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Abstract

Instructions, suggestions, and other types of social information can have powerful effects on pain 

and emotion. Prominent examples include observational learning, social influence, placebo, and 

hypnosis. These different phenomena and their underlying brain mechanisms have been studied in 

partially separate literatures, which we discuss, compare, and integrate in this review. Converging 

findings from these literatures suggest that 1) instructions and social information affect brain 

systems associated with the generation of pain and emotion, and with reinforcement learning, and 

that 2) these changes are mediated by alterations in prefrontal systems responsible for top-down 

control and the generation of affective meaning. We argue that changes in expectation and 

appraisal, a process of assessing personal meaning and implications for wellbeing, are two 

potential key mediators of the effects of instructions and social information on affective 

experience. Finally, we propose a tentative model of how prefrontal regions, especially 

dorsolateral and ventromedial prefrontal cortex may regulate affective processing based on 

instructions and socially transmitted expectations more broadly.
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Introduction

Instructions and suggestions are quintessential forms of everyday social influence. Using 

language, complex relationships in the environment can be described in an incredibly precise 

and nuanced way. With verbal instructions, humans can direct other humans’ behavior much 

faster and more efficiently than any reinforcement schedule would allow in other species 
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(Cole et al., 2013; Roepstorff and Frith, 2004). Other people’s words can “plant” a very 

specific idea in someone’s mind and—together with the right receptivity and mindset—they 

can constitute powerful influence on subjective experience. These ideas form the basis of 

multiple theories of conceptual learning (e.g. De Houwer, 2009; Kirsch, 2004) and related 

therapeutic approaches like acceptance and commitment therapy (e.g., Hayes, 2004). They 

go back to early theories on expectations and conceptual processes such as the ‘New Look’ 

(Bruner and Postman, 1948) and resonate with related contemporary ones emphasizing the 

role of expectations and conceptual thought in experience, such as levels of construal theory 

(Liberman and Trope, 2008), evaluative priming (Bargh et al., 2012), hierarchical Bayesian 

models of learning and decision-making (Tenenbaum et al., 2006), and predictive coding 

accounts (Friston, 2010; Rao and Ballard, 1999).

A dramatic case of how suggestions can affect experience and behavior is voodoo death: the 

observation that in primitive tribal societies people subjected to ritualistic spells and black 

magic can die within a couple of days or weeks, despite having previously been without any 

symptoms of disease (Cannon, 1942). In modern societies, people might be less susceptible 

to die from pure suggestion. Yet, there is accumulating evidence that different forms of 

instructions, suggestions, social observation, and other socially transmitted information can 

influence what we experience, how we interpret the world around us, and what we value. In 

this review, we focus on the “socially instructed” modulation of emotion and pain, which has 

been studied across different fields and using different paradigms.

We focus on four areas: First, learning by observing others (‘observational learning’) has 

long been studied in developmental psychology, including the development of aggression 

(Bandura et al., 1963), fear, and pain (Colloca and Benedetti, 2009; Goubert et al., 2011; 

Vögtle et al., 2013), and might be an important phylo- and ontogenetic precursor of more 

abstract forms of instructions and social influence effects. Recent brain imaging studies have 

addressed how adults learn about fear and reward by observing others (Olsson and Phelps, 

2007). Second, social influence and conformity effects have been described extensively in 

social psychology, starting with the experiment of Solomon Asch (1951). Those influences 

can be based on observation of others’ behavior or symbolic information about others’ 

behaviors and preferences. During the last few years, social influence has been addressed in 

cognitive and social neuroscience using brain imaging methods, with a novel focus on 

affective processes such as valuation and emotion (Campbell-Meiklejohn et al., 2010; 

Klucharev et al., 2009; Zaki et al., 2011). Third, instructions about task goals and the 

structure of what participants should experience, usually given by an experimenter, are 

integral to most psychological experiments. Yet, cognitive psychology and cognitive 

neuroscience have often taken them for granted, and only recently have researchers turned 

their attention to how human brains learn about pain and emotion from direct verbal 

instructions (e.g., Atlas et al., 2016; Grings et al., 1973; Phelps et al., 2001). As specific 

examples of instruction effects, a literature on the brain correlates of placebo effects has 

been emerging (e.g., Petrovic et al., 2002; Wager et al., 2004), as well as a growing interest 

in understanding the neurophysiological processes underlying hypnosis (Rainville et al., 

1999)—both of which are fascinating examples of how social instructions and suggestions 

can have deep impact on the experience of emotion and pain. Finally, recently, researchers 

have started to study how top-down instructions and social information may interact with 
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bottom-up experience-based learning (e.g., Atlas et al., 2016; Biele et al., 2011; Jepma and 

Wager, 2015; Li et al., 2011; Staudinger and Büchel, 2013).

These topics are studied in different literatures, which in many cases make surprisingly little 

contact with each other. Here, we argue for a common basis, in socially transmitted 

conceptual thought. With socially transmitted, we mean that the source of the information is 

usually one or more other agents. Thus, transmission occurs via direct observation, but also 

via symbolic communication (e.g., language, signs). Conceptual thought refers to the 

activation and manipulation of interrelated concepts or patterns of concepts. They are 

typically conscious and relationships among different concepts can change depending on the 

context. Expectations are an example—thoughts about future outcomes. The topics 

discussed here are not the only instances in which socially transmitted conceptual thought 

may be important, but particularly informative for our understanding of emotion and pain. 

The aim of this review is therefore to describe these phenomena from an integrative 

perspective.

Across these topics, several key questions emerge. First, to what degree are the experience 

and physiology of pain and emotion influenced by instruction or social information alone? 
Some suggestion-related effects could be partially due to more experience-based associative 

learning such as classical conditioning. As we will discuss below, this point may be 

especially (but not only) important for placebo effects, during which instructions are often 

reinforced using conditioning procedures. Second, how deeply does socially transmitted 
information influence the fundamental processes that give rise to pain and emotion? 

Instructions may just lead to compliance, i.e. responding in line with the instructor without 

deeper changes in attitudes and experience (Asch, 1951; Cialdini and Goldstein, 2004; 

Milgram and Gudehus, 1978), or they may also change deeper levels of affective processing. 

This question has elicited considerable debate in the research on social conformity, but also 

in placebo and other social suggestion effects. Third, what are the underlying brain 
mechanisms and is there any common basis in brain systems across these different effects? 

We will argue that despite their differences, various types of social information effects may 

share some common mediators, especially changes in expectations and appraisal processes, 

which may be implemented in prefrontal brain systems and their interactions with limbic 

and subcortical brain circuits.

We will start by reviewing brain imaging studies regarding social observational learning of 

emotion, and then discuss more abstract forms of information transmission, such as verbal 

and symbolic instructions and suggestions. We further review how conceptual and social 

information can interact to varying degrees with bottom-up, experience-based learning. In 

the last sections, we summarize commonalities and differences across different phenomena 

and types of social influence, and end by presenting a preliminary framework of putative 

brain mechanisms and open questions for future research.
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1. Social information effects on pain and emotion

1.1. Social observation

Observational learning—learning from direct observation of other agents—is common 

across numerous species, from honeybees to humans (Gariépy et al., 2014; Olsson and 

Phelps, 2007). In the following sections, we focus on three main areas of research: 

Observational threat conditioning, social observation effects on pain and placebo analgesia, 

and social learning of appetitive responses to reward.

