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Hypnosis  is  a  unique  form  of  top-down  regulation  in  which  verbal  suggestions  are  capable  of  eliciting
pronounced  changes  in a multitude  of psychological  phenomena.  Hypnotic  suggestion  has  been  widely
used  both  as a technique  for studying  basic  science  questions  regarding  human  consciousness  but  also
as a  method  for targeting  a range  of symptoms  within  a therapeutic  context.  Here  we  provide  a synthesis
of  current  knowledge  regarding  the  characteristics  and neurocognitive  mechanisms  of  hypnosis.  We
review  evidence  from  cognitive  neuroscience,  experimental  psychopathology,  and  clinical  psychology
ognitive control
etacognition

lacebo
uggestibility
uggestion
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regarding  the  utility  of  hypnosis  as an experimental  method  for modulating  consciousness,  as  a  model  for
studying healthy  and  pathological  cognition,  and  as a therapeutic  vehicle.  We  also  highlight  the relations
between  hypnosis  and  other  psychological  phenomena,  including  the  broader  domain  of  suggestion  and
suggestibility,  and conclude  by identifying  the most  salient  challenges  confronting  the  nascent  cognitive
neuroscience  of  hypnosis  and outlining  future  directions  for research  on hypnosis  and  suggestion.

©  2017  Elsevier  Ltd. All  rights  reserved.
ontents

1. Introduction  . . .  . . .  . .  .  . . .  .  . . . . . .  . . .  .  . . .  .  . . . .  . .  . . . .  . . . . . . .  .  . . . .  . . .  . . . . . . . .  . . .  . . .  . . .  . . . .  . . .  . . . . . . . .  . . . . .  .  .  . . .  . .  . . . . . .  . . .  .  . . . . . . . .  .  .  . . . . . .  . . . . .  .  .  .  . .  . . . .  . . .  . .  60
2.  Hypnosis  as top-down  regulation  . . .  . . .  . . . .  . .  .  .  . .  .  .  . . .  .  . . .  . . . . . . .  .  . . . .  . . .  .  . . . . .  . . . . . . .  . . . . . . .  .  . . . . . . .  . . . . . . .  . . . . . . .  . . . .  .  . . .  .  . . . .  .  .  . .  . .  .  . . .  . . . . .  .  . . . . . . .  60
3. A  hypnosis  primer:  measurement,  individual  differences,  and  phenomenology  .  . . .  . . . . . . .  . . .  .  . . .  . . . .  . .  .  . . .  .  . .  .  . . .  .  .  . . . .  . . . . .  .  . . .  .  .  .  . . .  . . . . .  .  . .  . . .  . .  .  60
4.  Hypnotic  phenomena  . . . . .  . . . .  . . .  .  . . .  .  . . .  .  . . . . . . . . . . . . . . . . . .  . . .  . . . . . . . .  .  . . . . . . .  . .  . . .  . . .  . . . . . . .  .  . . .  . . . .  .  . .  . .  .  . . . . .  . .  . .  . .  .  . . . .  .  .  . .  .  .  .  . . . . . . .  . .  .  . . .  .  .  .  .  . .  .  .  62

4.1.  Motor  control  .  . . . . . . .  .  . . .  .  . . .  .  . .  .  . . . . . .  .  . . .  .  . . .  .  .  . .  .  . . .  .  . . .  . . .  .  .  . . . . . .  . .  . . . .  .  . . .  . . .  . .  .  . . . .  . . .  .  .  . . .  . . . .  . . . . . . .  .  . . . .  . .  . . .  . .  .  .  . .  .  . . . . . .  . . .  .  .  .  .  .  .  .  .  . .  62
4.2.  Perception  . . .  .  . .  .  . . . . . . .  . . . .  . . . .  . . .  .  .  . .  . .  . .  .  . . .  .  . .  . . . . .  . . . . . . .  . . . . . .  .  . . . . . .  . . .  .  . .  . . .  . . . .  .  . .  .  .  . .  .  . . .  . .  .  . . . .  . .  .  .  . . .  .  .  . . . . . . . . .  .  . . .  .  .  .  .  . .  .  . . . . . . . .  .  . 62
4.3. Cognition  . . .  .  . . .  .  . . .  .  . . . . . .  . . . .  . . .  .  . . .  .  . . .  .  . . .  . . . .  . . .  . . . . . . .  . . . . .  .  .  .  .  . . . . .  .  . . . . . .  .  . . . . . .  .  . . . . . . .  . . . . . . .  . . . .  . . .  .  . . . . . . . .  .  . .  . . . . . . . . . .  . .  .  .  . .  . . . .  . . .  63

5. Instrumental  hypnosis  research  . . . . .  . . . .  .  . . .  .  . . .  .  . .  . . . .  .  . .  .  . . . .  . .  . . . . . . .  .  .  . . . . . .  . .  . . .  .  . .  . . . . . . .  .  . . .  .  .  . . . . . . .  . . .  . . . . . . .  .  . . . . .  .  . . . . . .  .  .  .  .  . .  .  . . .  .  .  .  . . .  .  . .  . 64
6. Clinical  hypnosis  . . . . . .  . . .  . . . .  .  . . .  .  . .  .  . . . . . . . . . .  .  . . .  . . . .  . . .  .  . . . . . .  .  . . . . .  . .  . .  . . .  . .  . . . .  . .  .  . . . . . .  .  . . . .  . . .  . . .  . . . . . . .  .  . . . . . .  .  . . . . . .  .  . . . . . .  . .  .  .  .  .  . . . . . . . .  .  . . . .  .  64

6.1. Suggestion  as a therapeutic  vehicle  . . .  . . . . . . . . . . .  . . .  .  . .  .  . . . . . . .  . . .  . . . . . . . . .  . . . .  . . . . .  . . .  . . . . .  . .  . . .  . .  . . . . . . .  . . . .  . . . . .  . . .  .  . . . . . .  . . . .  .  .  .  .  . .  . . . .  . . . . .  64
6.2.  Evidence  base  for  the therapeutic  efficacy  of hypnosis .  . .  .  .  . .  . . . . .  . . .  . . . . .  . .  . . .  . .  .  .  . . . .  . . . . . . .  .  . . . .  . . .  . . . . . . .  . . .  .  . . . . .  .  . . . . . .  . . .  .  . . .  . . .  .  . . .  .  .  .  .65

7.  Mechanisms  and  relations  with  germane  phenomena.  .  . . .  . . . . .  . . .  .  . . . . .  .  . . . . . . . .  . . . .  .  .  . .  . . . . .  . . . . . . . . . .  .  . . . .  . . .  . . . .  .  .  . .  . . . .  .  . . .  . . . . . . .  . . .  .  .  .  . . .  . .  .  . . .65
7.1.  Hypnotic  suggestion  in  a broader  context  .  . . .  .  . . .  .  . . . . .  .  .  . . . . . . .  . .  . . .  .  . .  . . . . . .  .  .  . . .  .  . . .  .  . . .  . . . .  . . . . . . . . .  .  . . . .  .  . . . . . .  .  .  . . . . .  .  .  .  .  . .  . . . .  . . . . . .  . . .  . 65
7.2.  Agency  and  metacognition  . . . .  . . . .  . . .  . . . .  . . .  . . . .  .  . . .  .  . . . . . .  .  . .  .  . . . . . . .  . .  . . . . . . .  .  . . . .  .  . . .  . . . . .  .  .  .  . .  . . . . .  . . .  . . . .  .  .  . . .  . .  .  . . . . .  .  . . . . . . .  . . .  . .  . . .  . . .  . .  66

7.3.  Cognitive  control  .  . . . .  . . .  .  . . .  .  . . .  .  . .  . . . .  . . .  .  . . .  .  . . .  .  . . .  . . .  .  . . . .  .  . . . . .
7.4.  Social  cognition.  . . .  . . . . . .  .  . . . .  .  . .  .  . . .  .  . . .  . . .  .  . . .  .  . . .  . . . . . . .  .  . . .  . . .  . . 

7.5.  Psychopathology  and  dissociation  . .  .  . . .  . . . .  . . . . . . . .  . . .  .  . . . .  . . . . . . .  .

∗ Corresponding author.
E-mail address: d.terhune@gold.ac.uk (D.B. Terhune).

ttp://dx.doi.org/10.1016/j.neubiorev.2017.02.002
149-7634/© 2017 Elsevier Ltd. All rights reserved.
 . .  . . . . .  . . .  . .  . . .  . . . . . . . . . .  .  . . .  . . . .  .  . .  . . . .  .  . .  . . . .  .  . . . . . .  . . .  .  . .  . . .  .  . . . . . . .  .  . . . . 67
. . . .  . . . .  . . . . . . .  . . .  . . . .  .  . . . .  .  . .  . . . . . .  .  . . . . . . .  .  . . . . . .  . . . . . .  . . .  .  . .  . .  . .  . . .  .  . . . . .  .67

 . .  . . . . .  . . . . .  . . .  .  . . . .  . . .  . . . . . .  .  . . .  . . .  . . . . . . .  .  . .  . . . .  .  .  .  . .  . . . . . . . . . .  .  .  .  .  . .  .  . . . . 67

dx.doi.org/10.1016/j.neubiorev.2017.02.002
http://www.sciencedirect.com/science/journal/01497634
http://www.elsevier.com/locate/neubiorev
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neubiorev.2017.02.002&domain=pdf
mailto:d.terhune@gold.ac.uk
dx.doi.org/10.1016/j.neubiorev.2017.02.002


60 D.B. Terhune et al. / Neuroscience and Biobehavioral Reviews 81 (2017) 59–74

7.6.  Neurocognitive  bases  of  hypnosis  and  hypnotic  suggestibility  . . . . .  . . .  .  . . . . . .  . . .  . . . .  . . . . . . .  . . . . . . .  .  . . . . . . .  . . . . . . .  . . . .  . . .  . . .  .  . . . . .  .  . . .  .  .  .  . . .  . . . 68
8.  Outstanding  questions  and  future  directions  . . .  .  . . .  .  .  . .  .  . . .  .  . . . . .  .  .  . . . . . . .  . . . . . . .  . . .  . . . . .  . . . .  .  . . .  .  .  . . . . . .  .  . . . . . .  .  . . . . . . .  . . . .  . . .  . . . . . . . . .  . . .  . .  .  .  .  . .  .  . .  . 69

Acknowledgment  . . .  .  .  .  . . . .  . . .  . .  . .  . . . .  . . . .  . . .  .  . . .  .  . . .  .  . .  . .  . .  . .  . .  .  . . .  .  .  . .  . . . . .  . .  .  . .  .  . . . .  . . .  . .  .  . . .  .  . . . .  .  . . . . . .  .  . . . . . .  .  . .  . .  . .  .  . . . . . . . .  .  . . . .  .  .  .  .  . .  .  . . . . .  . . . . 70
 . . .  .  .  .

