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Abstract 
 

The current work aimed to investigate cognitive control use in high and low 

hypnotically suggestible individuals in the context of the Dual-Mechanisms of 

Control Framework (Braver, 2012), to determine whether the differences in 

suggestion response are explained by the type of cognitive control individuals 

employ. The first experimental chapter set out to compare effortful, proactive 

control use in both medium-high and low-medium suggestible individuals, both 

under suggestion and at baseline, using the word-blindness suggestion to 

modify Stroop task performance. An eye-tracker was used to measure pupil 

size as an indicator of effortful control use (Parris et al., 2021). The findings 

replicated the word blindness suggestion effect in the RT data but did not differ 

between medium-highs and low-mediums. Furthermore, contrary to Parris et al. 

no increase in effort was observed between the two groups in response to 

suggestion, indicating effort was not responsible for this effect. The second 

experimental chapter aimed to investigate cognitive control outside of the 

hypnotic context, to test control use as a predictor for suggestibility, 

involuntariness and effortlessness. The task consisted of three blocks of trials 

(List-Wise mostly incongruent, List-Wise mostly congruent and Item-Specific 

Proportion Congruency) in order to test proactive and reactive control use and 

their relationship to the three dependent variables. The regression analysis 

failed to show any relationship between control use and suggestibility, 

involuntariness or effortlessness.  
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Cognitive control in high and low suggestible Individuals 

Introduction 

Suggestion is an idea or belief communicated that, when accepted, can lead 

to a change in an individual’s thoughts, feelings, perceptions and behaviour (Halligan 

& Oakley, 2014). Suggestibility is often based on the individual’s likelihood of 

accepting these suggestions. Hypnotic suggestibility is measured as suggestion 

following hypnotic induction (Kirsch, 1996) and has become increasingly of interest 

within the literature, with clinical applications of hypnosis used to effectively reduce 

symptoms such as depression and stress (Alladin, 2010; Oakley & Halligan, 2013), 

especially with the development of self-hypnosis techniques which can be used 

within the workplace (Laidlaw et al., 2003). Further, hypnosis has also been shown 

as a useful tool for pain management and can have powerful effects in reducing 

symptoms of chronic pain (Elkins et al., 2012) and understanding the role of 

suggestibility is worth investigating. 

Experiences of hypnosis usually vary, with 15-20% of the population being 

highly suggestible to hypnosis (Highs) and another approximately 20% being low in 

suggestibility (Lows; Lynn et al., 2020). The experiences of certain suggestions may 

differ depending on the nature of the suggestions (McConkey et al., 1999) with the 

level of suggestion-involuntariness greater for some individuals than others (Terhune 

et al., 2011b). Although highs and mediums may not differ for a particular suggestion, 

highs were found to experience suggestions more than lows for all items such as arm 

rigidity, levitation and anosmia (McConkey et al., 1999). These differences in 
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hypnotic experiences are still not fully understood and is still a current topic 

investigated within the literature.  

‘The classic suggestion effect’ is a phenomenon which is observed following 

hypnotic suggestions where responses are experienced as being involuntary 

(Bowers, 1982; Weitzenhoffer, 1974). Reasons for this are still unclear, with current 

literature exploring the type of cognitive control employed in response to hypnotic 

suggestions such as the word blindness suggestion effect (WBSE) on Stroop task 

performance as reported in Parris et al., (2012, 2021). Investigating the type of 

cognitive control employed by highs and lows may be key in order to further 

understand why this “classic suggestion effect” occurs and may be an important 

factor when accounting for the effectiveness and individual experiences of hypnosis. 

Cognitive control differences between high and low suggestible individuals might be 

a potential contributing factor and explanation of differences in experienced 

involuntariness and effortlessness following hypnotic suggestions and why some may 

experience certain suggestions stronger than others (Terhune et al., 2011b).  

The Dual Mechanism of Control (DMC) framework, a recent and powerful 

framework for understanding variability in cognitive control, distinguishes between 

proactive and reactive control (Braver, 2012). Proactive control involves the 

preparation and maintenance of attention in order to carry out goal-related behaviour 

(Diede & Bugg, 2017). This, however, can use a lot of attentional resources and can 

have high metabolic costs because it is stimulus-independent (Goschke, 2003) and is 

reliant on expectations and anticipation (Braver, 2012). In contrast, reactive control is 

activated, or triggered, in response to a cue or stimulus and may seem effortless. 

Here goal representations are only activated in response to the relevant stimulus and 
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therefore is deemed as efficient (Braver, 2012). An important distinguishing factor 

between the two control modes is the effort required to enact control, with proactive 

control being reliant on attention to the primary goal and contextual cues, whereas 

reactive control is stimulus but not context-dependent (Goschke, 2003).  

Theories of Hypnosis 

The DMC is closely related to an earlier theory of cognitive control. The Supervisory 

Attentional System (SAS; Norman & Shallice, 1986) model proposed a key executive 

control mechanism called the Supervisory Attentional System whose role is to select 

schemas (action plans in novel contexts). Notably, the SAS distinguished between 

this effortful, voluntary form of control and a more automatic mechanism of control. 

Contention scheduling, as this automatic system, is perceived as the process of 

selection of routine action. Moreover, where potential schemas compete when more 

than one schema is activated automatically by context and therefore, more than one 

is in contention for activation, this scheduling mechanism selects a schema based on 

its activation value exceeding a given threshold (Norman & Shallice, 1986). Proactive 

control is somewhat akin to the SAS, whereas reactive control is somewhat akin to 

contention scheduling. Importantly for present purposes, the SAS was one of the 

original models of cognitive control used to account for hypnotic responding. 