1.1.1. Vicarious threat and fear learning—A large body of research suggests that fear 

can be learned by observation of others (see reviews by Bandura and Walters, 1977; Mineka 

et al., 1984; Olsson and Phelps, 2007). Seeing another monkey being bitten by a snake will 

increase behavioral threat responses to snakes in the observing monkey (Mineka et al., 

1984). In reaction to novel objects or unexpected events, both infants and older children will 

look at their caregiver in order to know how they are supposed to react, and then express 

emotions consistent with those of the caregiver—a process called social referencing 
(Campos et al., 1981; Feinman and Lewis, 1983). For example, children can develop fears 

by observing their parents expressing fearful emotional expression to previously neutral 

stimuli, such as novel animals (e.g., Muris et al., 2010). Social observation learning has also 

been demonstrated in rodents. A recent study found that male mice displayed freezing 

behavior both during observation of another mouse receiving foot shocks, as well as when 

placed in the same context again 24h later (Jeon et al., 2010). The strength of this 

observational threat response was increased for familiar conspecifics, including siblings and 

mating partners, compared to unfamiliar mice (Jeon et al., 2010).

Despite the enormous body of work on social fear learning using behavioral methods in 

humans and other animals, only a few studies have addressed the underlying brain 

mechanisms. In the study by Jeon et al. (2010), lesions of the anterior cingulate cortex 

(ACC) before observing a cagemate receiving foot shocks disrupted observation-induced 

freezing. Lesions after observation had no effect, suggesting that ACC is critical for the 

encoding of the cagemate’s distress, but not memory storage or expression. Standard 

classical shock conditioning also remained intact after ACC lesions. In contrast, lesions of 

the lateral amygdala disrupted both the acquisition and expression of observational threat 

learning (Jeon et al., 2010), consistent with a well-established role of the amygdala in 

encoding cue-threat associations (Davis et al., 2001; LeDoux, 2003).

Functional brain imaging studies in humans confirm the involvement of the dorsal ACC and 

amygdala in observational threat and fear learning (Mechias et al., 2010). In one of these 

studies (Olsson and Phelps, 2007), participants first observed a movie of another person 

expressing distress when experiencing painful electric shocks to the wrist, which were 

paired with a conditioned stimulus (CS). In a separate test phase, participants then 

underwent the same conditioning task themselves and expected to receive shocks paired 

with the same CS. The results showed increased skin conductance responses and increased 

amygdala activation to the CS during both observation and test, despite the fact that the 

participants never received shocks themselves. This demonstrates that social observation 

influences physiological response. Additional activations were observed in anterior insula 
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(AI), ACC, and dorsolateral prefrontal cortex (dlPFC) (Olsson et al., 2007)—regions 

involved in the processing of pain, empathy, and other emotions. The authors concluded that 

the observation of a distressed conspecific can act like an unconditioned stimulus—

especially for highly empathic individuals (Olsson et al., 2015)—, and thereby engages 

similar pathways as direct classical conditioning (Olsson et al., 2015; Olsson and Phelps, 

2007). Conversely, both direct and vicarious fear extinction involve vmPFC-amygdala 

interactions (Golkar et al., 2016).

Several other studies have investigated observational fear learning using social referencing 
paradigms, in which previously neutral objects are paired with fearful (and sometimes also 

other emotional) facial expressions (Blair et al., 2016; Hooker et al., 2006; Hooker et al., 

2008; Meffert et al., 2015). Paralleling the findings for observational fear conditioning in 

humans and mice, the results show that when objects are referenced by fearful expressions, 

participants show increased amygdala activity both during learning as well as recognition of 

these objects (Hooker et al., 2008; Meffert et al., 2015). For example, a particular novel 

shape may be paired with an image of a fearful face, and another shape paired with a neutral 

face. However, just the association with fearful faces is not enough—amygdala responses 

were stronger when the fearful face was shown gazing at the novel shape rather than looking 

away. This effect was enhanced in individuals high in neuroticism (Hooker et al., 2008) or 

diagnosed with social anxiety disorder (Blair et al., 2016). These studies provide an 

experimental model of the type of social referencing that occurs throughout the lifespan, but 

is particularly important during development.

Together, these studies suggest the operation of potentially similar associative mechanisms 

in the amygdala during both observational and direct fear learning (Olsson and Phelps, 

2007). They further point at an important role of amygdala-prefrontal interactions during 

social learning of fear (Jeon et al., 2010; Olsson and Phelps, 2007). Such interactions may be 

important in anxiety disorders and regulation of fear responses more broadly (Etkin et al., 

2010; Kim and Whalen, 2009; Urry et al., 2006). To our knowledge, no fMRI study so far 

has directly compared emotional learning induced by observation and direct conditioning in 

the same subjects.

1.1.2. Observational learning of pain and placebo—Social learning also shapes 

expectations and attitudes about pain, as well as the experience of pain and its expression in 

front of others (Goubert et al., 2011). One seminal study (Craig and Prkachin, 1978) showed 

that observing a “pain-tolerant” confederate led to reduced verbal pain reports and 

physiological responses to pain when the observer subsequently underwent the same painful 

stimulation. Similarly, facial expressions of fear increase pain reports in the observer in 

adults (Reicherts et al., 2013), as does observation of someone else suffering (Loggia et al., 

2008).

As in fear learning, social referencing and modeling might be very important to shape pain 

and pain regulation (Goubert et al., 2011). For instance, children show lower pain tolerance 

in a cold pressor task if their mothers previously expressed high pain during the same task 

(Goodman and McGrath, 2003). Similarly, adults rated higher pain-related fear after 

observing another person displaying high pain during a cold pressor task (Helsen et al., 
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2011). Conversely, observing others can also help to reduce pain or to induce placebo 

effects. For example, seeing another person, either live or in a video, experiencing relief 

during one experimental condition (such as a green light), will evoke placebo analgesia in 

the observer, when they subsequently receive the same placebo treatment (Colloca and 

Benedetti, 2009; Hunter et al., 2014; for nocebo see Świder and Bąbel, 2013; Vögtle et al., 

2013).

No studies, to our knowledge, have investigated the neural correlates of direct observational 

learning on pain experience or placebo analgesia. Candidate brain regions include AI and 

ACC, given their involvement in processing both one’s own and observed pain (e.g. Corradi-

Dell’Acqua et al., 2011; Decety and Jackson, 2004; Krishnan et al., 2016; Lamm et al., 

2011; Singer et al., 2004), in pain prediction and anticipation (Atlas et al., 2010), and in 

observational learning of fear (Olsson et al., 2007).

1.1.3. Social reward learning—Similarly, the experience of appetitive stimuli may be 

shaped by social observation and learning (Gariépy et al., 2014). For instance, monkeys 

prefer the types of food eaten by other members of their group, but switch to another food 

when migrating to a new group with different preferences (van de Waal et al., 2013).

