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ABSTRACT OF THE DISSERTATION 

 

Arousal and Associative Processes in Reinstatement of Fear 

 

by 

 

Daniel Erik Glenn 

Doctor of Philosophy in Psychology  
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Professor Michelle G. Craske, Chair 

 

This dissertation is a two-paper investigation of the basic associative and arousal-based 

processes involved in reinstatement of conditional fear. Clarifying the factors involved in 

reinstatement of fear—a behavioral phenomenon in which the experience of an aversive event 

following fear extinction produces a return of fear—provides a better understanding of the 

factors that contribute to the waxing and waning of untreated fear and the return of fear 

following exposure treatment. Shedding light on the processes involved in reinstatement of fear 

will contribute to the development of science-based interventions that offset return of fear 

following fear extinction and improve long term outcomes from exposure therapies for phobias 

and anxiety disorders. 

Study 1 compared the effects of physical pain versus social pain as a reinstating US on 

reinstatement of conditioned fear, and compared standard reinstatement (same acquisition and 

reinstatement US) with cross-US reinstatement (different acquisition and reinstatement US). 

Results indicated that in standard reinstatement procedures social pain produced differential 
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reinstatement of conditional responding, while physical pain produced non-differential 

reinstatement (i.e., sensitization) in standard and cross-US reinstatement procedures. 

Study 2 aimed to replicate the findings from Study 1, and investigated the role of CS+ 

belongingness on reinstating of fear. Combining data from both studies, the hypothesis was 

tested that greater physiological arousal experienced during the reinstatement would predict 

greater post-reinstatement return of conditional responding. Results replicated Study 1 findings, 

and found that CS+ belongingness may promote differential return of conditional responding in 

both standard and cross-US reinstatement. Additionally, findings indicated that higher arousal 

experienced during reinstatement predicts greater non-differential reinstatement, while 

concordance between arousal experienced during acquisition and reinstatement does not.  

In sum, these studies indicate that both social pain and physical pain can reinstate 

extinguished fear. Social pain promoted differential return of conditional responding (in standard 

reinstatement) while physical pain elicited a non-differential increase in responding in both 

standard and cross-US reinstatement. Unforeseen methodological issues may have muddled the 

findings regarding cross-US reinstatement with qualitatively distinct USs, while providing 

tentative evidence that individuals under chronic stress might be at elevated risk of an acute 

stressor triggering a return of fear generalized beyond the original feared stimulus.  
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INTRODUCTION 

Anxiety disorders represent the most common category of psychopathology, estimated to 

affect roughly 20% of individuals (Pine & Klein, 2008). While there has been significant 

progress towards understanding the etiology of anxiety (Mineka & Zinbarg, 2006) and 

demonstrating the efficacy of exposure based treatments for anxiety disorders (e.g., Norton & 

Price, 2007; Tolin, 2010), many patients who experience a substantial reduction in fear during 

treatment subsequently experience a return of fear (Craske & Mystkowski, 2006; Craske & 

Rachman, 1987; Rachman, 1989; Rose & McGlynn, 1997). Factors that contribute to the post-

treatment return of fear represent significant limitations to the effectiveness of exposure therapy 

for anxiety disorders and phobias. The broad goal of this research was to clarify the basic 

associative and arousal-based processes involved in reinstatement of fear in order to provide a 

better understanding of the factors that may contribute to return of fear following successful 

exposure treatment of anxiety disorders and phobias. Clarifying the processes involved in fear 

reinstatement represents the translation of basic scientific phenomena into valuable clinical 

application which may inform more effective and robust interventions and improve etiological 

understanding of anxiety. 

Acquisition of fear 

Pavlovian learning is believed to contribute to the acquisition of emotional fear 

responses, a core element of anxiety disorders (e.g., Bouton, Mineka, & Barlow, 2001; Mineka 

& Zinbarg, 2006). In Pavlovian fear learning, an initially neutral conditional stimulus (CS) does 

not elicit a fear response when presented alone. During acquisition of fear, the CS is paired with 

an unconditional stimulus (US), an aversive stimulus that naturally elicits an unlearned response, 

called the unconditioned response (UR). By pairing the CS with the US, the CS comes to predict 
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the US and therefore elicits a conditional response (CR), even when the CS is subsequently 

encountered in the absence of the US. In anxiety disorders, this conditioned relationship is often 

the result of a traumatic or highly aversive event through which a formerly neutral object or 

situation becomes associated with the unpleasant US. For example, a person may initially have 

no fear of a dog (CS), but after experiencing a dog bite (US) which naturally causes intense pain 

and physiological arousal (UR), the person subsequently experiences a fear response (CR) when 

encountering a dog. Through Pavlovian acquisition of fear, an excitatory association is learned 

between CS and US such that the CS predicts the onset of the US. Pavlovian primary 

conditioning serves as the basis for secondary conditioning (higher-order conditioning), which 

serves as the basis for the complex cognitive processes of fear-based psychopathologies 

(Blaisdell, 2009).  

Extinction and the return of fear 

Pavlovian extinction of fear is the process of extinguishing conditioned fear through 

repeated exposure to the CS in the absence of the US, which diminishes the CR (for review see 

Hermans et al., 2006). Many regard the extinction of conditioned fear as a laboratory analogue 

for exposure therapy for human fear and anxiety (Craske & Myskowski, 2006; Hermans et al., 

2006). For example, after being bitten by a dog and acquiring a fear of dogs, repeatedly 

encountering dogs without being bitten will likely lead to an extinguished fear response to dogs. 

Although there is a small amount of evidence that extinction trials which are conducted 

immediately following acquisition may lead to unlearning of the CS-US relationship, (Myers et 

al., 2006), the overwhelming majority of research indicates that the excitatory relationship 

between CS and US learned during acquisition of fear is not forgotten or unlearned as a result of 

extinction that is conducted after fear acquisition (Bouton, 1993; Bouton & King 1983). Instead, 
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there is substantial evidence that during extinction a new inhibitory association is learned 

between CS and US, such that the CS is no longer predictive of the US. Following extinction, the 

CS has acquired an ambiguous relationship with the US; an excitatory CS-US association 

competes with an inhibitory CS-no US association.  

Though the inhibitory CS-no US relationship appears to be more readily retrievable 

immediately following extinction as indicated by the diminished CR, numerous behavioral 

phenomena may contribute to the return of fear to the CS following extinction (e.g., Bouton et 

al., 2001; Hermans et al., 2006). The passage of time following extinction may result in the 

spontaneous recovery of the fearful CR (Baum, 1988). Contextual renewal of fear occurs when 

the extinguished CS is encountered in a different context from the extinction context (e.g., 

Bouton, 1993). Rapid reacquisition of fear following extinction occurs from additional pairings 

of the CS with the US (Kehoe & Macrae, 1997). Reinstatement of fear is a behavioral 

phenomenon in which the presentation of a US alone following extinction produces a subsequent 

return of the CR (e.g., Pavlov, 1927; Rescora & Heth, 1975). 

Clinical relevance and understanding of fear reinstatement 

Of the different behavioral phenomena that contribute to the return of fear following 

extinction, reinstatement may be of particular clinical relevance to the natural remission of, and 

the exposure treatment for, fears and phobias (Jacobs & Nadel, 1985). It is a truism that 

encountering some level of unpredictable life stress is inevitable, and such aversive experiences 

may serve as unsignaled USs which reinstate previously extinguished fear (Rachman, 1989), 

contributing to the chronic waxing and waning of untreated anxiety and to the return of fear 

following exposure therapy. Clinical research indicates that interpersonal stress during treatment 

for anxiety disorders may contribute to poorer treatment outcomes (Steketee et al., 2007), and 
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several studies (Steketee, 1993; Wade et al., 1993) and individual case examples (i.e. Rachman, 

1979) suggest that the occurrence of stressful events post-treatment is associated with greater 

return of fear.  

Reinstatement of an extinguished CR has been demonstrated experimentally with 

appetitive conditioning (Bouton & Peck, 1989) as well as with conditioned taste aversion 

(Schachtman, Brown, & Miller, 1985), though most research has been conducted on 

reinstatement of conditioned fear. Though fear reinstatement has been well demonstrated in 

animal (Bouton & Bolles 1979; Delamater 1997; Rescorla & Heth 1975) and human laboratory 

studies (Dirikx et al., 2004; Dirikx et al., 2007; Hermans et al., 2005; Neumann, 2008; Sokol & 

Lovibond, 2012), there is a dearth of clinical research on reinstatement (Boschen et al., 2009). 

One of the only experimental clinical studies conducted failed to demonstrate reinstatement of 

fear following treatment (Rachman & Whittal, 1989). After patients completed exposure therapy 

treatment for snake and spider phobias, they were presented with unpaired USs (electrical 

shocks) prior to being exposed again to their phobic stimuli. No reinstatement of fear was 

observed after US presentation, perhaps because the reinstating US (shock) differed from the 

original US experienced during fear acquisition.  

The qualities of a US that are necessary to produce reinstatement remain unknown. There 

is ample experimental laboratory evidence demonstrating that unpaired USs contribute to 

reinstatement of an extinguished fear response, as well as clinical evidence and observation that 

stressful events often lead to a return of fear, but it remains unclear which kind of stressors are 

capable of reinstating fear, and why. For example, it is unclear if a successfully treated phobia of 

dogs would have a similar return of fear after being bitten by a cat, involved in an automobile 

accident, or socially humiliated.  
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Reinstatement: Associative process?  

One explanation of reinstatement proposes that the return of the CR to the extinguished 

CS is mediated by associative processes involving excitatory context conditioning (Bouton et al., 

2006). This theory contends that reinstatement relies on excitatory contextual conditioning, and 

that the return of the CR occurs only if the reinstating US is presented in the same context as the 

retest context (Bouton, 1984; Bouton & King, 1983; Frohardt et al., 2000, Wilson et al., 1995). 

Unpaired US presentations elicit contextual conditioning (e.g., Fanselow, 1980; Rescorla & 

Wagner, 1972; Vansteenwegen et al., 2008), so it is proposed that an excitatory association is 

learned between the US and context during reinstatement. According to this associative account, 

following reinstatement the excitatory reinstating context activates a mental representation of the 

US, so subsequently encountering the CS in this context reinstates the original CS-US 

association, causing a return of the CR (Bouton et al., 2006). For example, after extinguishing a 

fear of dogs, being bitten by a cat in a particular context should lead to associating that context 

with being bitten, so the next time a dog is encountered in this context (which now brings to 

mind the experience of being bitten) there will be a return of fear to the dog. An associative 

account of reinstatement suggests that only a US that is similar to the original US should 

reinstate CR to the CS. For example, an extinguished fear of dogs should likely be reinstated 

after being bitten by a cat but not after being socially humiliated.  

Reinstatement: Arousal-based process?  

 There are several alternative accounts of arousal-based processes driving reinstatement. 

One arousal-based model of reinstatement comes from the drug-relapse literature (Stewart, 2000, 

2008). There are clear differences between the motivational processes involved in drug-related 

behavior and fear-learning, most basically perhaps the appetitive versus aversive nature of the 
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USs involved. However, there are important similarities as well, including acquisition, extinction 

and post-extinction return of strong affective responses to CSs. An extensive body of clinical and 

experimental research demonstrates that following extinction of drug-craving and drug-seeking 

behavior, the experience of a discrete stressor will reinstate drug-seeking behavior (for review 

see Stewart, 2000 and 2008). For example, in rats trained to self-administer an addictive drug 

and then given extinction training, being exposed to unpredicted foot-shocks leads to 

reinstatement of drug-seeking behavior (e.g., Shaham, Erb & Stewart 2000). Stewart argues that 

discrete stressors induce reinstatement of drug-craving by renewing the salience of drug-related 

cues and stimuli, a process mediated by neural activity of corticotropin-releasing factor (CRF) 

and noradrenaline. The implications of these findings on reinstatement drug-seeking behavior for 

reinstatement of fear are that stressful experiences may reinstate fear by renewing the salience of 

fear-related stimuli, a process which may be driven by physiological arousal and neuroendocrine 

activity. One additional, potentially relevant finding regarding reinstatement of drug-seeking 

behavior is that certain distinctly different types of stressors (discrete foot-shock, food 

deprivation, CRF injection) produce similar reinstatement (Shaham et al., 2000). The implication 

of this finding is that distinctly different types of USs may be capable of reinstating fear if they 

produce sufficiently high arousal and neuroendocrine response. In contrast to the associative 

model of reinstatement, this non-specific arousal-based account of reinstatement stemming from 

the drug-relapse literature suggests that any unpaired US that produces a UR consisting of 

sufficient arousal and neuroendocrine response should be adequate to reinstate the CR. For 

example, an extinguished fear of dogs (originally acquired following a dog bite) should be 

reinstated by any stressor that produces a high level of arousal.  

Other theories of reinstatement suggests that the physiological arousal produced by 
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unpaired US presentations reinstates the fearful CR to the CS by acting as a reminder of the 

internal state of arousal experienced during fear acquisition (Hourutunian & Riccio, 1979; 

Hermans et al., 2005; Jacobs & Nadel, 1985). Acute stressors (such as unpredictable USs) 

typically produce heightened autonomic activity, including increased heart rate and blood 

pressure, as well as neuroendocrine activity (elevations in “stress hormones” such as cortisol, 

epinephrine, and norepinephrine; Johnson et al., 1992). Neuroendocrine responses to stressors 

may vary significantly based on subjective perceptions (Biondi & Picardi, 1999), allowing for a 

wide range of physiological arousal in response to stress. This similar-arousal-based theory of 

fear reinstatement contends that a stressor eliciting physiological arousal similar to the arousal 

experienced during fear acquisition should act as a reminder of the internal state experienced 

during fear acquisition, thereby serving as an internal retrieval cue of the excitatory CS-US 

association (Hourutunian & Riccio, 1979; Jacobs & Nadel, 1985).  

 In one study, immature rats (21 days old) completed a discriminative fear conditioning 

procedure (shock paired with one compartment of a shuttle box, no shock paired with the other 

compartment of the shuttle box), completed a reinstatement procedure one week later, and then 

one week later completed a passive place avoidance test as a measure of fear (Hourutunian & 

Riccio, 1979). Reinstatement of fear was achieved by simultaneous exposure to the feared CS 

along with administration of adrenocorticotropic hormone (ACTH; a stress hormone released as 

part of the hypothalamic-pituitary-adrenal axis, administered via injections at levels equivalent to 

those that rats release in response to shock), but no reinstatement occurred from simultaneous 

fear cue exposure along with amphetamine or strychnine administration (stimulants of the central 

nervous system). In a similar study, exposure to a fear cue and administration of epinephrine (a 

catecholamine stress hormone) reinstated a fear CR (Hourutunian & Riccio, 1977). These 
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findings did not examine reinstatement of extinguished fear (no extinction trials were conducted, 

though immature rats demonstrate rapid memory loss of initial fear acquisition), and the 

procedures used a CS in addition to induced arousal as the reinstating stimuli rather than using an 

unlearned US. Nevertheless, they suggest that in order for arousal to reinstate conditioned fear, 

neuroendocrine activity during reinstatement must be similar to neuroendocrine activity 

experienced during original fear acquisition. 

It has been posited that fear is a combination of high arousal and negative valence (Lang 

et al., 1990). During acquisition of fear the CS comes to have a predictive association with the 

US, and elicits arousal as well as negative valence (Baeyens et al., 1988; Hermans et al., 2002). 

While extinction is effective at reducing the excitatory predictive value of the CS and arousal in 

response to the CS, the negative valence of the CS often survives extinction (De Houwer et al. 

2001). A recent account of fear reinstatement contends that the presentation of reinstating 

unpaired USs leads to the context eliciting high arousal (excitatory context conditioning during 

reinstatement; Bouton, 1991). When an extinguished CS is encountered following reinstatement, 

the return of the fearful CR may result from residual negative valence (from the extinguished 

CS) being recombined with arousal (from the now excitatory context) (Hermans et al., 2005). 

Several studies have replicated the finding that following extinction higher residual negative 

valence of a CS, though not fear or US-expectancy ratings, predicts greater return of fear 

following reinstatement (Dirikx et al., 2004; Dirikx et al., 2007; Hermans et al., 2005). However, 

these studies have not specifically measured the role of arousal in reinstatement.  

Hourutunian and Riccio’s findings (1977, 1979) suggest that in order for arousal to 

reinstate fear it must be sufficiently similar to the arousal experienced during acquisition. Thus, 

not every stressful or arousal experience would be expected to reinstate fear. For example, 
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interpersonal stress and physical exercise both produce high levels of arousal, but each elicits 

distinct patterns of physiological changes (e.g., Dimsdale & Moss, 1980), and interpersonal 

stress is believed to be capable of reinstating fear while physical exercise is not (Steketee, 1993). 

In contrast to the associative model of reinstatement and the non-specific arousal-based account 

of reinstatement, this similar-arousal-based account of fear reinstatement suggests that any 

unpaired US that produces a UR adequately similar to the internal state of arousal experienced 

during initial US-CS pairings should be sufficient to reinstate the CR. For example, an 

extinguished fear of dogs (originally acquired following a dog bite) should be reinstated by any 

stressor that produces similar physiological arousal to the arousal experienced following the 

initial dog bite.  

Review of research about which types of USs produce reinstatement  

In animal research, one study found that cross-US reinstatement (using different 

acquisition and reinstatement USs) produced a return of fear following presentation of either 

shock or loud noise (Rescorla and Heth, 1975). Recent research has demonstrated successful 

cross-US reinstatement of fear in humans with shock and loud noise as the two USs (Sokol & 

Lovibond, 2012). However, an appetitive conditioning study with rats found that presentation of 

a different appetitive US (pellet or sucrose) from the US used to train bar-pressing response to a 

CS was insufficient to produce reinstatement of responding (Delamater, 1997). Aside from one 

study where no reinstatement effects were observed in a clinical sample (Rachman & Whittal, 

1989) clinical evidence is qualitative only, without any direct experimental evaluation. 

Specifically, clinical research suggests that various forms of life-stress may contribute to the 

onset of anxiety disorders (Blazer et al., 1987; Brook & Schmidt, 2008; Gothelf et al., 2004; 

Klauke et al., 2010), and that interpersonal stress during treatment may contribute to poorer 
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treatment outcomes for anxiety disorders (Steketee et al., 2007). Several studies (Steketee, 1993; 

Wade et al., 1993). Individual case examples (i.e. Rachman, 1979) suggest that the occurrence of 

stressful events post-treatment is associated with greater return of fear, but there is a lack of well-

controlled research in general, let alone research on which types of events reinstate which types 

of fear, and through which processes they do so.  

Predictions of associative, non-specific arousal, and similar arousal-based theories of 

reinstatement 

Associative accounts of reinstatement suggest that only a US that is similar to the original 

US should reinstate the CR to the CS. In contrast to associative models of reinstatement, arousal-

based accounts of reinstatement suggest that reinstatement of the CR depends on the internal 

state of arousal experienced during reinstatement. A non-specific-arousal based account of 

reinstatement (based on extensive drug-relapse research) suggests that any unpaired US that 

produces a UR consisting of a sufficiently large increase in arousal and neuroendocrine response 

should reinstate the CR. Similar-arousal-based accounts of fear reinstatement suggest that 

reinstatement depends on an unpaired US producing a UR that is similar to the internal state of 

arousal experienced during initial US-CS pairings. 

Both associative (i.e. Bouton et al., 2006) and arousal-based accounts (Hermans et al., 

2005) suggest that in order for reinstatement to occur, the unpredictable US must encountered in 

the test context or return of fear to the CS will not occur. The role of contextual learning in 

reinstatement is an important issue, but it was not the focus of this research. As described later, 

both studies utilized the same experimental context during all experimental procedures.  