1

l
O
t
a
c
g
i
g
o
f
a
e
p
m
S
o
h
b
(
s
T
u
n

o
i
i
p
S
n
t
e
w
c
i
c
c
r

2

t
p
p
f
e
n
e
L
o
p
l
t
S
n

References  . .  . . .  . .  .  . . . .  . . . .  . . . .  .  . . .  . . . .  .  . .  .  .  . . . . . . .  . . .  . . . .  . . .  .  . . . . . .  .  . .

. Introduction

A remarkable feature of the human brain is its ability to trans-
ate endogenous mental representations into perceptual states.
ne of the most striking instances of such top-down regula-

ion is the phenomenon of hypnosis, in which verbal suggestions
re capable of eliciting pronounced changes in the contents of
onsciousness (Oakley and Halligan, 2013). Following specific sug-
estions, responsive individuals are able to experience alterations
n a diverse array of psychological functions and thus hypnotic sug-
estion has considerable potential for studying the intersections
f cognitive control, sense of agency, metacognition, and germane
unctions. In turn, hypnosis is becoming increasingly recognized as

 valuable method for modeling different psychological phenom-
na (Cox and Bryant, 2008; Oakley and Halligan, 2009), including
athological symptomatology (Woody and Szechtman, 2011), that
ay otherwise be resistant to manipulation in controlled settings.

uch an approach offers new vistas for cognitive neuroscience. The
pportunities afforded by top-down regulation of consciousness in
ypnosis extend beyond the laboratory: hypnotic suggestion can
e utilized in the treatment of different conditions and disorders
Elkins, 2017) and as an adjunct method for producing analgesia in
urgery (Agard et al., 2016; Facco, 2016; Faymonville et al., 1995).
ogether, these approaches point to hypnosis as a valuable, but
nderstudied, technique for modulating the contents of conscious-
ess with implications for both basic and clinical science.

This review aims to synthesize contemporary research and the-
ry in the domains of clinical and experimental hypnosis. We first
ntroduce hypnosis as a form of top-down regulation and describe
ts principal characteristics and provide examples of different
sychological phenomena that can be modulated via suggestion.
ubsequently, we turn to the use of hypnosis as a method for cog-
itive neuroscience and experimental psychopathology, describing
he rationale of this approach and providing some illustrative
xamples. Hypnosis has a rich history as a therapeutic vehicle and
e next review its use in therapeutic contexts and its clinical effi-

acy. In describing the mechanisms of hypnosis, we aim to place it
n a broader context by considering its relations to different psy-
hological phenomena. We  conclude by highlighting outstanding
hallenges and questions that we anticipate will be the foci of future
esearch.

. Hypnosis as top-down regulation

Top-down regulation refers to the process whereby men-
al representations cascade downstream to override physiology,
erception, and behavior. Although persistent reductionism in
sychology and neuroscience traditionally led researchers to
avor bottom-up explanations in which psychological phenom-
na are based in low-level neurobiological mechanisms, there is
ow widespread recognition that mental representations, such as
xpectations, regularly impact perception (Summerfield and de
ange, 2014). Moreover, ample evidence has accumulated for a role
f long-range signals from, and interactions with, prefrontal and
artial cortices in the implementation of top-down control over
ower-level brain regions and corresponding psychological func-
ions (Gazzaley and D’Esposito, 2007; Miller and Cohen, 2001).
uperficially, hypnosis appears as a bizarre or spectacular phe-
omenon, but it is increasingly being understood as a unique form
 .  . .  .  . .  . . . .  . . .  . . . . . .  . . . . .  . . .  . . .  . . . . . . .  . . . . . . .  .  . .  . . . . .  .  . .  . . .  . .  . . .  .  . . . . . . .  .  . .  .  .  70

of top-down regulation that occurs within a culturally-sanctioned
social context (Raz, 2011).

Theories of hypnosis frequently highlight the top-down view
and tend to emphasize the roles of cognitive control and execu-
tive (or metacognitive) monitoring functions based in prefrontal
and anterior cingulate cortices and broader frontal-parietal net-
works (Dienes and Perner, 2007; Egner and Raz, 2007; Gruzelier,
2006; Jamieson and Woody, 2007; Lynn et al., 2008; Woody and
Sadler, 2008). Indeed, despite broad disagreements regarding the
specific mechanisms underlying hypnosis, nearly all theories pro-
pose that suggestions are implemented through some form of
top-down regulation (for an exception, see Woody and Bowers,
1994). On most of these accounts, specific perceptual states and
behavioral routines originating from suggestion-based mental rep-
resentations (rogue representations; Brown and Oakley, 2004) are
implemented through mundane goal-directed cognitive control
mechanisms. However, the hypnotic context, and the expectations,
beliefs, motivational states, and cognitive and experiential sets
that it engenders, coupled with the wording of suggestions, pro-
motes impaired or atypical monitoring (Brown et al., 2001; Dienes
and Perner, 2007; Lynn et al., 2008; Woody and Szechtman, 2011)
and, concomitantly, the perception that one is not the author of
one’s own behavior and experience (see §7.2). This distortion in
one’s sense of agency constitutes the core phenomenological fea-
ture of response to suggestion (Bowers, 1981; Polito et al., 2014;
Weitzenhoffer, 1980). Some theories of hypnosis have emphasized
specific top-down factors including response expectancies and
there is broad evidence that they contribute to individual differ-
ences in hypnotic suggestibility (Lynn et al., 2008). Neuroimaging
and brain stimulation research has implicated prefrontal, ante-
rior cingulate, and parietal cortices in different facets of hypnotic
responding or in individual differences in hypnotic suggestibility
(Cojan et al., 2009; Dienes and Hutton, 2013; Egner et al., 2005;
Huber et al., 2014; Jiang et al., 2017 in press; McGeown et al., 2009;
Terhune et al., 2011a), thereby implicating regions known to con-
tribute to the top-down regulation of lower-level brain structures
(Gazzaley and D’Esposito, 2007; Miller and Cohen, 2001). However,
the specific cognitive mechanisms and roles of different cortical and
subcortical regions in the implementation of the top-down con-
trol that subserves responsiveness to suggestion remains poorly
understood (see also §7.6).

3. A hypnosis primer: measurement, individual differences,
and phenomenology

Hypnosis can be understood as an elaborate form of suggestion
that occurs within a specific sociocultural context. In contrast to
instructions, which imply self-agency (e.g., “raise your hand”), sug-
gestions are verbal communications for involuntary responses (e.g.,
“your hand will raise”; Kirsch, 1999b). Hypnosis involves a set of
procedures that are embedded within an interaction between an
experimenter (or therapist) and a participant (or client). In con-
trast to the popular imagination, a typical hypnosis protocol is a
relatively mundane affair that is at odds with the many pervasive
myths regarding this phenomenon (Raz, 2011). The primary com-

ponents of hypnosis include an induction followed by one or more
suggestions.

Hypnotic inductions can be understood as the first suggestion
in a hypnosis protocol (Nash, 2005). Although they vary markedly,
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ost have the intended purpose of promoting an attentional state
haracterized by absorption in the words of the experimenter and a
eduction in endogenous and exogenous awareness (Barber, 1984).
he functional role of inductions remains controversial. Inductions
re for the most part interchangeable, although certain features of
nductions seem to have beneficial properties (Brown et al., 2001)
nd further research is needed to clarify the extent to which specific
lements are wholly unnecessary and also how inductions can be
ptimized (Terhune and Cardeña, 2016). For example, the use of the
ord hypnosis can effectively enhance suggestibility (Gandhi and
akley, 2005), thereby highlighting the importance of participants’

esponse expectancies and the context. Research has shown that
nductions only have a minimal, albeit statistically significant, influ-
nce on suggestibility (Braffman and Kirsch, 1999; Tart and Hilgard,
966). By contrast, neuroimaging studies have produced conflicting
esults regarding the impact of an induction; for instance, one study
f suggested colour hallucinations observed similar neurophysio-
ogical responses for hypnotic and non-hypnotic suggestions, with
elatively minor differences (McGeown et al., 2012), whereas a
tudy using suggestion to modulate pain experience found that
ypnotic suggestion produced strong activation changes and more
ompelling phenomenological changes, thereby implying that sug-
estion is more effective following an induction (Derbyshire et al.,
009). The influence of inductions on suggestibility seems to vary
epending on the type of suggestion, the mode of assessment, and

ndividual differences in relevant cognitive functions (Terhune and
ardeña, 2016). Although the sources of this variability are not well
nderstood, there is substantial evidence indicating that the pri-
ary causal variable underling responsiveness to suggestion is an

ndividual’s level of suggestibility rather than the hypnosis proce-
ure per se.

Following the induction, one or more suggestions will be admin-
stered. Suggestions are typically worded as involuntary happenings
ather than voluntary actions so as to augment the perception that
ne is not the author of one’s response (Bowers, 1981; Spanos and
orassini, 1984). In turn, the primary phenomenological feature
f response to suggestion is a distortion in one’s sense of agency
Weitzenhoffer, 1974, 1980). Such distortions during hypnotic
esponding are elevated in high hypnotic suggestibility at a compa-
able magnitude to disruptions in the sense of agency in passivity
ymptoms experienced by patients with schizophrenia (Polito et al.,
015) and are perceived as more similar to truly passive than truly
oluntary responses (Haggard et al., 2004). A second hallmark fea-
ure of response to hypnotic suggestions is the perception that one’s
esponse is real (Barnier et al., 2008; Kihlstrom, 2008; Woody and
zechtman, 2007). This experience of verisimilitude, however, has
eceived less empirical attention and is typically neglected or con-
ated with involuntariness in different psychometric instruments
ssessing the phenomenology of hypnotic responding (Woody and
zechtman, 2007). Barnier et al. (2008) have suggested that differ-
nt types of suggestions (Woody et al., 2005a) may  differentially
arget involuntariness and verisimilitude, such that involuntari-
ess may  capture the phenomenology of response to motor (e.g.,
aralysis) suggestions whereas verisimilitude may  characterize the
xperience of responding to cognitive-perceptual (e.g., hallucina-
ion) suggestions. Phenomenological data are partially consistent
ith this distinction (Comey and Kirsch, 1999; Polito et al., 2014),

ut may  better reflect an association between the magnitude of
xperiential response and the (perceived) difficulty of implement-
ng the suggested response (Barnier et al., 2008).