Models of control under hypnosis 

Woody and Bowers (1994) argued that hypnosis disrupts the SAS. Once the SAS is 

disabled, behaviour is controlled solely by contention scheduling which gives rise to 

experiences of involuntariness (since the SAS is the mechanism for voluntary 

control). Given the similarity between the effortful and more voluntary proactive 



 

 

4 

 

control and the SAS, a direct prediction is that the hypnosis and hypnotic responding 

is related to proactive control use.  

Another model of hypnotic responding, allies hypnotic responding with 

something more akin to reactive control. Response Set Theory (Kirsch & Lynn, 1997) 

suggests that most of what we do is unplanned, automatic, and primed by our 

environment (Hassin et al., 2005). Response to suggestions appears to be triggered 

effortlessly and automatically which reduces the need for action control due to 

cognitive and behavioural schemas preparing for automatic activation (Kirsch & Lynn, 

1997). This may indicate a more reactive control mechanism employed under 

hypnotic suggestions due to automatic responses triggered by the suggestion given. 

It has also been theorised that hypnotic suggestibility may be a consequence of a 

stable trait in which there is a preference to employ reactive control mechanisms 

(Braver, 2012) and may also explain why responding to suggestions may seem 

involuntary and stimulus-driven. This could suggest that an individual’s preference for 

reactive control may be a potential reason for some individuals experiencing higher 

involuntariness than others (Terhune et al., 2011b).  

Implementation intentions are specific plans in which individuals will decide 

when, where and how actions will be used for goal-directed behaviours, often using 

an if-then model (Gollwitzer, 1999). Responding to hypnotic suggestions has 

previously been described as implementation intentions (Kirsch & Lynn, 1997) due to 

the automaticity and “classic suggestion effect” which is perceived too often occur. 

Implementation intentions may be similar to reactive control due to event-triggered 

behaviour which requires little effort in maintaining an action plan between the 

creation and implementation of it. Implementation intentions have been linked to 
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reactive control, with implementation intentions increasing hypnotic suggestibility 

(Schweiger et al., 2012), however, implementation intentions did not create this effect 

alone, but only after a hypnotic induction procedure. There seems to be good reason 

therefore to associate hypnotic responding with reactive control. Indeed, taken 

together the above theories propose that highly hypnotically suggestibility is 

associated with poorer proactive control and a greater reliance on reactive control.  

However, in contrast to the above, the motivation account indicates the 

importance of motivation in hypnotic responding (Spanos & Barber, 1974). It is 

suggested that hypnotic responses require motivation to act towards the suggested 

goal and requires good attention to the hypnotic scenario and additionally, their 

willingness to cooperate with the given suggestions (Spanos & Barber, 1974). This 

idea of motivation being an important element may also be backed up by the findings 

from Parris et al., (2021), where pupil size, which is putatively a measure of 

increased effort (Laeng et al., 2011) was found to be greater following suggestions 

than at baseline, which may be due to increased motivation. This also suggests 

greater proactive control employment when responding to hypnotic suggestions. 

Proactive control has been suggested to be linked with expectations and 

anticipation (Braver, 2012), with experimental studies showing that expectation for 

high interference in probe tasks tends to increase proactive control use (Burgess & 

Braver, 2010), as opposed to low expectancy, exhibiting increased reactive control 

(Braver, 2012). Expectations have also been shown to play a role in hypnotic 

responding (Kirsch and Lynn, 1995), again indicating a relationship between 

increased proactive control and hypnotic responding. Expectation, however, may not 

necessarily be a direct link to hypnotic responsiveness and may not be related to 
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experiences of involuntariness (Dienes & Perner, 2007), although they may be key in 

understanding the cognitive mechanisms individuals employ which could 

consequently affect the involuntariness individuals experience.  

In the following experiments, the extent to which proactive and reactive control 

is linked to hypnotic responding will be explored. In the first Experimental chapter, 

pupil size will be used as a measure of proactive effortful control whilst participants 

respond to a post-hypnotic suggestion. In the second Experimental chapter, 

independent measures of proactive and reactive control will be used as predictors of 

hypnotic responding.  
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Experiment 1: Cognitive control employed following a post-hypnotic 

suggestion 

The Stroop task (Raz et al., 2002), is a computer-based task with three levels of 

congruency. During the task, participants are asked to respond to the colour of 

congruent (e.g., blue written in blue), incongruent (e.g., Blue written in red) and 

neutral words. Interference (incongruent Reaction Times (RTs) – Neutral RTs) 

evidences slower reaction times to incongruent trials (Bugg et al., 2008) and multiple 

levels of control may be used during trials. The Word Blindness Suggestion effect 

(WBSE) is a phenomenon in which participants are asked to undergo the Stroop 

task, but are given the suggestion that words will appear as if they are meaningless 

symbols and will therefore find the task easy and effortless. This manipulation has 

been shown to reduce Stroop interference in highly suggestible individuals (Raz & 

Campbell; Parris & Dienes, 2013).  

The Word-Blindness suggestion (Parris et al., 2012), has been used to test the 

type of cognitive control employed under (post)hypnotic suggestions. For example, 

Parris et al., (2012), tested whether hypnotic suggestions employed proactive or 

reactive control with 19 highly suggestible participants. Participants completed a 

Stroop task, consisting of congruent, incongruent, and neutral trials and were 

counterbalanced between the suggestion and control conditions. Participants showed 

a significant reduction in Stroop interference following the word-blindness suggestion, 

which was only found during short Response Stimulus Intervals (RSIs). The findings 

suggested that the WBSE, was present at short RSIs (500ms) for all trials, but absent 

at long RSIs (3500ms), which may suggest that responding to the word-blindness 

suggestion may be in fact a reactive control mechanism due to response to the 
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presence of the stimulus. In a further study testing highs and lows in response to the 

Word-Blindness suggestion, highs showed a greater reduction in Stroop interference 

during the suggestion condition as opposed to low suggestible individuals (Parris & 

Dienes, 2013). This was in line with and backed up past findings (Raz & Campbell, 

2011). However, in contrary to Parris et al., (2012), no effect on RSI’s was found in 

another study employing the WBSE (Parris & Dienes, 2013). This could be due to 

participants eliciting better proactive control than those in Parris et al., (2012).  