Associative learning theories relevant to qualitatively different USs in reinstatement 

 One useful approach to considering the distinctly different predictions made regarding 
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the effects of associative and arousal-based factors on reinstatement of fear may be to look more 

broadly to prominent theories of associative learning. In recent years, the most commonly 

utilized associative learning theory in human fear conditioning research has been the Rescorla-

Wagner (R-W) model (Rescorla & Wagner, 1972) which has been used to generate a plethora of 

valuable predictions relevant to acquisition and extinction of fear, as well as associative learning 

process more broadly (for review see Miller et al., 1995). R-W has been applied to understanding 

the role of context conditioning in reinstatement (i.e., Bouton & Bolles, 1979), but overall as a 

model R-W has been less successful in dealing with return of fear phenomena following 

extinction, including reinstatement (for review see Miller et al., 1995). The primary problem 

with R-W in terms of return of fear phenomena the model’s assumption that following extinction 

the associative value of the CS has been erased. Moreover, in regards to the current research it is 

unclear how R-W would be useful in making predictions about the effect of qualitatively distinct 

aversive USs in reinstatement.  

 One associative learning theory that might prove useful for considering the current 

research question is the Affective Extension of the Sometimes-Opponent Process (AESOP) 

theory (Wagner & Brandon, 1989). In order to apply the model to the current research a brief 

overview will be provided, but for a more detailed explanation see Wagner and Brandon (1989). 

The AESOP model assumes that stimulus presentation (CS or US) elicits representational nodes 

which at any time can be in one of three states of attention: A1 (primary focus of attention), A2 

(periphery of attention), and I (inactive/long-term memory). When a stimulus is first encountered 

it enters into the A1 state, then over time decays into the A2 state (based on a time-dependent 

decay parameter, which varies by stimulus), and then into the I state (based on a time-dependent 

decay parameter). A node in A2 cannot directly move into A1, but rather must decay into the I 
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state before entering A1. In this model excitatory and inhibitory learning between stimuli occurs 

based on the states elements of different stimuli co-occur in: elements which co-occur both in A1 

or both in A2 will develop excitatory associations, while elements which co-occur in different 

states (one in A1 and another in A2) will develop inhibitory associations. Once an excitatory 

association has been formed between stimuli, presentation of one stimulus will bring the other 

stimulus into the A2 state.  

The key addition to the AESOP model building on the previously posited Sometimes-

Opponent Process model (SOP) is that stimuli have both sensory and emotional elements that 

each proceed through the A1-A2-I stages, and that emotional elements are likely to have a slower 

decay rate than sensory elements. Before conditioning a CS is assumed to elicit a very weak 

emotional node, so emotional activity is generally ignored for CSs before learning, although 

following associative learning a CS+ may elicit emotional responding by activating the A2 

emotional state of the US. The emotional responses in the A1 and A2 states may be identical, 

similar, or distinctly different, a parameter which varies by stimulus.  

 The basic assumption of the AESOP model that different types of USs produce distinct 

URs, and that the unique temporal and emotional qualities of the UR play a central role in 

determining the form of conditional responding, make it well suited for considering the 

associative and arousal-based factors that influence reinstatement. This assumption is 

particularly relevant to the current research given that the UR to physical threat/pain (i.e., 

vigorous escape and avoidance behaviors, elevated sympathetic nervous system activity) is 

believed to differ in important ways from the UR to social threat/pain (i.e., submissive gestures, 

such as blushing and lowering of one’s head, less significant sympathetic nervous system 

activation; Ohman, 1985). Moreover, this model’s distinction between sensory and emotional 
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elements is helpful for separately considering both perceptual differences between stimuli and 

affective/arousal-inducing differences.  

According to the AESOP model, we would expect stronger standard than cross-US 

reinstatement. AESOP treats CSs and USs similarly with regards to associative learning 

processes, so following excitatory learning between CS+ and US during acquisition, subsequent 

presentation of the same US should selectively recall previously learned excitatory associations 

with the CS+. The sensory and emotional nodes of a standard reinstating US should selectively 

recall previously learned excitatory associations with the CS+, while this recalling of excitatory 

CS+ associations should not occur with a qualitatively different US in cross-US reinstatement. 

An additional tentative prediction of the AESOP model would be greater Social/Physical 

reinstatement than Physical/Social reinstatement. The rationale behind this prediction is that 

reinstatement may be expected to the extent that emotional nodes of the reinstating US recall 

previously learned excitatory associations with the CS+. Sympathetic activation is part of the 

emotional response to both P-US and S-US, although it may be higher in response to P-US 

(Öhman, 1986). Thus, it would be predicted that emotional elements (i.e. high sympathetic 

activation) triggered during P-US reinstatement would be more likely to act as reminders of S-

US acquisition emotional elements (low to moderate sympathetic activation) than would S-US 

reinstatement elements recall P-US acquisition elements. 
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STUDY 1 

Introduction 

The most commonly used US in human fear conditioning research is electrical shock, 

which effectively serves as a physically painful US (P-US). Physical pain (an unlearned US) is 

believed to activate a pain motivation system, which promotes recuperative behaviors as part of 

the UR. Anticipation of physical pain (i.e. an excitatory CS signaling P-US onset) activates a fear 

motivation system, which promotes defensive behaviors as part of the CR (Bolles & Fanselow, 

1980). Social pain (i.e. perceived or actual social rejection) is a highly aversive but distinct 

experience from physical pain or fear of physical harm. Perceived or actual threats of rejection 

from a group lead to considerable distress for most people, likely as a result of an evolutionary 

adaptation to ensure the maintenance of social bonds (Herman & Panksepp, 1978; Thornhill & 

Thornhill, 1989). Experimentally induced social pain has been demonstrated to produce 

deleterious short-term changes in neuroendocrine, cardiovascular, and immune system 

functioning (Dickerson, 2011). Research in humans and animals suggests that the social pain 

system built off the already existing physical pain system, and as a result there is significant 

overlap between the two systems (for review see MacDonald & Leary, 2005). Recent 

neuroimaging research demonstrates that neural areas central to physical pain responses, such as 

the dorsal anterior cingulate cortex (dACC) and periaqueductal grey (PAG), are also central to 

social pain responses (Eisenberger, 2011, 2012). Recent research has also demonstrated that a 

socially painful US (S-US) may successfully engender aversive conditioning in socially anxious 

individuals (Lissek et al., 2008). 

While physical and social pain share similarities, there are hypothesized to be qualitative 

differences between the UR to a P-US and S-US. Cues eliciting anticipation of physical pain 
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(e.g., pain, loud noises, loud scream, signals of physical danger) elicit a response consistent with 

acute fear (escape and avoidance behaviors, elevated heart rate, shortness of breath, and elevated 

sympathetic nervous system activation), while the threat of social pain is believed to elicit 

responses serving to avert attack or rejection from dominant conspecifics (submissive gestures, 

blushing and lowering of the head, and moderate sympathetic activation; Öhman, 1986). Yet, the 

relationship between P-USs and S-USs in fear learning processes, including reinstatement, 

remains unclear. For example, it is unclear if an extinguished phobia of dogs (initially acquired 

following a physically painful dog bite) would be reinstated through social humiliation, or if a 

successfully treated social phobia (initially acquired following a socially painful experience) 

would be reinstated after being in an automobile accident.  

 Research has demonstrated that the simultaneous presentation of a picture of an angry 

face and a non-personally-relevant insult may function as an S-US capable of eliciting fear 

conditioning in social anxious individuals (Lissek et al., 2008). The use of such socially painful 

stimuli, however, is not ideal for comparison with a P-US because unlike physical pain which is 

both aversive and personally relevant, such social pain is aversive but not personally relevant.	
  

The Trier Social Stress Test (TSST) is a widely used laboratory task which reliably elicits social 

stress and a physiological stress response (i.e. changes in ACTH and cortisol) by providing 

participants with personally relevant negative feedback while they are delivering a speech and 

performing mental arithmetic in front of an audience (Kirschbaum, Pirke, & Hellhammer, 1993). 

Yet, as the TSST takes 20 minutes and is completed continuously, it is not an ideal task for 

presenting discrete S-USs which are similar in presentation and duration to P-US. Therefore, 

novel social pain stimuli were developed as part of this research, building on previous 

methodology which utilized S-US in conditioning (simultaneous presentation of angry face plus 
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auditory insult; Lissek et al., 2008) and a personally-relevant social pain manipulation 

(Eisenberger, 2012).  

Photographs of male actors expressing a range of different emotions were taken from a 

large database of videos that were created for a prior study in the laboratory  (see Niles et al., 

2013 for full review of methodology). 28 pictures of faces (4 happy, 8 neutral, and 16 angry) and 

40 adjectives (7 positive, 4 neutral, and 29 negative) were pilot tested for ratings of valence, 

distress, and rejection. Participants were asked to separately rate each face on the following 1 

(“not at all”) to 7 (“completely”) likert scales: 1) How negative is this facial expression? 2) 

How distressed would you feel if somebody made this facial expression at you? 3) How rejected 

would you feel if somebody made this facial expression at you? Participants were asked to 

separately rate each adjective on the following 1 to 7 likert scales: 1) How negative is this word? 

2) How distressed would you feel if somebody used this word to describe you? 3) How rejected 

would you feel if somebody used this word to describe you? For both faces and adjectives 

composite scores were calculated for the average of the distress and rejection ratings. Four words 

were chosen for use as part of the S-US, all with composite scores over 5.5 out of 7: unlikeable, 

dumb, annoying, and forgettable. Four angry faces were chosen, two each from two different 

actors, all with composite scores over 4 out of 7.  

It is noteworthy that even the most negatively rated faces were given only moderate 

ratings on the distress and rejection scales; the highest composite score for any face was 4.76 out 

of 7. This finding is not entirely surprising, given that during pilot testing participants may have 

habituated to the negative faces while viewing 28 pictures consecutively, and given that the 

negative facial expressions were not presented as being personally relevant. It was anticipated 

that in this research the negative faces would be experienced as more highly aversive due to 
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being presented to social anxious individuals as personally relevant, and in conjunction with 

personally relevant auditory negative feedback.  

The social pain manipulation developed for this research involved deceiving participants. 

Participants were told that they would be watching and rating another participant’s videotaped 

interview, before completing a similar videotaped interview and subsequently being rated 

themselves by another participant. Participants were seated in front of a computer, shown a live 

video of themselves being recorded on the computer by a webcam, and told to speak into the 

webcam so the reviewer could see and hear them clearly. Next, participants were shown a video 

of another participant being interviewed (actually a standard video made with a confederate 

actor). Participants were told that while watching the video their own reactions to the watching 

the interview would be recorded through the webcam. Participants were given a list of 30 

positive, negative, and neutral adjectives and told to rate the other participant’s performance 

using up to 10 words from the list (list included in appendix 1). After participants completed 

watching the interview, they were asked to read the adjectives they selected aloud into the 

webcam. Next, participants were informed that they would now complete a similar interview, 

comprised of 7 personal questions (i.e. “What do you see yourself doing in five years?” “What is 

your favorite hobby?”) as well as intellectually-oriented questions (i.e. “What are the biggest 

challenges facing the United States?” “What are your thoughts and predictions about the 2012 

presidential election?”). Participants were told that just as they had rated another person’s 

interview performance, another participant would be watching their video and choosing 

adjectives from the list to describe their impressions of the participant based on the their 

personality and intelligence demonstrated during the interview. Participants were informed that 

later during the study they might receive feedback based on the reviewer’s evaluation of their 
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performance which would consist of two elements: a picture of the reviewer’s face taken at some 

point while they were watching the video, and simultaneously the voice of the reviewer speaking 

one of the rating words that they used to describe the interview performance. Participants were 

then shown several examples on the computer of what this feedback might look like, with several 

presentations of neutral or smiling faces and neutral and positive words. The faces used as 

examples were from different actors than the one used as the actual study reviewer. Finally, 

participants were shown a smiling picture of the person who would be rating their interview. 

Later, during the appropriate study phase, the S-US was comprised of the simultaneous 

presentation of an angry face of “the reviewer” and an auditory presentation of one of the 

negative adjectives. For each S-US presentation a different negative adjective was used. All 

social pain stimuli (angry faces and the negative adjectives they are presented along with) are 

included in the Appendix 1. 	
  

Though most experimental studies of standard fear reinstatement have used the same US 

(shock) during both acquisition and reinstatement, the same exact US may not necessarily occur 

in the natural environment, and thus it is important to understand cross-US reinstatement with 

qualitatively different US. There is some evidence for cross-US differential fear reinstatement in 

humans, although this research used USs qualitatively similar to each other in eliciting physical 

threat CRs (Sokol & Lovibond, 2012). Recent studies with S-USs highlight the importance of 

utilizing disorder-relevant USs to better understand conditioned fear (Lissek et al., 2008).  

Study 1 compared four different reinstatement procedures: acquisition and reinstatement 

both with P-US (Physical/Physical), acquisition and reinstatement both with S-US 

(Social/Social), P-US acquisition with S-US reinstatement (Physical/Social), and S-US 

acquisition with P-US reinstatement (Social/Physical). Indices of conditional responding through 
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all experimental phases included self-report measures (P-US expectancy, S-US expectancy, 

valence and arousal ratings) and physiological measures (acoustic startle response, skin 

conductance response, photoplethysmography). Several hypotheses were tested in Study 1. First, 

it was hypothesized that both P-US and S-US would support acquisition of conditional 

responding to the CS+ relative to the CS-. Second, it was hypothesized that reinstatement with 

both the P-US and S-US would produce a significant differential increase in responding to the 

CS+ relative to the CS- from the end of extinction to post-reinstatement test trials. Third, it was 

hypothesized that standard reinstatement (Physical/Physical, Social/Social) procedures would 

produce greater differential fear reinstatement than cross-US reinstatement (Physical/Social, 

Social/Physical).  

Methods 

Overview of design 

Participants were randomly assigned to one of four experimental groups according to a 2 

(Acquisition US: Physical or Social) x 2 (Reinstatement US: Physical or Social) design. The 

distribution of participants across the groups was as follows: Physical/Physical=17, 

Social/Social=13, Physical/Social=14, Social/Physical=13. 

Participants 

Fifty-seven participants (37 females, 20 males), with a mean age of 22.01 (SD=5.52) 

were recruited from undergraduate introductory psychology courses and through posting 

recruitment flyers on a university campus. Study participants received either course credit or $30 

for 2 hours of study participation. The ethnic distribution of the sample was 24.6% Caucasian, 

38.6% Asian, 22.8% Hispanic, 5.3% African American, and 8.8% who classified themselves as 

multiethnic or other. Participants were recruited if they met the following eligibility criteria: a) 
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age 18 years or older; b) English speaking; c) score 6 or higher on the Mini Social Phobia 

Inventory (Mini-SPIN). Exclusion criteria for study participation included: a) physician 

recommended to stay away from stressful situations; b) serious respiratory, cardiovascular, 

pulmonary, or neurological condition, c) hearing impaired, d) pregnant. 

Measures 

Questionnaires 

Mini-Social Phobia Inventory (Mini-SPIN; Connor et al., 2001) is a 3-item brief 

screening questionnaire assessing fear and avoidance of embarrassment, which was developed 

from the longer 17-item Social Phobia Inventory (SPIN; Connor et al., 2000) and has 

demonstrated reliability and validity. The Beck Depression Inventory (BDI; Beck et al., 1961) is 

a widely used 21-item questionnaire that assesses symptoms of negative mood. State anxiety was 

measured by the State-Trait Anxiety Inventory (STAI; Spielberger et al., 1970). The Anxiety 

Sensitivity Index (ASI; Peterson & Heilbronner, 1987) was used to measure anxiety sensitivity, 

defined as the fear of anxiety-related symptoms, which is another important variable that has 

been demonstrated as a cognitive risk factor in the development and maintenance of anxiety 

disorders. Trait mindfulness was measured by the Mindfulness Attention Awareness Scale 

(MAAS; Brown & Ryan, 2003). Mindfulness, described as a non-judgmental present-centered 

awareness, may predispose individuals to be less likely to respond fearfully during conditioning.   

Indices of fear responding: Physiological arousal 

Physiological arousal was recorded continuously using a psychophysiology data 

acquisition system (Biopac; Pflanzer, 1998) which measured skin conductance response and 

acoustic startle response. It has long been argued that the different fear response channels exhibit 

differential forms of reactivity to fear learning and extinction (Rachman, 1978; Grey et al., 1979). 
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Using multiple indices of fear responding allows measurement of general arousal (SCR) as well 

as potentiated fear (ASR).  

Skin Conductance Response (SCR): SCRs were measured using a Biopac MP150 unit 

running Acqknowledge 4.0 software with a GSR100C amplifier set to direct current and had a 

sensitivity of 5 µohm/V, with a 1.0-Hz low-pass filter. SCRs were measured at the onset of each 

CS and each US.  

Skin conductance signals were acquired using two disposable 1 cm diameter AG-AgCl 

electrodes placed on the distal phalanx of the index and middle fingers of the non-dominant 

hand. The magnitude of SCRs was calculated as the difference between the maximum skin 

conductance level in microsiemens (µS) within 1–6 seconds following CS onset and the mean 

skin conductance level within the 2-second period prior to CS onset. Skin conductance amplitude 

was recorded to the nearest µS throughout each trial and each ITI, as well as throughout the 

reinstatement phase. SCRs to each US presentation were calculated as the difference between the 

maximum skin conductance level within 1- 6 seconds following US-onset and the mean skin 

conductance level within the 2-second period prior to US-onset. Amplitudes were range 

corrected using the largest response elicited by the any acquisition or reinstatement US 

presentation for each individual participant. For each participant, all SCRs to CSs were divided 

by the participant’s maximum SCR to the US. These range-corrected responses were then 

subjected to a square root transformation in order to normalize the distribution prior to statistical 

analysis. Outliers at each time point were transformed through winsorizing (Wilcox & Keselman, 

2003).  

Acoustic Startle Response (ASR): Fear potentiated ASR (shown to be potentiated by 

aversive conditioning; Lipp, Sheridan & Siddle, 1994), was measured by exposing subjects to 
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brief white noise presented through headphones and then measuring the movement of muscles 

around the eye in response to this noise. Surface electromyogram data were acquired with a 

Biopac MP150 unit using two electrodes (Ag/AgCl, 11 mm outer diameter, 4 mm inner diameter 

contact surface) filled with electrode gel and fitted with adhesive collars. The first electrode was 

placed directly underneath the left eye, and the second was placed approximately 1 cm to the left 

below the outside corner of the left eye. Raw voltages were filtered via hardware (BIOPAC 

model EMG100C) and software (AcqKnowledge version 4.0, BIOPAC Systems, Inc.) producing 

a 10 - 500 Hz passband. Data were sampled at 2000 Hz, and rectified and averaged over 10 

milliseconds. Subjects received auditory startle probes (105 dB, zero rise time, 50 ms bursts of 

white noise) binaurally via headphones. One startle probe was presented during every CS 

presentation and every ITI, but not during the reinstatement phase. Probes were presented 5.5 to 

7 seconds after CS onset and 20 to 30 seconds after ITI onset. Probe presentation varied within 

the given timeframes in one of two predetermined orders, counterbalanced across trials, stimuli, 

and groups. ASRs during CSs and ITIs were calculated as the difference between mean EMG 

amplitude during the 20 ms prior to onset and the maximum amplitude during the 52 to 65 ms 

following probe onset. Outliers at each time point were transformed through winsorizing 

(Wilcox & Keselman, 2003), and then ASR scores were standardized using a z-transformation.  