Suggestions can be (partially) divorced from the hypnotic con-
ext through the use of posthypnotic suggestions (Barnier and
cConkey, 1999), in which the suggestion is for a particular
esponse after the formal hypnosis session has ceased. These sug-
estions can be valuable in dissociating the impact of the specific
uggestion from any spontaneous effects of the induction, such as
ehavioral Reviews 81 (2017) 59–74 61

changes in attention and perception (Cardeña, 2005; Egner and
Raz, 2007; Pekala and Kumar, 2007). Posthypnotic suggestions have
been used extensively in instrumental research, in which sugges-
tions are administered in order to produce experimental analogues
of different psychological and neurological phenomena (see §5),
as well as in neuroimaging research on a range of hypnotic phe-
nomena (Mendelsohn et al., 2008) and may be valuable in certain
therapeutic contexts (Lynn et al., 2010). Despite their utility, there is
psychometric evidence that posthypnotic suggestions may  be qual-
itatively distinct from, or at least only weakly related to, hypnotic
suggestions (Sadler and Woody, 2004; Woody et al., 2005a) and
thus it remains unclear to what extent the two types of suggestions
have distinct and overlapping mechanisms.

Responsiveness to hypnotic suggestions (hypnotic suggestibil-
ity or hypnotizability)  can be reliably measured using standardized
scales (Woody and Barnier, 2008). The measurement of hypnotic
suggestibility typically involves a relaxation-based induction fol-
lowed by suggestions of varying difficulty and content that usually
target motor control, perception, and cognition (Bowers, 1993; Shor
and Orne, 1962; Weitzenhoffer and Hilgard, 1962). Suggestions are
scored on the basis of overt behavioral responses, although these
can be supplemented with self-report scales indexing experien-
tial response to the suggestions (Kirsch et al., 1990, 1998; Polito
et al., 2013), which can help to discriminate compliant from gen-
uine response to suggestion (Bowers et al., 1988). Factor analytic
work indicates that hypnotic suggestibility scales are best modeled
by a core factor of hypnotic suggestibility and ancillary specialized
factors that are non-redundant and contribute unique variance to
individual differences in response to specific suggestions above and
beyond the core latent variable (Woody et al., 2005a).

It has long been established that individuals display marked
variability in their responsiveness to hypnotic suggestions
(Laurence et al., 2008). Inter-individual differences on standard
scales typically conform to a normal distribution (Laurence et al.,
2008; Woody and Barnier, 2008 but see ((Oakman and Woody,
1996))), with approximately 10–15% of the population displaying
low hypnotic suggestibility, characterized by non-responsiveness
or response to only a few suggestions, 60–80% displaying moderate
responsiveness, and 10–15% exhibiting high hypnotic suggestibil-
ity, characterized by responsiveness to the majority of the
suggestions including difficult cognitive-perceptual suggestions.
Hypnotic suggestibility exhibits moderate to high stability over
15–25 year periods (Morgan et al., 1974; Piccione et al., 1989),
which suggests that it can be considered a trait-like characteris-
tic. Research using the twin study methodology further suggests
that hypnotic suggestibility is heritable (Morgan, 1973; Morgan
et al., 1970), although only preliminary research has been con-
ducted on its genetic basis, with conflicting results (Rominger et al.,
2014). There is evidence that suggestibility can be modified through
pharmacological (Whalley and Brooks, 2009) and psychological
(Gorassini, 2004) interventions, although the magnitude and relia-
bility of these effects is poorly understood.

Individual differences in hypnotic suggestibility form the
backbone of all experimental hypnosis research. The reliable identi-
fication of individuals of different suggestibility levels is paramount
for experimentally studying hypnotic suggestion in the laboratory
and the omission of formal hypnotic suggestibility screening from
research studies can often render results ambiguous. Most studies
concern highly suggestible individuals, the population for whom
the majority of suggestions are effective (Barnier et al., 2014; Heap
et al., 2004). Research designs frequently include low suggestible
participants as controls, although medium suggestible individuals

may  be a more effective control group for certain studies because
they are more representative of the general population (Lynn et al.,
2007).
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. Hypnotic phenomena

The set of phenomena widely associated with hypnotic induc-
ions and suggestions, often referred to as the domain of hypnosis
Kihlstrom, 2008), covers a diverse array of psychological phenom-
na, highlighting the scope of suggestion and the opportunities
or impact in different areas of psychology, psychiatry, and neuro-
cience. Within this domain, it is important to distinguish between
pontaneous cognitive and perceptual changes that are attributable
o the induction and those that are suggested (Cardeña, 2005).
ollowing an induction, participants will experience changes in

 variety of dimensions of consciousness including affect, aware-
ess, body image, and time perception (Pekala and Kumar, 2007).

 number of these features are driven by suggestions embedded
ithin the induction, including for relaxation, heaviness of the

ody, and attentional absorption (Shor and Orne, 1962), but some
f these experiential effects are still present with a minimal induc-
ion that strips away explicit suggestions (Cardeña, 2005; Cardeña
t al., 2013). Although poorly understood, these effects are plausibly
riven by a confluence of variables including response expectan-
ies, implicit or explicit sociocultural beliefs about the hypnotic
ontext, and the influence of repetitive verbal communication. In
his subsection we review some of the principal suggested phenom-
na that have been studied within experimental hypnosis research.

.1. Motor control

Owing in part to the close historical association between hypno-
is and the class of phenomena referred to as conversion symptoms,
he modulation of motor control has played a central role in the
tudy of hypnosis since its inception (Gauld, 1992 Hull, 1933). Early
esearch, for instance, studied the influence of suggestion on body
waying (Hull, 1933) and the majority of the items on hypnotic
uggestibility scales developed in the 20th century include a motor
omponent (Woody and Barnier, 2008). Motor suggestions can be
emarcated on the basis of whether they concern the execution
f a specific motor response (facilitative) or the suppression of a
otor response (inhibitory), with the latter being associated with

reater difficulty and, concomitantly, lower rates of responsiveness
Woody et al., 2005a).

Facilitative motor suggestions have primarily been used to
tudy distortions in the sense of agency, with potential implica-
ions for delusions of control (Blakemore et al., 2003). Preliminary
esearch suggests that responses to ideomotor suggestions more
losely resemble truly passive responses than truly voluntary
esponses (Haggard et al., 2004). In this study, participants viewed

 rotating clock hand and judged when they made one of three
nger responses (Libet et al., 1983): a voluntary response, a sug-
ested involuntary response, and a passive response. It was found
hat participants made anticipatory temporal estimates for volun-
ary responses whereas their estimates for suggested involuntary
esponses were significantly different and closer to those for truly
assive responses. Cumulatively, these results suggest that sug-
ested involuntary responses are perceived as more similar to
assive than to voluntary responses (see also Moore and Obhi,
012). These effects bear a striking resemble to other non-hypnotic
elusions of control present in the general population, such as facil-

tated communication, where an individual will misattribute their
ontrol to another person (Burgess et al., 1998; Wegner, 2002),
r possession states, where an individual perceives their experi-
nces and behaviours to be directed by an external non-material
ource, such as a deity (Bhavsar et al., 2016; Cardeña et al., 2009b).

ne fMRI study compared suggested alien control over a motor

esponse with a voluntary motor response in highly suggestible
ndividuals (Walsh et al., 2015). They observed reduced activation
n left supplementary motor area (SMA) and increased connectivity
ehavioral Reviews 81 (2017) 59–74

between SMA  and precuneus and other regions, in the alien control,
relative to the voluntary response, condition during a preparation
phase when the instructions/suggestions were being given. There is
consistent evidence that pre-SMA and SMA  play critical roles in the
sense of agency (Kühn et al., 2013; Moore et al., 2010) and so these
results appear to corroborate highly suggestible individuals’ per-
ceptions of reduced authorship over motor responses after specific
suggestions.

Inhibitory motor suggestions have typically involved motor
paralysis and may  be useful in the study of psychogenic paral-
ysis (Vuilleumier, 2014). An fMRI study found that suggested
paralysis was characterized by a qualitatively distinct neurophys-
iological pattern relative to voluntary inhibition and simulated
paralysis in highly suggestible individuals (Cojan et al., 2009).
Specifically, whereas voluntary inhibition and simulated paraly-
sis were associated with increased inferior frontal gyrus activation,
suggesting the recruitment of prefrontal inhibitory control mech-
anisms, such effects were not observed in suggested paralysis.
Rather, suggested paralysis was  associated with increased acti-
vation of precuneus and increased connectivity between motor
cortex and precuneus, thereby highlighting an important role for
precuneus in implementing this distinct form of inhibition. How-
ever, motor preparation during suggested paralysis was relatively
similar to other forms of inhibition, suggesting the retention of
movement intentions. This is important as it implies that sug-
gested paralysis is distinct from functional paralysis, where there
appears to be a loss of such intentions (Cojan et al., 2009). More-
over, functional paralysis is associated with increased activation
of ventromedial prefrontal cortex, which was  not observed in this
study, thereby further pointing to important differences between
these phenomena (Vuilleumier, 2014).

Other research has highlighted important inter-individual dif-
ferences in the mechanisms supporting suggested paralysis (Galea
et al., 2010; Winkel et al., 2006) (see also §7.5). In one study of
medium suggestible individuals, the authors observed two dis-
tinct motor strategies during the implementation of arm paralysis:
one subset of participants displayed trembling and increased bicep
activation, as recorded by electromyography, during arm paraly-
sis whereas a second subset did not tremble and displayed lower
bicep activation, even though the two groups displayed compara-
ble behavioral and experiential responsiveness to the suggestion
(Winkel et al., 2006). Similar variability was observed in a second
study among highly suggestible individuals (Galea et al., 2010) and
is consistent with a broader literature pointing to the use of dif-
ferential response strategies, and potentially the recruitment of
different mechanisms, across participants (McConkey and Barnier,
2004). Elucidating the neurocognitive basis of differential response
strategies represents an important challenge for future research on
hypnotic suggestion.