Landry et al., (2022) also examined the Word Blindness phenomena, in line 

with the DMC, suggesting a proactive view, in response to hypnotic suggestions, or 

more specifically the Word Blindness suggestion using the classic Stroop task with 

congruent, incongruent, and neutral stimuli. Participants were of both high and low 

suggestibility and were from past studies from Raz et al., (2002; 2005). The 

assumption that a reduction in congruency for early quantiles would indicate 

proactive control use was used as a measure of control during the WBSE. Before the 

task, participants were given a hypnotic procedure using the Stanford Hypnotic 

Suggestibility Scale as well as the Word-Blindness suggestion which was activated 

via a clap. All participants completed both the suggestion and control conditions. It 

was hypothesised that, in the Stroop task, proactive control would be employed at the 

early stages of cognitive conflict during the WBSE and the findings supported this 

hypothesis. Delta plots were used to explore the time of conflict processing via 

quantile estimates of reaction times. It was concluded that suggestion eliminates the 

processing of conflict in the early or first stages of response and is related to 

anticipation and response expectancy and therefore that control under hypnotic 

responding is proactive. 
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Pupil diameter has been used as a measure of cognitive effort in the literature, 

including as a measure of proactive control use (Chiew & Braver, 2013). Findings 

indicate that pupil size increases during more effortful trials, therefore pupil size 

indicates an increase in effort (Laeng et al., 2011; Kahneman & Beatty, 1966). Parris 

et al., (2021), used pupil size as a measure of effort when participants completed the 

Stroop task both after the WBS was delivered and at baseline. They reported pupils 

to be larger following the suggestion than at baseline, and was interpreted as 

showing proactive control was used to produce the WBSE.  

The present study aims to replicate that of Parris et al., (2021). However, one 

weakness of the study by Parris et al. was that they did not include low suggestible 

individuals. This leaves the possibility open that lows might also show larger pupils 

when given the suggestion, despite showing no effect of the suggestion on Stroop 

interference. In other words, pupil size might be an indicator of effort, but might not 

be an indicator of effect.  
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Method 

Design 

A 2 Suggestion (present and absent) X 3 Stroop conditions (congruent, 

incongruent, and neutral) x Group: High vs Low) within-subjects design was used to 

measure the type of cognitive control employed by highs and lows under the word 

blindness suggestion. Reaction times, accuracy and pupil sizes are dependent 

variables.  

Participants 

The a priori power analysis using G*Power to calculate sample size based on the RT 

effect size of the Group x Suggestion interaction effect on Stroop interference from 

Raz et al. (2002) with power set at 0.95, returned a sample size of 8. Similarly, an a 

priori power analysis using G*Power to calculate sample size based on the 

pupillometric effect size of the main effect of suggestion from Parris et al. (2021), with 

power set at 0.95, returned a sample size of 8.  However, we elected to determine 

test sensitivity using Bayes Factors. Our original aim was to test participants from a 

pool of participants pre-screened on our chosen hypnotic suggestibility screening 

scale with a minimum of 25 participants in each group. However, data collection was 

substantially impacted by COVID and thus we recruited 52 unscreened participants 

via opportunity sampling who were given a £20 amazon voucher or two SONA credits 

for completion of the 2-hour study which now included screening for hypnotic 

suggestibility and the experiment in the same testing session. Given that previous 

studies have shown the WBSE in medium and high suggestible individuals (Parris et 

al., 2012; 2014; 2021), as indeed did the study we aimed to expand on here (Parris 
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et al., 2021), we used the 20 participants that scored >4 on the overall subjective 

score of the SWASH as the high-medium group and matched that with the 20 lowest 

scoring participants (they scored <2.9) for the low-medium group. This grouping 

allowed a reasonable separation between groups on their SWASH scores and 

brought us close to the originally desired group sizes. 

55 participants (12 males) (Mean age= 19 Standard Deviation (SD)= 8.7) were 

recruited via opportunity sampling either via BU’s Experiment Participant System 

(SONA) and granted 2 SONA credits for completion of the study, or from posters 

displayed around campus and given a £20 amazon voucher for completion of the 2-

hour study. 40 were used in the final data set (10 Males, Mean age = 20, SD = 9.5), 

consisting of 20 medium-highs and 20 low-mediums.   

Materials 

The Sussex-waterloo scale of hypnotisability (SWASH) was used as a measure of 

hypnotic ability (Lush et al., 2018). This was presented via a video which presented 

suggestions such as arm levitation and arm righty. Participants were given a 

response booklet (See Appendix A) to report on their experiences during the session 

with both objective and subjective measures. The response booklet also included the 

Sense of Agency Rating Scale (SOARS; Polito et al., 2013) as a measure of 

effortlessness and involuntariness in response to suggestions, rated on a 7-point 

scale.  

A second hypnotic induction was administered before participants completed 

the Stroop task. During this induction, which used the induction, but none of the 

suggestions, from the SWASH, participants received the word blindness suggestion 
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(As in Raz et al., 2002) which was then activated by a clap before the suggestion 

condition and deactivated via a double clap. Participants also completed a SOARs 

Questionnaire (Polito et al., 2013) after the suggestion condition as a measure of 

effort and involuntariness. These were rated on a scale of 1 to 7 for each item.  