Photoplethysmography (PPG): PPG detects changes in infrared reflectance resulting 

from varying blood flow to the face, and was used to measure blushing response. PPG has 

previously been used to demonstrate experimentally induced blushing to social embarrassment 

(Shearn et al., 1990, 1992). Though PPG has never been previously measured in conditioning 

research, it was included as a measure with the potential to capture the blushing response, 

believed to be a unique form of responding to social but not physical threat (Öhman, 1986). PPG 
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was measured via a matched infrared emitter and photo diode attached to the forehead of the 

participant. Placement on the forehead is based on findings that such placement yields the same 

results as cheek placement and is less sensitive to facial movement (Cooper & Gerlach, 2013). 

PPG responses were calculated for CS, and for the entirety of the reinstatement phase. PPG 

responses to CSs were calculated by taking the difference between the mean PPG level for the 5 

seconds prior to CS onset and maximum PPG level in the 33 seconds following CS onset. PPG 

response during the reinstatement phase was calculated by taking the difference between the 

mean PPG level for the 5 seconds prior to the first reinstating US onset and maximum PPG level 

in the 90 seconds following US onset. The comparatively long window of measurement for PPG 

is based on prior research suggesting that the blushing response may take significantly longer to 

reach its peak than other measures of autonomic activity (Cooper & Gerlach, 2013). Outliers at 

each time point were transformed through winsorizing (Wilcox & Keselman, 2003), and then 

PPG scores were standardized using a z-transformation.  

Indices of fear responding: Self-Report  

Valence and Arousal ratings: Before and after study phases participants rated current 

response to each CS on two 0 to 10-point scales (0=not at all, 5=moderately, 10=very much). 

Participants shown a picture of each CS separately, and were asked to rate current valence 

(“How negatively do you feel about this stimulus?” and arousal (“How fearful do you feel about 

this stimulus?”  

Online P-US Expectancy: Participants rated expectancy of muscle stimulation via a dial 

attached to the arm of their chair (Lovibond et al., 2000), as used in prior studies in our 

laboratory. Participants continuously rated P-US expectancy on a sliding dial (BIOPAC model 

TSD115, AcqKnowledge version 4.0; BIOPAC Systems, Inc.). P-US expectancy was calculated 
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as the mean rating during the 0.5 seconds before acoustic startle probe onset. 

Online S-US Expectancy: Participants rated expectancy of reviewer feedback via a dial 

attached to the arm of their chair Lovibond et al., 2000), as used in prior studies in our 

laboratory. Participants continuously rated S-US expectancy on a sliding dial (BIOPAC model 

TSD115, AcqKnowledge version 4.0; BIOPAC Systems, Inc.). S-US expectancy was calculated 

as the mean rating during the 0.5 seconds before acoustic startle probe onset. 

Conditioning Stimuli 

Conditional Stimuli: 2 geometric figures (blue square, yellow circle) were randomized to 

serve as CS+ and CS-. Pictures of conditional stimuli are included in the Appendix 1.  

Unconditional Stimuli: Two US were used. The second was a S-US, which was an angry 

face paired with an auditory insult. As previous research with S-USs found conditioning effects 

in social anxious individuals only (Lissek et al., 2008), both proposed studies screened with the 

Mini-SPIN for participants at least moderately high in social anxiety. The P-US was an electrical 

stimulation of the bicep muscle. As the S-US was a compound stimulus consisting of both visual 

(angry face) and auditory (verbal insult) components, the physical pain US was also designed to 

be a compound stimulus including physical (electrical stimulation) and visual (picture of an 

electrical spark) components. Pictures of study unconditioned stimuli are included in the 

Appendix 1.  

Procedures 

Participants signed informed consent, completed questionnaires, and then were seated 

two feet in front of a 21” computer monitor placed at eye level which was used to display the 

stimuli. Experimenters attached electrodes from the Biopac MP-150 system to participants for 

recording physiological responses and to deliver the uncomfortable bicep muscle stimulation that 
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served as part of the P-US. Next, participants completed the social pain manipulation, including 

both rating another person’s video and then completing their own five-minute interview. To 

establish the appropriate level of muscle stimulation, subjects underwent a stimulation workup 

procedure in which each individual selected a level that they experienced as unpleasant but not 

painful, as has been done in previous conditioning research (Lipp, 2006). This level was then 

applied as the P-US muscle stimulation level throughout the experimental phases. Two 

geometric figures (blue square, yellow circle) were counterbalanced and served as the CS+ and 

CS-. 

Participants were informed that during the study their primary task would be to figure out 

when it was likely that reviewer feedback or muscle stimulation be presented. Study procedures 

around explaining expectancy dials were loosely based on procedures used by Sokol and 

Lovibond (2012). Participants were shown how to use a “Muscle Stimulation Expectancy” dial 

and a “Reviewer Feedback Expectancy” dial. The P-US expectancy sliding dial ranged from 

“1=Stimulation Unlikely” to “9=Stimulation Very Likely,” with a midpoint anchor of 

“5=Stimulation Uncertain.” The S-US expectancy sliding dial ranged from “1=Feedback 

Unlikely” to “9=Feedback Very Likely,” with a midpoint anchor of “5=Feedback Uncertain.” 

Participants then completed several practice trials using the expectancy dials in response to 

images and information presented on the computer screen. The experimenter provided corrective 

feedback as necessary to ensure that participants were correctly utilizing the feedback dials, and 

by the end of the third and final practice trial all participants demonstrated understanding how to 

use the expectancy dials. 	
  

Participants then completed the Habituation phase consisting of 6 trials (3 CS+ and 3  

CS-). No US presentations occurred during Habituation. Throughout the study, CS presentations 



	
  26 

lasted 8 seconds, and the ITI varied between 35 to 45 seconds. Next, participants completed the 

Acquisition phase, consisting of 12 trials, comprised of 6 CS+ trials that each co-terminate with 

the US (either all P-US or all S-US, depending on group randomization), and 6 CS- trials with no 

US presentation. During pilot testing of the experimental procedures multiple participants gave 

the feedback that receiving exclusively negative feedback about their interview performance 

during acquisition quickly diminished the believability and potency of the S-US. Thus, to 

enhance S-US feedback, two unpaired presentations of neutral feedback were added to the 

acquisition phase. At the start of the acquisition phase participants were presented with a neutral 

looking picture of the reviewer paired with hearing “decent,” and another unpaired neutral 

feedback presentation (“adequate”) was presented after one presentation each of the CS+ and 

CS-. Thus, S-US acquisition participants were presented with a total of 8 pieces of reviewer 

feedback during acquisition (6 negative feedback paired with CS+, 2 neutral unpaired feedback) 

while P-US acquisition participants were presented with 2 neutral and unpaired pieces of 

reviewer feedback during acquisition. The neutral feedback was presented at least 20 seconds 

apart from the presentation of any other study stimuli. Following acquisition, participants 

completed the Extinction phase, consisting of 12 trials, comprised of 6 CS+ (without US) and 12 

CS- trials (without US), again in one of two predetermined random orders.  

After a 2-minute break, participants next completed the Reinstatement phase during 

which participants were randomized into one of two reinstatement procedures: physical pain or 

social pain. In physical pain and social pain reinstatement groups participants received four US 

presentations (P-US in physical pain group, S-US in social pain) over a period of 95 seconds. 

Reinstating US were presented with no prediction after 15, 55, 85, and 95 seconds (Hermans et 

al., 2005). No CS or startle probes were presented during reinstatement. After a 5-minute rest 
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period following reinstatement, participants completed a Test phase, consisting of 4 trials (2 with 

CS+, and 2 with CS-), all without US presentation. CS+ and CS- trials during all study phases 

were presented in one of two predetermined orders The order of trials were counterbalanced 

across participants during all phases.  

Throughout all study conditioning phases SCR, ASR, and PPG response were monitored, 

in addition to participants rating online P-US and S-US expectancy. Acoustic startle probes were 

not presented during the reinstatement phase, so ASR was not measure during this phase. 

Valence and arousal ratings in response to each CS were collected before and after all study 

phases. After completing all experimental phases participants completed questionnaires about 

their experiences in the study, including perceived distress related to P-US, S-US, and startle 

probes, as well as believability of the negative feedback. Upon completing the study participants 

were informed about the deception involved in the social pain manipulation. 

Table 1.  
Study 1 Conditioning Procedures Flow Chart 

Group Habituation Acquisition Extinction Reinstatement Test 
Phase 

Physical/ 
Physical 

CS+ (3) 
CS- (3) 

CS+ / P-US (6) 
CS- (6) 
Neutral feedback (2) 

CS+ (6) 
CS- (6) 

P-US (4) CS+ (2) 
CS- (2) 

Physical/ 
Social 

CS+ (3) 
CS- (3) 

CS+ / P-US (6) 
CS- (6) 
Neutral feedback (2) 

CS+ (6) 
CS- (6) 

S-US (4)	
   CS+ (2) 
CS- (2) 

Social/ 
Social 

CS+ (3) 
CS- (3) 

CS+ / S-US (6) 
CS- (6) 
Neutral feedback (2) 

CS+ (6) 
CS- (6) 

S-US (4)	
   CS+ (2) 
CS- (2) 

Social/ 
Physical 

CS+ (3) 
CS- (3) 

CS+ / S-US (6) 
CS- (6) 
Neutral feedback (2) 

CS+ (6) 
CS- (6) 

P-US (4)	
   CS+ (2) 
CS- (2) 

 

Results 

For results of Acquisition, Extinction, and Reinstatement only significant findings are 
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reported. Tables including means, standard deviations, and all significant and non-significant 

statistical values are reported in Appendix 2. 

Baseline Measures 

Mean scores on baseline measures were as follows: Mini-SPIN: M=8.27, SD=1.78, BDI: 

M=8.35, SD=6.77, ASI-X: M=70, SD=20.2, MAAS: M=56.77, SD=16.61, STAI: M=44.69, 

SD=12.30. One-way ANOVAs revealed no significant differences between the four groups on 

Mini-SPIN (F(3,52)=2.13, p=0.109), BDI (F(3,52)=1.83, p=0.153), ASI-X (F(3,52)=0.70, 

p=0.556), MAAS (F(3,52)=0.948, p=0.424), or STAI (F(3,52)=0.50, p=0.684). There were also 

no significant differences among the groups on age (F(3,52)=0.248, p=0.862), gender (χ2 (3, 

N=57)=2.97, p=0.3.96), or ethnicity (χ2 (12, N=57)=4.67, p=0.33). 

Acquisition 

Values of P-US expectancy S-US expectancy, SCR, ASR, and PPG were averaged across 

the 3 habituation trials, across acquisition trials 1 and 2, across acquisition trials 3 and 4, and 

across acquisition trials 5 and 6. 2 (Reinforcement; CS+, CS-) x 2 (Acquisition US; Physical, 

Social) x 4 (Time; Habituation average, Acquisition trials 1 and 2, Acquisition trials 3 and 4, 

Acquisition trials 5 and 6) mixed-design ANOVAs were conducted for P-US expectancy S-US 

expectancy, SCR, ASR, and PPG. 2 (Reinforcement; CS+, CS-) x 2 (Acquisition US; Physical, 

Social) x 2 (Time; Post-Habituation, Post-Acquisition) mixed-design ANOVAs were conducted 

for Valence ratings and Arousal ratings.  

P-US Expectancy: There was a significant three-way Reinforcement x Acquisition US x 

Time interaction (F(3,50)=24.69, p=0.000, ƞ2=0.08). There were significant two-way 

Reinforcement x Acquisition US (F(1,50)=34.57, p=0.000, ƞ2=0.11), Reinforcement x Time 

(F(3,50)=17.32, p=0.000, ƞ2=0.05), and Acquisition US x Time (F(3,50)=5.48, p=0.001, 
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ƞ2=0.03) interactions. Tests of simple two-way interactions found significant Reinforcement x 

Time interactions in the P-US Acquisition group (F(3,27)=29.71, p=0.000, ƞ2=0.17) and in the  

S-US Acquisition group (F(3,23)=2.91, p=0.041, ƞ2=0.02), significant Reinforcement x 

Acquisition interactions at Acquisition trials 1 and 2 (F(1,50)=7.44, p=0.009, ƞ2=0.13), 

Acquisition trials 3 and 4 (F(1,50)=17.32, p=0.000, ƞ2=0.24) and Acquisition trials 5 and 6 

(F(1,50)=17.32, p=0.000, ƞ2=0.41), and a significant Acquisition US x Time interaction for the 

CS+ (F(3,50)=18.56, p=0.000, ƞ2=0.25). Tests of simple main effects indicated significantly 

higher P-US Expectancy to the CS+ in the P-US Acquisition group than to the CS+ in the S-US 

Acquisition group at Acquisition trials 1 and 2 (F(1,50)=7.59, p=0.008), Acquisition trials 3 and 

4 (F(1,50)=22.72, p=0.000) and Acquisition trials 5 and 6 (F(1,50)=39.68, p=0.000). Tests of 

simple main effects indicated significantly higher CS+ than CS- in the P-US Acquisition group 

at Acquisition trials 1 and 2 (F(1,50)=7.59, p=0.029), Acquisition trials 3 and 4 (F(1,50)=40.36, 

p=0.000) and Acquisition trials 5 and 6 (F(1,50)=104.72, p=0.000). Tests of simple main effects 

indicated a significant effect of Time on the CS+ in the S-US Acquisition group (F(3,48)=4.01, 

p=0.013), the CS- in the S-US Acquisition group (F(3,48)=3.67, p=0.019), the CS+ in the P-US 

Acquisition group (F(3,48)=8.83, p=0.000), and the CS- in the P-US Acquisition group 

(F(3,48)=12.85, p=0.000). 
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Figure 1. 
 Study 1 Acquisition: P-US Expectancy

 
 

S-US Expectancy: There was a significant three-way Reinforcement x Acquisition US x 

Time interaction (F(3,50)=3.55, p=0.016, ƞ2=0.02). There were significant two-way 

Reinforcement x Acquisition US (F(1,50)=4.91, p=0.031, ƞ2=0.02), Reinforcement x Time 

(F(3,50)=3.66, p=0.014, ƞ2=0.02), and Acquisition US x Time (F(3,50)=4.29, p=0.006, ƞ2=0.03) 

interactions. Tests of simple two-way interactions found significant Reinforcement x Time 

interactions in the S-US Acquisition group (F(3,23)=5.49, p=0.002, ƞ2=0.06), significant 

Reinforcement x Acquisition interactions at Acquisition trials 5 and 6 (F(1,50)=6.64, p=0.013 

ƞ2=0.11), and a significant Acquisition US x Time interaction for the CS+ (F(3,50)=8.08, 

p=0.000, ƞ2=0.14). Tests of simple main effects indicated significantly higher S-US Expectancy 

to the CS+ in the S-US Acquisition group than in the P-US Acquisition group at Acquisition 

trials 5 and 6 (F(1,50)=7.18, p=0.010), and significantly higher CS+ than CS- in the S-US 

Acquisition group at Acquisition trials 3 and 4 (F(1,50)=4.91, p=0.031) and Acquisition trials 5 

and 6 (F(1,50)=8.98, p=0.004). Tests of simple main effects indicated a significant effect of 
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Time on the CS+ in the S-US Acquisition group (F(3,48)=3.37, p=0.026), the CS+ in the P-US 

Acquisition group (F(3,48)=1.22, p=0.036), and the CS- in the P-US Acquisition group 

(F(3,48)=2.98, p=0.041). 

Figure 2.  
Study 1 Acquisition: S-US Expectancy

 
 

Valence Ratings: There was a significant three-way Reinforcement x Acquisition US x 

Time interaction (F(1,48)=13.03, p=0.00, ƞ2=0.10) and a two-way Reinforcement x Acquisition 

US interaction (F(1,48)=8.36, p=0.006, ƞ2=0.04). Tests of simple two-way interactions found 

significant Reinforcement x Time interactions in the P-US Acquisition group (F(1,27)=8.40, 

p=0.009, ƞ2=0.14) and in the S-US Acquisition group (F(1,21)=6.96, p=0.014, ƞ2=0.09), 

significant Reinforcement x Acquisition interactions at Post-Acquisition (F(1,50)=23.03, 

p=0.000, ƞ2=0.28), and a significant Acquisition US x Time interaction for the CS+ 

(F(1,50)=12.60, p=0.001, ƞ2=0.19) and CS- (F(1,50)=7.00, p=0.011, ƞ2=0.12). Tests of simple 

main effects indicated significantly higher negative valence to the CS+ in the P-US Acquisition 

group than to CS+ in the S-US Acquisition group at Post-Acquisition (F(1,48)=13.94, p=0.001). 

Tests of simple main effects indicated significantly higher negative valence to CS- than CS+ in 
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the S-US Acquisition group at Post-Habituation (F(1,48)=4.27, p=0.044) and significantly 

higher CS+ than CS- in the P-US Acquisition group at Post-Acquisition (F(1,48)=32.63, 

p=0.000). Tests of simple main effects indicated a significant effect of Time on CS- in the S-US 

Acquisition group (F(1,48)=1.31, p=0.015), and on CS+ in the P-US Acquisition group 

(F(1,48)=16.36, p=0.000). 

Figure 3. 
Study 1 Acquisition: Valence Ratings 

 

Arousal Ratings: There was a significant three-way Reinforcement x Acquisition US x 

Time interaction (F(1,49=9.8, p=0.03, ƞ2=0.08), and two-way Reinforcement x Acquisition US 

(F(1,49)=8.51, p=0.005, ƞ2=0.11) and Reinforcement x Time (F(1,49)=20.33, p=0.000, ƞ2=0.11) 

interactions. Tests of simple two-way interactions found significant Reinforcement x Time 

interactions in the P-US Acquisition group (F(1,27)=26.23, p=0.000, ƞ2=0.22), a significant 

Reinforcement x Acquisition interaction at Post-Acquisition (F(1,50)=15.60, p=0.000, ƞ2=0.16), 

and a significant Acquisition US x Time interaction for the CS+ (F(1,50)=9.35, p=0.004, 

ƞ2=0.14). Tests of simple main effects indicated significantly higher arousal ratings to the CS+ in 

the P-US Acquisition group than to CS+ in the S-US Acquisition group at Post-Acquisition 
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(F(1,50)=8.26, p=0.006). Tests of simple main effects indicated significantly higher arousal 

ratings to the CS+ than CS- in the P-US Acquisition group at Post-Acquisition (F(1,50)=48.89, 

p=0.000). Tests of simple main effects indicated a significant effect of Time on CS+ in the P-US 

Acquisition group (F(1,50)=20.26, p=0.004) and CS- in the P-US Acquisition group 

(F(1,50)=9.15, p=0.000). 

Figure 4. 
Study 1 Acquisition: Arousal Ratings

 
 

SCR: There were no significant two- or three-way interactions. There was a significant 

main effect of Reinforcement with CS+ higher than CS- (F(1,38)=4.91, p=0.032, ƞ2=0.02), and a 

significant main effect of Acquisition US with P-US Acquisition group higher than S-US 

Acquisition group (F(1,40)=5.12, p=0.029, ƞ2=0.06). Test of simple main effects indicated 

significantly higher CS+ than CS- in the P-US Acquisition group at Acquisition trials 3 and 4 

(F(1,40)=9.86, p=0.003) and Acquisition trials 5 and 6 (F(1,40)=7.05, p=0.011).  
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Figure 5. 
Study 1 Acquisition: SCR  

 
 

ASR: There were no significant two- or three-way interactions, main effects, simple two-

way interaction or simple main effects.	
   