4.2. Perception

Although less studied than motor control, a range of differ-
ent facets of perception have been investigated using hypnotic
suggestion and provide further evidence regarding the extent to
which suggestion can modulate consciousness. Hypnosis can be
used to reliably produce hallucinations in some highly suggestible
individuals (Woody and Szechtman, 2011), thereby providing
opportunities to study a phenomenon that is normally intractable
within laboratory contexts (see also §5.2). In particular, researchers
have used suggestion to induce auditory and visual hallucinations
(Kosslyn et al., 2000; McGeown et al., 2012; Szechtman et al.,

1998), as well as more complicated multimodal hallucinations
(Nash et al., 1984; Röder et al., 2007). For example, one study
found that suggestions for autoscopy (a visual hallucination of
one’s own  body) coupled with a suggestion for disembodiment (the
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erception of being physically detached from one’s body) was asso-
iated with reduced activation in right temporal parietal junction
nd medial prefrontal cortex relative to a control condition (Röder
t al., 2007). This is notable because previous research has shown
hat direct electrical stimulation of right temporal parietal junction
n an epilepsy patient reliably produced out-of-body experiences
Blanke et al., 2002); the latter result provides indirect corrob-
ration of the neurophysiological effects of specific suggestions.
ther studies have shown that suggestions for altered colour per-
eption can reliably produce changes in colour-processing regions
fusiform gyri, including V4), and that these effects are distinct from
magining the corresponding colour changes (Kosslyn et al., 2000;

cGeown et al., 2012). Outside of the domain of hallucinations,
urther research has used suggestion to examine the impact of per-
eptual alterations on automaticity by inducing novel crossmodal
ssociations and by modulating congenital synaesthesia (Cohen
adosh et al., 2009; Terhune et al., 2010).

Due to its clinical implications, the most widely studied percep-
ual effect in hypnosis is pain modulation (Patterson and Jensen,
003). Since the nineteenth century, hypnotic suggestion has been
onsistently used to treat pain and can be efficacious in certain
ontexts. Striking examples of this include the reliable efficacy
f hypnotic suggestion to attenuate pain in the surgical suite
Agard et al., 2016; Facco, 2016; Faymonville et al., 1995). Empir-
cal research has begun to demonstrate the efficacy of suggestion
or pain modulation and its specificity. One fMRI study found that
uggested pain was associated with activation of a broad network
ncluding insula, thalamus, and prefrontal, anterior cingulate, and
arietal cortices that closely corresponded to activation patterns
ssociated with real pain whereas imagined pain was  associated
ith a qualitatively distinct pattern of activation (Derbyshire et al.,

004). This complements the foregoing research on hallucinations
nd again demonstrates that suggestion is implemented through
istinct neurophysiological mechanisms from imagination. Pain
esearch has further highlighted the specific effects of suggestion on
rain states. For example, early neuroimaging research on hypnotic
uggestion demonstrated how suggestion could be used to effec-
ively dissociate the sensory and affective components of the pain
xperience (Rainville et al., 1999; Rainville et al., 1997). Relatedly,
nother study highlighted the specificity of suggested pain modula-
ion: hypnotic suggestibility predicts responsiveness to suggested
nalgesia but not another analgesia treatment (Patterson et al.,
006). These results highlight the utility of hypnotic suggestion in
odulating specific components ofperceptual states.

.3. Cognition

Hypnosis is sometimes colloquially referred to as a form of
attentive receptive concentration” and many researchers have
iewed hypnosis through the lens of attention (Crawford et al.,
993; Egner and Raz, 2007). Attention refers to both the pre-
aredness for and selection of certain aspects of our physical
nvironment (e.g., objects) or mental representations. It is com-
rised of separate control modules which draw on discrete and

argely orthogonal neural circuitry (Raz and Buhle, 2006). Atten-
ion represents one of the core − and most widely studied − facets
f human cognition. Considering how suggestion can be used to
odulate attention thus may  provide a valuable starting point for

etermining how hypnosis fits into the broader cognitive milieu
Raz, 2012).

The use of hypnotic suggestion to modulate selective attention
as been repeatedly demonstrated (Iani et al., 2006; Raz et al.,

005; Raz et al., 2006). These and other studies have shown that
uggestions for altered visual perception can be used to enhance
erformance in selective attention tasks such as Stroop and Flanker
asks. For instance, by impairing highly suggestible individuals’
ehavioral Reviews 81 (2017) 59–74 63

ability to read colour words (alexia), Stroop congruency effects can
be substantially attenuated or, in some cases, eliminated. As noted
above, this approach has been extended to the disruption of cross-
modal automaticity effects (Dery et al., 2014; Terhune et al., 2010).
Preliminary neuroimaging research has demonstrated that these
suggestions produce a reduction in neurophysiological markers of
conflict monitoring, thereby indicating that the effect is not occur-
ring through the enhancement of cognitive control but by obviating
the need for cognitive control (Raz et al., 2005; Terhune et al., 2010).
The former study presented further evidence that the sugges-
tion was  influencing low level visual processing (Raz et al., 2005),
although the cognitive and perceptual stages at which sugges-
tion implements effects on consciousness have received only little
attention. Moreover, although hypnotic suggestions have been reli-
ably shown to modulate attention and improve task performance, it
remains unclear whether they can actually de-automatize cognitive
functions (Augustinova and Ferrand, 2012). Insofar as these stud-
ies have enhanced performance on a classic selective attention by
altering visual perception using suggestion, it will be important to
contrast them with other psychological interventions for enhanc-
ing attention that may  directly target attentional subsystems, such
as meditation (Raz and Lifshitz, 2016).

Perhaps the most widely studied cognitive phenomenon in the
domain of hypnosis is memory (Kihlstrom, 1997; Laurence and
Perry, 1988). It is well established that suggestion in and out of
the context of hypnosis can be used to reliably induce false mem-
ories (Loftus, 1997) and hypnosis was  among the first methods
used to induce false memories in the laboratory (Laurence and
Perry, 1983). As with most other hypnotic phenomena, the induc-
tion of false memories through hypnotic suggestion is most robust
with suggestible individuals, although researchers have also reli-
ably induced false memories with medium and low suggestible
individuals (Lynn et al., 2009). The hypnotic context is unneces-
sary to produce false memories (Barnier and McConkey, 1992)
although there is evidence that it actually seems to increase con-
fidence in memories independently of accuracy and thereby may
contribute to the compelling nature of false memories (Lynn et al.,
2009). The other most widely studied suggestion-based mem-
ory phenomenon is amnesia. Hypnotic amnesia suggestions have
been shown to target explicit memory, leaving implicit memory
intact (Kihlstrom, 1997). A major benefit of using suggestion to
model both phenomena is that suggestions can be cancelled leading
to a disruption of the false memory or amnesia episode. Simi-
larly, not all highly suggestible individuals are responsive to false
memory and amnesia suggestions (McConkey and Barnier, 2004),
thereby permitting the inclusion of non-responsive highly sug-
gestible individuals as controls (Allen et al., 1995). Cumulatively,
these beneficial design features demonstrate how suggestion-
based memory distortions can be valuable analogues of disorders
of autobiographical memory and functional amnesia (Bryant et al.,
1999; Kihlstrom, 1997; Mendelsohn et al., 2008). Little attention
has been directed toward the neural basis of suggested memory
aberrations but one fMRI study pointed to a role for anterior pre-
frontal cortex in the inhibition of memory retrieval in posthypnotic
amnesia and suggested that this may  occur at a pre-retrieval mon-
itoring stage (Mendelsohn et al., 2008), thereby highlighting the
potential utility of hypnosis in decomposing the processes that are
altered in functional amnesias. The use of suggestion to modulate
memory also nicely ties in with the use of suggestion to alter beliefs
in order to study delusions in controlled settings (Connors, 2015)
(see §5.2).

Hypnosis has been used to study a wide variety of other cog-

nitive phenomena but these research programmes have not been
systematic and thus only hint at further possibilities of this method.
For instance, only preliminary research has used suggestion to
induce agnosia (Weitzenhoffer and Hilgard, 1967), visuospatial
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rocessing (Priftis et al., 2011), or changes in affect (Wheatley and
aidt, 2005) or decision making (Ludwig et al., 2013). More broadly,
lthough it is unlikely that suggestion will effectively modulate
ow-level biological functions, relatively little is known about the
sychological limits of hypnotic suggestion, namely which psy-
hological functions are impervious to the influence of suggestion.
imilarly, as described above, performance enhancement through
ypnotic suggestion is typically produced by disrupting some type
f cognitive or perceptual barrier to optimal performance. Accord-
ngly, an outstanding question is whether suggestion can be used to
nhance performance through the direct modulation of cognitive
unctions.

. Instrumental hypnosis research

As illustrated in the foregoing sections, hypnotic suggestion can
e reliably used to modulate the contents of consciousness in highly
uggestible individuals in ways that can provide insights into top-
own regulation. Research that aims to elucidate the mechanisms
nd characteristics of hypnosis and suggestion is typically referred
o as intrinsic research (Reyher, 1962). By contrast, hypnosis is also
ften used to induce and modulate specific cognitive and percep-
ual states in order to test predictions regarding the features of
hese phenomena (instrumental research). Instrumental research
epresents a valuable approach because suggestion can sometimes
ermit the flexible control of otherwise liminal or intractable phe-
omena in a controlled context (e.g., delusions; Connors et al.,
012), thereby allowing for the possibility of modeling different
henomena, or testing otherwise challenging predictions (Cox and
ryant, 2008). Instrumental research can be further conceptually
ivided into modeling studies, which aim to establish and validate

 hypnotic analogue of a phenomenon and hypothesis-driven stud-
es, whose objective is to use a hypnotic analogue to test predictions
egarding a specific phenomenon. Although limited by its necessary
eliance on highly suggestible individuals and the practical chal-
enges of identifying and recruiting such individuals, instrumental
esearch can offer a degree of control that may  not be otherwise per-
issible with certain phenomena (e.g., hallucinations) and thereby

erves as a method that can nicely complement the use of more
raditional research techniques.

Owing to the difficulty of studying pathological symptoms in
ontrolled contexts, instrumental research has been perhaps most
idely applied as a technique for experimental psychopathology

Woody and Szechtman, 2011). An example of this line of work
omes from a study by Woody and colleagues, who used hyp-
otic suggestion to test predictions from a security-motivation
heory of obsessive-compulsive disorder (Woody et al., 2005b).
he authors were motivated by the hypothesis that obsessive-
ompulsive behavior derives from a disruption of the feeling of
nowing that an action has been sufficiently executed (Szechtman
nd Woody, 2004). Low and highly suggestible participants imag-
ned touching a filthy substance and were randomly allocated to
onditions where they were told that the substance was or was not
otentially toxic and that their feeling of knowing that they were
lean was or was not blocked by suggestion. The authors found that
ighly suggestible individuals selectively spent more time wash-

ng their hands when the substance was considered potentially
armful and their feeling of knowing had been blocked and also
xperienced less satisfaction from handwashing when their feel-
ng of knowing had been blocked (Woody et al., 2005b). In another
ine of research, hypnotic suggestion has been used to produce

ompelling analogues of a variety of clinical delusions including
irrored-self misidentification (Connors et al., 2012) and folie à

eux (Freeman et al., 2013 for a review, see ((Connors, 2015))).
ome of these studies have further used this approach to test
ehavioral Reviews 81 (2017) 59–74

predictions derived from specific models of delusions (Langdon
and Coltheart, 2000). Research has also used hypnotic suggestion
to study the phenomenological, behavioral, and/or neurophysio-
logical characteristics of visuospatial neglect (Priftis et al., 2011),
motor paralysis (Cojan et al., 2009; Deeley et al., 2013), amnesia
(Mendelsohn et al., 2008; Terhune and Brugger, 2011), hallucina-
tions (Szechtman et al., 1998), and alien control states (Blakemore
et al., 2003; Deeley et al., 2014; Walsh et al., 2015).