In terms of potential brain mechanisms, it has been shown that positive social referencing, 

i.e. pairing novel objects with happy facial expressions gazing at the objects, activates the 

hippocampus and amygdala (Hooker et al., 2008; Meffert et al., 2015), suggesting that these 

regions are important for associative learning of pleasant stimuli as well. This work is 

consistent with a large literature on the importance of the amygdala for reward as well as 

punishment learning (Baxter and Murray, 2002; Gallagher and Chiba, 1996).

Several fMRI studies have addressed the question of how the human brain represents 

vicarious rewards during observational learning. An accumulating body of research indicates 

that during joint action and observation, people represent others’ actions (Sebanz et al., 

2006; Vesper et al., 2010) and their associated outcomes (e.g. correct or incorrect, gain or 

loss) (Koban and Pourtois, 2014). Partially similar brain mechanisms are involved during the 

monitoring of others’ and one’s own actions (de Bruijn et al., 2009; Koban et al., 2012; for a 

review see Koban and Pourtois, 2014). For example, ACC and AI activated both during 

observation and commission of errors (Koban et al., 2013; Shane et al., 2008). When 

observing another person performing a probabilistic choice task, vmPFC and ventral 

striatum are thought to encode vicarious reward prediction errors (Burke et al., 2010). 

Damage to vmPFC, on the other hand, impairs observational learning (Kumaran et al., 

2015). A more dorsal portion of the rostral anterior cingulate gyrus has been shown to track 

others’ net rewards (Apps and Ramnani, 2014), and more generally others’ motivational 

states (Apps et al., 2016). Together, these studies outline the brain networks involved in 

social action monitoring (Apps et al., 2016; Koban and Pourtois, 2014) and vicarious reward 

learning (Burke et al., 2010), and suggest that portions of the dorsal anterior cingulate cortex 

may play a common role in the effect of social observation on negative and positive emotion. 

An open question is whether such influences are limited to effects on decision-making, or 

change core valuation and experience in the observer. This question has been addressed in 

the context of social influence and conformity, to which we will turn next.
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1.2. Social influence and conformity

Humans learn not only from direct observation of others’ behavior or emotional states, but 

are also highly susceptible to the influences of social norms (Cialdini and Goldstein, 2004). 

Social conformity has typically been studied in the context of changes in overt behavior (c.f. 

Asch, 1951), but it may influence deeper layers of attitudes and beliefs as well (Deutsch and 

Gerard, 1955)—in which case the term “social influence” may be more appropriate. Social 

influence can be seen as occupying a middle ground between observational learning, on one 

hand, and social instruction or suggestion on the other.

A growing number of recent brain imaging and psychophysiological studies have addressed 

social influence across different cognitive and affective processes (Wu et al., 2016), 

including value and preferences (Berns et al., 2010; Campbell-Meiklejohn et al., 2010; 

Klucharev et al., 2009; Klucharev et al., 2011; Zaki et al., 2011), visual perception (Berns et 

al., 2005), memory (Edelson et al., 2011; Edelson et al., 2014), pain (Koban and Wager, 

2016; Yoshida et al., 2013), and even self-perception (Koban et al., in press; Korn et al., 

2012). All these studies have shown that presenting participants with the opinions or ratings 

of a group of other individuals shifts the participant’s evaluation or behavior towards the 

group rating. In keeping with the topic of this review, we focus our discussion on studies 

investigating social influence or conformity on affective processes (valuation, emotion, and 

pain). Broadly speaking, these studies on social influence have tested three key questions: 

First, what are the brain mechanisms that detect mismatch or alignment with group norms? 

Second, how do those mechanisms predict adjustments in behavior or affective valuation? 

And third, do social influence effects indeed change affective and evaluative processes—or 

are they mere decision or reporting biases?

In order to address the first two questions, one of the first fMRI studies on social influence 

(Klucharev et al., 2009) presented male participants with pictures of attractive female faces, 

asked them to rate their attractiveness, and then gave them feedback about how other people 

rated the attractiveness. Other people’s ratings could be the same as, higher, or lower than 

participants’ own ratings. When participants rated attractiveness the same as their peer 

group, they showed increased activity in the ventral striatum—suggesting that being in line 

with the group might be rewarding (Klucharev et al., 2009; Wu et al., 2016). In contrast, 

when participants’ ratings were incongruent with those of the group (e.g. participants’ 

ratings were higher or lower), Klucharev and colleagues observed increased activity in 

dMFC, AI, and lateral PFC, regions often associated with conflict processing, negative 

outcomes, and need for cognitive and behavioral adjustments (Botvinick et al., 2001; 

Shackman et al., 2011; Shenhav et al., 2013). Moreover, activity in dMFC to incongruent 

ratings predicted subsequent behavioral adjustments towards the group norm (Klucharev et 

al., 2009). In line with the interpretation that this brain region is causally involved in 

signaling a “need to adjust”, transient down-regulation of dMFC using rTMS abolishes the 

behavioral conformity effect (Klucharev et al., 2011).

Importantly, behavioral adjustments and brain activity to a mismatch with the group depends 

on the social context (Izuma, 2013; Wu et al., 2016). People adjust their preferences to the 

norms of the in-group, but not to preference norms of an undesirable out-group such as sex-

offenders—in contrast, they even adjust their preferences away from those of the out-group 
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(Izuma and Adolphs, 2013). At the brain level, dorsomedial prefrontal cortex was more 

strongly activated by being in agreement with sex-offenders than when being in 

disagreement with them (Izuma and Adolphs, 2013). These findings point to an important 

role of other social-cognitive processes in social influence.

To answer the second question, regarding the impact level of social influence, recent studies 

have tested how markers of affective processing in the brain change as a function of social 

information. For instance, Zaki and colleagues (see also Campbell-Meiklejohn et al., 2010; 

Nook and Zaki, 2015; Zaki et al., 2011) first identified value- and reward-related brain areas 

(including ventral striatum, vmPFC, and OFC) using a monetary-incentive delay task. 

Similar to the Klucharev et al. (2009) study, they then had male participants rate the 

attractiveness of female faces, and subsequently provided feedback about other people’s 

ratings. When they presented the same faces again later, Zaki and colleagues measured how 

activity in value-related regions changed as a function of the others’ ratings. In line with the 

idea that social influence would change not only self-reported attractiveness, but also value-

related processing in the human brain, their results demonstrated increases in value-related 

brain areas for faces that had been rated as more attractive by others, and decreases for faces 

that had been rated as less attractive by others (Zaki et al., 2011).

Extending these findings to aversive processing, a recent study (Koban and Wager, 2016; see 

also Yoshida et al., 2013) investigated whether social information can also alter the 

experience of pain. At the beginning of each trial, participants would see the ratings of other 

people, which could be either high or low on average, and were then stimulated with brief 

painful heat on their forearm. Koban and Wager measured both self-reported pain intensity 

as well as physiological (skin conductance) responses to the painful heat. If social influences 

on pain reflect mere conformity, one would expect changes in self-report, but not in 

autonomic physiology such as skin conductance responses. Interestingly, the authors found 

that participants rated pain as more intense and had higher skin conductance responses when 

the same heat stimulus was preceded by high social pain ratings compared to low social pain 

ratings (Koban and Wager, 2016). These results suggest deep and strong effects of social 

information on the affective processing of pain and associated autonomic responses.