PPG: There was no significant three-way interaction, but there was a significant two-way 

Reinforcement x Acquisition US interaction (F(1,47)=14.23, p=0.000, ƞ2=0.05). Tests of simple 

two-way interactions found significant Reinforcement x Time interactions in the P-US 

Acquisition group (F(3,27)=4.08, p=0.009, ƞ2=0.04) as well as significant Reinforcement x 

Acquisition interactions at Acquisition trials 1 and 2 (F(1,50)=7.44, p=0.010, ƞ2=0.12) and 

Acquisition trials 3 and 4 (F(1,50)=18.19, p=0.000, ƞ2=0.23). Tests of simple main effects 

indicated significantly higher PPG response to the CS+ in the P-US Acquisition group than in the 

S-US Acquisition group at Acquisition trials 1 and 2 (F(1,49)=3.95, p=0.050), Acquisition trials 

3 and 4 (F(1,49)=7.31, p=0.009), and significantly higher PPG response to the CS- in the S-US 

Acquisition group than the CS- in the P-US Acquisition group at Acquisition trials 5 and 6 

(F(1,49)=37.94, p=0.007). 
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Figure 6. 
Study 1 Acquisition: PPG  

 

Extinction  

 Values of P-US expectancy S-US expectancy, SCR, ASR, and PPG were averaged across 

acquisition extinction trials 1 and 2, across extinction trials 3 and 4, and across extinction trials 5 

and 6. 2 (Reinforcement; CS+, CS-) x 2 (Acquisition US; Physical, Social) x 3 (Time; Extinction 

trials 1 and 2, Extinction trials 3 and 4, Extinction trials 5 and 6) mixed-design ANOVAs were 

conducted for P-US Expectancy, S-US Expectancy, SCR, ASR, and PPG. 2 (Reinforcement; 

CS+, CS-) x 2 (Acquisition US; Physical, Social) x 2 (Time; Post-Acquisition, Post-Extinction) 

mixed-design ANOVAs were conducted for Valence ratings and Arousal ratings.  

P-US Expectancy: There was no significant three-way interaction, but there were 

significant two-way Reinforcement x Acquisition US (F(1,46)=10.83, p=0.002, ƞ2=0.06), and 

Acquisition US x Time (F(2,45)=6.70, p=0.002, ƞ2=0.04) interactions. There was a significant 

main effect of Time (F(1,46)=30.11, p=0.000, ƞ2=0.19). Tests of simple main effects indicated 

significantly higher P-US Expectancy to CS+ in the P-US Acquisition group than in the S-US 

Acquisition group at Extinction trials 1 and 2 (F(1,46)=15.08, p=0.000). Tests of simple main 
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effects indicated significantly higher CS+ than CS- in the P-US Acquisition group at Extinction 

trials 1 and 2 (F(1,46)=9.66, p=0.003), Extinction trials 3 and 4 (F(1,46)=7.67, p=0.008) and 

Extinction trials 5 and 6 (F(1,46)=4.92, p=0.032). Tests of simple main effects indicated a 

significant effect of Time on the CS+ in the P-US Acquisition group (F(2,45)=30.78, p=0.000), 

the CS- in the P-US Acquisition group (F(2,45)=11.91, p=0.000), and the CS- in the S-US 

Acquisition group (F(2,45)=3.17, p=0.050). 

 

Figure 7. 
Study 1 Extinction: P-US Expectancy 

 

S-US Expectancy: There were no significant two- or three-way interactions. There was a 

significant main effect of Time (F(2,50)=19.88, p=0.000, ƞ2=0.17). Tests of simple main effects 

indicated a significant effect of Time on the CS+ in the S-US Acquisition group (F(2,49)=8.09, 

p=0.001), the CS- in the S-US Acquisition group (F(2,45)=5.35, p=0.008), and the CS- in the P-

US Acquisition group (F(2,45)=6.53, p=0.003). 
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Figure 8. 
Study 1 Extinction: S-US Expectancy 

 
 

Valence Ratings: There was a significant three-way Reinforcement x Acquisition US x 

Time interaction (F(1,50)=9.94, p=0.003, ƞ2=0.04) as well as significant two-way 

Reinforcement x Acquisition US (F(1,50)=16.83, p=0.000, ƞ2=0.13) and Acquisition US x Time 

(F(1,50)=7.50, p=0.009, ƞ2=0.02) interactions. Tests of simple two-way interactions found a 

significant Reinforcement x Time interactions in the P-US Acquisition group (F(1,27)=9.49, 

p=0.005, ƞ2=0.05), a significant Reinforcement x Acquisition interaction at Post-Acquisition 

(F(1,50)=23.03, p=0.000, ƞ2=0.28), and a significant Acquisition US x Time interaction for the 

CS+ (F(1,50)=12.59, p=0.001, ƞ2=0.18). Tests of simple main effects indicated significantly 

higher negative valence to the CS+ in the P-US Acquisition group than in the S-US Acquisition 

group at Post-Acquisition (F(1,48)=13.94, p=0.001). Tests of simple main effects indicated 

significantly higher CS+ than CS- in the P-US Acquisition group at Post-Acquisition 

(F(1,50)=33.9, p=0.000) and Post-Extinction (F(1,50)=6.25, p=0.016), and indicated a 

significant effect of Time on the CS+ in the P-US Acquisition group (F(1,50)=21.88, p=0.000). 
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Figure 9. 
Study 1 Extinction: Valence Ratings  

 

 

Arousal Ratings: There was a significant three-way Reinforcement x Acquisition US x 

Time interaction (F(1,50)=4.23, p=0.033, ƞ2=0.02) as well as two-way Reinforcement x 

Acquisition US (F(1,50)=	
  15.55, p=0.000, ƞ2=0.8) and Reinforcement x Time (F(1,50)=4.83, 

p=0.003, ƞ2=0.08) interactions. Tests of simple two-way interactions found significant 

Reinforcement x Time interactions in the P-US group (F(1,27)=10.48, p=0.003, ƞ2=0.06), a 

significant Reinforcement x Acquisition interactions at Post-Acquisition (F(1,50)=15.60, 

p=0.000, ƞ2=0.16) and Post-Extinction (F(1,50)=4.05, p=0.050, ƞ2=0.06), and a significant 

Acquisition US x Time interaction for the CS+ (F(1,50)=5.27, p=0.026, ƞ2=0.07). Tests of 

simple main effects indicated significantly higher Arousal to the CS+ in the P-US Acquisition 

group than in the S-US Acquisition group at Post-Acquisition (F(1,49)=7.21, p=0.010). Tests of 

simple main effects indicated significantly higher CS+ than CS- in the P-US Acquisition group 

at Post-Acquisition (F(1,49)=47.9, p=0.000) and Post-Extinction (F(1,49)=13.29, p=0.001), and 
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indicated a significant effect of Time on the CS+ in the P-US Acquisition group (F(1,49)=24.90, 

p=0.000). 

 

Figure 10. 
Study 1 Extinction: Arousal Ratings 

 

 

SCR: There were no significant two- or three-way interactions or main effects. Tests of 

simple two-way interactions found a significant Reinforcement x Time interactions in the P-US 

Acquisition group (F(1,23)=4.09, p=0.038). Tests of simple main effects indicated a significant 

effect of Time on the CS+ in the P-US Acquisition group (F(2,23)=3.66, p=0.042). 
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Figure 11. 
Study 1 Extinction: SCR 

 
 

ASR: There was no significant three-way interaction, but there were significant two-way 

Reinforcement x Acquisition US (F(1,44)=12.62, p=0.001, ƞ2=0.02) and Acquisition US x Time 

(F(2,44)=5.26, p=0.007, ƞ2=0.05) interactions. Tests of simple two-way interactions found a 

significant Reinforcement x Acquisition US interaction at Extinction trials 3 and 4 

(F(2,44)=2.81, p=0.027, ƞ2=0.10), and a significant Acquisition US x Time interaction for the 

CS- (F(2,44)=4.45, p=0.014, ƞ2=0.08). Tests of simple main effects indicated significantly 

higher ASR to the CS+ in the P-US Acquisition group than in the S-US Acquisition group at 

Extinction trials 1 and 2 (F(1,44)=11.81, p=0.001), significantly higher ASR to the CS- in the P-

US Acquisition group than in the S-US Acquisition group at Extinction trials 1 and 2 

(F(1,44)=4.77, p=0.034), and significantly higher CS+ than CS- in the P-US Acquisition group 

at Extinction trials 3 and 4 (F(1,44)=8.22, p=0.006). Tests of simple main effects indicated a 

significant effect of Time on the CS+ in the P-US Acquisition group (F(2,43)=13.03, p=0.000), 

and the CS- in the P-US Acquisition group (F(2,43)=16.54, p=0.000). 
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Figure 12. 
Study 1 Extinction: ASR 

 

 

PPG: There were no significant two- or three-way interactions or main effects. There 

were no simple two-way interactions or simple main effects. 

Reinstatement 

 Values of P-US expectancy S-US expectancy, SCR, ASR, and PPG were averaged across 

extinction trials 5 and 6 and across post-reinstatement test trials 1 and 2. Four different mixed-

design ANOVAs were conducted for P-US Expectancy, S-US Expectancy, SCR, ASR, and PPG. 

One model examined the effect of acquisition US on reinstatement: 2 (Reinforcement; CS+, CS-) 

x 2 (Acquisition US; Physical, Social) x 2 (Time; Extinction trials 5 and 6, Test trials 1 and 2). 

One model examined the effect of reinstatement US on reinstatement: 2 (Reinforcement; CS+, 

CS-) x 2 (Reinstatement US; Physical, Social) x 2 (Time; Extinction trials 5 and 6, Test trials 1 

and 2). One model examined the effect of match in acquisition and reinstating US (same versus 

different) on reinstatement: 2 (Reinforcement; CS+, CS-) x 2 (Match; Same, Different) x 2 

(Time; Extinction trials 5 and 6, Test trials 1 and 2). One model examined the effect of the 
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combination of acquisition and reinstatement USs on reinstatement: 2 (Reinforcement; CS+, CS-

) x 4 (Group; Physical/Physical, Physical/Social, Social/Social, Social/Physical) x 2 (Time; 

Extinction trials 5 and 6, Test trials 1 and 2).  

Four different mixed-design ANOVAs were conducted for Valence ratings and Arousal 

ratings. One model examined the effect of acquisition US on reinstatement: 2 (Reinforcement; 

CS+, CS-) x 2 (Acquisition US; Physical, Social) x 2 (Time; Post-Extinction, Post-

Reinstatement). One model examined the effect of reinstatement US on reinstatement: 2 

(Reinforcement; CS+, CS-) x 2 (Reinstatement US; Physical, Social) x 2 (Time; Post-Extinction, 

Post-Reinstatement). One model examined the effect of match in acquisition and reinstating US 

(same versus different) on reinstatement: 2 (Reinforcement; CS+, CS-) x 2 (Match; Same, 

Different) x 2 (Time; Post-Extinction, Post-Reinstatement). One model examined the effect of 

the combination of acquisition and reinstatement USs on reinstatement: 2 (Reinforcement; CS+, 

CS-) x 4 (Group; Physical/Physical, Physical/Social, Social/Social, Social/Physical) x 2 (Time; 

Post-Extinction, Post-Reinstatement).  

P-US Expectancy 

Reinforcement x Acquisition US x Time: There was no significant three-way interaction, 

but there was a significant two-way Reinforcement x Acquisition US interaction (F(1,46)=5.91, 

p=0.019, ƞ2=0.03). There was a significant main effect of Time (F(1,46)=19.88, p=0.000, 

ƞ2=0.18). Tests of simple main effects indicated significantly higher CS+ than CS- in the P-US 

Acquisition group at Extinction trials 5 and 6 (F(1,46)=4.92, p=0.032). Tests of simple main 

effects indicated a significant effect of Time on CS+ in the P-US Acquisition group 

(F(1,46)=6.91, p=0.012), CS+ in the S-US Acquisition group (F(1,46)=5.78, p=0.020), CS- in 
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the P-US Acquisition group (F(1,46)=11.50, p=0.001), and CS- in the S-US Acquisition group 

(F(1,46)=6.45, p=0.015). 

Reinforcement x Reinstatement US x Time: There was no significant three-way 

interaction, but there was a significant two-way Reinstatement US x Time interaction 

(F(1,46)=6.93, p=0.012, ƞ2=0.06). There was a significant main effect of Time (F(1,46)=22.13, 

p=0.000, ƞ2=0.18). Tests of simple main effects indicated a significant effect of Time on CS+ in 

the P-US Reinstatement group (F(1,46)=16.11, p=0.000), and CS- in the P-US Reinstatement 

group (F(1,46)=25.13, p=0.000). 

Reinforcement x Match x Time: There were no significant two- or three-way interactions. 

There was a significant main effect of Time (F(1,46)=22.13, p=0.000, ƞ2=0.18). Tests of simple 

main effects indicated a significant effect of Time on the CS+ in the Same group (F(1,46)=5.74, 

p=0.021), CS+ in the Different group (F(1,46)=7.03, p=0.011), CS- in the Same group 

(F(1,46)=7.23, p=0.010), and CS- in the Different group (F(1,46)=10.73, p=0.002). 

Reinforcement x Group x Time: There were no significant two- or three-way interactions, 

although there were marginally significant two-way Reinforcement x Group (p=0.087) and 

Group x Time (p=0.081) interactions. There was a significant main effect of Time 

(F(1,44)=21.33, p=0.000, ƞ2=0.18). There were no significant simple two-way interactions. 

Tests of simple main effects indicated significantly higher P-US Expectancy to the CS- in the 

Social/Social group than in other groups at Extinction trials 5 and 6 (F(3,44)=3.89, p=0.015), 

and significantly higher CS+ than CS- in the Physical/Social group at Extinction trials 5 and 6 

(F(1,44)=4.17, p=0.047). Tests of simple main effects indicated a significant effect of Time on 

the CS+ in the Physical/Physical group (F(1,44)=7.41, p=0.009), CS+ in the Social/Physical 
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group (F(1,44)=8.17, p=0.006), CS- in the Physical/Physical group (F(1,44)=12.42, p=0.001), 

and CS- in the Social/Physical group (F(1,44)=12.05, p=0.001). 

Figure 13. 
Study 1 Reinstatement: P-US Expectancy 

 
 

S-US Expectancy  

Reinforcement x Acquisition US x Time: There was no significant three-way interaction, 

and no significant two-way interactions, although there was a marginally significant Acquisition 

US x Time interaction (p=0.069). There was a significant main effect of Time (F(1,50)=6.69, 

p=0.013, ƞ2=0.06). Tests of simple main effects indicated significantly higher S-US Expectancy 

to the CS+ in the S-US Acquisition group than in the P-US Acquisition group at Test trials 1 and 

2 (F(1,50)=4.06, p=0.049), and indicated a significant effect of Time on the CS+ in the S-US 

Acquisition group (F(1,50)=10.88, p=0.002). 

Reinforcement x Reinstatement US x Time: There were no significant two- or three-way 

interactions, although there was a marginally significant Reinforcement x Reinstatement US 

(F(1,50)=3.31, p=0.075) interaction. There was a significant main effect of Time (F(1,50)=6.47, 

p=0.014, ƞ2=0.06). Tests of simple main effects indicated a significant effect of Time on CS+ in 

0	
  

0.5	
  

1	
  

1.5	
  

2	
  

2.5	
  

3	
  

3.5	
  

4	
  

4.5	
  

E	
   R	
   E	
   R	
   E	
   R	
   E	
   R	
  

Social/Social	
   Physical/Physical	
   Social/Physical	
   Physical/Social	
  

CS+	
  

CS-­‐	
  

P-­‐
U
S	
  
Ex
pe

ct
an

cy
	
  



	
  45 

the S-US Reinstatement group (F(1,50)=7.62, p=0.008), and CS- in the S-US Reinstatement 

group (F(1,46)=4.58, p=0.037). 

Reinforcement x Match x Time: There were no significant two- or three-way interactions. 

There was a significant main effect of Time (F(1,50)=6.47, p=0.014, ƞ2=0.06). Tests of simple 

main effects indicated a significant effect of Time on the CS+ in the Same group (F(1,50)=5.79, 

p=0.020). 

Reinforcement x Group x Time: There were no significant two- or three-way interactions. 

There was a significant main effect of Time (F(1,48)=7.04, p=0.011, ƞ2=0.06). Tests of simple 

two-way interactions found a significant Reinforcement x Time interaction in the Social/Social 

group (F(1,11)=4.62, p=0.050, ƞ2=0.03), a significant Reinforcement x Group interaction at Test 

trials 1 and 2 (F(3,48)=2.91, p=0.044, ƞ2=0.15), and a significant Group x Time interaction for 

CS+ (F(3,48)=3.00, p=0.040, ƞ2=0.14). Tests of simple main effects indicated significantly 

higher S-US Expectancy to the CS+ in the Social/Social group than in the other groups at Test 

trials 1 and 2 (F(3,48)=3.16, p=0.033), significantly higher CS+ than CS- in the Social/Social 

group at Test trials 1 and 2 (F(1,48)=6.78, p=0.012), and a significant effect of Time on the CS+ 

in the Social/Social group (F(1,48)=14.12, p=0.000). 
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Figure 14. 
Study 1 Reinstatement: S-US Expectancy 

 
 

Valence Ratings  

Reinforcement x Acquisition US x Time: There was no significant three-way interaction, 

but there was a significant two-way Reinforcement x Acquisition US interaction (F(1,48)=7.15, 

p=0.010, ƞ2=0.05). There was a significant main effect of Time (F(1,48)=5.35, p=0.025, 

ƞ2=0.03). Tests of simple main effects indicated significantly higher negative valence ratings to 

the CS+ than CS- in the P-US Acquisition group at Post-Extinction (F(1,48)=6.00, p=0.018) and 

at Post-Reinstatement (F(1,48)=7.54, p=0.008).  

Reinforcement x Reinstatement US x Time: There were no significant two- or three-way 

interactions. There were significant main effects of Reinforcement (F(1,48)=4.04, p=0.050, 

ƞ2=0.04) and Time (F(1,48)=4.26, p=0.044, ƞ2=0.02). There were no significant simple two-way 

interactions or simple main effects.  

Reinforcement x Match x Time: There were no significant two- or three-way interactions. 

There were significant main effects of Reinforcement (F(1,48)=4.04, p=0.050, ƞ2=0.04) and 

Time (F(1,48)=4.26, p=0.044, ƞ2=0.02).    
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Reinforcement x Group x Time: There was no significant three-way interaction, but there 

was a significant two-way Reinforcement x Time interaction. (F(3,46)=2.92, p=0.044, ƞ2=0.07) 

There was a significant main effect of Time (F(1,46)=4.77, p=0.034, ƞ2=0.02). Tests of simple 

main effects indicated significantly higher valence ratings to the CS+ than CS- in the 

Physical/Physical group at Post-Extinction (F(1,46)=4.14, p=0.048), and Post-Reinstatement. 

 

Figure 15. 
Study 1 Reinstatement: Valence Ratings 

 
 

Arousal Ratings 

Reinforcement x Acquisition US x Time: There was no significant three-way interaction, 

but there was a significant two-way Reinforcement x Acquisition US interaction (F(1,48)=4.23, 

p=0.045, ƞ2=0.04). There was a significant main effect of Reinforcement (F(1,48)=9.70, 

p=0.003 ƞ2=0.09). Tests of simple main effects indicated significantly higher arousal ratings to 

the CS+ than CS- in the P-US Acquisition group at Post-Extinction (F(1,48)=13.02, p=0.001) 

and at Post-Reinstatement (F(1,48)=11.35 p=0.001).  
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Reinforcement x Reinstatement US x Time: There were no significant two- or three-way 

interactions. There were significant main effects of Reinforcement (F(1,48)=9.74, p=0.003, 

ƞ2=0.09). Tests of simple main effects indicated significantly higher arousal ratings to the CS+ 

than CS- in the P-US Reinstatement group at Post-Extinction (F(1,48)=7.43 p=0.009) and Post-

Reinstatement (F(1,48)=11.35, p=0.001), and a significant effect of Time on the CS- in the P-US 

Reinstatement group (F(1,48)=4.37, p=0.042). 