Neuroimaging studies of suggested pathological phenomena
have identified important neurophysiological correspondences
between hypnotic analogues and the respective phenomenon being
modeled, but also potentially important differences (Oakley and
Halligan, 2013; Vuilleumier, 2014 see also §7.6). For example, both
conversion and hypnotic paralysis seem to involve strong activa-
tions of precuneus, whereas only the former is associated with
activation of ventromedial prefrontal cortex (Cojan et al., 2009).
Moreover, although hypnotic analogues may  represent a valuable
technique for modeling pathological conditions, researchers should
be mindful of differences in the neurocognitive mechanisms under-
lying the expression of particular symptoms within a disorder and
those that are associated with the implementation of the sugges-
tion. Accordingly, an enduring challenge in instrumental research
will be to dissociate behavioral and neurophysiological correlates
of the induced phenomenon from those associated with the induc-
tion of the phenomenon through suggestion. This may be especially
challenging when modeling functional disorders and symptoms
that are characterized by frontal inhibition of lower brain regions
(Vuilleumier, 2014).

6. Clinical hypnosis

The principal goal of clinical hypnosis is to use suggestion
to channel and harness perceptual states and behaviours geared
toward therapeutic objectives. For example, hypnotic suggestions
can be effective in modifying perception or promoting distrac-
tion to attenuate pain (Montgomery et al., 2000; Patterson, 2010).
As empirical research on hypnosis has grown, so too has clini-
cal hypnosis become a viable tool in the armamentarium of many
practitioners. An array of theoretical approaches that incorporate
hypnotic methods include: (a) psychoanalytic and ego state therapy
(Brown and Fromm,  1986); (b) cognitive behavioral therapy (Kirsch
et al., 1999); (c) approaches based on the clinical hypnosis practi-
tioner Milton H. Erickson, who pioneered different forms of indirect
suggestions and brief strategic interventions (Erickson et al., 1976);
and, most recently, (d) mindfulness and acceptance-based inter-
ventions (Lynn et al., 2012). In this section, we describe the use
of hypnotic suggestion as a therapeutic technique and review its
clinical efficacy.

6.1. Suggestion as a therapeutic vehicle

Therapists can exert considerable flexibility in crafting sugges-
tions, which often invite and challenge patients to engage in new
and adaptive patterns of thinking, feeling, and behaving. Sugges-
tions often focus on (a) positive coping with anticipated future
events, such as in behavioral rehearsal or role playing an assertive
interpersonal encounter; (b) cultivating a relaxation response in
everyday life and resilience in the face of stressors or aversive
events; (c) exploring, evaluating, or reframing historical events;
(d) evaluating experiences from an observer perspective; and (e)

enhancing confidence, happiness and well-being, energized living,
self-efficacy, mastery, compassion directed toward the self and oth-
ers, a positive motivational/expectational set, and compliance with
therapeutic interventions (Elkins, 2017).
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Most suggestions used in a therapeutic context, including those
or relaxation, calmness, and imagining are easy to experience
nd do not require high levels of hypnotic suggestibility. Accord-
ngly, they are potentially helpful to many patients (Barber, 1985).
herapeutic suggestions are often individually tailored and can be
elivered in a formal, indirect, or more conversational style, replete
ith anecdotes, metaphors, and analogies. Typically, few or no
ifferences in responsiveness are evident as a function of sugges-
ion wording, so long as the response intent of the suggestion is
lear (Lynn et al., 1993). Suggestions appear to be equally effective
egardless of the manner of administration (Bentler and Hilgard,
963; Van Der Does et al., 1989), but the extent to which this can
e extrapolated to clinical practice has yet to be determined.

Hypnosis in a sense can be understood as self-hypnosis because
atients are ultimately responsible for generating, and becoming
ngrossed in, suggested experiences irrespective of whether the
uggestions are self-administered or given by a therapist. When
xplicitly defined as self-hypnosis, hypnotic procedures are cost-
ffective, portable, can be used in a variety of contexts, and are
enerally as effective as suggestsions administered by a therapist
Hammond et al., 1988). The use of self-hypnosis can also be valu-
ble to promote carryover of treatment effects in extra-therapeutic
ilieus (Laidlaw and Willett, 2002).

.2. Evidence base for the therapeutic efficacy of hypnosis

Systematic reviews and meta-analyses of hypnotic interven-
ions have yielded promising evidence for the use of hypnosis
n treating a range of specific conditions whereas data are more
quivocal for other conditions. Hypnosis is typically used as an
djunctive intervention that supplements or is weaved into another
reatment and it is most advantageous when implemented to
nhance the effectiveness of an already established empirically
upported approach. For example, a meta-analysis of 18 stud-
es found that the average client receiving cognitive-behavioral
ypnotherapy displayed greater improvement than at least 70%
f clients receiving the same non-hypnotic cognitive-behavioral
reatment (Kirsch et al., 1995). Individuals who undergo hypnotic
nterventions exhibit superior outcomes than control patients −
ypically no treatment, usual treatment, or wait-list controls − in
tudies of treatment effectiveness of irritable bowel syndrome (8
andomized controlled trials [RCTs]; Schaefert et al., 2014), chronic
ain (6 RCTs, 6 clinical trials; Adachi et al., 2014), psychosomatic
isorders (21 RCTs; Flammer and Alladin, 2007), depression (6
CTs; Shih et al., 2009), and patients with a codable ICD-10 dis-
rder (e.g., anxiety) or those undergoing medical interventions (57
CTs; Flammer and Bongartz, 2003). There is also evidence for supe-
ior outcomes for hypnosis than control treatment in outcomes
elated to surgical patients (20 studies; Montgomery et al., 2002)
nd surgical or medical patients (34 RCTs; Tefikow et al., 2013),
educed nausea and vomiting in patients undergoing chemother-
py (6 RCTs; Richardson et al., 2007), and reduced needle-related
ain and distress in children and adolescents (7 trials; Birnie et al.,
014). By contrast, further research is needed to more adequately
valuate the use of hypnosis in the treatment of post-traumatic
tress disorder (Lynn and Cardeña, 2007), anxiety (Schoenberger
t al., 1997), smoking cessation (Green and Lynn, 2000), and obesity
Sapp, 2017).

Despite this evidence pointing to the potential clinical efficacy of
ypnosis, very little attention has been devoted to the mechanisms
y which it achieves therapeutic effects. Hypnosis often includes
any components (relaxation, imagery, symptom-specific sug-
estions) and thus isolating the efficacy of specific components
epresents a formidable challenge. Similarly, few studies have
ssessed the effectiveness of hypnosis in designs that include
lacebo controls for nonspecific effects, alternative treatments, and
ehavioral Reviews 81 (2017) 59–74 65

wait-list controls in the context of RCTs with an adequate sample
size. In addition, although hypnotic suggestibility is a robust pre-
dictor of response to suggestion in laboratory contexts (Laurence
et al., 2008; Woody and Barnier, 2008), its predictive utility is
much weaker, albeit still statistically significant, in clinical contexts
(Montgomery et al., 2000). Hypnosis appears to be a promising and
highly cost-effective clinical intervention that awaits additional
rigorously controlled studies to confirm its place among empirically
well-established treatments.

7. Mechanisms and relations with germane phenomena

Historically, the correlates of hypnotic suggestibility have
proved to be elusive (Laurence et al., 2008). For example, aside
from preliminary evidence indicating that highly suggestible indi-
viduals exhibit greater verbal and motor automaticity (Braffman
and Kirsch, 2001; Dixon et al., 1990; Dixon and Laurence, 1992)
and poorer executive functioning (Farvolden and Woody, 2004;
Khodaverdi-Khani and Laurence, 2016), they do not have a reliably
distinct cognitive profile. Similarly, at present, there are relatively
few consistent personality correlates of hypnotic suggestibility
(Cardeña and Terhune, 2014). Nevertheless, there are a number
of encouraging research paths pointing to associations between
hypnosis and hypnotic suggestibility and a range of germane phe-
nomena that collectively may  shed light on individual differences
in hypnotic suggestibility and the mechanisms of suggestion.

7.1. Hypnotic suggestion in a broader context

Although hypnosis is commonly regarded as a unique phe-
nomenon, it actually can be understood as a member of a broader
class of phenomena that are driven by suggestion and individ-
ual differences in suggestibility (Gheorghiu et al., 1989; Halligan
and Oakley, 2014). Suggestion, in its general form, may  refer to
any environmental cue that produces an involuntary change in
an individuals’ beliefs, experiences, behavior, and corresponding
physiological states (Kirsch, 1999a). Suggestions are administered
vocally by an experimenter or clinician within the context of hyp-
nosis, but can be non-vocal, such as a list of side effects associated
with a drug (Wager and Atlas, 2015), or non-verbal, such as adver-
tisements or social cues (Halligan and Oakley, 2014). Perhaps one
of the most striking phenomena that is driven in part by sug-
gestion is the placebo effect, whereby an inactive substance or
ineffective treatment produces effects congruent with participants’
expectancies, such as symptom relief or pain reduction (Benedetti,
2013; Wager and Atlas, 2015). Hypnosis has been referred to as
a non-deceptive placebo (Kirsch, 1999a) and there is preliminary
evidence that placebo responsiveness is related to hypnotic and
non-hypnotic suggestibility, although the results are not as yet fully
conclusive (De Pascalis et al., 2002; Lund et al., 2015; Nitzan et al.,
2015; Sheiner et al., 2016; Woody et al., 1997). Similarly, it remains
unclear to what extent hypnotic suggestibility is related to different
forms of non-hypnotic suggestibility: researchers have observed
mixed results pertaining to this association and thus it seems to
depend on a number of constraints including the mode of assess-
ment (Braffman and Kirsch, 1999; Gudjonsson, 2013; Kotov et al.,
2004; Tasso and Perez, 2008).