In sum, social influence is a powerful way to nudge people’s preferences and to change 

emotional experiences, including affective responses to both appetitive and painful events. 

On the neurophysiological level, these changes seem to be mediated by lateral prefrontal 

areas together with dACC and anterior insula, which may detect mismatch with desirable 

group norms and trigger changes in value- or affective processing areas.

1.3. Social instruction and suggestion

Even without evoking group norms, suggestions and instructions can have powerful effects 

on experience and behavior (Halligan and Oakley, 2014; Michael et al., 2012). Effects of 

instructions and suggestions on emotion and pain have been investigated using brain 

imaging in several domains, including instructed fear, placebo and nocebo effects, and 

hypnosis.
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1.3.1. Instructed threat—Next to experience-based learning (i.e. direct classical 

conditioning) and observational learning, fear can be both evoked and reduced by simple 

instructions (Bridger and Mandel, 1964; Costa et al., 2015; Grings et al., 1973; Olsson and 

Phelps, 2004; Raes et al., 2014). For instance, seeing a warning sign about rattlesnakes is 

probably sufficient to alert a hiker and to be more startled when she sees something moving 

in the high grass next to the trail.

One of the first fMRI studies on this topic compared brain activity to instructed threat 

stimuli with instructed safe stimuli. The instructed threat condition elicited higher amygdala 

activity compared to the safe condition—despite the fact that participants never actually 

received any shocks (Phelps et al., 2001). These activations are similar to what has been 

shown for direct classical conditioning and observational learning, suggesting partially 

similar mechanisms (Delgado et al., 2006; Mechias et al., 2010; Olsson and Phelps, 2007). 

Patients with left amygdala lesions failed to show any startle response to instructed threat 

(Funayama et al., 2001). In addition to the amygdala, activations for instructed threat have 

been observed in the insula, ACC, and premotor cortex, leading to the suggestion that these 

areas might be involved in the conscious anticipation of threat and transmission of its 

representation to the amygdala (Olsson and Phelps, 2007; Phelps et al., 2001) or the 

representation of threat contingencies in the dACC (Mechias et al., 2010).

1.3.2. Placebo and nocebo effects—Placebo effects are improvements in symptoms 

caused by a sham treatment compared to a no treatment control. By contrast, nocebo effects 

describe the appearance or worsening of symptoms based on sham treatments, such as the 

experience of side effects after consuming an actually inert substance. Placebo and nocebo 

effects have been studied across a large number of domains, including pain, Parkinson, 

depression, emotion, and motor performance (Benedetti, 2014; Bingel and Tracey, 2008; 

Büchel et al., 2014; Colloca and Benedetti, 2005; Wager and Atlas, 2015; Weimer et al., 

2015). They are classic examples of how suggestions and instructions can alter experience. 

Yet, it is important to keep in mind that experimental placebo studies, which have compared 

placebo treatment to no-treatment controls, often use a combination of suggestion and 

conditioning to elicit maximal expectations and treatment effects. Both expectations and 

learning are thought to be important for placebo effects (Benedetti, 2014; Enck et al., 2013; 

Wager and Atlas, 2015), and it is unclear how much of the effects are due to purely 

conceptual expectations, and are thus created or modifiable by suggestions. For example, in 

placebo studies on pain, participants are often given a cream or pill with the instruction that 

this was a powerful analgesic. Following this placebo administration, this instruction is often 

reinforced by lowering stimulus intensity (unbeknown to the participant), leading the 

participant to experience actual relief and attribute it to the placebo (e.g. Atlas et al., 2010; 

Colloca et al., 2010; Geuter et al., 2013; Koban et al., 2012; Morton et al., 2010; Price et al., 

1999; Wager et al., 2004). Despite an important involvement of learning in placebo (Colloca 

and Benedetti, 2009; Schafer et al., 2015), suggestions are central to placebo and nocebo 

effects, and can be effective even alone, i.e. without conditioning (e.g., Aslaksen and Flaten, 

2008; Aslaksen et al., 2015; Benedetti et al., 1999; Johansen et al., 2003; Lorber et al., 2007; 

Meissner, 2009; Schenk et al., 2014; van Laarhoven et al., 2011).
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The brain mechanisms of placebo effects on pain are becoming increasingly better 

understood, (for recent reviews see Benedetti, 2014; Büchel et al., 2014; Enck et al., 2013; 

Wager and Atlas, 2015). Placebo effects on pain are typically accompanied by reduced 

activity in pain-processing brain regions, such as thalamus, ACC, and insula (Amanzio et al., 

2011; Meissner et al., 2011; Wager and Atlas, 2015; Wager and Fields, 2013)—however, 

some studies have also reported increased anterior insula and ACC activity in anticipation of 

or during placebo analgesia (Geuter et al., 2013; Kong et al., 2006; Wager et al., 2004). 

Further, placebo effects are paralleled by increased activity in another set of brain regions, 

including dlPFC, OFC, vmPFC, and PAG (Amanzio et al., 2011; Bingel et al., 2006; Eippert 

et al., 2009; Meissner et al., 2011; Petrovic et al., 2010; Petrovic et al., 2002; Wager and 

Atlas, 2015). These areas are thought to be involved in the maintenance of instructed beliefs, 

the representation of value, and—more generally during pain processing—the descending 

regulation of nociceptive processing (Fields, 2004; Loggia et al., 2008; Tracey, 2010).

While the brain mechanisms of nocebo hyperalgesia are far less studied than those of 

placebo analgesia, some parallels emerge from the studies published so far. For example, the 

thalamus, insula, ACC, somatosensory cortices, and frontal as well as parietal operculi show 

increased activation to painful stimuli following nocebo treatment (Ellerbrock et al., 2015; 

Jensen et al., 2014; Kong et al., 2008; Rodriguez-Raecke et al., 2010; Schmid et al., 2015). 

The operculum seems to particularly critical since it tracks behavioral hyperalgesia 

following mere instructions (Rodriguez-Raecke et al., 2010) and increases its functional 

coupling with the basal ganglia and thalamus over time (Ellerbrock et al., 2015). By 

contrast, rACC shows increased activation following a nocebo instruction compared to 

control, which hints at a regulatory role of the rACC as similar to that in placebo analgesia 

(Ellerbrock et al., 2015).

While still less studied, progress has been made for placebo effects on other modalities such 

as depression (Leuchter et al., 2002; Mayberg et al., 2002), negative (Koban et al., in 

revision; Meyer et al., 2015; Petrovic et al., 2005; Rütgen et al., 2015; Schienle et al., 2014), 

and positive emotions (Ellingsen et al., 2013) as well. Parallel to placebo studies on pain, 

these studies suggest reductions in areas associated with emotional experience such as ACC 

and AI (Petrovic et al., 2005; Rütgen et al., 2015; Schienle et al., 2014), and often associated 

increased activations in prefrontal regions including OFC and dlPFC (Benedetti, 2014; 

Koban et al., in revision; Mayberg et al., 2002; Petrovic et al., 2005).