Reinforcement x Match x Time: There were no significant two- or three-way interactions. 

There were significant main effects of Reinforcement (F(1,48)=9.74, p=0.003, ƞ2=0.10).  

Reinforcement x Group x Time: There were no significant two- or three-way interactions, 

but there was a significant main effect of Reinforcement (F(1,46)=8.58, p=0.005, ƞ2=0.08). Tests 

of simple main effects indicated significantly higher arousal ratings to the CS+ than CS- in the 

Physical/Physical group at Post-Extinction (F(1,46)=10.33, p=0.002) and Post-Reinstatement 

(F(1,46)=12.17 p=0.001).  

Figure 16. 
Study 1 Reinstatement: Arousal Ratings 
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SCR 

Reinforcement x Acquisition US x Time: There were no significant two- or three-way 

interactions, main effects, simple two-way interactions or simple main effects.  

Reinforcement x Reinstatement US x Time: There were no significant two- or three-way 

interactions, main effects, simple two-way interactions or simple main effects.  

Reinforcement x Match x Time: There was a significant two-way Reinforcement by 

Match interaction (F(1,43)=6.47, p=0.050, ƞ2=0.04). There were no significant simple two-way 

interactions or simple main effects.  

Reinforcement x Group x Time: There were no significant three-way interactions, but 

there was a significant two-way Reinforcement x Group (F(3,41)=2.89, p=0.047, ƞ2=0.03) 

interaction. There were no significant main effects. There were no significant simple two-way 

interactions, although there was a marginally significant Reinforcement by Time interaction in 

the P-US Reinstatement group (F(1,22)=4.10, p=0.055, ƞ2=0.02). Tests of simple main effects 

indicated significantly higher SCR to CS- than CS+ in the Physical/Social group at Test trials 1 

and 2 (F(1,41)=5.57, p=0.023).  
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Figure 17. 
Study 1 Reinstatement: SCR  

 

ASR 

Reinforcement x Acquisition US x Time: There were no significant two- or three-way 

interactions. There were significant main effects of Time (F(1,44)=10.32, p=0.002, ƞ2=0.08). 

There were no significant simple two-way interactions or simple main effects.  

Reinforcement x Reinstatement US x Time: There was no significant three-way 

interactions, but there was a significant two-way Reinstatement US x Time interaction 

(F(1,44)=5.47, p=0.024, ƞ2=0.04). Tests of simple main effects indicated significantly higher 

ASR to CS+ in the P-US Reinstatement group than in the S-US Reinstatement group at Test 

trials 1 and 2 (F(1,44)=6.94, p=0.012), and significantly higher ASR to CS- in the P-US 

Reinstatement group than CS- in the S-US Reinstatement group at Test trials 1 and 2 

(F(1,44)=4.76, p=0.035). Tests of simple main effects also indicated a significant effect of Time 

on the CS+ in the P-US Reinstatement group (F(1,44)=4.86, p=0.033), and a significant effect of 

Time on the CS- in the P-US Reinstatement group (F(1,44)=17.29, p=0.000). 
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Reinforcement x Match x Time: There were no significant two- or three-way interactions. 

There were significant main effects of Time (F(1,44)=10.32, p=0.002, ƞ2=0.08). There were no 

significant simple two-way interactions or simple main effects.  

Reinforcement x Group x Time: There were no significant three-way interactions, but 

there was a significant two-way Group x Time interaction (F(1,42)=3.80, p=0.017, ƞ2=0.08). 

There were significant main effects of Group (F(3,42)=5.71, p=0.002, ƞ2=0.15) and Time 

(F(1,42)=13.16, p=0.001, ƞ2=0.09). There were no significant simple two-way interactions. 

Tests of simple main effects indicated significantly higher ASR to CS+ in the Social/Physical 

group than in other groups (F(3,42)=4.14, p=0.012), significantly higher ASR to CS- in the 

Social/Physical group than in other groups (F(3,42)=4.43, p=0.009), and significantly higher 

CS+ than CS- in the Physical/Physical group at Extinction trials 5 and 6 (F(3,42)=4.43, p=0.24). 

Tests of simple main effects also indicated a significant effect of Time on the CS+ in the 

Social/Physical group (F(1,42)=10.02, p=0.003), CS- in the Social Physical group 

(F(1,42)=12.07, p=0.016), and CS- in the Physical/Physical Group (F(1,42)=6.33, p=0.001).  

Figure 18.  
Study 1 Reinstatement: ASR 
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PPG 

Reinforcement x Acquisition US x Time: There were no significant two- or three-way 

interactions, main effects, or simple two-way interactions. Tests of simple main effects indicated 

a significant effect of Time on the CS- in the S-US Acquisition group (F(1,49)=7.22, p=0.010). 

Reinforcement x Reinstatement US x Time: There were no significant two- or three-way 

interactions, main effects, simple two-way interactions, or simple main effects.  

Reinforcement x Match x Time: There were no significant two- or three-way interactions, 

main effects, simple two-way interactions, or simple main effects. 

Reinforcement x Group x Time: There were no significant two- or three-way interactions, 

main effects, or simple two-way interactions. Tests of simple main effects indicated a significant 

effect of Time on the CS- in the Social/Physical group (F(1,47)=5.45, p=0.024), and a 

marginally significant effect of higher PPG response to CS+ than CS- in the Social/Physical 

group at Test trials 1 and 2 (p=0.065). 

Figure 19. 
Study 1 Reinstatement: PPG 
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Discussion 

 Three hypotheses were tested in study 1. First, it was hypothesized that both a physically 

painful muscle stimulation US (P-US) and socially painful negative feedback as a US (S-US) 

would elicit increased conditional responding to the CS+ relative to the CS- following 

acquisition trials. Second, it was hypothesized that the presentation of both P-US and S-US 

during reinstatement would produce subsequently greater conditional responding than was 

observed following extinction. Third, it was hypothesized that standard reinstatement with the 

same US as was used during acquisition would produce greater return of conditional responding 

(i.e. differential increase in CS+ relative to CS-) than cross-US reinstatement with a different US 

from acquisition. Therefore, it was expected that greater reinstatement would be observed in the 

Physical/Physical and Social/Social groups than in the Physical/Social and Social/Physical 

groups. The results are supportive of hypothesis 1, and partially supportive of hypotheses 2 and 

3. 

Acquisition 

 As hypothesized, P-US acquisition participants demonstrated significant differential 

conditioning during acquisition to the CS+ relative to CS- as measured by P-US expectancy 

ratings, valence ratings, arousal ratings, SCR and PPG. S-US acquisition participants 

demonstrated significant differential conditioning during acquisition to the CS+ relative to CS- 

as measured by S-US expectancy ratings. Neither acquisition US group demonstrated acquisition 

as measured by ASR; in both groups ASR findings appeared most consistent with habituation 

rather than excitatory conditioning. Thus, both US types elicited significant differential 

conditioning through acquisition trials, although P-US elicited acquisition across a broader range 

of measures than S-US.  
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Reinstatement: Physical and social pain 

 Before examining the effect of physical and social pain on reinstatement it was necessary 

to demonstrate that both acquisition and extinction had occurred. For the P-US acquisition group, 

both acquisition learning and subsequent extinction were demonstrated on P-US expectancy 

ratings, valence ratings, arousal ratings, and SCR, while acquisition but not extinction were 

demonstrated on PPG. For the P-US acquisition group, acquisition was not demonstrated for 

ASR, but there was a significant decrease in both ASR to CS+ and CS- across extinction trials, 

demonstrating evidence of habituation, and there was no evidence of acquisition or extinction on 

S-US expectancy. For the S-US acquisition group, both acquisition and subsequent extinction 

were found on S-US expectancy ratings, but not for any other measures.  

 P-US reinstatement participants subsequently demonstrated a significant overall increase 

in responding, but not in differential responding to the CS+ and CS-, as measured by P-US 

expectancy and ASR. P-US reinstatement participants demonstrated a significant decrease in 

arousal ratings to CS- following reinstatement but no change for CS+. In the P-US reinstatement 

group there was no evidence of reinstatement as measured by S-US expectancy, valence ratings, 

SCR, or PPG. The findings on the effect of P-US on post-reinstatement responding are somewhat 

mixed, but overall they are most indicative of P-US having a non-differential 

reinstatement/sensitizing effect, whereby responding to all stimuli subsequently increases, rather 

than a differential reinstating effect whereby conditional responding increases to the CS+ relative 

to the CS-.  

S-US reinstatement participants demonstrated a significant overall increase in responding 

following reinstatement trials, but not in differential responding to CS+ and CS-, as measured by 

S-US expectancy. Similar to the findings of P-US reinstatement, the findings on the effect of S-
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US on post-reinstatement responding are most indicative of a non-differential/sensitizing effect, 

whereby responding to both CS+ and CS- subsequently increases, rather than a differential 

reinstating effect whereby conditional responding increases to the CS+ relative to the CS-.  

Standard versus cross-US reinstatement 

Participants who received the same US during reinstatement as during acquisition 

subsequently demonstrated a significant elevation in S-US expectancy to the CS+, while cross-

US participants showed a greater increase in SCR to the CS- following reinstatement. There 

were no differences between the Same US and Different US groups following reinstatement in P-

US expectancy, valence or arousal ratings, EMG, or PPG. While there was only a small amount 

of evidence suggesting stronger standard reinstatement than cross-US reinstatement, there were 

notable findings regarding differences between the four combinations of acquisition and 

reinstatement US (Physical/Physical, Physical/Social, Social/Social, Social/Physical). In the 

Social/Social group, following reinstatement there was a significant increase in S-US expectancy 

to the CS+ relative to CS-, providing strong support for the occurrence of differential 

reinstatement. In the Social/Physical group a significant decrease in PPG to CS- and marginally 

significant differential between CS+ and CS-following reinstatement provided potential evidence 

for differential reinstatement. However, given that S-US acquisition participants did not 

demonstrate acquisition learning on PPG, this finding might best be interpreted as sensitization 

resulting from the P-US reinstatement. Non-differential reinstatement/sensitization occurring as 

the result of the P-US would be consistent with findings from P-US expectancy (increased CS+ 

and CS- responding in both the Social/Physical and Physical/Physical groups), and from ASR 

(increased CS+ and CS- in the Social/Physical group and increased CS- in the Physical/Physical 
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group). Finally, the only notable finding in the Physical/Social group was a significant increase 

in SCR to CS- relative to CS+ following reinstatement.  

These findings provide partial support for the hypothesis that standard reinstatement with 

the same US as during acquisition would produce a differential return of conditional responding, 

as observed when the S-US was presented in both acquisition and extinction. However, these 

results did not demonstrate differential reinstatement resulting from P-US presentation. Rather, 

unpaired P-US presentations following extinction produced subsequent sensitization (non-

differential reinstatement) regardless of which US had been presented during acquisition.  
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STUDY 2 

Introduction 

Clinical research has demonstrated that level of arousal can act as a retrieval cue for fear, 

and change in arousal state from the state experienced during fear extinction can produce a return 

of fear (Mystkowski et al., 2003). Extant findings on the role of arousal on fear reinstatement are 

mixed. From research on drug-use and drug-relapse there is strong evidence that the experience 

of a discrete stressor following extinction of drug-seeking behavior will reinstate drug-seeking 

behavior, a process mediated by elevated neural activity of CRF and noradrenaline. (Stewart, 

2000, 2008). This non-specific arousal-based account of reinstatement suggests that any unpaired 

US that produces a UR consisting of sufficiently high arousal and neuroendocrine response 

should be adequate to reinstate the CR. Alternatively, a small amount of research also supports a 

similar-arousal-based theory of fear reinstatement which contends that in order for arousal to 

reinstate fear it must be qualitatively similar to the arousal experienced during fear acquisition 

(Hourutunian & Riccio, 1979; Jacobs & Nadel, 1985). No human research to date has examined 

whether the magnitude of the UR or concordance between acquisition UR and reinstatement UR 

moderate the subsequent return in conditional responding.  

As previously outlined, the limited research on the qualities of unpaired USs necessary to 

reinstate fear has either examined the relationship between reinstating US and acquisition US or 

between reinstating UR and acquisition UR, while little consideration has been given to the 

relationship between the CS and reinstating US. A substantial body of research indicates that the 

belongingness of CS with US significantly impacts fear learning. URs to qualitatively different 

aversive USs may differ significantly, and CS-US learning is stronger when the UR is 

biologically and evolutionarily relevant to the CS (e.g., Garcia & Koelling, 1966; Rescorla, 
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2008). For example, Garcia and Koelling found that rats readily learned to associate an 

audiovisual cue with discrete physical pain (shock) but not with nausea (induced by 

administration of an x-ray or toxin), and readily learned to associate a gustatory cue with nausea 

but not with discrete physical pain. Faster and stronger acquisition of fear occurs to fear-relevant 

CSs than to fear irrelevant CSs in humans and monkeys (Mineka & Öhman, 2002; Öhman & 

Mineka, 2001). For example, a series of experiments found that lab-reared monkeys naïve to the 

study stimuli learned fear through vicarious conditioning to fear-relevant stimuli (i.e. snakes, 

crocodiles) but not to fear-irrelevant stimuli (i.e. flowers, rabbits) (Cook & Mineka, 1989, 1990). 

However, there is little existing evidence regarding the role of CS belongingness in 

reinstatement, either between CS and acquisition US or CS and reinstating US.  

The aims of Study 2 were to replicate findings from Study 1, evaluate the effect of CS 

belongingness on standard and cross-US reinstatement, and combined with Study 1 data examine 

physiological arousal experienced during reinstatement as a predictor of return of differential 

conditional responding. Study 2 compared S-US and P-US reinstatement for participants who 

had completed S-US acquisition with a socially relevant CS+. Indices of conditional responding 

through all experimental phases were the same as in Study 1: self-report measures (P-US 

expectancy, S-US expectancy, valence and arousal ratings) and physiological measures (ASR, 

SCR, PPG). Several hypotheses were tested in Study 2. First, Study 2 aimed to replicate findings 

from Study 1, so it was hypothesized that Social/Social participants would show differential 

reinstatement, while Social/Physical participants would show non-differential 

reinstatement/sensitization. Second, it was predicted that due to the inclusion of the socially 

relevant CS+, Study 2 Social/Social and Social/Physical participants would show stronger 

differential reinstatement and non-differential reinstatement/sensitization, respectively, than 
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Study 1 participants in the corresponding groups. Third, it was hypothesized that across both 

Study 1 and Study 2 greater physiological arousal experienced during the reinstatement period 

would predict greater return of conditional responding during post-reinstatement test trials.  

Methods 

Overview of design 

Experimental procedures in Study 2 were identical to those in Study 1, except that Study 

2 utilized different stimuli as the CS, and all participants completed S-US rather than P-US 

acquisition. Participants were randomly assigned to one of two experimental groups based on 

Reinstatement US (Physical or Social). The distribution of participants across the groups was as 

follows: P-US Reinstatement=13, S-US Reinstatement=10. 

Participants 

Twenty-three participants (17 females, 6 males), with a mean age of 22.22 (SD=3.29) 

were recruited from undergraduate introductory psychology courses and through posting 

recruitment flyers on a university campus. Study participants received either course credit or $30 

for 2 hours of study participation. The ethnic distribution of the sample was 8.7% Caucasian, 

65.2% Asian, 13.0% Hispanic, 8.7% African American, and 4.3% who classified themselves as 

multiethnic or other. Participants were recruited if they met the following eligibility criteria: a) 

age 18 years or older; b) English speaking; c) score 6 or higher on the Mini Social Phobia 

Inventory (Mini-SPIN). Exclusion criteria for study participation included: a) physician 

recommended to stay away from stressful situations; b) serious respiratory, cardiovascular, 

pulmonary, or neurological condition, c) hearing impaired, d) pregnant. 

Measures 

 All measures in Study 2 were identical to those used in Study 1.  
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Stimuli 

Conditional Stimuli: In Study 2, a cartoon picture of a yellow-colored neutral face 

(yellow circle, with two black dots and a vertical black line) served as CS+. A blue square with 

two black dots and a diagonal black line (included in order to match the face CS for complexity 

of visual components) served as the CS+. Pictures of conditional stimuli are included in the 

Appendix 1.  

Unconditional stimuli: Study 2 used the same two US as in Study 1: P-US (simultaneous 

presentation of a picture of a spark and muscle stimulation), and S-US (simultaneous 

presentation of a picture of an angry face and a personally relevant auditory insult).  

Procedures 

 Study 2 procedures were virtually identical to Study 1 procedures, other than a few minor 

differences. Both groups in Study 2 completed S-US acquisition, and subsequently either S-US 

or P-US reinstatement, so Study 2 was comprised of a Social/Social (S-US Reinstatement) and 

Social/Physical (P-US Reinstatement) group. Study 2 used similar, but slightly more complex 

CSs than Study 1. Study 2 used a socially relevant CS+ (yellow circle with two black dots and a 

vertical black line), while the CS- was a blue square with two black dots and a diagonal black 

line. All other procedures during Study 2 were identical to Study 1.  

Table 2.  
Study 2 Conditioning Procedures Flow Chart 

Group Habituation Acquisition Extinction Reinstatement Test 
Phase 

S-US 
Reinstate 

Socially relevant 
CS+ (3) 
CS- (3) 

CS+ / S-US (6) 
CS- (6) 
Neutral feedback (2) 

CS+ (6) 
CS- (6) 

S-US (4)	
   CS+ (2) 
CS- (2) 

P-US 
Reinstate 

Socially relevant 
CS+ (3) 
CS- (3) 

CS+ / S-US (6) 
CS- (6) 
Neutral feedback (2) 

CS+ (6) 
CS- (6) 

P-US (4)	
   CS+ (2) 
CS- (2) 
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Results 

For results of Acquisition, Extinction, and Reinstatement only significant findings are 

reported. Means, and statistical values for all non-significant findings are reported in Appendix 

3. 

Baseline measures 

Mean scores on baseline measures were as follows: Mini-SPIN: M=8.78, SD=1.83; BDI: 

M=6.43, SD=5.75; ASI-X: M=67.91, SD=18.31; MAAS: M=57.00, SD=14.02; STAI: M=46.09, 

SD=11.02. Independent samples t-tests revealed no significant differences between the two 

groups on Mini-SPIN (t(21)=1.11, p=0.278), BDI (t(21)=1.88, p=0.074), ASI-X (t(21)=0.454, 

p=0.655), MAAS (t(21)=0.561, p=0.581), or STAI (t(77)=1.71, p=0.103). There were also no 

significant differences among the groups on age (t(21)=0.196, p=0.847), gender (χ2 (1, 

N=23)=2.28, p=0.123), or ethnicity (χ2 (4, N=23)=7.81, p=0.099). 

Stimulus ratings  

Data from Study 1 and Study 2 were combined for analyses of stimulus ratings. 

Independent samples t-tests revealed significantly higher P-US distress (t(77)=1.69, p=0.005) in 

Study 1 (M=3.75, SD=1.83) than Study 2 (M=2.91, SD=2.35). Independent samples t-tests 

revealed no significant differences between Study 1 and Study 2 on self-selected muscle 

stimulation level (t(76)=0.014, p=0.853), S-US distress (t(77)=0.343, p=0.528), S-US 

believability (t(77)=0.992, p=0.717), or acoustic startle probe distress (t(71)=0.233, p=0.913).  

Independent samples t-tests revealed significantly higher P-US distress (t(77)=2.95, 

p=0.001) in the P-US Acquisition group (M=4.34, SD=1.56) than S-US Acquisition group 

(M=3.02, SD=2.12), but revealed no significant differences between groups on self-selected 
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muscle stimulation level (t(76)=0.780, p=0.524), S-US distress (t(77)=1.82, p=0.433), S-US 

believability (t(77)=1.18, p=0.284), or acoustic startle probe distress (t(71)=0.132, p=0.715).  