Despite these inconsistencies, it has been shown that placebo
responsiveness, proneness to suggestion-based memory distor-
tions, and hypnotic suggestibility are all associated with empathy
(Colloca and Benedetti, 2009; Swider and Babel, 2013; Tomes and

Katz, 1997; Wickramasekera and Szlyk, 2003), thereby implying
that suggestibility may  be related to the broader tendency to be
influenced by social contextual cues. In a more extreme form, social
cues can function as suggestions that elicit illness, as is the case
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ith mass psychogenic illness (Jones et al., 2000; Mink, 2013). In
his phenomenon, illness symptoms such as nausea seem to spread
ithin a cohesive social group, in particular through the observa-

ion of other individuals presenting with symptoms (Jones et al.,
000). To our knowledge, no research has measured suggestibility

n symptomatic individuals but there is preliminary, albeit some-
hat mixed, evidence that suggestibility is elevated in patients
resenting functional symptoms (Brown and Reuber, 2016; Roelofs
t al., 2002). Cumulatively, these results suggest parallels between
ypnosis and suggestion and suggestion-based phenomena more
roadly but these associations remain poorly understood.

Typically, suggestions are verbal statements, akin to instruc-
ions, but devoid of the coercive character of the latter. There is now

 substantial body of research documenting how mere instructions
an modulate cognitive processes generally taken to be automatic,
uch as certain forms of conditioning (Cook and Harris, 1937;
ertens et al., 2016; Raes et al., 2014). For instance, one study used a

ear-conditioning paradigm in which participants initially exposed
o neutral stimuli paired with fear-eliciting stimuli (i.e., an electric
hock) later showed a fear response to the neutral stimuli, hence
emonstrating associative affective learning (Mertens et al., 2016).
he authors observed that neutral stimuli merely associated with
nformation about the possibility of their being associated with an
lectric shock later elicited the same changes in skin conductance
s when they had actually been associated with the occurrence
f an electric shock. This demonstrates that abstract information
i.e., instructions) can to a large extent substitute for actual experi-
nce in learning situations, and support the notion that high-level,
bstract processes can penetrate deeply into the base of the cogni-
ive hierarchy to influence low-level, automatic responses such as
kin conductance. These results beg the question of how suggestion
elates to instructions. Early research highlighted behavioral and
henomenological differences between suggestion and instruction
Barber, 1969) but the extent to which these and other forms of
ommunication share overlapping and distinct neurophysiological
echanisms is unclear.

.2. Agency and metacognition

Sense of agency refers to the perception that we  are the author
f our own actions (Haggard et al., 2004; Moore and Obhi, 2012).
t is a fundamental aspect of individuality and forms the basis for
udgements of responsibility (Moore, 2016). The sense of agency is
mbodied: it is rooted in our ability to distinguish between events
hat we caused and events that were caused by external factors, and
his ability in turn depends upon learned interoceptive signals that
nform us about the contingency between our own actions, their
onsequences in the world, and our internal states. The mechanism
f efference copy, whereby the motor system interacts with percep-
ual systems each time an action is carried out, enables predictive

echanisms to compute expectancies about the perceptual conse-
uences of actions that we carry out — something that is impossible
or events that we do not cause ourselves and/or those that are not
he product of statistical regularities in our environment (Moore
nd Haggard, 2010). This prediction-driven perspective on agency
lso readily accounts for well-known phenomena such as sensory
ttenuation, that is, the observation that the sensations associated
o actions that we carry out tend be attenuated compared to the
ensations caused by an external factor (Blakemore et al., 1999;
lakemore et al., 1998).

Empirically, the sense of agency has often been studied through
robes regarding the extent to which they feel they exert control

ver their actions (Bowers, 1981; Polito et al., 2013). Insofar as such
eports can be contaminated by social desirability (for instance,
o deny responsibility) and other biases, many studies have also
sed implicit measures of agency, which are typically based on
ehavioral Reviews 81 (2017) 59–74

the phenomenon of intentional binding (Moore and Obhi, 2012):
action-outcome intervals are perceived to be shorter for intentional
actions than for unintended actions, such as when a movement
is passive. As described above, previous research using a similar
paradigm suggests that suggested involuntary motor responses are
perceptually more similar to truly passive responses than truly vol-
untary movements (Haggard et al., 2004).

Numerous theories of hypnosis have attributed distorted agency
during hypnotic responding to a disruption of executive moni-
toring or metacognition (Dienes and Perner, 2007; Hilgard, 1977;
Kirsch and Lynn, 1998; Miller et al., 1960). For example, cold control
theory (Dienes and Hutton, 2013; Dienes and Perner, 2007) main-
tains that the conscious experience of intention is mediated by the
occurrence of higher-order thoughts, secondary (metacognitive)
states about one’s mental representations (Rosenthal, 2005), that
explicitly and accurately index authorship and other features of
target first-order actions or representations. This theory proposes
that hypnotic responding is supported by normal executive con-
trol mechanisms yet characterized by an attenuation in the sense
of agency because an individual does not experience higher-order
thoughts pertaining to her or his intentions. Thus, according to this
view, a response to a suggestion is characterized by a first-order
intention to implement the suggested response but the intention
fails to become conscious in virtue of the fact that the individual
does not form an accurate higher-order thought pertaining to the
source of the action.

Cold control theory has recently received empirical support
through a study investigating the relationship between hypnotic
suggestibility and awareness of intentions (Lush et al., 2016), as
measured by the Libet paradigm (Libet et al., 1983). In the Libet
paradigm, participants are asked to perform a simple action (lifting
one’s index finger) at a time of their choosing. They are simultane-
ously required to monitor a clock’s face and to estimate the time at
which they first felt the urge to act.  By subtracting the time at which
the action actually occurs from the estimated time of an individ-
ual’s immediate intention to act, one can obtain a measure of the
extent to which an individual’s subjective experience of intend-
ing to act corresponds to the time of their action. As a test of cold
control theory, Lush et al. (2016) hypothesized that highly sug-
gestible individuals’ awareness of their intention to act would be
temporally delayed because of impaired metacognition pertaining
to motor intentions. This prediction was  supported; in addition,
the authors further found that meditators displayed earlier aware-
ness of motor intentions than non-meditators, which is consistent
with research suggesting that meditation and mindfulness are asso-
ciated with superior metacognition (Jo et al., 2015) and thus are
qualitatively distinct from hypnosis (Dienes et al., 2016). These
results imply that highly suggestible individuals exhibit impaired
metacognition pertaining to motor intentions and are consistent
with the view that hypnosis involves the strategic relinquishing
of metacognition, rather than a disruption in executive control
itself. Although the neural basis of this effect has not yet been
studied, these results are consistent with research showing that
highly suggestible individuals exhibit diminished resting state acti-
vation of medial prefrontal cortex (McGeown et al., 2009), a critical
node of the default mode network (DMN; Buckner et al., 2008;
Raichle, 2015) − a core network associated with spontaneous cog-
nition, self-related cognition, and mind-wandering (Christoff et al.,
2009; Mason et al., 2007), including metacognitive judgments per-
taining to the sense of agency (Miele et al., 2011). Cumulatively,
these results suggest a critical role for metacognition in hypnotic
responding although further research is required to determine the

specificity of atypical metacognition in highly suggestible individu-
als and the specific features of the hypnotic context and individual
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uggestions that interact with atypical metacognition to produce
istortions in the sense of agency during hypnotic responding.

.3. Cognitive control

It is readily apparent that hypnosis involves some form of
op-down regulation but the specific cognitive control mecha-
isms underlying response to suggestion are poorly understood. As
escribed above, many models of hypnosis place greater emphasis
pon changes in monitoring functions, rather than control per se
Dienes et al., 2016; Hilgard, 1974; Woody and Sadler, 2008 but
ee Woody and Bowers, 1994). Some research has observed acti-
ation of a frontal-parietal network during response to suggestion
McGeown et al., 2012), implying a role for cognitive control in the
mplementation of the response. However, there is no consistent,
obust evidence that highly suggestible individuals have superior
ognitive control; rather, some data suggest that they may  actually
xhibit impaired control (or broader executive functioning) at base-
ine or following an induction (Egner and Raz, 2007), although these
esults have not always been reliable (see also §7.5). Indirect, but
omplementary, evidence for a role of cognitive control in hypno-
is comes from developmental research on hypnotic suggestibility,
hich peaks in preadolescence (around 8–12 years of age), declines

n adolescence, and plateaus in adulthood (London, 1965; Morgan &
ilgard, 1978–79; Rhue, 2004); this trend fits well with maturation
f prefrontal cortex (Demacheva et al., 2012), although there are
ompeting explanations for this developmental trajectory (Rhue,
004). Nevertheless, prefrontal cortex supports a diverse array of
sychological functions and thus further hypothesis-driven devel-
pmental research on hypnotic suggestibility is required to clarify
hether and how such trends relate to broader cognitive develop-
ent.
Independently of the implementation of suggested responses,

ultiple neuroimaging studies have presented evidence pointing
o atypical coupling between brain regions supporting monitoring
nd control processes during selective attention tasks or at rest
n highly suggestible individuals (Cojan et al., 2015; Egner et al.,
005; Jiang et al., in press). The interpretation of these results is
omewhat limited as they have alternately been observed at base-
ine or following an induction, the direction of the coupling has
aried across studies, and none have observed phenomenologi-
al or behavioral correlates. Nevertheless, these results are broadly
ongruent with models proposing that responses to suggestion are
mplemented through cognitive control in conjunction with a dis-
uption or reduction of monitoring (Dienes and Perner, 2007; Egner
t al., 2005; Jamieson and Woody, 2007). Future research will be
etter served by further investigating the relations between mon-

toring and control functions rather than exploring the possibility
hat highly suggestible individuals are characterized by superior
ognitive control.