A manual button-press version of the Stroop task was used, which consisted 

of 280 trials. In each block (one baseline and one post-hypnotic suggestion) 

participants were required to respond to the colour of 40 congruent (Blue written in 

blue ink), 120 incongruent (Blue written in red ink) and 120 neutral words. There were 

fewer congruent trials to control for response contingency (Hasshim & Parris, 2015). 

The colours used were yellow (RGB: 255, 255, 0), green (RGB: 0, 200, 0) blue (RGB: 

0, 0, 255), and red (RGB: 255, 0, 0), for which participants responded using the f, j, g, 

and h keys, respectively. The colour words used were YELLOW, GREEN, BLUE and 

RED and the neutral words were FLOWER, KNIFE, LOT and SHIP which were 

matched to the colour words for length and frequency. 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 grey background. No word subtended an angle of >2.5°.   

Each trial began with a fixation cross that was presented for 1000ms at the centre of 

the display. Participants had to gaze at the fixation cross for at least 300ms for the 

Stroop stimulus to be presented. Once triggered, the Stroop stimulus was presented 

for 1000ms during which time the participants could respond. After the 1000ms 

presentation, the Stroop stimulus was replaced by a blank screen for 1000ms. 

Participants were also able to respond during this period if they had not already 

responded. The presentation time of the Stroop stimulus was controlled at 1000ms 

for all stimuli so that differences in pupil diameters between Stroop conditions could 
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not be attributed luminance difference that result from the stimuli being on the screen 

for different durations (i.e., on average incongruent trials would be on the screen for 

longer than congruent trials if presentation duration was determined by response 

times). Finally, a blank screen was presented for 100ms before the next trial began. 

Stimuli were presented using a standard PC running Experiment Builder 

software (SR Research Ltd) and displayed on a colour monitor displaying at 120 Hz. 

An SR Research Eyelink 1000 (SR Research Ltd) video-based pupil/CR tracker was 

used to record pupil size. Calibration and validation of eye movements were carried 

out prior to the commencement of each trial block using a 9-point calibration process. 

A monocular sampling rate of 1,000Hz was used. Pupil data were extracted off line 

using Eyelink DataViewer software (SR Research Ltd). Pupil size was measured in 

pixels.  

Our study was designed to test for pupil size differences between the 

Suggestion Absent and Suggestion Present conditions in medium-high and low-

medium suggestible individuals. 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 interpolation and therefore did not contribute to the mean 

pupil size values. Pupil sizes were sampled at two phases of the task: (a) The intra-

trial response phase: The average pupil size in the period 500ms before response; 

(b) The post-response phase: The average pupil size in the 500ms time-window from 

250ms after the response was made. 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, 
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with post-response Stroop effects peaking around 500-600 ms after the response is 

made (see Hershman & Henik, 2019, 2020; Laeng et al., 2011). A 500ms pre-trial 

period (just before stimulus onset) acted as the pupil size baseline for both phases 

and was subtracted from the intra-trial and post-response phases to provide a 

baseline-corrected measure of performance as recommended by Mathôt et al. 

(2018), and used to show pupillometric Stroop effects in previous studies (Laeng et 

al., 2011; Parris et al., 2021). The benefit of having both intra-trial and post-response 

phone is that is has been argued that post-response phase might simply represent 

residual change due to the response that was made (Simpson, 1968).  

Procedure 

Participants received an information sheet and a consent form (See Appendix B) 

before participation within the study, followed by an opportunity to ask any questions 

they had before proceeding. Once any questions were answered, participants 

completed the consent form if they were happy to proceed.  

All participants first completed the SWASH and recorded their responses in 

the SWASH booklets. Once the SWASH was completed, participants completed a 

practice version of the Stroop task consisting of 48 trials with non-lexical distractors 

(i.e., *****) to habituate themselves to the location of the response keys. After the 

Stroop practice section, participants underwent the second hypnotic induction and 

the word blindness suggestion was delivered. They were then immediately counted 

out of hypnosis. They were then sat in front of the computer screen and complete 

either the Suggestion Present or Suggestion Absent condition, the order of which 

was counterbalanced across participants. Before starting the Suggestion Present 
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condition, the experiment clapped once to activate the suggestion. Once finished, the 

experimenter clapped twice to extinguish the suggestion.   
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Results 

A 2 (Group: Medium-high vs. Low-Medium) X2 (Suggestion: Absent vs. 

Present) X 3 (Stroop condition: Incongruent vs. Neutral vs. Congruent) mixed 

ANOVA was conducted for Reaction Times (RTs), % Errors, interatrial pupil size and 

post-response pupil size, investigating medium-high and low-medium suggestible 

individuals’ response times, accuracy and effort using pupillometry during a Stroop 

task both under suggestion and at baseline, where group was a between subjects’ 

factor.  

For RTs, Mauchly’s test of sphericity for the suggestion variable indicated that 

the assumptions had been met. No correction was therefore needed, however, for 

the Stroop condition, this had been violated X²(2)=8.513 p=.014, therefore a 

Greenhouse Geisser correction was needed. Using the Greenhouse Geisser 

correction there was a significant within-subjects effect of RTs on Stroop condition 

F(1.659, 38)=90.767, p<.001, η²=.705 but not for suggestion F(1, 38)=.083, p=.775, 

η²=.002. Additionally, there was no interaction effect of Stroop condition and Group 

F(2, 38)=1.678, p=.194, η²=.042 but there was an interaction between Suggestion 

and Group F(1, 38)= 4.826, p=.034, η²=.113, with medium-highs showing faster RTs 

under suggestion compared to low-mediums (See  figure 1). For the interaction 

between Suggestion and Stroop condition F(2, 38)=5.837, p=.004 η²=.133 

suggesting a reduction in the Stroop effect that was not modified by suggestibility. 

