroop task in which the coloured labels on the response keys 
are often not visible (covered by the response fingers) during 
the task. However, in contrast to Hasshim and Parris (2015), 
the present task involved four, not three response locations 
making the demands on working memory all the greater. 
While it is surprising that the number of errors in the two 
studies differs by quite so much, the analysis of errors in the 
present task showed that this extra level of difficulty did not 
affect any particular condition or trial type.

To conclude, the present study replicated the effect 
of the word blindness suggestion on Stroop task perfor-
mance and showed that it is not the result of deliberate 
visuo-attentional strategies, but is the result of the fuller 
engagement of control processes which we argue is due 
to enhanced motivation/experimental demands. Hypnosis 
has been shown to modify the efficacy of frontal lobe 
function (see Parris, 2017, and Terhuneet al., 2017, for re-
views), although the neural mechanistic consequences of 
post-hypnotic suggestion are far less clear (Parris, 2017). 
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It has been argued that this modification of frontal lobe 
executive functions confers benefits upon those able to be 
affected by hypnotic induction (Crawford, 1996; Farvolden 
& Woody,  2004; Gruzelier & Warren,  1993; Jamieson 
et al., 2005; Rainville et al., 1999) such that highly suggest-
ible participants are able to achieve a rare level of control 
over cognition (Jamieson & Sheehan,  2004; Jamieson & 
Woody, 2007; Sheehan et al., 1988; Terhune et al., 2017; 
Wagstaff et al., 2007). However, Parris (2017) argued that 
the evidence for modification of frontal lobe activity and 
function following hypnotic induction and its relationship 
to hypnotic suggestibility is mixed. Furthermore, a recent 
meta-analysis of imaging studies of hypnosis did not sup-
port the predicted involvement of frontal functions known 
to be involved in cognitive control (Landry et al., 2017). 
Further research is needed to clarify these relationships 
because the evidence for the modification of the experi-
ence of pain and cognition following hypnotic suggestion 
is plentiful and, as the results of the present study, attest, 
replicable and robust. The present results indicate that the 
complex socio-cognitive context associated with hypnosis 
and suggestion could lead participants to engage an un-
usual but normally available level of control.
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