Across different types of pain and emotion, administration of placebos is thought to evoke 

expectations, represented in prefrontal areas (especially dlPFC and vmPFC) that trigger 

activation of regulatory pathways in limbic and brainstem areas (e.g. Büchel et al., 2014; 

Wager and Atlas, 2015). These regulatory pathways may in turn reduce activation in areas 

associated with pain, arousal, or negative affect, such as ACC and AI.

1.3.3. Hypnosis—Hypnosis can be seen as a state of focused attention and altered 

consciousness, in which people respond to imaginative suggestions (for recent reviews see 

Lynn et al., 2008; Oakley and Halligan, 2009; Raz, 2011). During hypnosis, the participants 

are suggested sensations and experiences without being suggested a change in the actual 

environment (Lynn et al., 2008), such as “you are now beginning to feel your arms getting 
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heavier, as if they were pulled down by some invisible force”. To some degree similar to 

placebo effects (Lynn et al., 2008; Raz, 2007), hypnotic suggestibility is thought to be driven 

by response expectancies and automatic activation of response sets (Lynn et al., 2008) and 

thus offers an fascinating case to study the influence of top-down over bottom-up processes 

(Raz, 2011).

Hypnotic suggestion can have profound effects on emotional experience and pain, and is 

clinically employed even for relief during surgeries (Faymonville et al., 2006) and the 

management of chronic pain (e.g. Patterson and Jensen, 2003). Several brain-imaging 

studies have investigated the neurophysiological processes underlying the effects of hypnosis 

and hypnotic suggestion on pain. During suggestion of reduced or no pain, participants 

report lower pain and show reduced activations of pain-processing brain regions such as 

insula, thalamus, and ACC (e.g., Abrahamsen et al., 2010; Derbyshire et al., 2009; 

Faymonville et al., 2000; Rainville et al., 1997; Rainville et al., 1999; Vanhaudenhuyse et al., 

2009). Conversely, suggesting painfulness in the absence of actual noxious stimulation 

activates brain areas associated with pain processing, and more so than just imagination of 

pain (e.g., Derbyshire et al., 2004; Raij et al., 2005). Less is know about how suggestions 

modulate pain experience and pain processing in the brain. Using PET, Rainville et al. 

(1999) addressed this question by comparing hypnotic state with suggestion to hypnotic 

state without any further pain-related suggestions. They found increased regional blood flow 

in the left inferior frontal gyrus, the left and right dlPFC, as well as lateral parietal cortex 

and precuneus (Rainville et al., 1999), suggesting that these regions—in line with their role 

in top-down control of attention (Corbetta and Shulman, 2002; Miller and Cohen, 2001)—

might be involved in the actualization of “suggestions involving alteration of the meanings 

of perceptual experiences” (Rainville et al., 1999, p. 199). In line with these earlier findings, 

dlPFC activity during verbal initiation of hypnotic pain suggestion has been shown to predict 

subsequently experienced pain and pain-related activation of SII (Hoeft et al., 2012; Raij et 

al., 2009).

Interestingly, few studies have investigated the brain bases of hypnotic suggestion on other 

affective processes than pain. One recent study tested the effects of hypnotic suggestion on 

disgust for different salty and sweet snacks (Ludwig et al., 2014). The results showed a 

significant modulation of snack preferences based on hypnotic, and to a slightly smaller 

extent, non-hypnotic suggestion. These behavioral findings were paralleled by changes in 

vmPFC activation, in line with this region’s role in value-based decision-making (Ludwig et 

al., 2014). Precuneus activity was higher during hypnotic compared to non-hypnotic 

suggestion (Ludwig et al., 2014), in line with other evidence of a role of this region in 

hypnosis (Cojan et al., 2009; Rainville et al., 1999) and for the sensory and “imaginal self” 

more broadly (Vuilleumier, 2014).

In sum, hypnosis is a powerful tool harnessing suggestions for pain relief and emotion 

modulation (Lynn et al., 2000; Raz, 2011). Yet, the brain bases of how hypnotic and other 

suggestions alter affective experience are just beginning to be understood. Converging 

findings suggest a direct modulation of affective processing by hypnosis, which might be 

implemented by top-down modulation via lateral prefrontal areas and altered processing of 

self-related processing and consciousness in precuneus. More studies are needed to 
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investigate how emotions and affective processes are altered during hypnosis, and how these 

processes relate to other types of instructions and suggestions.

1.4. Interactions of social information and experience-based learning

Besides directly influencing people’s affective experiences, recent studies have shown that 

instructions and suggestions also influence bottom-up experience-based learning. 

Reinforcement learning is the process through which agents learn associations by directly 

experiencing rewarding or punishing outcomes related to stimuli and actions. Studies in 

psychology and neuroscience have provided a wealth of evidence regarding the 

computational and neural mechanisms underlying reinforcement learning, especially in the 

appetitive domain (Dayan and Daw, 2008; Niv, 2009).

Luckily, in many situations, appropriate behavior does not have to be learnt through trial-

and-error, but can be achieved by following instructions, rules, or advice from others. That 

is, we can learn which behaviors/decisions are advantageous, and which should be avoided, 

without having to personally experience the negative consequences of suboptimal courses of 

action. It has been proposed that decisions based on instructed knowledge and decisions 

based on experience-based learning are subserved by distinct systems (e.g., Ashby et al., 

1998; Hertwig et al., 2004). Yet, when instructions are added to an experience-based 

learning situation, how does this shape learning, and via which neural and computational 

mechanisms? We will discuss the emerging literature on interactions between instructions 

and reinforcement learning separately for appetitive and aversive learning.

1.4.1. Instruction effects on appetitive learning—The dopaminergic system is 

thought to have a key role in reward-driven learning. Specifically, the phasic activity of 

midbrain dopamine (DA) neurons, and their striatal projection areas, encode the difference 

between expected and obtained rewards—so-called reward prediction errors—which drive 

learning and future approach or avoidance behavior (Schultz, 1998; Schultz et al., 1997).

Several recent studies have addressed how instructions and suggestions influence 

instrumental reward learning. These studies have shown that both correct and incorrect 

instructions or advice can bias people’s choice behavior towards the instructed best options 

(Biele et al., 2011; Doll et al., 2009). Neuroimaging studies have revealed that instructions 

also influence the brain systems underlying experience-based learning. One fMRI study 

found that the presence of explicit (correct) information about reinforcement probabilities 

during a probabilistic learning task was associated with reduced prediction-error signaling in 

the striatum, as well as reduced discrimination between win and loss outcomes in the 

vmPFC, ventral striatum, and hippocampus (Li et al., 2011). A similar blunting of outcome-

evoked responses in the vmPFC and ventral striatum has been found when participants were 

following advised choices, compared to when they did not follow instructed advice (Biele et 

al., 2011). A related study has shown that bad advice can diminish learning, especially if the 

advice is reinforced in a few initial trials (Staudinger and Büchel, 2013). Together, these 

results suggest that the presence of prior information—in the form of either experimental 

instructions or advice from others—suppresses the brain systems involved in stimulus 

evaluation and experience-based learning.
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In contrast to the suppressing effect of instructions on outcome-evoked activation in the 

vmPFC and ventral striatum, instructions about reinforcement probabilities were associated 

with increased activation to gains in the left dlPFC (Li et al., 2011). Moreover, the strength 

of this effect was functionally correlated with the suppression of value-sensitive (vmPFC 

and ventral striatum) activations by instructions, suggesting that the dlPFC may suppress the 

experience-based learning system when humans can rely on instructed information. In 

addition, in the advice-following study (Biele et al., 2011), activations to both gains and 

losses were stronger following advised than non-advised choices in a region comprising the 

septal area and left caudate head. Since the septal area has been linked to social behavior and 

trust (Harbaugh et al., 2007; Kirk et al., 2016; Krueger et al., 2007), this may reflect the 

reinforcing aspect of trusting others and following their advice.