There was no main effect of Group (Medium-high or low-medium) on RTs F(1, 38)= 

.112, p=739, η²=.003. No three-way interaction was found between Stroop condition, 

Suggestion and Group, F(2, 38)=.933, p=.398, η²=.024.  
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Figure 1.  

RTs for medium-highs and low-mediums for all Stroop trials under suggestion and at 

baseline 

 

 For Errors, Mauchly’s test of sphericity for both Suggestion and Stroop 

condition assumed that the assumptions had been met. No correction was therefore 

needed. Test of sphericity, however, for the interaction between Stroop condition and 

suggestion had been violated X²(2)=11.355 p=.003, therefore a Greenhouse Geisser 

correction was needed. The number of percentage errors for the Stroop condition 

was significant F(2, 38)=5.591, p=.005, η²=.128. The percentage errors between the 

suggestion present and absent conditions was insignificant F(1, 38)=2.247, p=.142, 

η²=.056. Additionally, no significant interaction was found between the two groups 

and Stroop condition F(2, 38)=.279, p=.757, η²=.007 and no effect of Group was 

found for suggestion condition F(1, 38)=.158, p=.693, η²=.004. Using the 

Greenhouse Geisser correction there was no interaction between Stroop condition 
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and suggestion F(1.582)= .272, p=.710, η²=.007. There was no effect found for 

Group on percentage errors F(1, 38)= .744, p=.391, η²=.019.  

For corrected interatrial pupil size, Mauchly’s test of Sphericity indicated that 

all assumptions are assumed/met for the suggestion condition, however, for both 

Stroop condition X²(2)=11.02 p=.004 and the interaction between Stroop condition 

and suggestion X²(2)=9.606 p=.008 was violated and therefore a Greenhouse 

Geisser correction was needed. No Effects were found. Using the Greenhouse 

Geisser correction Stroop condition F(1.590/, 38)=1.789, p=.182, η²=.045, suggestion 

F(1, 38)=.033, p=.857, η²=.001. Stroop condition and suggestion, F(1.628, 

38)=1.566, p=.219, η²=.04. Stroop condition and suggestibility group, F (1.59/1.692, 

38)=.237, p=.738/.752, η²=.006 and suggestion and suggestibility group, F(1, 

38)=.081, p=.777, η²=.002. There was no effect of Group (Medium-high and low-

medium) on corrected interatrial pupil size, F(1, 38)=.178, p=675, η²=.005.  

For corrected post-response pupil size, Mauchly’s test of sphericity for Stroop 

condition X²(2)=28.406, p<.001 and Stoop condition and suggestion X²(2)=14.544 

p<.001 had been violated, therefore a Greenhouse Geisser correction was needed. 

For suggestion, sphericity was assumed. No Effects were found. Stroop condition 

F(1.302, 38)=2.667, p=.100, η²=.066. Suggestion F(1, 38)=.067, p=.797, η²=.002. 

Stroop condition and suggestion, F(1.509, 38)=.159, p=.793, η²=.004. Stroop 

condition and Group (Medium-high or Low-medium) F(1.302, 38)=.131, p=.785, 

η²=.003 and suggestion and group, F(1, 38)=.785, p=.381, η²=.002. There was no 

effect of Group on corrected post-response pupil size, F(1, 38)= .243, p=.625, 

η²=.006.  
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 Overall, there were no significant findings for pupil size for any of the time 

points which could indicate no increase in effort employed following the Word-

blindness suggestion. Additionally, there appears to be no increase in effort during 

incongruent trials which you would expect in the Stroop task (Laeng et al., 2012). For 

percentage errors there was a significant effect for the Stroop condition only showing 

the classic Stroop effect which is expected, however, there was no difference 

following suggestion. As for RTs, there was a significant effect of Stroop condition 

and for the interaction between suggestion and Group, as well as the interaction 

between suggestion and Stroop condition.  
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Discussion 

The present study set out to test whether medium-high and low-medium suggestible 

individuals employ proactive or reactive control mechanisms in response to 

suggestions by testing effort as measured through pupillometry (Laeng et al., 2011; 

Kahneman & Beatty, 1966). All participants (both Highs and Lows) completed the 

Stroop task, both under the Word-Blindness suggestion and at baseline. Despite 

replicating the WBSE, it did not differ between high and low suggestible individuals 

(cf. Raz and Campbell, 2011) and there were no effects in the pupil data (cf. Parris et 

al., 2021). Highly suggestible individuals had quicker response times during the 

suggestion condition, especially for incongruent trials consistent with past research 

(Parris & Dienes, 2013; Raz & Campbell, 2011), however, no additional effort was 

used according to the pupil size data at both the Interatrial or post response phase, 

which contradicts recent findings (Parris et al., 2021). It may be inferred that, 

although highly suggestible individuals presented quicker RTs under suggestion, no 

increased effort or effortful control was employed, however, there was also no effect 

of congruency on pupil diameter which has been observed due to the increased effort 

required during incongruent (Laeng et al., 2011) and effortful trials (Laeng et al., 

2011; Kahneman & Beatty, 1966) indicating that the pupil data could be misleading. 

The results did not show that the Stroop effect was reduced more by highs than lows 

under the suggestion as no three-way interaction was found. The results suggested a 

significant difference in the number of errors made for Stroop condition, with an 

increase in errors for incongruent trials as expected. However, no difference in 

accuracy was found for Group or Suggestion compared to baseline. This suggests no 
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improvement in accuracy following suggestions and showed the classic Stroop effect 

in regards to accuracy across the levels of congruency.  