Paired samples t-tests indicated significantly higher startle probe distress than P-US 

distress (t(72)=3.17, p=0.000), and significantly higher startle probe distress than S-US distress 

(t(72)=4.98, p=0.000), but no significant difference between P-US and S-US distress 

(t(78)=1.17, p=0.247). Across both studies, average stimulus ratings were: muscle stimulation 

level: M=39.95, SD=16.62; P-US distress: M=3.51, SD=2.02; S-US distress: M=3.17, SD=2.10; 

S-US believability: M=2.35, SD=1.54; startle probe distress: M=4.82, SD=1.84.  

Acquisition 

Values of P-US expectancy S-US expectancy, SCR, ASR, and PPG were averaged across 

the 3 habituation trials, across acquisition trials 1 and 2, across acquisition trials 3 and 4, and 

across acquisition trials 5 and 6. 2 (Reinforcement; CS+, CS-) x 4 (Time; Habituation average, 

Acquisition trials 1 and 2, Acquisition trials 3 and 4, Acquisition trials 5 and 6) mixed-design 

ANOVAs were conducted for P-US expectancy S-US expectancy, SCR, ASR, and PPG. 2 

(Reinforcement; CS+, CS-) x 2 (Time; Post-Habituation, Post-Acquisition) mixed-design 

ANOVAs were conducted for Valence ratings and Arousal ratings.  

P-US Expectancy: There were no significant two-way interactions, main effects, or 

simple main effects. 

S-US Expectancy: There was a significant two-way Reinforcement x Time interaction 

(F(3,17)=7.26, p=0.038, ƞ2=0.04), and a significant main effect of Reinforcement (F(1,19)=5.57, 

p=0.029, ƞ2=0.07). Tests of simple main effects indicated significantly higher CS+ than CS- at 

Acquisition trials 3 and 4 (F(1,19)=5.77, p=0.027) and Acquisition trials 5 and 6 (F(1,19)=4.44, 

p=0.049).  
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Figure 20. 

Study 2 Acquisition: S-US Expectancy 

 
 
 
Valence Ratings: There was no significant two-way interaction, but there was a 

significant main effect of Reinforcement (F(1,19)=16.15, p=0.001, ƞ2=0.29). Tests of simple 

main effects indicated significantly higher CS+ than CS- at Post-Habituation (F(1,19)=13.62, 

p=0.002) and Post-Acquisition (F(1,19)=8.40, p=0.010).  
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Figure 21.  
Study 2 Acquisition: Valence Ratings 

 
 
Arousal Ratings: There was a significant two-way Reinforcement x Time interaction 

(F(1,19)=13.28, p=0.002, ƞ2=0.09), and a significant main effect of Reinforcement 

(F(1,19)=6.93, p=0.017, ƞ2=0.13). Tests of simple main effects indicated significantly higher 

CS+ than CS- at Post-Acquisition (F(1,19)=11.57, p=0.003), and found a significant effect of 

Time on CS+ (F(1,19)=8.95, p=0.008). 

Figure 22. 
Study 2 Acquisition: Arousal Ratings 
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SCR: There was no significant two-way interaction, main effects, or simple main effects. 

PPG: There was no significant two-way interaction, but there were significant main 

effects of Reinforcement (F(1,19)=5.28, p=0.034, ƞ2=0.06), and Time (F(1,19)=3.84, p=0.015, 

ƞ2=0.07). Tests of simple main effects indicated significantly higher CS+ than CS- at Acquisition 

trials 1 and 2 (F(1,19)=5.33, p=0.033), and found a significant effect of Time on CS- 

(F(1,19)=4.58, p=0.017). 

Figure 23. 
Study 2 Acquisition: PPG 

 
 
 
ASR: There was no significant two-way interaction, but there was a significant main 

effect of Time (F(3,18)=6.64, p=0.006). Tests of simple main effects indicated a significant 

effect of Time on CS+ (F(3,18)=6.64, p=0.006) and CS- (F(3,18)=15.30, p=0.000). 
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Figure 24. 
Study 1 Acquisition: ASR

 
 
 
 

Extinction 

2 (Reinforcement; CS+, CS-) x 3 (Time; Extinction trials 1 and 2, Extinction trials 3 and 

4, Extinction trials 5 and 6) mixed-design ANOVAs were conducted for P-US expectancy S-US 

expectancy, SCR, ASR, and PPG. 2 (Reinforcement; CS+, CS-) x 2 (Time; Post-Acquisition, 

Post-Extinction) mixed-design ANOVAs were conducted for Valence ratings and Arousal 

ratings.  

P-US Expectancy: There was no significant two-way interaction, but there was a 

significant main effect of Time (F(1,20)=3.87, p=0.011, ƞ2=019). Tests of simple main effects 

indicated significantly higher CS- than CS+ at Extinction trials 1 and 2 (F(1,19)=5.02, p=0.040), 

and found a significant effect of Time on CS- (F(1,19)=4.32, p=0.033).  
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Figure 25. 
Study 2 Extinction: P-US Expectancy 

 
 
 
S-US Expectancy: There was a significant two-way Reinforcement x Time interaction 

(F(3,18)=4.5, p=0.017, ƞ2=0.06), and no significant main effects. Tests of simple main effects 

indicated significantly higher CS+ than CS- at Extinction trials 1 and 2 (F(1,19)=4.27, p=0.050) 

and a significant effect of Time on CS+ (F(2,18)=3.91, p=0.039).  

 
Figure 26. 

Study 2 Extinction: S-US Expectancy
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Valence Ratings: There was no significant two-way interaction, but there was a main 

effect for Reinforcement (F(1,18)=8.96, p=0.008, ƞ2=0.26). Tests of simple main effects 

indicated significantly higher CS+ than CS- at Post-Acquisition (F(1,19)=8.39, p=0.050) and 

Post-Extinction (F(1,19)=6.96, p=0.010).  

Figure 27. 
Study 2 Extinction: Valence Ratings 

 
 
 
Arousal Ratings: There was no significant two-way interaction, but there were main 

effects of Reinforcement (F(1,18)=14.87, p=0.001, ƞ2=0.23) and Time (F(1,18)=26.66, p=0.000, 

ƞ2=0.20). Tests of simple main effects indicated significantly higher CS+ than CS- at Post-

Acquisition (F(1,19)=11.56, p=0.003) and Post-Extinction (F(1,19)=10.21, p=0.005). Tests of 

simple main effects also found a significant effect of time on CS+ (F(1,19)=16.48, p=0.001) and 

CS- (F(1,19)=12.31, p=0.003). 
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Figure 28. 
Study 2 Extinction: Arousal Ratings 

 
 
 
PPG: There was no significant two-way interaction, main effects, or simple main effects.	
   

SCR: There was no significant two-way interaction, main effects, or simple main effects. 

ASR: There were no significant two-way interaction, main effects, or simple main effects. 

Reinstatement 

 Values of P-US expectancy S-US expectancy, SCR, ASR, and PPG were averaged across 

extinction trials 5 and 6, and post-reinstatement test trials 1 and 2. 2 (Reinforcement; CS+, CS-) x 

2 (Reinstatement US; Physical, Social) x 2 (Time; Extinction trials 5 and 6, Test trials 1 and 2) 

mixed-design ANOVAs were conducted for P-US expectancy, S-US expectancy, SCR, ASR, 

and PPG. 2 (Reinforcement; CS+, CS-) x 2 (Reinstatement US; Physical, Social) x 2 (Time; Post-

Extinction, Post-Reinstatement) mixed-design ANOVAs were conducted for Valence ratings and 

Arousal ratings. 

P-US Expectancy: There were no significant two- or three-way interactions or main 

effects, although there was a marginally significant main effect of Time (p=0.056). Tests of 
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simple main effects indicated a significant effect of Time on CS- in the P-US Reinstatement 

group (F(1,18)=5.42, p=0.032). 

Figure 29. 
Study 2 Reinstatement: P-US Expectancy  

 
 
S-US Expectancy: There was no significant three-way interaction (marginally significant, 

p=0.084), but there were significant two-way Reinforcement x Time (F(1,18)=10.65, p=0.004, 

ƞ2=0.06), Reinstatement US x Time (F(1,18)=4.93, p=0.040, ƞ2=0.12), and Reinforcement x 

Reinstatement US (F(3,18)=4.85, p=0.041, ƞ2=0.04) interactions. Tests of simple two-way 

interactions found significant Reinforcement x Time interactions in the S-US Reinstatement US 

group (F(1,10)=9.26, p=0.014, ƞ2=0.08), significant Reinforcement x Reinstatement US 

interactions at test trials 1 and 2 (F(1,18)=4.83, p=0.041, ƞ2=0.17), and Reinstatement US x 

Time interactions for CS+ (F(1,18)=5.88, p=0.026, ƞ2=0.21). Tests of simple main effects 

indicated significantly higher CS+ than CS- in the S-US Reinstatement group at test trials 1 and 

2 (F(1,18)=10.93, p=0.004), and found a significant effect of Time on CS+ in the S-US 

Reinstatement group (F(1,18)=10.47, p=0.005). 
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Figure 30. 
Study 2 Reinstatement: S-US Expectancy  

 
 
Valence Ratings: There was a significant three-way Reinforcement x Reinstatement US x 

Time interaction (F(1,17)=4.28, p=0.050, ƞ2=0.05), but no significant two-way interactions. 

Tests of simple two-way interactions indicated a significant Reinforcement x Time interaction in 

the S-US Reinstatement group (F(1,19)=5.60, p=0.042, ƞ2=0.12), and a significant 

Reinforcement by Reinstatement US interaction at Post-Reinstatement (F(1,19)=11.06, p=0.004, 

ƞ2=0.23). There were significant main effects of Reinforcement (F(1,17)=10.61, p=0.005, 

ƞ2=0.16), Reinstatement US (F(1,17)=4.95, p=0.040, ƞ2=0.07), and Time (F(1,17)=9.71, 

p=0.006, ƞ2=0.10). Tests of simple main effects indicated significantly higher CS- at Post-

Extinction in the P-US Reinstatement than the S-US Reinstatement group (F(1,18)=4.45, 

p=0.050), significantly higher CS+ at Post-Reinstatement in the P-US Reinstatement group 

(F(1,18)=12.87, p=0.002), significantly higher CS+ than CS- in the S-US Reinstatement group at 

Post-Extinction (F(1,18)=4.54, p=0.048), and significantly higher CS+ than CS- in the P-US 

Reinstatement group at Post-Reinstatement (F(1,18)=15.31, p=0.001). Tests of simple main 

0	
  

1	
  

2	
  

3	
  

4	
  

5	
  

6	
  

7	
  

8	
  

Ex1nc1on	
   Reinstate	
   Ex1nc1on	
   Reinstate	
  

Social/Social	
   Social/Physical	
  

CS+	
  

CS-­‐	
  

S-­‐
U
S	
  
Ex
pe

ct
an

cy
	
  



	
  72 

effects also found a significant effect of Time on CS+ in the S-US Reinstatement group 

(F(1,18)=7.93, p=0.012) and CS- in the P-US Reinstatement group (F(1,18)=7.33, p=0.015). 

Figure 31. 
Study 2 Reinstatement: Valence Ratings  

 
 
 
Arousal Ratings: There were no significant two- or three-way interactions, but there were 

significant main effects of Reinforcement (F(1,18)=8.35, p=0.010, ƞ2=0.16) and Reinstatement 

US (F(1,18)=6.54, p=0.020, ƞ2=0.09). Tests of simple two-way interactions indicated a 

significant Reinforcement x Reinstatement US interaction at Extinction trials 5 and 6 

(F(1,19)=8.55, p=0.009, ƞ2=0.20). Tests of simple main effects indicated significantly higher 

CS+ than CS- at Extinction trials 5 and 6 in the P-US Reinstatement group (F(1,18)=14.02, 

p=0.002), and significantly higher CS+ than CS- in the P-US Reinstatement group at Post-

Extinction (F(1,18)=22.48, p=0.000). 
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Figure 32.  
Study 2 Reinstatement: Arousal Ratings 

 
 
ASR: There were no significant three-way interactions, but there was a significant two-

way Reinforcement x Time interaction (F(1,15)=84.68, p=0.030, ƞ2=0.05). Tests of simple two-

way interactions indicated a significant Reinforcement x Time interaction in the S-US 

Reinstatement group (F(1,9)=5.78, p=0.040, ƞ2=0.13), and a significant Reinstatement US x 

Time interaction for the CS- (F(1,15)=5.78, p=0.033, ƞ2=0.27). Tests of simple main effects 

indicated a significant effect of Time on CS+ in the P-US group (F(1,15)=4.83, p=0.044).  
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Figure 33. 
Study 2 Reinstatement: ASR 

 
 
 

SCR: There were no significant two- or three-way interactions, main effects, or simple 

main effects.	
   

PPG: There were no significant two- or three-way interactions, main effects, or simple 

main effects. 

 

Belongingness: Comparing Study 1 and Study 2 

Acquisition 

P-US Expectancy: There were no significant two- or three-way interactions, main effects 

or simple two-way interactions involving study. Tests of simple main effects indicated 

significantly higher CS- than CS+ in Study 1 at Acquisition trials 1 and 2 (F(1,40)=4.14, 

p=0.049) and Acquisition trials 5 and 6 (F(1,40)=4.53, p=0.040), but not at any time point in 

Study 2. 
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Figure 34. 
Comparing Acquisition in Study 1 and Study 2: P-US Expectancy	
  

 
 
S-US Expectancy: There were no significant two-way interactions, main effects, simple 

two-way interactions or simple main effects involving Study. 

Valence Ratings: There was no significant three-way interaction, but there was a 

significant two-way Reinforcement x Study interaction (F(1,38)=8.94, p=0.005, ƞ2=0.08), and a 

marginally significant Time x Study interaction (p=0.053). Tests of simple two-way interactions 

indicated a significant Reinforcement x Time interaction in Study 1 (F(1,21)=8.40, p=0.009, 

ƞ2=0.14). Tests of simple main effects indicated significantly higher CS+ in Study 2 than Study 1 

at Post-Habituation (F(1,38)=5.01, p=0.031) and Post-Acquisition (F(1,38)=5.12, p=0.030), 

significantly higher CS+ than CS- at Post-Habituation in Study 1 (F(1,38)=4.76, p=0.035) and in 

Study 2 (F(1,38)=16.33, p=0.000), and at Post-Acquisition in Study 2 (F(1,38)=9.30, p=0.004). 

Tests of simple main effects indicated significant effect of Time on CS- in Study 1 

(F(1,38)=13.06, p=0.001). 
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Figure 35. 
Comparing Acquisition in Study 1 and Study 2: Valence Ratings

 
 
Arousal Ratings: There was a significant three-way Reinforcement x Time x Study 

interaction (F(1,40)=7.35, p=0.010, ƞ2=0.02), but no significant two-way interactions. Tests of 

simple two-way interactions indicated a significant Reinforcement x Time interaction in Study 2 

(F(1,19)=13.28, p=0.002, ƞ2=0.09). Tests of simple main effects indicated significantly higher 

CS+ at Post-Acquisition in Study 2 than in Study 1 (F(1,40)=6.71, p=0.013), significantly higher 

CS+ than CS- in Study 2 at Post-Acquisition (F(1,40)=19.74, p=0.000), and a significant effect 

of Time on CS+ in Study 2 (F(1,40)=11.64, p=0.001). 
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Figure 36. 
Comparing Acquisition in Study 1 and Study 2: Arousal Ratings	
  

 
 

SCR: There were no significant two-way interactions, main effects, simple two-way 

interactions or simple main effects involving Study. 

ASR: There were no significant two-way interactions, main effects, simple two-way 

interactions or simple main effects involving Study. 

PPG: There were no significant two- or three-way interactions, although there were 

marginally significant Reinforcement x Study (p=0.067) and Time x Study (p=0.065) 

interactions. There was a main effect of Study (F(1,40)=4.39, p=0.043, ƞ2=0.11). Tests of simple 

main effects indicated significantly higher CS- in Study 1 than Study 2 at Acquisition trials 1 and 

2 (F(1,40)=7.03, p=0.011) and at Acquisition trials 3 and 4 (F(1,40)=6.09, p=0.018), and 

significantly higher CS+ than CS- in Study 2 at Acquisition trials 1 and 2 (F(1,40)=7.50, 

p=0.009). Tests of simple main effects found a significant effect of Time on CS- in Study 2 

(F(3,38)=5.26, p=0.004).  
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Figure 37. 
Comparing Acquisition in Study 1 and Study 2: PPG

 
 

Extinction 

P-US Expectancy: There were no significant two-way interactions, main effects, simple 

two-way interactions or simple main effects involving Study. 

S-US Expectancy: There were no significant two-way interactions, main effects, simple 

two-way interactions or simple main effects involving Study. 

Valence Ratings: There was no significant three-way interaction, but there was a 

significant two-way Reinforcement x Study interaction (F(1,40)=10.68, p=0.002, ƞ2=0.05). 

There were no significant simple two-way interactions, but tests of simple main effects indicated 

significantly higher CS+ in Study 2 than Study 1 at Post-Extinction (F(1,40)=9.73, p=0.013), 

and significantly higher CS+ than CS- at Post-Acquisition (F(1,40)=6.70, p=0.003) and Post-

Extinction (F(1,40)=8.81, p=0.005). 
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Figure 38. 
Comparing Extinction in Study 1 and Study 2: Valence Ratings

 
 
Arousal Ratings: There was no significant three-way interaction, but there were 

significant two-way Reinforcement x Study (F(1,39)=6.80, p=0.013, ƞ2=0.06) and significant 

two-way Time x Study (F(1,39)=7.80, p=0.008, ƞ2=0.03) interactions. There were no significant 

simple two-way interactions, but tests of simple main effects indicated significantly higher CS+ 

in Study 2 than Study 1 at Post-Acquisition (F(1,39)=5.85, p=0.020), and significantly higher 

CS+ than CS- at Post-Acquisition (F(1,39)=19.28, p=0.000) and Post-Extinction (F(1,39)=9.71, 

p=0.003). Tests of simple main effects also indicated a significant effect of Time on CS+ in 

Study 1 (F(1,39)=5.15, p=0.029) and Study 2 (F(1,39)=27.51, p=0.000), and CS- in Study 2 

(F(1,39)=12.09, p=0.001). 
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Figure 39. 
Comparing Extinction in Study 1 and Study 2: Arousal Ratings

 
 
SCR: There were no significant two-way interactions, main effects, simple two-way 

interactions or simple main effects involving Study. 

ASR: There were no significant two-way interactions, main effects, simple two-way 

interactions or simple main effects involving Study. 

PPG: There were no significant two-way interactions, main effects, simple two-way 

interactions or simple main effects involving Study. 

 
Reinstatement 

P-US Expectancy 

Social/Physical Reinstatement: There were no significant two- or three-way interactions, 

main effects, or simple two-way effects. Tests of simple main effects indicated significantly 

higher CS+ in Study 2 than Study 1 at Extinction trials 5 and 6 (F(1,19)=5.98, p=0.024), higher 

CS+ than CS- in Study 2 at Extinction trials 5 and 6 (F(1,19)=4.62, p=0.044), and found a 

significant effect of Time on CS+ (F(1,19)=6.70, p=0.016) and CS- (F(1,19)=8.47, p=0.099) in 

Study 1.  
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Figure 40. 
Comparing Reinstatement in Study 1 and 2: P-US Expectancy in Social/Physical Reinstatement 

  
 
Social/Social Reinstatement: There were no significant two- or three-way interactions, 

main effects, simple two-way interactions or simple main effects involving Study. 

