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3.1 Introduction

The striking changes in perception and conscious awareness that can be achieved with
Aypnotic induction have fascinated psychologists for many years. How does one account
or neurologically healthy subjects who, following hypnotic induction and appropriate
suggestions, report to perceive an illusory voice, or negate seeing an object placed right in
front of them? To hypnosis researchers, the recent advent of cognitive neuroscience has
brought forth great promise, with new techniques such as functional magnetic resonance
imaging (fMRI) allowing us to take a peek into the hypnotized brain. However, the bene-
fts of a cross-talk between the fields of hypnosis and cognitive neuroscience research are
mutual, for hypnotic suggestions can serve as a rich avenue for the investigation of fun-
damental brain processes (Raz and Shapiro 2002). From a cognitive neuroscience per-
spective, the apparent dissociation between subjective experience and external
stimulation observed in hypnotized subjects represents a powerful demonstration of
top-down mechanisms affecting bottom-up processes, which are often thought of as
automatic or involuntary. Clearly, a thorough understanding of the neural mechanisms
underlying hypnosis will contribute substantially to our comprehension of human brain
function per se.

The fact that hypnotic suggestions may help effectively to over-ride what are tradition-
ally considered automatic or pre-potent processes is of particular intrigue to cognitive
neuroscientists, because this ability is regarded as the domain of high-level ‘cognitive
control’” processes. Cognitive control connotes a capacity-limited resource that is thought
to be required when dealing with situations where mere ‘automatic’ processing would
not suffice to produce optimal performance (or may even interfere with optimal per-
formance), and has been closely tied to functions of the frontal lobes (Botvinick et al.
2001; Miller and Cohen 2001). Situations that require cognitive control include the
performance of novel tasks, simultaneous tasks, task switching and, more generally, the
need to over-ride pre-potent associations and responses. Does this mean that hypnotic
phenomena can simply be equated to an extreme instance of normal top-down cognitive
control processes? Probably not: after all, hypnotized subjects seem to be characterized by
a lack of volition and control over their own actions, with the latter being dictated by the
suggestions of the hypnotist. The current chapter is aimed at elucidating this apparently
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paradoxical relationship between cognitive control and hypnosis, and the brain processes
mediating their association.

Before we commence, a few semantic and methodological pointers for the reader unfa-
miliar with hypnosis jargon are in order. A hypnosis session typically consists of three
phases; the hypnotic induction (usually involving instructions to focus exclusively on the
hypnotist’s voice, accompanied by a progressive relaxation), followed by a number of
hypnotic suggestions (e.g. the suggestion that there is a voice addressing the subject from a
non-existent loudspeaker) and finally a deinduction (typically a ‘countdown’ for the
subject to return to a normal, alert state) that finishes the session. In addition, hypnotic
suggestions can be given that exhort the subjects to carry out a particular act in response
to a cue given after the hypnotic session has concluded, a technique referred to as post-
hypnotic suggestion. Furthermore, it is important to appreciate that subjects’ susceptibility
to hypnosis varies greatly. Therefore, subjects are typically pre-tested with standardized
hypnotic induction scripts, such as the Harvard Group Scale of Hypnotic Susceptibility,
Form A (HGSHS: A) (Shor and Orne 1962) or the Stanford Hypnotic Susceptibility
Scale, Form C (SHSS: C) (Weitzenhoffer and Hilgard 1962). Obviously, for different
studies to be comparable, it is important that they employ similar subject selection criteria.
A typical research design in a hypnosis study compares a dependent measure (e.g. behav-
ioural performance on an attention task) between pre-selected subjects of very low
versus very high hypnotic susceptibility, outside the hypnotic context versus subsequent
to hypnotic induction or in response to specific hypnotic suggestions. Hypnotic
performance in this kind of design should be observed only in highly susceptible subjects
in the hypnosis condition.

Finally, the discussion of cognitive control processes in relation to hypnosis and
hypnotic susceptibility in the current chapter does of course take place in the context of
previous theorizing, and we will interpret the literature with reference to some major
currents in this field, as outlined here. Perhaps not surprisingly, theoretical models of
hypnosis have traditionally emphasized the importance of attentional control processes in
accounting for hypnotic phenomena (Barber 1960; Hilgard 1965; Krippner and Bindler
1974; Tellegen and Atkinson 1974; Hilgard 1977; Karlin 19795 Crawford and Gruzelier
1992; Woody and Bowers 1994; Gruzelier 1998; Raz and Shapiro 2002; Raz 2004). Two
broad schools of thought have evolved around this issue. One view proposes that indi-
viduals who are highly susceptible to hypnosis possess the ability to focus their attention
strongly, and that the hypnotic condition itself is characterized by a state of highly
focused attention (Barber 1960; Tellegen and Atkinson 1974; Spiegel 2003). Another view
argues that highly susceptible individuals may indeed be particularly adept at focusing
their attention, but that once they are hypnotized, control of attention is impaired
(Hilgard 1965; Hilgard 1977; Gruzelier 1990, 1998; Crawford and Gruzelier 1992; Woody
and Bowers 1994; Jamieson and Sheehan 2004). At the neurophysiological level, many
theoretical formulations have hypothesized a crucial involvement of frontal lobe func-
tions in mediating hypnosis and hypnotic susceptibility (Gruzelier 1990, 1998; Crawford
and Gruzelier 1992; Woody and Bowers 1994). In the following, these models will be
referred to as the focused attention’ and the ‘impaired attention’ views of hypnosis.
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We will first review how cognitive control is measured behaviourally, focusing in
particular on the use of the colour-word Stroop task (Stroop, 1935; MacLeod 1991)
(Section 3.2.1). This exposition will be followed by a summary of the current literature
on the functional neuroanatomy of cognitive control processes (Section 3.2.2). Then we
will conduct a selective review of the behavioural and neuroimaging hypnosis literature
in relation to cognitive control processes, as gauged by variants of the Stroop task
(Section 3.3). This review will make an important methodological distinction between
studies where the hypnotic induction procedure includes suggestions to improve Stroop
task performance on the one hand (Section 3.3.2), and studies that did not incorporate
such task-specific suggestions on the other hand (Section 3.3.1). Based on our discussion
of this literature, we will outline a model to resolve the paradoxical relationship of
hypnosis and cognitive control.