A limitation of the present study was that the cut-off points used to define 

highs and lows; with those scoring above 4 being classed as highs which 

consequently consisted of medium-highs, and lows defined as below 3 which 

therefore counted medium-lows. For this reason, the difference between the two 

groups, and the cut-off point for highly suggestible individuals, may be smaller than in 

other previous studies, with those scoring 6 or above being classed as highs (Parris 

et al., 2021) using the SWASH. Other studies using the Stanford hypnotic 

suggestibility scale C (SHSS-C), gathering from a large data base have previously 

used individuals scoring 10 or 11 as highs from an 11-point scale, and those scoring 

below 1 as lows (Raz & Campbell, 2011), which is a significantly larger difference 

than the above 4 and below 3 cut of points used using the SWASH within the present 

study. The present data could have selected fewer participants for each group and 

therefore had a larger SWASH score difference (e.g., the top 20 SWASH scorers as 

highs and the bottom 20 as lows). This would have still exceeded the 16 highs used 

in Parris et al., (2012; 2021). However, the present work was based on a grant 

proposal that stipulated more participants per group. Ultimately, this number was not 

obtained during the duration of the data collection period for this project.  

Although the WBSE has been linked with proactive control as observed within 

the literature (Landry et al., 2022; Parris et al., 2021), this could be due to a natural 

tendency to employ different control processes between highs and lows (Braver, 

2012) and may be unrelated to the WBSE. That is, differences in cognitive control 
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may be observed in the baseline state i.e., not following a given suggestion. This 

possibility is explored in the next experiment.  
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Experiment 2: Cognitive control employed by high and low 

suggestible individuals outside of the hypnotic context 

Key theories of hypnotic responding posit that high and low hypnotically 

suggestible individuals differ in the extent to which they employ cognitive control 

mechanisms (see Parris, 2017, for a review). However, research to date is mixed 

providing no evidence either in favour or against the idea that these two groups of 

individuals differ in this capacity (Parris, 2017; Landry et al, 2022). What most of this 

research has in common however is the tendency to view cognitive control as a 

single construct that either is or is not present/efficient. In contrast to this approach, 

the Dual Mechanism of Control (DMC) framework distinguishes between two forms of 

control: proactive and reactive control (Braver, 2012). Proactive control involves the 

preparation and maintenance of goals in order to carry out goal-related behaviour. 

This, however, can use a lot of attentional resources and can have high metabolic 

costs because it is stimulus-independent (Goschke, 2003) and is reliant on 

expectations and anticipation (Braver, 2012). In contrast, reactive control is activated 

or triggered, in response to a cue or stimulus and may seem effortless. Here, goal 

representations are only activated in response to the relevant stimulus and is 

therefore a more efficient form of control (Braver, 2012).  

Cognitive control, which may differ between highs and lows could be a 

potential predictor of involuntariness as seen in the ‘Classic suggestion effect’ 

(Bowers, 1982; Weitzenhoffer, 1974), which explains how experiences of 

suggestions leads to involuntary and effortless responses in highly suggestible 

individuals and is not yet understood. Control use employed by highs following 

suggestions has been shown to increase proactive control use (Landry et al., 2022; 
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Parris et al., 2021), however, there is little research to validate these findings. 

Moreover, it has been suggested that control use may naturally differ between groups 

(Braver, 2012) but this has yet to be explored in the context of hypnotic suggestibility.  

Given the dual-mechanisms of control framework, DMC theorists have tried to 

develop ways of measuring these forms of control independently. They have recently 

achieved their goal using a modified version of the Stroop task (Stroop, 1935; see 

Gonthier et al., 2016). The Stroop task is a computer-based task in which participants 

are asked to respond to congruent, incongruent and neutral trials. During this task, 

interference of the word, especially in incongruent trials, slows reaction times (Bugg 

et al., 2008) and multiple levels of control may be used during trials. The ability to 

alter the level of proportion congruency (PC) during trials allows the manipulation of 

cognitive demands, making the Stroop task a good way of testing cognitive control 

mechanisms (Gonthier et al., 2016).  

Gontheir et al., (2016), explored proactive and reactive control using an animal 

Stroop task. Participants completed two conditions, List-Wise Proportion Congruency 

(LWPC) and Item-Specific Proportion Congruency (ISPC). LWPC was split up into 

two trial blocks, List-Wise mostly incongruent (LWmi) and List-wise mostly congruent 

(LWmc). The experiment was split into two experiments (1a and 1b) and both 

followed a within-subjects design. 1a consisted of 35 participants who completed the 

experiment in two sessions, a week apart, whereas, 1b, consisted of 58 participants, 

who completed the experiment in a single session lasting approximately 1 hour. 

There was no change in effects between experiments 1a and 1b. LWPC was used as 

a measure of proactive control and ISPC was used as a measure of reactive control 
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use. All participants elicited LWPC and ISPC effects and these effects were shown to 

be dissociable (Gontheir et al., 2016).  

Recent studies investigating proactive and reactive control in the context of 

suggestion have indicated that suggestibility is linked with proactive control use 

(Landry et al., 2022; Parris et al., 2021), with highly suggestible individuals eliciting 

increased proactive control in the suggestion condition, as opposed to the control 

where no suggestion was present. It has also been suggested that highly suggestible 

individuals may have a natural tendency to employ reactive control over proactive 

strategies (Parris, in prep). This study aims to test proactive and reactive control 

mechanisms employed by highs and lows, outside of the hypnotic context. This will 

explain whether differences in control use naturally differ between the two groups. 

Although suggestions in highly suggestible individuals may have indicated increased 

proactive control use in previous studies (Landry et al., 2021; Parris et al., 2021), 

these individuals may have a tendency to employ certain control mechanisms even 

outside of the hypnotic context and not just in response to suggestions. To test this, 

this study aims to compare proactive and reactive control use in both high and low 

suggestible individuals. It is hypothesised that control use naturally differs between 

high and low suggestible individuals.   