 

S-US Expectancy  

Social/Physical Reinstatement: There were no significant two- or three-way interactions, 

main effects, simple two-way interactions or simple main effects involving Study. 

Social/Social Reinstatement: There were no significant two- or three-way interactions, 

main effects, simple two-way interactions or simple main effects involving Study. 

 

Valence Ratings  

Social/Physical Reinstatement: There were no significant three-way interactions, but 

there was a significant Reinforcement x Study interaction (F(1,18)=12.45, p=0.002, ƞ2=0.19). 

There were no simple two-way interactions, but tests of simple main effects indicated 
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significantly higher CS+ in Study 2 than Study 1 at Post-Reinstatement (F(1,18)=6.29, p=0.022), 

and a significant effect of Time on CS- in Study 2, (F(1,18)=7.45, p=0.014). 

 
Figure 41. 

Comparing Reinstatement in Study 1 and 2: Valence Ratings in Social/Physical Reinstatement 

 
 
Social/Social Reinstatement: There were no significant two- or three-way interactions, 

main effects, or simple two-way interactions involving Study. Tests of simple main effects 

indicated significantly higher CS+ than CS- at Post-Extinction in Study 2 (F(1,18)=4.83, 

p=0.041), and a significant effect of Time on CS+ in Study 2 (F(1,18)=9.08, p=0.007). 
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Figure 42. 
Comparing Reinstatement in Study 1 and 2: Valence Ratings in Social/Social Reinstatement

 
 
Arousal Ratings  

Social/Physical Reinstatement: There was a significant three-way Reinforcement x Time 

x Study interaction (F(1,18)=6.74, p=0.018, ƞ2=0.04), but no significant two-way interactions. 

Tests of simple main effects indicated significantly higher CS+ in Study 2 than Study 1 at Post-

Extinction (F(1,18)=4.77, p=0.042), significantly higher CS+ than CS- in Study 1 at Post-

Extinction (F(1,18)=12.63, p=0.002), and found a significant effect of Time on CS+ in Study 2 

(F(1,18)=8.49, p=0.002). 
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Figure 43. 
Comparing Reinstatement in Study 1 and 2: Arousal Ratings in Social/Physical Reinstatement

 
 
Social/Social Reinstatement: There were no significant two- or three-way interactions, 

main effects, simple two-way interactions or simple main effects involving Study. 

 

SCR  

Social/Physical Reinstatement: There were no significant two- or three-way interactions, 

main effects, simple two-way interactions or simple main effects involving Study. 

Social/Social Reinstatement: There were no significant two- or three-way interactions, 

main effects, simple two-way interactions or simple main effects involving Study.  

 

ASR  

Social/Physical Reinstatement: There were no significant two- or three-way interactions, 

main effects or simple two-way interactions involving Study. Tests of simple main effects 

indicated a significant effect of Time on CS+ (F(1,15)=5.47, p=0.012) and CS- Study 1 

(F(1,15)=8.54, p=0.011) and CS+ in Study 2 (F(1,15)=5.02, p=0.041). 
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Figure 44. 
Comparing Reinstatement in Study 1 and 2: ASR in Social/Physical Reinstatement 

 
 
Social/Social Reinstatement: There were no significant two- or three-way interactions, 

main effects or simple two-way interactions involving Study. Tests of simple main effects 

indicated a significant effect of Time on CS- in Study 2 (F(1,21)=5.47, p=0.029). 

Figure 45.  
Comparing Reinstatement in Study 1 and 2: ASR in Social/Social Reinstatement 
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PPG 

Social/Physical Reinstatement: There were no significant two- or three-way interactions, 

main effects, simple two-way interactions or simple main effects involving Study. 

Social/Social Reinstatement: There were no significant two- or three-way interactions, 

main effects, simple two-way interactions or simple main effects involving Study. 

Predictors of change in responding from end of extinction to post-reinstatement 

Data from Study 1 and Study 2 were collapsed for multiple linear regression analyses 

conducted examining predictors of change in responding between the end of extinction and post-

reinstatement test trials. Outcome measures included change in CS+, change in CS-, and change 

in the differential between CS+ and CS- for the following outcome measures: S-US expectancy, 

P-US expectancy, Valence ratings, Arousal ratings, SCR, ASR, and PPG.  

Several variables were calculated to be included as predictors in the regression analyses. 

SCR percent change, a measure of total change from SCR during acquisition USs to SCR during 

reinstatement USs, was calculated as: (average SCR to US during reinstatement – average SCR 

to US during acquisition)/ (average SCR to US during reinstatement + average SCR to US 

during acquisition). Higher SCR percent change indicates less concordance between SCR from 

acquisition to reinstatement. PPG percent change, a measure of total change from PPG during 

acquisition USs to PPG during reinstatement USs, was calculated as: (average PPG to US during 

reinstatement – average PPG to US during acquisition)/ (average PPG to US during 

reinstatement + average PPG to US during acquisition). Higher PPG percent change indicates 

less concordance between SCR from acquisition to reinstatement. 

Demographics and baseline measures that were entered into the first level of the linear 

regression model included: age, gender, ethnicity, BDI, ASI, and Mini-SPIN. Predictors entered 
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into the model in a stepwise approach included: self-selected muscle stimulation level, average 

SCR response during reinstatement, SCR percent change, average PPG response during 

reinstatement, and PPG percent change.  

P-US expectancy 

Average SCR response during reinstatement significantly predicted variability in 

differential CS change in P-US from extinction to reinstatement, above and beyond the 

variability accounted for by demographic and baseline variables (F(1,38)=5.23, p=0.028, 

R2=0.106, β*
i=-0.370). No predictors significantly predicted CS+ change from extinction to 

reinstatement or CS- change in P-US expectancy from extinction to reinstatement above and 

beyond the variability accounted for by demographic and baseline variables. 

S-US expectancy 

PPG percent change significantly predicted variability in CS+ change in S-US 

expectancy from extinction to reinstatement, above and beyond the variability accounted for by 

demographic and baseline variables (F(1,35)=4.36, p=0.043, R2=0.105, β*
i=-0.344). No 

predictors significantly predicted CS- change in S-US expectancy from extinction to 

reinstatement or differential CS change from extinction to reinstatement above and beyond the 

variability accounted for by demographic and baseline variables. 

Valence 

Self-selected muscle stimulation level significantly predicted variability in CS+ change in 

valence ratings from extinction to reinstatement, above and beyond the variability accounted for 

by demographic and baseline variables (F(1,38)=12.19, p=0.001, R2=0.219, β*
i=0.496). Self-

selected muscle stimulation level (F(1,38)=6.58, p=0.014, R2=0.131, β*
i=0.383) significantly 

predicted variability in differential CS change from extinction to reinstatement, above and 
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beyond the variability accounted for by demographic and baseline variables. No predictors 

significantly predicted CS- change in valence ratings from extinction to reinstatement above and 

beyond the variability accounted for by demographic and baseline variables. 

Arousal 

No predictors significantly predicted variability in CS+ change, CS- change, or 

differential CS change in arousal ratings from extinction to reinstatement, above and beyond the 

variability accounted for by demographic and baseline variables.  

SCR 

Average SCR response during reinstatement significantly predicted variability in CS+ 

change in SCR from extinction to reinstatement, above and beyond the variability accounted for 

by demographic and baseline variables (F(1,41)=5.01, p=0.044, R2=0.078, β*
i=0.317). Average 

SCR response during reinstatement significantly predicted variability in CS- change in SCR from 

extinction to reinstatement, above and beyond the variability accounted for by demographic and 

baseline variables (F(1,41)=4.44, p=0.041, R2=0.084, β*
i=0.330). No predictors significantly 

predicted differential CS change from extinction to reinstatement above and beyond the 

variability accounted for by demographic and baseline variables. 

ASR 

No predictors significantly predicted variability in CS+ change, CS- change, or 

differential CS change in ASR from extinction to reinstatement, above and beyond the variability 

accounted for by demographic and baseline variables.  

 
PPG 

Average PPG response during reinstatement significantly predicted variability in CS- 

change in PPG from extinction to reinstatement, above and beyond the variability accounted for 
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by demographic and baseline variables (F(1,41)=5.27, p=0.027, R2=0.079, β*
i=0.287). No 

predictors significantly predicted CS+ change or differential CS change in PPG from extinction 

to reinstatement above and beyond the variability accounted for by demographic and baseline 

variables. 

Discussion: 

 Three hypotheses were tested in study 2. First, Study 2 aimed to replicate findings from 

Study 1 of observed differential reinstatement in Social/Social participants and non-differential 

reinstatement in Social/Physical participants. Second, it was hypothesized that the socially 

relevant CS+ included in Study would elicit stronger acquisition and reinstatement of conditional 

responding than was observed in Study 1 Social/Social and Social/Physical groups. Third, it was 

hypothesized that examining data combined from Study 1 and Study 2 would indicate that 

greater physiological arousal experienced during the reinstatement period would elicit greater 

return of conditional responding.  

Stimulus Ratings  

 The only significant difference between Study 1 and Study 2 stimulus ratings was higher 

P-US distress in Study 1, which can likely be attributed to half of Study 1 participants 

completing P-US acquisition versus none completing P-US acquisition in Study 2. This 

interpretation is consistent with the P-US acquisition participants across having significantly 

higher P-US distress than S-US acquisition participants. 

 It is notable that the novel S-US utilized in this methodology was rated as equivalently 

distressing as the P-US. This finding was somewhat surprising given that muscle stimulation has 

been firmly established as a US aversive enough to support associative learning while only a 

small number of studies have successfully utilized social pain in associative learning procedures 
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(Lissek et al., 2008). The equivalence in P-US and S-US distress ratings is particularly surprising 

in light of low believability ratings of social feedback, with an average of 2.35, on a “1=not 

believable” to “7=very believable” likert scale. Indeed, if future methodological adjustments are 

able to enhance S-US believability then social pain might be utilized as a particularly effective 

US in associative learning research. It should be noted that participants in this research were 

selected based on moderate social anxiety symptoms (6 or more on the Mini-SPIN) as were 

participants in previous research utilizing S-USs in associative learning procedures (Lissek et al., 

2008), and were thus likely highly sensitive to social pain and rejection. Therefore, it should not 

be expected that the effectiveness of the S-US methodology utilized in this study would 

generalize to a non-socially anxious population.  

It is interesting that the acoustic startle probe, a brief blast of white noise, was rated as 

significantly more aversive than either US in these studies. While auditory stimuli have been 

utilized as aversive US in conditioning research, acoustic startle probes have also been widely 

used in conditioning research (Grillon, 2002) without being observed to interfere or compete 

with excitatory learning driven by a different primary US. Research using potentiated startle as a 

measure of fear conditioning requires methodological care (as was done in this research) to 

ensure equal contingency between startle probes and other study stimuli (i.e. CS+, CS-, US, ITI) 

so that startle probes themselves do not drive associative learning. High distress to the acoustic 

startle probes might be particularly relevant to the current research given that both loud noises 

and the P-US would be expected to elicit physical threat responses consistent with acute fear, 

while the S-US would be expected to elicit social threat responses serving to avert attack or 

rejection from dominant conspecifics (Öhman, 1986).  
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Replicating Differential Reinstatement and Non-Differential Reinstatement/Sensitization 

 Before examining the effect of physical and social pain on reinstatement it was necessary 

to demonstrate that both acquisition and extinction had occurred. Evidence of both acquisition 

and extinction were found for S-US expectancy and arousal ratings. For PPG there was moderate 

support for acquisition as evidenced by increased differential between CS+ and CS-, although 

overall responding to CS+ did not increase. There was no evidence of an extinction curve in 

PPG, but by the end of extinction there was no significant difference between CS+ and CS-. 

There was no evidence of acquisition or extinction as measured by P-US expectancy (as would 

be expected in S-US acquisition), valence ratings, SCR, or ASR.  

 Participants in the Social reinstatement group demonstrated significant reinstatement of 

differential responding to CS+ and CS- as measured by S-US expectancy. The Social 

reinstatement group also demonstrated differential responding to CS+ and CS- in ASR, although 

this result might be best interpreted as showing sensitization given that no acquisition had been 

observed in ASR. No reinstatement was observed in the Social reinstatement group for arousal or 

valence ratings, PPG, or SCR. 

 Following the reinstatement period participants in the Physical reinstatement group 

demonstrated a significant CS+ increase in ASR, and a significant CS- decrease in negative 

valence such that there was a significant difference between CS, although each of these results 

might be best interpreted as showing sensitization given that no acquisition had been observed in 

ASR or valence. The Physical reinstatement group also showed a significant CS- increase in P-

US expectancy, again consistent with non-differential reinstatement/sensitization. No differential 

or non-differential reinstatement was observed in the Social/Physical group for arousal ratings, 

SCR, or PPG. Overall, these results are consistent with the Study 1 results, replicating the 
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finding of differential reinstatement for Social/Social participants and non-differential 

reinstatement Social/Physical participants.  

Belongingness: Effect of socially relevant CS+ on conditional responding 

 Acquisition: Compared with participants presented with a socially irrelevant CS+ paired 

with S-US during acquisition (Study 1), participants who had a socially relevant CS+ paired with 

S-US during acquisition (Study 2) had higher negative valence to CS+ after habituation, higher 

negative valence and arousal to CS + after acquisition, and significantly greater differential in 

valence and arousal to CS+ relative to CS- after acquisition. Participants who received the S-US 

and socially relevant CS+ showed acquisition of conditional responding in PPG, while 

participants receiving the socially irrelevant CS+ did not. Participants who received the S-US 

and socially irrelevant CS+ showed elevated P-US expectancy to the CS- relative to the CS+. 

CS+ belongingness did not significantly influence S-US expectancy during acquisition, which is 

notable given that S-US expectancy was the strongest and most reliable measure of social pain 

acquisition learning across both studies. Overall, these results provide strong support that social 

relevance of the CS+ enhanced acquisition learning to S-US across a number of measures.  

  Extinction: Compared with participants who received the S-US and socially irrelevant 

CS+ during acquisition, participants who received the S-US and socially relevant CS+ reported 

greater negative valence and arousal to CS+ relative to CS- before and after extinction. These 

results indicate that participants who received the S-US and socially relevant CS+ did not 

extinguish conditional responding in terms of valence and arousal. It is possible that this finding 

is the result of particularly strong acquisition learning in valence and arousal observed by Study 

2 participants, and also possible that six extinction trials for each CS were insufficient to achieve 

optimal extinction.  
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 Reinstatement 

 P-US Reinstatement: The effect of the socially relevant CS+ on reinstatement in 

Social/Physical participants was somewhat mixed. Study 2 Social/Physical reinstatement 

participants receiving the socially relevant CS+ showed higher P-US expectancy to CS+ 

following extinction, but did not demonstrate a significant increase in both CS+ and CS- 

following reinstatement as did Study 1 participants receiving the socially irrelevant CS+. 

Social/Physical reinstatement participants receiving the socially relevant CS+ reported higher 

negative valence and arousal to CS+ both before and after reinstatement, and showed a decrease 

in negative valence to CS- following reinstatement. Social/Physical participants receiving the 

socially relevant CS+ showed a differential increase in ASR following reinstatement (significant 

increase in CS+ but not CS-), while those who received the socially irrelevant CS+ showed a 

significant increase in ASR for both CSs. This finding could be taken to suggest that the socially 

relevant CS+ promoted reinstatement of differential responding while the socially irrelevant CS+ 

supported non-specific sensitization. However, given that ASR acquisition was not observed in 

either study with either US, these results are most likely indicative of non-differential 

reinstatement/sensitization in the Social/Physical group rather than differential reinstatement. 

 S-US Reinstatement: The effect of the socially relevant CS+ on reinstatement in the 

Social/Social group was somewhat mixed. Social/Social participants receiving the socially 

relevant CS+ showed a significant decrease in negative valence to the CS+ following 

reinstatement, while participants receiving the socially irrelevant CS+ did not. Social/Social 

participants who received the socially relevant CS+ also showed a significant decrease in ASR to 

the CS- following reinstatement, while participants receiving the socially irrelevant CS+ did not.  
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Physiological Predictors of Reinstatement  

After controlling for baseline measures and demographics, greater PPG percent change 

from acquisition to reinstatement predicted significantly greater decrease in CS+ for S-US 

expectancy, while greater PPG response during reinstatement predicted greater CS- increase in 

PPG following reinstatement. After controlling for baseline measures and demographics, higher 

SCR response during the reinstatement period predicted significantly greater CS+ and CS- 

increase in SCR following reinstatement. Additionally, higher SCR response during the 

reinstatement period predicted significantly greater decrease in CS differential for P-US 

expectancy. After controlling for baseline measures and demographics, higher self-selected 

levels of muscle stimulation predicted significantly greater increase in CS+ and in CS differential 

for valence ratings. These findings provide some preliminary evidence that arousal experienced 

during reinstatement influences post-reinstatement responding, although the results are 

somewhat underwhelming given the relatively few significantly predictors of 4 self-report and 3 

physiological outcome measures. These findings do not support the similar-arousal theory of 

reinstatement that concordance between UR-arousal experienced during acquisition and 

reinstatement may predict greater differential reinstatement, but rather indicate that overall 

higher arousal experienced during reinstatement predicted a greater non-differential 

reinstatement.  

Conclusions 

 These two studies utilized novel methodology to conduct standard and cross-US 

reinstatement with a socially painful US (S-US) and physically painful US (P-US), in order to 

examine the role of associative and arousal-based factors in the reinstatement of conditioned 

fear. One important finding from this research was the effectiveness of the S-US in supporting 
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both acquisition and reinstatement. This methodology built upon previous studies of socially 

painful USs in conditioning (simultaneous presentation of angry face plus auditory insult; Lissek 

et al., 2008) and added a personally-relevant social pain manipulation designed to strengthen the 

aversive quality of the S-US (Eisenberger, 2012). Additionally, the S-US (picture of angry face, 

auditory negative feedback) and the P-US (picture of electrical spark, muscle stimulation) were 

matched as discrete, compound USs each with a visual component.  

 As a means of examining associative factors involved in reinstatement of fear, standard 

reinstatement US (Social/Social and Physical/Physical groups) was compared with cross-US 

reinstatement (Social/Physical and Physical/Social groups). Interestingly, no overall differences 

were found between standard and cross-US reinstatement, suggesting that US similarity alone 

does not drive reinstatement. However, across both studies the Social/Social group was the only 

group to show consistent differential reinstatement, while the Physical/Physical and 

Social/Physical groups showed non-differential reinstatement in post-reinstatement test trials. 

The Physical/Social group did not demonstrate any change in responding following the 

reinstatement manipulation. There is reason to believe that methodological factors (discussed 

later) may have contributed to non-differential reinstatement rather than differential-

reinstatement in the P-US reinstatement group, particularly for Physical/Physical participants, as 

there is substantial extant human research demonstrating differential reinstatement in 

shock/shock experimental designs (LaBar & Phelps, 2005, Dirikx et al., 2004; Dirikx et al., 

2007; Hermans et al., 2005; Sokol & Lovibond, 2012). The Physical/Social group showed no 

evidence of cross-US reinstatement, while the Social/Physical group showed non-differential 

reinstatement. Thus, there is that some evidence that qualitatively distinct aversive USs can elicit 

cross-US non-differential reinstatement. There was no evidence for cross-US differential 
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reinstatement, as there was for standard reinstatement in the Social/Social group. Sokol and 

Lovibond (2012) found evidence for cross-US differential reinstatement, but the USs in their 

study (shock, loud noise) were qualitatively similar in eliciting physical threat CRs.  

Does physiological arousal predict reinstatement? 