Computationally, there are at least two different ways in which instructions could shape 

learning. First, instructions may increase the subjective value of outcomes from 

recommended (vs. non-recommended) choices, possibly because instruction following is 

intrinsically rewarding. That is, instruction following may boost the positive experience of 

subsequent rewards, whereas it reduces the impact of negative (e.g., loss or punishment) 

outcomes. These effects can be captured computationally by implementing an outcome 
bonus in reinforcement learning models, which augments the value of outcomes resulting 

from advised or instructed choices (Biele et al., 2009; Biele et al., 2011). The increased 

activation in the septal area/caudate head for outcomes following advised vs. non-advised 

choices possibly reflected such an outcome bonus signal (Biele et al., 2011).

Alternatively, instructions may influence the learning process itself, by modulating the 

impact that new outcomes have on preexisting beliefs. In reinforcement learning models, the 

degree to which beliefs are updated based on observed prediction errors is determined by the 

learning rate, such that higher learning rates result in stronger belief updating towards the 

most recent outcome. Instructions may bias learning by enhancing learning rates for 

instruction-confirming relative to instruction-disconfirming outcomes. It has been proposed 

that such a confirmation bias may result from the modification of striatal dopaminergic 

prediction-error signaling by instruction representations in the prefrontal cortex and 

hippocampus, in such a way that striatal responses to instruction-confirming outcomes are 

amplified whereas those to instruction-disconfirming outcomes are inhibited (Doll et al., 

2011; Doll et al., 2009). This top-down modulation of striatal reinforcement-learning 

mechanisms can cause learned value representations in the striatum to adhere to the 

instructed information, even when instructions do not affect outcome valuation. A possible 

psychological mechanism underlying the confirmation bias on learning rate involves the 

attribution of prediction errors: prediction errors that disconfirm instructions may not trigger 

belief updating (low learning rate) because they are attributed to coincidence (bad luck) or 

random fluctuations in outcomes that are not representative of the average situation. In 

contrast, observed outcomes that confirm instructions may enhance learning because they 

are attributed to the actual state of the world. Finally, note that although the outcome-bonus 

and confirmation-bias accounts differ conceptually, they are difficult to dissociate 

definitively as they make highly similar predictions about the effects of instructions on 

choice behavior and value representations over time.
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1.4.2. Instruction effects on aversive learning—Compared to reward learning, the 

mechanisms underlying aversive learning, and their modulation by instructions are less well 

understood. According to an influential theory, the dopamine system oppositely affects 

reward- and punishment-based learning through phasic increases (‘bursts’) and decreases 

(‘dips’) in DA release, respectively (Frank, 2005). Several studies using pharmacological 

manipulation of the dopamine system in healthy and Parkinson’s populations have supported 

this idea (e.g., Bödi et al., 2009; Cools et al., 2006; Cools et al., 2009; Frank et al., 2004; 

Palminteri et al., 2009), although other studies have found that rewards and punishments 

both elicit dopamine bursts (e.g., Brischoux et al., 2009; Horvitz, 2000; Jensen et al., 2007; 

Matsumoto and Hikosaka, 2009).

A recent fMRI study on pain-avoidance learning (Roy et al., 2014) suggests that learning 

from primary aversive outcomes may be subserved by a brain system that is largely separate 

from that involved in reward learning. In contrast to findings of reward-learning studies 

(Rutledge et al., 2010), this pain-avoidance learning study found no evidence for the 

encoding of pain prediction errors in the ventral striatum, but instead found robust aversive 

prediction error activation in the periaqueductal grey (PAG) (Roy et al., 2014), consistent 

with prior work in animals (Fendt and Fanselow, 1999; McNally et al., 2011). Thus, a key 

difference between reward and (primary aversive) punishment learning may be that 

prediction errors (the teaching signals) are represented in the ventral striatum vs. PAG, 

respectively. The vmPFC, on the other hand, seems to encode value in a universal way 

across the reward and punishment domains: vmPFC activation increases with increasing 

reward values and decreases with increasing punishment positive “better” outcomes and 

decreases with increasing punishment values (Kim et al., 2006; Roy et al., 2014).

As describe above, instructions modulate learning-related activation of the ventral striatum 

and vmPFC in non-aversive learning situations. In the aversive domain, the PAG seems to 

respond to instructions and suggestions as well. Roy et al. (2014, Exp. 3) further showed that 

the aversive prediction error response in the PAG was stronger in a placebo than in a control 

condition. Thus, there was a larger PAG response when cognitive expectations were violated, 

as participants expected less pain during placebo analgesia. Note that this effect is in the 

opposite direction of the (suppressing) effects of instructions on ventral striatal/vmPFC 

activation reported above.

Finally, a recent study examined instruction effects on fear conditioning (Atlas et al., 2016). 

Similar to the instructed reward-learning study reported above (Li et al., 2011), this study 

found that instructions about cue-pain associations activated the left dlPFC (Atlas et al., 

2016). In addition, striatal and OFC/vmPFC activation encoded the instructed value of 

predictive cues, and correlated with instruction-related activation in dlPFC. In contrast, 

amygdala responses were insensitive to instructions and were based on experienced cue-

outcome associations alone (Atlas et al., 2016).

In sum, instructions seem to modify prediction-error encoding teaching signals in the ventral 

striatum and PAG in various ways. Reward prediction errors can be blunted by instructions 

and advice (Biele et al., 2011; Li et al., 2011), whereas aversive PEs may be enhanced by 

placebo-induced low pain expectations (Roy et al., 2014). Amygdala signals may be less 
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sensitive to instructions, and hence may be part of a “slower” (model-free) learning system 

(Atlas et al., 2016). Together, these studies suggest that instructions and social suggestion 

can impact not only immediate experience of rewards or punishments, but also learning 

about those experiences. Initial evidence points at an important role of the dlPFC in 

instruction effects on learning, by modulating or suppressing reinforcement signaling (Atlas 

et al., 2016; Doll et al., 2011; Li et al., 2011). Future studies should elicit interactions 

between instructions and associative learning in more detail in order to identify 

commonalities and differences between aversive and appetitive domains.

2. Discussion

Above, we have illustrated how different types of socially transmitted, conceptual 

information can have powerful effects on affective experience, across different types of 

evaluative processes, emotions, and pain.

On the one hand, there are substantial differences in the types of experimental paradigms 

used, and how information is transmitted to participants across paradigms. For instance, 

social observational learning can be seen as much less abstract and as more grounded in 

experiential learning than instruction effects. Further, while hypnosis and placebo both 

influence emotional experiences via suggestions and may share some common 

characteristics (Raz, 2007), they also differ: Placebo typically involves some kind of 

deception, whereas hypnosis is based on suggestion of altered experiences without implying 

changes in the actual physical environment (Lynn et al., 2008).