3.2 What is cognitive control?

In this section, we first present the concept of cognitive control and introduce psycholog-
ical tasks and analysis techniques that purport to measure this construct. We then pro-
vide a brief, selective review of research into the functional neuroanatomy of cognitive
control processes.

3.2.1 Psychological concept and behavioural measures of
cognitive control

The distinction between ‘controlled’ and ‘automatic’ processing, alluded to in the
Introduction, has a long tradition in theories of attention, where controlled processes
have been characterized as requiring attention whereas automatic processes do not
(Cattell 1886; Posner and Snyder 1975; Schneider and Shiffrin 1977). The concept of
cognitive control closely resembles previous notions of attentional control, such as
Shallice’s supervisory attention system (Norman and Shallice 1986), or Posner’s execu-
tive attention system (Posner and Petersen 1990; Posner and DiGirolamo 1998). For our
current purposes, we will adopt the working definition that cognitive control describes
the process or collection of processes that underpin the flexible management of processing
resources for optimal task performance. This includes maintaining a representation of
current goals in working memory, gauging the need for strategic performance adjust-
ments, and implementing such adjustments, for example by steering attention towards
task-relevant stimulus properties.

The efficiency of cognitive control functions has typically been inferred from tradi-
tional selective attention tasks, such as the Stroop task (Stroop 1935; MacLeod 1991) or
the Eriksen flanker task (Eriksen and Eriksen 1974), which require subjects to attend and
respond to one stimulus dimension (the ‘target’ dimension) while ignoring another stim-
ulus dimension (the ‘distracter’ dimension). The need for controlled attention is manip-
ulated by varying the response compatibility between target and distracter dimensions,
which can either be in conflict with each other (incongruent), unrelated (neutral) or in
accordance with each other (congruent). For instance, in a typical Stroop paradigm,
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subjects are required to name the ink colour in which a word stimulus is presented while
ignoring the word meaning of the stimulus. Here, incongruent stimuli (e.g. the word
RED printed in green ink) are typically associated with slower responses than neutral
stimuli (e.g. XXXX in green ink), which in turn are identified more slowly than congruent
stimuli (e.g. the word GREEN printed in green ink). The differential of incongruent to
congruent (or neutral) reaction times constitutes the amount of interference or conflict
experienced by the subject.

The amount of conflict incurred from an incongruent distracter, and by inference the
degree of controlled attention required for processing the target, is determined by the
relative strength of processing pathways (i.e. the relative ‘automaticity’) associated with
the target and distracter dimensions, respectively, which arise from physical stimulus
properties and, importantly, subjects’ previous experience with the stimulus dimensions
in relation to current task requirements (MacLeod and Dunbar 1988; Cohen et al. 1990).
For instance, the fact that the word dimension of Stroop stimuli interferes substantially
more with the colour dimension than the other way around is accounted for by the vastly
greater experience we have with reading words compared with naming the ink colour of
words (Cohen et al. 1990).

The Stroop task has evolved into perhaps the primary psychological measure of

high-level, ‘executive’ cognition (MacLeod and MacDonald 2000) as well as a standard
neuropsychological assessment tool of frontal lobe function (Stuss et al. 2001). The
Stroop task has also been suggested as a potent arbitrator between models of cognitive
control processes in relation to hypnosis and hypnotic susceptibility (Kirsch and Lynn
1998), and attentional control in hypnosis has indeed been investigated most extensively
with variants of this paradigm (see Section 3.3 below). However, as a measure of cognitive
control per se, the traditional Stroop interference score, gauged via the subtraction of
either neutral or congruent trial reaction times from incongruent ones, is ambiguous.
This is because the correct categorization of an incongruent stimulus (compared with a
neutral or congruent trial) probably involves manifold processes, such as the detection of
response conflict engendered by the incompatible stimulus dimensions, inhibition of the
motor response associated with the distracter dimension, selection of the correct
response and strategic adjustments in selective attention for the up-coming trial. Thus,
behavioural and neuroimaging assays based on the standard Stroop subtraction capture
an aggregate of (at least) conflict detection and control (conflict resolution) processes,
and cannot unambiguously isolate the specific contribution of cognitive control.

It is possible, however, to dissociate cognitive control components of Stroop task
performance from conflict detection by either manipulating conflict levels via the pro-
portion of incongruent to congruent trials presented in a given block of trials (Logan and
Zbrodoff 1979, 1982), or by analysing performance on a given trial type (congruent/
incongruent) as a function of the preceding trial type (Gratton et al. 1992). This is
because subjects appear to adjust strategically the level of control exerted in response to
the level of conflict experienced or expected in a given trial or task block, such that con-
trol is upregulated following (and in anticipation of) high conflict, and downregulated
following (and in anticipation of) low conflict (Botvinick et al. 2001), a phenomenon