 

 

26 

 

Method 

Design 

This study used a correlational design to permit analysis by multiple regression. An 

index of proactive control and an index of reactive control (as per Gonthier et al., 

2016) will be the predictor variables. Hypnotic suggestibility, hypnotic involuntariness 

and hypnotic effortlessness are the dependent variables.  

Participants 

An a priori analysis was conducted using G*Power to determine the sample size 

required. The sample size required to achieve an 80% power for detecting an effect 

size of 0.1 was 100. We originally aimed to test participants from a pool of 

participants pre-screened on our chosen hypnotic suggestibility screening scale, 

however, due to lack of response and COVID, we had to recruit more participants to 

undergo the screening process in a separate session prior to the Stroop task. 

Although we initially aimed for 100 participants, unfortunately, due to time constraints, 

60 participants were included within the dataset.  

A total of 60 participants participated in this experiment (11 Males, Mean age= 20.5, 

SD= 4.1), using the combined objective and subjective scores (Median 3.455, SD 

1.51). 

Materials 

An animal Stroop task was used as in Gontheir et al., (2016), with congruent, 

incongruent and neutral trials with three conditions which consisted of varying levels 

of congruency; LWPC, implemented into two trial blocks as a measure of proactive 

control use. LWmc consisted of 75 PC items and 184 trials; LWmi which consisted of 



 

 

27 

 

25 PC items and 184 trials. ISPC, as a measure of reactive control, was implemented 

in a singular bock, in a trial-by-trial fashion consisting of both 75PC and 25PC with 

432 trials. Each condition had PC 50 unbiased items (Pig, Seal, Cow and Frog) to 

allow unbiased assessments of transfer costs. All trials consisted of a practice trial 

before the experiment began to allow participants to get familiar with the task. The 

stimuli consisted of images which corresponded with words of animals (Bird, Cat, 

Dog, Fish). The words and pictures matched for congruent trials but not for 

incongruent.  

Stimuli were presented using a standard PC and monitor displaying at 120 Hz, 

displaying Images in black and white. A Cedrus voice key (SV-1) was used to record 

time responses from participants while the experimenter pressed the corresponding 

key to record their response accuracy. Before each block, the voice key was 

calibrated to match the participant’s voice to avoid interference and to ensure their 

voice was registered.  

The Sussex-waterloo scale of hypnotisability (SWASH) was used as a measure 

of hypnotic ability (Lush et al., 2018). For participants who had not already 

undergone the screening process, this was presented via a video in a session prior to 

the Animal Stroop task and participants were required to record their experiences in 

the SWASH response booklet (See Appendix A) which included the Sense of Agency 

Rating scale (SOARs) (Polito et al., 2013).  

Procedure 

Participants who were recruited via SONA were invited to complete the SWASH and 

SOARS in a separate session before participating in the Stroop task.  Participants 

were presented with an information sheet and consent form (See Appendix C) upon 
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arrival to consent to the study. After consenting, participants were set up on the 

computer with the voice key which was calibrated to their voice and tested to avoid 

any interference from breathing or other background noise.  

Once set up, participants completed three conditions; 384 LWmc trials (96 PC-50 and 

288 PC-75), 384 LWmi trials (96 PC-50 and 288 PC-75) and 432 ISPC trials (192 

PC-75, 192 PC-5 and 48 PC-50 within the second half of the block). Participants 

were given opportunities for breaks between each trial block or halfway through if 

required and 22 practice trials occurred at the start of every trial for participants to get 

familiar with the task. Time responses were recorded via the voice key and the 

experimenter pressed the corresponding key to their response to account for 

accuracy.  
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Results 

Multiple regression analyses were conducted to investigate whether proactive and 

reactive control use predicted aspects of the hypnotic experience.  

 The Model for proactive and reactive control on suggestibility was not 

significant F(2,57) =.415, p=.662 with R²=.014. For the level of reactive control, β=-

.002, t(57)=-.662, p=.511. As for Proactive control β=.003, t(57)=.694, p=.491.  

  

Figure 2.  

Scatter plot to show proactive and reactive control scores for SWASH 

 

 The model for proactive and reactive control on involuntariness was not 

significant, F(2, 57)=.589, p=.558 with R²=.02. For proactive control, β=.009, 

t(57)=.505, p=.615 and for reactive control, β=-.015, t(57)=-1.009, p=.317.   

 

Figure 3.  
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Scatter plot to show reactive and proactive control scores for involuntariness 

 

 The model for proactive and reactive control on effortlessness was not 

significant, F(2, 57)= .482, p=.62, with R²=017. For proactive control, β=.011, 

t(57)=.949, p=.347 and for reactive control β=-.004, t(57)=-.351, p=.727.   
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Figure 4. 

Scatter plot to show proactive and reactive control scores for effortlessness  

 

 Overall, the results suggested no relationship between proactive and reactive 

control on suggestibility, nor for effortless or involuntariness experienced following 

suggestions.   
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Discussion 

The current study aimed to test whether proactive and reactive control mechanisms 

predict hypnotic ability. Further, the present study aimed to test whether proactive or 

reactive control predicts the effortless or involuntariness individuals experience. The 

findings suggested that neither proactive nor reactive control use predicted hypnotic 

suggestibility. Involuntariness and effortlessness were also not predicted by proactive 

or reactive control mechanisms and thus failed to help understand the classic 

suggestion effect (Bowers, 1982; Weitzenhoffer, 1974) which is commonly observed. 