.4. Social cognition

A variety of theoretical frameworks and formal models of hyp-
osis have addressed the social cognitive aspects of hypnotic
esponsiveness (Lynn et al., 2008). By emphasizing hypno-
is as a social behavior, this orientation has guided research
n the interaction between the participant/patient and the
xperimenter/therapist. In support of this approach, hypnotic sug-
estibility has been shown to relate to the emotional bond with
he hypnotist, the perceived power of the hypnotist, and fear
f negative appraisal (Nash, 1997). Other research has examined

apport and attunement with the hypnotist including the inten-
ity, synchrony/reciprocity, and resonance of the interpersonal
elationship (e.g., postural similarity, mirroring, subjective and
maginal experiences; Varga and Varga, 2009) and the impact of
ehavioral Reviews 81 (2017) 59–74 67

the hypnotist’s characteristic style on the experiences of the par-
ticipant (Varga and Kekecs, 2015). Social factors, such as rapport,
are hypothesized to motivate participants to please the hypno-
tist, enhance positive response expectancies, encourage behavioral
compliance, and minimize task-irrelevant or distracting thoughts
(Lynn et al., 2015). Rapport may  promote a “preparedness to
respond” set or motivated cognitive commitment to respond in
which suggestion-related experiences have an effortless or invol-
untary quality (Sheehan, 1991; Tellegen, 1981). This experiential
set may  be primed by suggested experiences, positive attitudes,
beliefs, motivation, and expectancies regarding hypnosis (Lynn
et al., 1987). Indeed, motivation and response expectancies are
robust and stable predictors of hypnotic responsiveness, although
the magnitude of these effects is not yet fully clear (Benham et al.,
2006; Braffman and Kirsch, 1999).

Rapport in hypnosis is significantly correlated with suggestion-
related involuntariness and experienced to a greater extent by
highly suggestible individuals (Lynn et al., 1987). An intervention
that increased participant rapport with the experimenter engen-
dered enhanced hypnotic responsiveness (Gfeller et al., 1987).
However, highly suggestible participants persist in being respon-
sive to suggestions, even in the face of interpersonal exchanges
prior to hypnosis that effect low rapport (Lynn et al., 1991),
implying that low rapport does not vitiate a robust cognitive
commitment to respond in these individuals. In a related line of
research, highly suggestible individuals countered their precon-
ceptions about hypnosis in favor of responses consistent with the
intent of the hypnotist whereas low suggestible role-playing par-
ticipants behaved in terms of their preconceptions about hypnosis
(Dolby and Sheehan, 1977; Sheehan, 1991). An independent line
of research found that rapport interacted with expectancies in
determining hypnotic responsiveness, including the experience of
non-volition (Lynn et al., 1984).

Further research has begun to identify how hypnotic sug-
gestibility may  relate to a cognitive profile characterized by
heightened responsiveness to social cues (Wickramasekera, 2015).
Wickramaekera has highlighted the parallels between rapport and
empathy and shown that hypnotic suggestibility positively relates
to empathy (Wickramasekera and Szlyk, 2003). Complementary
research has observed positive associations between hypnotic sug-
gestibility and emotional contagion (Cardeña et al., 2009a) and
negative associations between hypnotic suggestibility and alex-
ithymia (Frankel et al., 1977). However, interpretation of these
findings must be guarded in that the causal direction of the link
between these variables and hypnotic suggestibility has yet to be
ascertained. Further research is needed to integrate these strands of
research with contemporary social cognitive neuroscience research
on empathy, self-other confusion, and related constructs (for a
review, see de Guzman et al., 2016).

7.5. Psychopathology and dissociation

The distortions in conscious states produced by hypnotic sug-
gestion bear striking resemble to aberrations in agency, awareness,
and metacognition in psychiatric conditions including conversion
disorder and schizophrenia (Bell et al., 2011; Polito et al., 2015).
Although such correspondences led the 19th century neurologist
Charcot to speculate that hypnosis was  a pathological phenomenon
(Gauld, 1992), it has been consistently shown that the majority of
highly suggestible individuals do not suffer from elevated levels of
psychiatric symptomatology and thus high hypnotic suggestibility
should not be interpreted as inherently pathological (Lynn et al.,

2004).

Nevertheless, since the late nineteenth century, hypnosis has
been theoretically tied to the phenomenon of dissociation, a con-
stellation of cognitive and perceptual alterations characterized by a
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isruption of normally integrated psychological systems (Bell et al.,
011). The association between hypnotic responding and disso-
iation has typically been viewed through the lens of executive
onitoring and metacognition: the dissociation or disruption of

hese processes is widely hypothesized to underlie response to
uggestion in highly suggestible individuals (Dienes and Perner,
007; Hilgard, 1974; Woody and Sadler, 2008). It has repeatedly
een shown that clinical populations characterized by pronounced
issociative tendencies, including dissociative identity disorder,
onversion disorder, and posttraumatic stress disorder, display ele-
ated suggestibility (Bell et al., 2011; Brown and Reuber, 2016;
erhune and Cardeña, 2015), although the evidence in patients
resenting functional symptoms is somewhat mixed (Brown and
euber, 2016). By contrast, hypnotic suggestibility does not reliably
orrelate with dissociative tendencies in the general population
Dienes et al., 2009) and thus any influence of the latter on the
ormer may  be dependent on other as of yet unidentified cogni-
ive and neurophysiological factors. On the basis of these apparent
iscrepancies and other data pointing to pronounced heterogene-

ty in the upper range of hypnotic suggestibility (Hilgard, 1979;
ing and Council, 1998; McConkey and Barnier, 2004), a num-
er of researchers have proposed a dissociative subtype among
ighly suggestible individuals (Barber, 1999; Brown and Oakley,
004; Carlson and Putnam, 1989). Preliminary evidence for this
ubtype has been observed: this subgroup seems to comprise
pproximately one-third of highly suggestible individuals and dis-
lays impaired baseline working memory and poorer cognitive
ontrol following an induction and appears to respond to sugges-
ions with fewer cognitive resources, and greater distortions in
gency (King and Council, 1998; Terhune et al., 2011b,c). These
reliminary results suggest that inter-individual differences in dis-
ociative tendencies may  account for heterogeneity among highly
uggestible individuals although further research is required to cor-
oborate the dissociative subtype and further elucidate its principal
haracteristics and its implications for the role of dissociation in
sychopathology more generally (Bell et al., 2011; Terhune and
ardeña, 2015).

.6. Neurocognitive bases of hypnosis and hypnotic suggestibility

With the advent of cognitive neuroscience, the application of
unctional neuroimaging to the study of hypnotic phenomena
as helped to validate the phenomenological reports of highly
uggestible individuals and has begun to shed light on the neuro-
hysiological basis of suggestion and the neurocognitive profile of
ighly suggestible individuals (Landry and Raz, 2017; Oakley and
alligan, 2013). Many researchers have traditionally viewed the
uestion of whether hypnosis is an altered state of consciousness
s one of the most critical questions confronting our understand-
ng of this phenomenon (Kallio and Revonsuo, 2003; Mazzoni et al.,
013) and numerous neurophysiological studies have been guided
y this question, or interpreted results with reference to altered
tates of consciousness (Jamieson and Burgess, 2014; Mazzoni et al.,
013). By contrast, we maintain that the pursuit of the markers
f a putative hypnotic state has distracted researchers away from
ore substantive mechanistic research questions and has created

nproductive theoretical divisions. In our view, the resolution of
his question, namely whether hypnosis is or is not an altered state
f consciousness, is unlikely to lead to any significant theoretical
dvances and thus we think that greater progress will be made
y pursuing hypothesis-driven research targeting specific cogni-
ive functions and neurophysiological mechanisms (Woody and
cConkey, 2003). In our view, the two central challenges in the
ascent cognitive neuroscience of hypnosis include elucidating the
europhysiological signatures of hypnotic suggestibility and the
europhysiological mechanisms of suggestion.
ehavioral Reviews 81 (2017) 59–74

Owing to its role in monitoring and cognitive control (Fleming
et al., 2014; Miller and Cohen, 2001), multiple theories of hypno-
sis have hypothesized a role for atypical prefrontal functioning in
high hypnotic suggestibility (Dienes and Hutton, 2013; Gruzelier,
2006; Woody and Bowers, 1994). Multiple well-powered behav-
ioral studies have suggested that highly suggestible individuals
exhibit impaired performance on cognitive tasks known to depend
on prefrontal cortex, such as selective attention and working mem-
ory (Farvolden and Woody, 2004; Jamieson and Sheehan, 2004;
Khodaverdi-Khani and Laurence, 2016; Terhune et al., 2011c).
Some of these effects have been observed at baseline whereas
others have been restricted to a hypnotic induction, thereby cloud-
ing interpretation. These studies suggest in a preliminary fashion
that high hypnotic suggestibility may  be associated with impaired
frontal functioning, but the specificity of this impairment is poorly
understood. One possibility is that they are all driven by impaired
executive monitoring (Hilgard, 1977; Woody and Sadler, 2008),
a specific form of metacognition pertaining to intentions (Dienes
and Hutton, 2013; Dienes and Perner, 2007), or a disruption of
the coupling between monitoring and control (Egner et al., 2005;
Jamieson and Woody, 2007). As described above, recent research
is consistent with a specific deficit in metacognition pertaining to
intentions (Lush et al., 2016). Interpretation of the neurocognitive
profile of highly suggestible individuals, however, is further com-
plicated by research showing that some cognitive deficits in this
population might be restricted to those who  are also highly disso-
ciative (Terhune et al., 2011c) (see §7.5).

Electrophysiological and functional neuroimaging research has
provided converging evidence that high hypnotic suggestibility
is characterized by an atypical network connectivity profile. One
study found that highly suggestible individuals exhibited reduced
frontal-parietal phase synchrony in the upper alpha frequency
band (10.5–12 Hz); importantly, this result, including its oscilla-
tory specificity, was replicated (Terhune et al., 2011a). This result
is consistent with previous research indicating that highly sug-
gestible individuals exhibit greater posterior upper alpha power
(Williams and Gruzelier, 2001). Other complementary research
has suggested that highly suggestible individuals exhibit reduced
anterior connectivity in the beta band but increased posterior
connectivity in the theta band following an induction (Jamieson
and Burgess, 2014), which is in line with other resting state EEG
findings (Isotani et al., 2001) and the observation of reduced
frontal connectivity among highly suggestible individuals during
a selective attention task following an induction (Egner et al.,
2005). These and other results may  reflecta shift from an anterior
to a posterior neurophysiological mode, as observed in patients
with schizophrenia (Holt et al., 2011). Resting state studies on
hypnosis have traditionally neglected individual differences in
spontaneous perceptual states (Cardeña, 2005; Pekala and Kumar,
2007) and thus despite somewhat convergent results, interpreta-
tion of these results is speculative. Preliminary research addressed
this issue and observed that global functional connectivity follow-
ing a minimal hypnotic induction was negatively associated with
different dimensions of consciousness including anomalous per-
ceptual states (Cardeña et al., 2013). Cumulatively, these studies
seem to suggest that highly suggestible individuals exhibit reduced
frontal connectivity, although further research is needed to clar-
ify the oscillatory specificity of these effects. Multiple studies have
suggested that variability in hypnotic suggestibility is associated
with inter-individual differences in theta and gamma  oscillations
(Jensen et al., 2015), although these results are not yet sufficiently
reliable to qualify as a neural marker of suggestibility. Nevertheless,