On the other hand, the literature reviewed above also reveals some interesting parallels in the 

psychological and neurophysiological pathways underlying different types of suggestions. 

Together, the studies point to two broad conclusions. First, influences of social observation, 

instructions, and suggestions do not only induce superficial changes in reporting or 

compliance. Instead, these processes seem to change affect-related physiological responses, 

learning about aversive and appetitive events, and activity in associated brain areas. 

Prominent among these are the ventral striatum and vmPFC, amygdala, AI, and ACC. 

Second, these changes seem to be paralleled by increased activity in several other areas, 

most prominently the dlPFC and the vmPFC. As illustrated in Fig. 1, the dlPFC in particular 

shows increased activations for instruction versus no instruction, placebo versus control, 

social influence versus no social influence, and similar contrasts. It is also significantly 

activated in an automated Neurosynth meta-analysis (Yarkoni et al., 2011) on the term 

“instructions” (see Fig. 1A). In the following, we will discuss two neurocognitive processes, 

which may be associated with these brain imaging findings, namely changes in expectations 

and in affective appraisal. These processes are not mutually exclusive mechanisms, but 

complement and interact with each other.

2.1. Changes in expectations

One mechanism through which socially transmitted information can alter cognitive and 

affective processing is by changing expectations, i.e. representations of likely future external 

and internal states. Expectations are often driven by previous experiences, including social 

observational learning. For example, observing someone else showing painful expression 
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while getting a flu shot might change the expectations regarding one’s own next vaccination. 

In social influence and conformity effects on affective processing, expectations might be 

formed based on what is perceived as the social norm. In line with this idea, self-reported 

expectations about upcoming pain intensity have been shown to mediate social influence 

effects on pain reports and physiology (Koban and Wager, 2016). Further, expectations have 

an important role in instruction and suggestion effects. They are important mediators of 

placebo and nocebo effects (Büchel et al., 2014; Geers et al., 2005; Kirsch, 2004; Petrovic et 

al., 2005; Tracey, 2010; Wager et al., 2007) and may determine the efficacy of hypnotic 

suggestion as well (e.g., Kirsch, 1985).

Once induced, expectations are powerful in shaping perception and cognition (Kirsch, 

1985). One possible implementation on the neuronal or algorithmic level could be via 

hierarchical Bayesian decision making as put forward in predictive coding theories. These 

theories assume that the neural processing of sensory input is a combination of top-down 

sensory predictions and prediction errors—or in other words, a combination of top-down 

expectation and sensory bottom-up input (Bar, 2009; Friston, 2010; Summerfield and Egner, 

2009). The top-down predictions are thought to be generated by an internal model of the 

world optimized by the statistics of natural stimuli. In a noisy sensory environment, these 

internal predictions help the brain to form efficient and robust representations of the world 

and incoming stimuli. By including socially transmitted information from conspecifics, 

these predictions can be optimized. This framework assumes descending effects of 

expectations across all processing hierarchies and distributed across brain areas, depending 

partially on the sensory or cognitive modality involved (Büchel et al., 2014; Den Ouden et 

al., 2012; Friston, 2010).

Complementing this distributed implementation of predictive coding, more explicit and 

consciously accessible expectations (compared to no expectations), have been shown to 

increase activation and functional connectivity of the medial PFC (Bar, 2007; Summerfield 

et al., 2006) and the dlPFC (Rachnev, 2013}—which may bias ascending connections via 

feedback projections (e.g., Rahnev et al., 2011; Summerfield et al., 2006). Other potentially 

important regions for generating expectations include the medial temporal lobe, especially 

hippocampus and parahippocampal areas, which are crucial not only for retrospective 

memory but also for predictions about the future (Schacter and Addis, 2007). Hence, these 

regions may also be involved in mediating expectations effects on pain and emotion induced 

by learning, instructions, and social information.

2.2. Changes in appraisals and meaning

A second mechanism through which instructions and social information can modulate 

affective experience, is by changing affective appraisal. Rather than changes in the sensation 

of the stimulus itself, changes in conscious and unconscious cognitive evaluations regarding 

the stimulus can alter the emotional meaning of the event (Ellsworth and Scherer, 2003; 

Scherer, 2005). For example, placebo treatments may alter the experience of a painful event 

not only by changing expectations, but also by changing the meaning of the pain, for 

instance by making the person feel less anxious about the pain and more in control. 

Similarly, observational learning and social influence might induce powerful changes in 
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appraisals. According to social appraisal theory, emotions rarely happen in a social vacuum. 

Instead, events are appraised as a function of others’ emotional reactions to it (Fischer et al., 

2003)—for example, we might find a joke more funny when others are laughing too. Thus, 

social appraisals might be a key mechanism of how the opinions and feelings of others, 

especially socially desirable and close others, shape our own emotional states (Willroth et 

al., in press).

Changes in appraisal are likely reflected in a variety of brain regions, depending on what 

appraisal processes are involved (Brosch and Sander, 2013; Sander et al., 2005). Yet, 

different appraisal processes might converge in areas associated with the generation of 

affective meaning, especially the vmPFC (Roy et al., 2012). Integrating information from 

different cortical and subcortical areas, this hub is well positioned to in turn influence 

processing in descending brain stem systems as well as cortical regions involved in the 

processing of affective information (Roy et al., 2012).

2.3. A tentative model of how instructions change affective experience

How does the brain transform instructions and social information into changes in affective 

states? And how can top-down information alter the processing of bottom-up nociceptive or 

sensory input? In the following, we outline a tentative model of the underlying cognitive and 

neurophysiological processes (see Figure 2).

An affective or nociceptive stimulus, such as having a fresh cut in the feet, will activate 

nociceptive pathways and cause the experience of pain. At the same time, social information 

and instructions may be transmitted in different modalities, e.g. using spoken or written 

language, signs, or observation of others. Depending on the modality, the context, and the 

agent of the instruction, this information may be processed by a combination of language 

processing and semantic association areas, in concert with brain areas involved in social 

cognition and mentalizing. For example, when treating the painful wound on the foot, a 

doctor might administer a painkiller with the verbal instruction that this will alleviate the 

pain very soon.

We argue that this social suggestion leads to a representation of the instructed state in dlPFC 

(see Fig. 2), and potentially in functionally tightly coupled parietal regions. With instructed 
state representation, we mean the representation of the internal and external environment, as 
if the instruction was true. In other words, the instructed state representation is a prediction 

about one’s experiences given the instruction. For instance, during placebo treatment, this 

representation might reflect an abstract and multi-dimensional prediction of “I will feel 

better soon”. In line with its broader role in cognitive control for top-down attention 

selection and strengthening task-relevant features and processing (Banich, 2009; Botvinick 

et al., 2001; Miller and Cohen, 2001), dlPFC may use this instructed state representation to 

bias processing across the whole brain to “match” this prediction. This top-down biasing 

may involve up- and down-regulation of different aspects of stimulus processing and 

affective appraisal processes across the brain. For instance, in order to match the instructed 

state during placebo analgesia, dlPFC might down-regulate attention to nociceptive 

processes in pain-related brain areas and increase appraisals of safety and control, thereby 
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changing the meaning or the valuation of the pain, in affective-meaning related areas, 

especially the vmPFC.