The findings may indicate that if highs elicit increased proactive control (Landry et al., 

2022), this may be a consequence of responding to a given suggestion as opposed 

to a natural tendency to employ proactive control mechanisms. More research is 

therefore needed to understand the differences in cognitive control between highs 

and lows (Parris et al., 2017; Landry et al., 2022). Further research will also help to 

understand effortless and involuntary experiences seen in ‘the classic suggestion 

effect’ (Bowers, 1982; Weitzenhoffer, 1974) following suggestions.  

 One limitation of the current study may be that the sample size of 60 may be 

too low to find an effect. The median objective subjective SWASH score was 3.455 

with a SD of 1.5 indicating the majority of scores were quite close together and may 

not show a clear relationship across high and low suggestible individuals. Due to 

limited research investigating cognitive control in highs and lows outside of hypnosis, 

there may be a natural tendency difference between highs and lows (Braver, 2012) 

that was not detected in the present research. A replication with a larger sample size 

is needed before strong conclusions can be drawn.  
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General Discussion 

The aim of the experiments presented herein was to assess the tendency to employ 

proactive and/or reactive control in highs, both following a given suggestion 

(Experiment 1) and at baseline (Experiment 2).  

Highs may not employ any additional effort during suggestions in order to 

achieve increased reaction times and could therefore be down to reactive 

mechanisms, which would contradict recent findings (Landry et al., 2022). To back up 

the idea of response to suggestions possibly being linked with reactive control 

mechanisms, Implementation intentions, which are triggered in response to stimulus, 

have previously been linked with response to suggestions (Kirsch & Lynn, 1997) and 

it could be argued that reactive control may be naturally employed by highly 

suggestible individuals (Braver, 2012). Additionally, Implementation intentions have 

been found to increase hypnotic ability after the hypnotic induction (Schweiger et al., 

2012). Given this, it could be argued that reactive control may be a potential predictor 

of hypnotic ability but has yet to be investigated. 

The present findings back up the idea that highly suggestible individuals have 

quicker RTs following suggestion as opposed to baseline (Parris et al., 2012; Parris & 

Dienes, 2013; Parris et al., 2020; Raz & Campbell, 2011) but fails to understand how 

much the Stroop effect was reduced. The findings do not show a difference in 

accuracy between the two groups at baseline or under suggestion, which has been 

previously found (Parris & Dienes, 2013; Raz & Campbell, 2011). Additionally, the 

current study contradicts past findings, which suggests increased pupil size during 

incongruent trials (Laeng et al., 2011) due to an increase in effort employed. This 

could be due to no increased effort being employed under any of the conditions 
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across participants. Additionally, no increased effort appears to be found via pupil 

size following suggestions even when RTs are increased, contradicting past research 

(Parris et al., 2021).  

More research may be needed in order to understand why highly suggestible 

individuals respond with increased RTs following suggestions. Due to the failure to 

find a difference in pupil size following the Stroop phenomena (Laeng et al., 2011), a 

replication with a larger sample including participants more obviously defined as 

highs and lows would help to consolidate whether suggestions affect control use in 

highly suggestible individuals following the WBSE and whether this leads to 

increased effort as seen via pupil size (Laenge et al., 2011; Kahneman & Beatty, 

1966; Parris et al., 2020) or whether there is no additional effort employed. 

Additionally, it may be worth investigating whether highs and lows naturally differ in 

the control use they tend to employ in order to investigate whether this increased 

proactive control use (Landry et al., 2022) could be a potential predictor of hypnotic 

ability as opposed to a consequence of suggestions within highly suggestible 

individuals.  

 Another potential explanation for differences in highs and lows could be 

factors such as dissociation (Wolfradt & Mayer, 1998). Research has previously 

found that highly suggestible individuals score higher for dissociation, absorption and 

anxiety than controls, indicating that these factors may act as potential predictors for 

hypnotic suggestibility. The research around dissociation and suggestibility, however, 

has provided mixed findings (Dienes et al., 2009), therefore more research would 

help to explain the link between suggestibility and dissociation factors.  
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 Expectations might also be linked with an individual’s likelihood of accepting 

a given suggestion, (Dienes & Perner, 2007; Reategui, 2020) with correlates 

increasing after the hypnotic induction (Reategui, 2020). Moreover, proactive control 

has been suggested to be linked with expectations (Braver, 2012). This could 

suggest proactive control could be a consequence of accepting a given suggestion 

and might be due to the maintenance of the suggestion leading up to the intended 

outcome behaviour. Expectation, however, may not be a direct link to hypnotic 

responsiveness and could be related to experiences of involuntariness (Dienes & 

Perner, 2007). This might indicate that cognitive control may be a potential mediator 

between expectations and involuntariness under suggestions. 

 Overall, proactive and reactive control mechanisms may not be predictors of 

hypnotic ability and may in fact be a consequence of responding to suggestions 

(Landry et al., 2022). Proactive and reactive control was not found to be linked with 

involuntariness and effortlessness and therefore failed to explain the ‘classic 

suggestion effect’ seen within the literature (Bowers, 1982; Weitzenhoffer, 1974). A 

replication, however, with a larger sample including more highly suggestible 

individuals, may help to consolidate the current findings which have not yet been 

explored. A comparison of control use before and after the word-blindness 

suggestion may also help to understand whether suggestions lead to an increase in 

proactive mechanisms and could explain to what degree. Further research may also 

be worth exploring other predicting factors such as dissociation (Wolfradt & Mayer, 

1998) and expectations (Reategui, 2020; braver, 2012).  
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Appendix B 

Information sheet and consent form for Investigating cognitive control though 

post-hypnotic suggestion. Ethics ID: 45841 
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Appendix C 

Information sheet and consent form for Cognitive control employed by highs 

and lows outside of the hypnotic context. Ethics ID: 47084 
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