preliminary research indicates that theta oscillatory power may
predict variability in hypnotic analgesia (Jensen et al., 2008) and
thus further research on the role of theta oscillations in hypnotic
suggestibility is warranted.
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Resting state fMRI and structural MRI  research provide com-
lementary results that seem to further implicate atypical frontal
unctioning in high hypnotic suggestibility. Research has shown
hat highly suggestible individuals exhibit greater reductions in

edial prefrontal or dorsal anterior cingulate cortex activation fol-
owing an induction than low suggestible controls (Jiang et al., in
ress; McGeown et al., 2009) and that induction-specific reductions

n activation of regions of the default mode network relate to spon-
aneous changes in cognitive and perceptual states (Deeley et al.,
012). A recent high-powered study further showed that following
n induction, highly suggestible individuals exhibit increased cou-
ling between bilateral dorsolateral prefrontal and insular cortices
Jiang et al., in press). The study further found that reduced coupling
etween dorsolateral prefrontal cortex and posterior regions of the
efault mode network (e.g., posterior cingulate cortex) was  asso-
iated with a greater subjective experience of being hypnotized.
hese results are potentially congruent with research on possession
tates, which have a number of cognitive and phenomenological
arallels to hypnosis (Cardeña et al., 2009b). Previous research
ound that individuals exhibit reduced activation of lateral pre-
rontal cortex during glossolalia singing, which is characterized
y a pronounced reduction in one’s sense of agency, relative to
egular singing (Newberg et al., 2006). Together, these results pro-
ide encouraging, but preliminary, evidence that high hypnotic
uggestibility is characterized by atypical prefrontal functioning
nd connectivity and specifically involves regions implicated in
elf-related processing, monitoring, mind wandering, and cognitive
ontrol, thereby providing indirect evidence for the involvement of
hese functions in hypnosis.

Although promising, these seemingly convergent results need
o be considered in the context of methodological limitations that
re present in many of the foregoing studies. First, the studies vary
onsiderably in the types of inductions used. Although different
nductions are typically comparable in the extent to which they
nhance suggestibility (see §3), subtle changes in the wording of
uggestions can substantially impact neurophysiological responses
Barabasz et al., 1999). Accordingly, differential activation or con-
ectivity patterns across studies may  be artefactual of induction
ifferences and thus any conclusions regarding inter-study com-
onalities should be taken as preliminary (Cardeña et al., 2013).

 number of studies investigating the neurocognitive profile of
ighly suggestible individuals have also relied on an extreme-
roups design involving the contrast of low and highly suggestible
ndividuals (Lynn et al., 2007). Although not always, the use of this
esign is sometimes problematic because it potentially renders
imple differences in a neurophysiological parameter equivocal:
or example, a difference between these two groups may  reflect
n atypical neurophysiological profile in low, rather than highly,
uggestible individuals. For this reason, the inclusion of medium
uggestible individuals as a control group or the inclusion of par-
icipants across the full spectrum of hypnotic suggestibility is
mportant in establishing reliable neurophysiological markers of
igh hypnotic suggestibility (Cardeña et al., 2013; Huber et al.,
014).

Less well understood is how the brain implements responses
o suggestion. There is preliminary, but encouraging, evidence
or potentially overlapping neurophysiological mechanisms across
tudies examining the impact of hypnotic suggestions on brain
tates (Landry and Raz, 2015). A range of studies have observed
ctivation of subregions of frontal cortex and neighboring regions,
uch as anterior cingulate cortex, during response to suggestion.
n addition to modality-specific activation patterns, anterior cin-

ulate cortex is reliably activated during hallucination suggestions
nd may  underlie alterations in source monitoring necessary for
he experience of such suggestions (Derbyshire et al., 2004; Landry
nd Raz, 2015; McGeown et al., 2012; Szechtman et al., 1998). One
ehavioral Reviews 81 (2017) 59–74 69

study observed broad activations of lateral prefrontal and pari-
etal cortices among highly suggestible individuals during response
to a colour hallucination suggestion (McGeown et al., 2012).
These regions comprise the frontal-parietal, executive attention, or
multiple-demand network, a set of regions reliably activated across
a range of operations (Woolgar et al., 2016) and thereby imply
that the suggestion was implemented through normal cognitive
control mechanisms. Similarly, research on posthypnotic amnesia
observed activation of rostral prefrontal cortex, which may  reflect
retrieval inhibition (Mendelsohn et al., 2008). Suggestions targeting
motor phenomena typically involve broader activation differences
including prefrontal, parietal and motor cortices, and cerebellum
(Blakemore et al., 2003; Cojan et al., 2009; Deeley et al., 2013), with
multiple studies highlighting a specific involvement of precuneus
(Cojan et al., 2009; Deeley et al., 2014).

These studies have yielded a number of convergent findings
that corroborate participants’ phenomenological responses and
implicate regions and networks known to be involved in the respec-
tive phenomena. Nevertheless, extrapolating from this research to
theories of hypnotic suggestion and/or using this research as a
basis for identifying the neural substrates of response to sugges-
tion remains a daunting challenge. Nearly all existing studies have
investigated specific suggestions in isolation and thus there is little
intra-study information regarding overlapping neurophysiological
patterns associated with responses to different suggestions. As is
the case with inductions, the wording of suggestions across studies
is highly variable with suggestion structure differing consider-
ably in length, the invocation of imagination, and other possible
confounding factors. Research studies may  not always be able to
dissociate induction-specific from suggestion-specific neurophysi-
ological patterns; this is especially critical given the results pointing
to the alteration of anterior cingulate cortex following an induction
(Jiang et al., in press) and in response to a variety of suggestions
(Landry and Raz, 2015). Many of these challenges can be overcome
by precisely contrasting different suggestions to identify domain-
general and domain-specific neurophysiological signatures and by
standardizing inductions and suggestions across studies.

8. Outstanding questions and future directions

Despite clear advances in our knowledge of hypnosis,
researchers and clinicians are still confronted with a multitude of
pressing questions which we expect will guide and inform future
research. A number of the challenges confronting this field stem
from a reliance on outmoded research practices and conceptual ori-
entations. Owing in part to taboos surrounding hypnosis, which are
largely based in discredited myths (Raz, 2011), the field of exper-
imental hypnosis research has also traditionally been relatively
isolated from germane areas of psychology and neuroscience, such
as research on cognitive control, meditation, or placebo analgesia.
This isolation has undoubtedly further hindered methodologi-
cal and theoretical progress and thus better integrating hypnosis
within contemporary clinical and cognitive neuroscience has the
potential to radically alter research and theory in the domain of
hypnosis whilst also providing reciprocal benefits to other research
areas.

Experimental hypnosis research critically depends on the
robust measurement of hypnotic suggestibility (Woody and
Barnier, 2008): hypnotic suggestibility scales are essential for
reliably identifying highly suggestible individuals and relating hyp-
notic suggestibility to cognitive and neurophysiological variables.

Despite their many strengths, the most widely used measures
of hypnotic suggestibility are outdated (Bowers, 1993; Shor and
Orne, 1962; Weitzenhoffer and Hilgard, 1962) and have a number
of significant limitations pertaining to the mode of measurement
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nd suggestion content (Bowers et al., 1988; Sadler and Woody,
004; Terhune, 2015; Terhune and Cohen Kadosh, 2012; Woody
nd Barnier, 2008). These measurement properties may  reduce the
recision of estimates of hypnotic suggestibility and will be espe-
ially problematic in studies where responsiveness to individual
uggestions is measured (Bryant et al., 2012; Dienes and Hutton,
013), and thus plausibly contribute to the difficulties in identi-
ying reliable correlates of hypnotic suggestibility. Advancing the

easurement of hypnotic suggestibility will be necessary to under-
tand the neurocognitive profile of highly suggestible individuals
nd robustly index the cognitive and neurophysiological correlates
f hypnotic suggestibility. Accordingly, we see the development of
ore advanced measures of hypnotic suggestibility to be one of the

oremost goals in the coming years.
Hypnosis research can significantly benefit from research on

ermane phenomena. As described above, the principal phe-
omenological feature of response to a hypnotic suggestion is a
eduction or disruption of the perception of authorship over one’s
ctions and thoughts (Bowers, 1981; Polito et al., 2014). Despite the
rominence of this experiential concomitant of hypnotic respond-

ng, relatively little hypnosis research (Haggard et al., 2004; Lush
t al., 2016) has exploited knowledge gained from research on the
ense of agency (Moore and Haggard, 2010; Moore and Obhi, 2012).
n particular, harnessing methodologies developed to study normal
nd atypical sense of agency has the potential to usher in theo-
etical and methodological step changes in experimental hypnosis
esearch. Moreover, highly suggestible individuals provide a poten-
ially valuable population for studying distortions in the sense of
gency in the general population (Polito et al., 2015) and thus we
nticipate that research using these individuals to study broader
uestions pertaining to the sense of agency will become more com-
onplace.
Research will further benefit from a systematic assessment of

he relations between hypnosis and hypnotic suggestibility and
ther phenomena for which suggestion seems to play an integral
ole (Halligan and Oakley, 2014). For example, we anticipate that a
ajor aim in future research will be to clarify the extent to which

ypnosis has overlapping and/or distinct mechanisms with similar
henomena such as psychogenic disorders, which may  be triggered
y heightened responsiveness to illness cues in an individual’s
nvironment and share overlapping phenomenology with hypno-
is (Brown and Reuber, 2016; Edwards, 2017; Vuilleumier, 2014),
lacebo (De Pascalis et al., 2002), and suggestibility in forensic con-
exts (Gabbert and Hope, 2013; Gudjonsson, 2013). More broadly,
espite earlier attempts to integrate diverse suggestion-based phe-
omena (Gheorghiu et al., 1989), efforts to ground hypnosis within
he broader domain of suggestion and suggestibility have stag-
ated in recent years (Halligan and Oakley, 2014). However, such an
ndeavor will be of considerable value as researchers and clinicians
ddress more thoroughly how the brain incorporates contextual
nformation to inform perceptual and cognitive states both in
xperimental and clinical contexts (Wager and Atlas, 2015). Study-
ng hypnosis and germane phenomena in conjunction is expected
o provide reciprocal benefits to these different domains and has
he potentially to radically advance knowledge regarding the phe-
omenon of suggestion.
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