We propose that the vmPFC (see Fig. 2) has another key role in instruction-driven changes 

in affect, namely linking affective events to contextual and semantic proceses 

(Constantinescu et al., 2016; Roy et al., 2012). This region is also important in value (Daw et 

al., 2006; Rushworth et al., 2011), internal thought (Andrews-Hanna, 2012; Andrews-Hanna 

et al., 2014), representation of state space (Schuck et al., 2016), and self-related processing 

(Jenkins and Mitchell, 2011; Kelley et al., 2002). Thus, we speculate that it might be crucial 

to translate more abstract instructed state representations into a self-referential space of 

expectations and conceptual meaning. The vmPFC may also be important for linking those 

expectations to changes in descending autonomic and physiological systems (Bingel et al., 

2006; Geuter et al., in press; Roy et al., 2012).

Finally, the dACC and AI seem to play an important role in instruction-based changes in 

affect and pain. These regions are associated with many diverse functions associated to 

alerting and switching, including conflict and error detection (Botvinick et al., 2001; 

Holroyd and Coles, 2002) and the value of decision and control processes (Kolling et al., 

2016; Shenhav et al., 2013). In line with other recent findings of cognitive dissonance (Van 

Veen et al., 2009), social prediction error (Apps et al., 2016; Behrens et al., 2008; Klucharev 

et al., 2009), and social conflict processing (Koban et al., 2014), we speculate that dACC 

and AI may also detect mismatch between instructed state, self-referential state, and bottom-

up sensory or nociceptive input, and thereby trigger adjustments in top-down control (in 

dlPFC, see Fig. 2) (Botvinick et al., 2001; in context of placebo effects, see Koban et al., 

2012; Shenhav et al., 2013).

In sum, social observation, instructions, and other related types of social suggestion may 

evoke their powerful influences on emotional experience and behavior by harnessing top-

down attentional biasing systems, to transform expectations into changes in emotional 

appraisal and meaning. This account is consistent with recent proposals of emotional and 

interoceptive experiences as a constructive process that is biased on prior expectations and 

beliefs (e.g., Barrett and Simmons, 2015). It is also in line with views that propose that 

social information and instruction is crucial for top-down control of experience and behavior 

(Roepstorff and Frith, 2004) and for the development of executive functions (e.g., 

Monfardini et al., 2016; Yu and Smith, 2016). While we acknowledge that different forms of 

social information and instructions reviewed here (especially social observational learning 

and hypnosis) will have slightly different underlying neurophysiological mechanisms and 

influence instructed state representation in prefrontal areas by different means, we hope that 

some of the ideas outlined in this model can be used to further develop our understanding of 

social instructions and suggestions more broadly.

3. Conclusions and future directions

Social instructions and suggestions, in various forms ranging from social observation, peer 

influence, to hypnosis and placebo, can have profound influences on the experience of 

emotion and pain, on appetitive and aversive learning, and their neurophysiological 
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correlates. While these phenomena differ from each other in some aspects, they also share 

common features and may rely on partially overlapping cognitive processes and brain 

mechanisms. We propose that changes in expectations and in affective appraisals are two key 

mechanisms by which instructions and suggestions alter affective experience and we suggest 

a tentative model of how those changes might be implemented in functional brain circuits.

More work is needed to test and further characterize these mechanisms, and to identify 

commonalities and differences between different types of socially learned and instructed 

emotion and pain modulation. Here, we suggest several important directions for future 

research. First, behavioral and brain imaging studies should systematically compare different 

types of social information and contextual regulatory effects. For example, studies could 

directly compare hypnosis, placebo effects, observational learning and/or social information 

effects in the same subjects. Future studies could also investigate transfer and interactions 

between those different types of effects, and between different affective target states (see 

e.g., Rütgen et al., 2015). Another important aspect of comparison across modulatory effects 

will be to test similarity of brain pathways using fine-grained brain imaging methods such as 

multivariate pattern analysis (MVPA) and connectivity analyses.

Second, more experimental studies are needed to test the hypothesis that changes in 

expectations and appraisals are key mechanisms across diverse instruction and social 

information effects and to identify the brain correlates of these crucial processes. This could 

be assessed by studies that use self-reported or behaviorally revealed expectations as 

mediators, and by studies that identify physiological and neural markers of expectations and 

appraisals, particularly using MVPA. Creative and novel approaches are needed to 

characterize the representation of conceptual processing (c.f., Constantinescu et al., 2016) 

and of specific expectations and appraisals in prefrontal brain regions, such as dlPFC and 

vmPFC. Once such neurophysiological markers of conceptual processes and state 

representations are identified, future work could test how they are modulated by social 

information and in turn influence the experience and neurophysiological processing of 

emotion and pain.

Third, large-scale studies could address the open question of individual differences in 

different types of instruction and social learning effects. What neurophysiological, 

personality, or situational factors (or interactions between them; Koban et al., 2013) make 

individuals susceptible to social instruction effects? Are those the same across different 

types of social instructions, observational learning, and other socially transmitted 

expectations? Relatedly, future studies could investigate how instruction and social 

information effects develop over the lifespan, how they interact with psychopathology, and 

how they could be harnessed in the prevention and treatment of mental health problems 

(e.g., placebo and hypnosis).

Finally, more work is needed to fully understand how instructions and social information 

interact with experience-based, bottom-up learning, especially in the aversive domain (Atlas 

et al., 2016; Roy et al., 2014). Such studies may also test the boundary conditions of social 

information effects, i.e. in what cases instructed information does not have an effect or may 
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even lead to contrast effects (that are in the opposite direction of the instructed information, 

Crombez and Wiech, 2011).
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Highlights

• Instructions and social information have powerful effects on emotion and pain

• Physiological and brain responses mirror experienced and behavioral effects

• Changes in expectations and appraisal are key mediators of instruction effects

• Prefrontal systems may bias affective processing based on instructions
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Figure 1. Brain correlates of instructions and the dlPFC
A) An automated large-scale meta-analysis (NeuroSynth, Yarkoni et al., 2011) on the term 

“instructions” (FDR-corrected P < 0.01) shows significant activity in several regions 

discussed in this review, including the dACC, AI, and dlPFC. B) Example studies of 

instruction and suggestion effects across different experimental paradigms and functional 

domains, highlighting an important role for dlPFC in instruction-related changes in affective 

processing.
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Figure 2. A tentative model of key regions mediating instruction-related changes in affective 
processing
In this model, dlPFC represent the instructed state— a prediction of the organism’s state 

given the instructions. This instructed state representation could influence activity across the 

whole brain by top-down biasing affective processing in line with the instructed state. 

vmPFC integrates the input from dlPFC with ongoing conceptual and appraisal processes, 

thereby generating affective meaning in a self-referential conceptual space. 

Multidimensional predictions from vmPFC are transmitted to brainstem systems in order to 

regulate physiological responses, nociception, and arousal. dACC and AI are involved in 

detecting mismatch between social information and experienced affective state, thereby 

signalling need for enhanced control to dlPFC.
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