 The findings from these studies provide extremely preliminary evidence that after 

controlling for demographics and baseline measures, greater physiological arousal (PPG, ASR) 

during reinstatement predicts non-differential post-reinstatement return of differential responding 

to both CS+ and CS-. Alternatively, there was no evidence that concordance in physiological 

arousal experienced during reinstatement and acquisition was predictive of greater differential 

post-reinstatement responding. These results thus provide tentative support for the non-specific 

arousal-based account of reinstatement adapted from the drug-relapse literature (Stewart, 2000, 

2008), suggesting that higher arousal during reinstatement predicts non-differential increases in 

responding to both CS+ and CS- (i.e., sensitization). 

It is worth noting that the observation of concordance predicting differential 

reinstatement specifically involved concordance in blushing response (PPG) predicting 

differential reinstatement in expectancy of social pain. A possible implication is that 

experiencing arousal unique to social pain during reinstatement may be particularly predictive of 

differential return of social fear. However, this conclusion is questionable given that in Study 1 

physical pain elicited acquisition of differential PPG responding, suggesting that to some extent 

PPG captures general arousal rather than a unique social-threat response.  

Differential social pain reinstatement and non-differential physical pain reinstatement? 
 

An unexpected finding from this research was that Social/Social participants 

demonstrated differential reinstatement of conditional responding, while P-US reinstatement 
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participants showed non-differential reinstatement (i.e., increased responding to both CS+ and 

CS-) regardless of their acquisition US. Most previous human research has demonstrated that 

unpaired shocks presented following extinction produce differential reinstatement (Dirikx et al., 

2004; Dirikx et al., 2007; Hermans et al., 2005; Sokol & Lovibond, 2012), although several 

studies have also found non-differential reinstatement to the CS+ and CS- (Dirikx et al., 2009; 

Kull et al., 2012). In the current research it was interesting that negative social feedback elicited 

standard differential reinstatement across both studies (with Social/Social participants), while in 

both studies muscle stimulation elicited non-differential reinstatement.  

Several theories of reinstatement have been proposed with the potential to address non-

differential reinstatement, all based on the effects of context conditioning (for more thorough 

review see Dirikx et al., 2009). One account suggests that reinstatement results from summation 

between excitatory context conditioning elicited by reinstating USs being paired with residual 

excitatory value of the CS+ following extinction (Bouton & Bolles, 1979). According to the 

theory, if contextual fear is strong enough following reinstatement it might potentiate non-

differential increase in responding to both CS. Two other accounts contend that both CS+ and 

CS- can form associations with the conditioning context, and after reinstating USs become 

associated with the context non-differential responding to both CS may occur as the result of 

higher order conditioning/associative chaining (Westbrook et al., 2002; Schmajuk, Larrauri, & 

LaBar, 2007). These theories all offer useful consideration for understanding reinstatement, but 

as they do not pertain to the effects of qualitatively distinct USs they are not optimally suited for 

explaining the current findings. 

One explanation of sorts for these findings is that P-US reinstatement generated such 

high arousal that all subsequent responding was potentiated, while the lower level of arousal 
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generated by S-US reinstatement was sufficient to recall S-US acquisition learning but not to 

potentiate overall responding. This interpretation would be consistent with the previously 

discussed findings of physiological predictors of reinstatement; higher arousal during 

reinstatement predicted non-differential increase in responding, while concordance in social 

threat related arousal (blushing) experienced during reinstatement and acquisition predicted 

greater differential responding. However, this interpretation is more descriptive than explanatory, 

and fails to address why arousal generated by social and physical pain seemed to have different 

effects on reinstatement. 

The AESOP model of associative learning may be a useful lens for viewing the findings 

of non-differential P-US reinstatement but differential S-US reinstatement. Following the 

acquisition and extinction phases, the CS+ would be expected to have formed excitatory as well 

as inhibitory connections with the acquisition US. More specifically, S-US acquisition 

participants should have formed inhibitory CS-US connections (during extinction) that compete 

with previously formed excitatory sensory associations of social feedback and excitatory 

emotional associations of social threat/pain. Similarly, P-US acquisition participants should have 

formed inhibitory CS-US connections (during extinction) that compete with previously formed 

excitatory sensory associations of shock and excitatory emotional associations of physical 

threat/pain. Another stimulus that should be considered in these findings is the acoustic startle 

probe (brief blasts of white noise), which unexpectedly was rated by participants as the most 

aversive stimulus in the study. Loud noises may be used to support fear conditioning as a US 

which signals physical threat, and as startle probes were presented throughout all study phases 

except reinstatement during CS+, CS-, and ITI with no contingency for prediction it is likely that 

they elicited contextual fear conditioning (e.g., Fanselow, 1980; Rescorla & Wagner, 1972; 
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Vansteenwegen et al., 2008). Thus, by the end of extinction we would expect that the context 

should have formed an excitatory association with the startle probes, such that the context would 

recall the startle probe’s emotional response (i.e., threat of physical pain) and sensory elements.  

According to AESOP, unpaired US presentations during reinstatement should have had 

two types of associative effects. First, the unpaired reinstating US should have elicited excitatory 

conditioning to the context. So, following S-US reinstatement it would be expected that the 

context would recall the S-US emotional response (threat of social pain), while following P-US 

reinstatement the context would recall the P-US response (threat of physical pain). Second, in the 

standard reinstatement (Physical/Physical, Social/Social) the reinstating US should have acted as 

a reminder of the CS+. Other than noting that USs can generate responses while CSs typically 

cannot, AESOP treats CSs and USs as similar stimuli with regards to associative learning 

processes. Given that excitatory learning occurred between CS+ and US during acquisition, the 

sensory and emotional nodes of a standard reinstating US should selectively recall previously 

learned excitatory associations with the CS+. This recalling of excitatory CS+ associations 

should not occur with a qualitatively different US in cross-US reinstatement (e.g., in 

Physical/Social participants, the sensory and emotional elements of the reinstating S-US should 

not recall an excitatory association between P-US and CS+).  

In sum, by the post-reinstatement test phase, standard reinstatement participants could be 

expected to have three distinct associative relationships influencing conditional responding: 

context conditionings from startle probe, context conditioning from reinstating US, and cued 

conditioning to CS+. Physical/Physical participants would be influenced by contextual fear of 

physical threat (from startle probes), contextual fear of physical threat (from P-US), and fear of 

physical threat from CS+ (from P-US). Social/Social participants would be influenced by 
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contextual fear of physical threat (from startle probes), contextual fear of social threat (from S-

US), and fear of social threat from CS+ (from S-US). Alternatively, in the post-reinstatement 

phase cross-US reinstatement participants could be expected to have only two distinct associative 

relationships influencing responding: context conditionings from startle probe and context 

conditioning from reinstating US. At post-reinstatement, Physical/Social participants would be 

influenced by contextual fear of physical threat (from startle probes) and contextual fear of social 

threat (from S-US). At post-reinstatement, Social/Physical participants would be influenced 

contextual fear of physical threat (from startle probes) and contextual fear of physical threat 

(from P-US). 

These predictions of associative differences between study groups offer a potential 

explanation for why non-differential reinstatement was observed for P-US reinstatement 

participants while differential reinstatement was observed in Social/Social participants. Though 

sensitization has traditionally been thought of as a non-associative process (e.g., Davis, 1989), 

more recent research suggests that sensitization of startle response following unpaired shocks is 

mediated by contextually conditioned fear (Richardson, 2000). The startle probe and P-US each 

elicit physical threat responses, so it would be expected that the emotional elements of both 

stimuli which enter into excitatory associations with other stimuli should be very similar. By 

post-reinstatement, P-US reinstatement participants would have acquired contextual fear of 

physical threat in association with both startle probes and P-US, and since the emotional 

elements of each association are fear of physical threat they could be expected to have an 

additive effect in contributing to greater contextual fear of physical threat (i.e, summation). By 

post-reinstatement, S-US reinstatement participants would have acquired contextual fear of 

physical threat in association with startle probes and contextual fear of social threat in 
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association with S-US, but since the emotional elements of each association are different there 

should be no summation or additive effect in contributing to greater contextual fear of physical 

threat.  

Additionally, in both standard reinstatement groups reinstating US presentations should 

have recalled the excitatory CS-US association from acquisition, which presumably would have 

contributed to differential reinstatement of responding to the CS+ but not CS-. Differential 

reinstatement was indeed observed in Social/Social participants, but in the Physical/Physical 

group, which showed non-differential reinstatement. It may be that particularly high levels of 

contextual fear of physical threat potentiated overall responding beyond the point of observable 

CS differentiation. This interpretation is consistent with findings that anxious individuals tend to 

show more non-differential return of fear, possibly because of elevated contextual fear (for 

review, see Vervliet, Craske, & Hermans, 2013). This same effect of contextually potentiated 

responding would explain non-differential reinstatement in the Social/Physical group as well, 

although this group would not have been expected to show CS differentiation because the 

excitatory CS-US association was not primed during cross-US reinstatement. The fact that 

Social/Physical participants showed sensitization following reinstatement on P-US expectancy 

(not S-US expectancy), a measure on which they did not demonstrate acquisition, provides 

evidence that Social/Physical reinstatement was driven by fear of physical threat, not fear of 

social threat learning during acquisition. This finding is consistent with Sokol and Lovibond’s 

(2012) suggestion that cross-US reinstatement involves the development of new fears, not the 

reactivation of old ones. Physical/Social participants did not show any reinstatement of 

responding. 
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In addition to reconciling the divergent findings between P-US and S-US within this 

research, this explanation is also generally consistent with other human experimental 

reinstatement studies. Of the published studies demonstrating shock-elicited differential 

reinstatement in humans (LaBar & Phelps, 2005, Dirikx et al., 2004; Dirikx et al., 2007; 

Hermans et al., 2005; Sokol & Lovibond, 2012), none included startle probes as part of their 

procedures, so none would have had the startle-plus-shock additive effect on contextual fear of 

physical threat. It should be noted that two human experimental reinstatement studies which 

found non-differential reinstatement included shocks but not startle probes, which is contrary to 

the explanation provided here (Dirikx et al., 2009; Kull et al., 2012). The one study that utilized 

acoustic startle probes in demonstrating reinstatement of potentiated startle in humans did not 

use a shock as US, but rather a blast of air to the throat as the US (Norrholm et al., 2006).  

Future research should further explore whether post-extinction unpaired shocks in 

conjunction with non-contingent acoustic startle probes elicit non-differential reinstatement, 

while post-extinction unpaired shocks in the absence of startle probes elicit differential 

reinstatement. Pursuing this line of research may help clarify the associative factors contributing 

to reinstatement, both differential and non-differential. For example, would reinstating shocks 

have the same effect in conjunction with non-contingent acoustic startle probes as in conjunction 

with paired, contingent acoustic startle probes?  

Belongingness 

 S-US acquisition was demonstrated in both studies, but participants in Study 2 who 

received the socially relevant CS+ (a neutral face comprised of a yellow circle with two black 

dots and one black line) showed significantly stronger acquisition of conditional responding as 

measured by self-report and physiological measures. This demonstration of enhanced excitatory 



	
  103 

learning as the result of CS-US belongingness is in line with an extensive body of research 

indicating that CS-US learning is stronger when the UR is biologically and evolutionarily 

relevant to the CS (e.g., Garcia & Koelling, 1966; Rescorla, 2008). This is also consistent with 

the AESOP model, as elements in CS and US that “go together” should engender stronger 

associations. A minor but interesting finding regarding the socially relevant CS+ was that it was 

rated with more negative valence than the non-socially relevant CS+ following habituation, 

though it was not higher on other measures after baseline. This group difference before the onset 

of conditioning suggests that participants selected for moderate to high social anxiety experience 

stronger negative affect to even seemingly neutral social stimuli. Participants who received the 

socially relevant CS+ showed diminished extinction of self-reported negative valence and 

arousal relative to participants receiving the non-socially relevant CS+. As a general 

methodological consideration it is possible that in this study 6 extinction trials for each CS were 

insufficient to achieve optimal extinction. However, the diminished extinction observed to the 

socially relevant CS+ suggests that particularly robust acquisition learning was the result of    

CS-US belongingness.  

 The findings regarding the effect of CS belongingness on reinstatement were mixed, but 

there is some indication that CS+ belongingness may have promoted greater CS differential 

following both standard and cross-US reinstatement. For Social/Physical participants, those 

receiving the socially relevant CS+ showed greater decrease in responding to CS- following 

reinstatement on several measures, and showed greater differential increase to CS+ on ASR. 

Given the previously discussed effect of sensitization elicited by P-US reinstatement, it is 

especially notable that CS belongingness may have promoted differential CS responding 

following P-US reinstatement. The effect of CS+ belongingness on reinstatement for 
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Social/Social participants was less clear or easily understood (why do Social/Social participants 

receiving the socially relevant CS+ show decreased negative valence to CS+ following 

reinstatement?), but participants who received the socially relevant CS+ did show a greater 

decrease in ASR to the CS- following reinstatement. Together, these findings offer tentative 

evidence that CS+ belongingness promotes differential return of conditional responding in both 

standard and cross-US reinstatement, and that this effect is not simply the result of stronger 

acquisition learning.  

Limitations 

 Several potential limitations of this research should be noted. First, the S-US may not 

have been sufficiently aversive to fully explore the effects of social pain on reinstatement. S-US 

acquisition participants only demonstrated acquisition of differential conditional responding on 

one physiological measure (PPG, in participants who received the socially relevant CS+), and 

this differential responding was driven by a decrease in CS- rather than increased responding to 

CS+. The only observed S-US reinstatement of physiological responding was SCR in 

Social/Social participants who received the socially relevant CS+. Thus, without the addition of a 

socially relevant CS+ the S-US may not have been a strong enough stimulus to elicit observable 

physiological change as the result of associative learning. Indeed, believability of the social 

feedback manipulation was rated as fairly low, as was overall distress to the S-US. However, 

there is some reason to believe that the S-US was at least moderately effective as a US given that 

the S-US was rated as equivalently distressing as the P-US. Threat of social pain may simply 

elicit a different physiological response pattern with less significant or discrete sympathetic 

nervous system activation than threat of physical pain (Ohman, 1985). Given the potential for 

temporal and qualitative aspects of the UR to drive associative processes (Wagner & Brandon, 
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1989) it may be that different CS-US timing parameters than those used in this research would be 

better for excitatory learning driven by social pain. If future research can further enhance S-US 

believability, perhaps through the use of in-person confederates giving the negative feedback, 

then social pain may be increasingly utilized in advancing understanding of differences between 

qualitatively distinct aversive USs or improving experimental analogues for social anxiety 

disorder (Lissek et al., 2008). Future research should also clarify whether S-USs can support 

associative learning in a non-socially anxious sample.  

 Another potential limitation of this research was that certain conditioning parameters may 

not have been ideal for observing reinstatement and other return of fear phenomena. Increasing 

the number of extinction trials used in this research (6 for each CS, 12 total) likely would have 

produced greater extinction of conditional responding, which might have allowed for clearer 

observation of post-reinstatement change in responding. Having a longer period of time between 

the end of extinction and the reinstatement phase would have made it possible to examine both 

reinstatement and spontaneous recovery of fear. Additionally, having a longer period of time 

between reinstatement and the post-reinstatement test phase would have allowed for better 

differentiation between changes in responding driven by residual arousal from the UR to the 

reinstating US (which should decrease with sufficient time) versus changes driven by associative 

processes (which should not significantly degrade over time). It was surprising that acoustic 

startle probes in this research were rated as significantly more distressing than either shock or 

social pain, particularly given that past research using identical parameters for startle probe and 

muscle stimulation level did not find startle to be as highly aversively (e.g., Glenn, Minor, 

Vervliet, & Craske, 2014). Future conditioning fear conditioning research should be mindful of 
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the potential for acoustic startle probes (intended to function as a measurement tool) to act as an 

aversive US driving fear of physical threat.  

 A third limitation in this research was that the effect of belongingness between CS and 

reinstating US was examined in only a limited number of acquisition/reinstatement US 

combinations due to concerns over sample size with additional groups. In future research the 

effect of CS-US belongingness on reinstatement should be examined more comprehensively 

through all combinations of CS relevance, acquisition US, and reinstating US. For example, what 

is the effect of a socially relevant CS+ on Physical/Social reinstatement, the effect of a physical-

pain relevant CS+ on reinstatement, or the effect of belongingness in both CS+ and CS- on 

reinstatement? 

Clinical Implications 

 This research provides the first evidence of fear reinstatement elicited by social pain, as 

all previous demonstration of human fear reinstatement used physical threat related USs such as 

shock, loud noise, and a blast of air to the neck (Norrholm et al., 2006). Social pain is a central 

concept in understanding the development and maintenance over time of social anxiety disorder 

(SAD), so demonstrating that experimentally induced social pain functions similarly to physical 

pain in both acquisition and reinstatement is important for validating laboratory models of SAD 

(Lissek et al., 2008). One interesting finding from this research was that while social pain 

reinstated previously extinguished fear of social threat, it did not reinstate previously 

extinguished fear of physical threat. Several possible reasons for this finding have already been 

discussed, including the S-US not being aversive enough, or the arousal following social pain not 

being strong enough. Whatever the reason, a tentative suggestion of this finding is that mild to 

moderately socially painful experiences may not reinstate fears of physical danger. For example, 
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following successful treatment of posttraumatic stress disorder (PTSD) we might not expect the 

experience of having a serious argument with a friend to reinstate symptoms of PTSD, while we 

would expect reinstatement following a physical assault or automobile accident. However, this 

research does not address the effect of severe social pain, such as being broken-up with by a 

significant other, which might function differently from mild to moderate social pain in its 

capacity to engender cross-US reinstatement of fear. 

Unforeseen methodological issues involving the acoustic startle probes may have 

muddled the findings regarding cross-US reinstatement with qualitatively distinct USs. However, 

it is notable that Social/Physical participants (social pain during acquisition, physical pain during 

reinstatement) showed strong cross-US non-differential reinstatement (increased responding to 

both CSs), potentially as the result of additive context conditioning effects from startle probes 

and shocks. This unexpected finding is consistent with research showing the important role of 

contextual learning in reinstatement (Bouton et al., 2006). Additionally, this finding may suggest 

a useful model for understanding the interactions between chronic and acute stressors on 

reinstatement of fear.  

Clinical studies and case examples suggest that the occurrence of stressful events 

following treatment for anxiety is associated with a greater return of fear (Rachman, 1979; 

Steketee, 1993; Wade et al., 1993), and experimental research has demonstrated differential fear 

reinstatement in humans following acute stressors (Dirikx et al., 2004; Dirikx et al., 2007; 

Hermans et al., 2005; Neumann, 2008; Sokol & Lovibond, 2012). Chronic stress has been 

observed and demonstrated to contribute to reinstatement of drug craving (Stewart, 2008; Sinha, 

2008), but there is little research regarding the effect of chronic stressors on human fear 

reinstatement. One interpretation of the non-differential reinstatement findings from the current 
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research is that chronic stressors (startle probes presented during all study phases) produced 

elevated levels of chronic stress and anxiety (CR to contextual fear of startle probes) which 

exacerbated the response to an acute stressor (a series of unpredicted shocks) and subsequently 

produced a generalized increase in fearful responding (sensitization to both CS+ and CS-). It 

should be noted that this apparent additive effect of aversive stimuli leading to sensitization only 

occurred for stimuli both eliciting a similar emotional response (fear of physical threat); 

sensitization was not observed for social pain reinstatement participants, so it appears startle 

probes were not additive to the socially painful feedback.  

Clinically, these results suggests that individuals under chronic stress are not only at 

elevated risk of an acute stressor triggering the return of a previously extinguished fear, but 

potentially at risk for this return of fear to be generalized beyond the original feared stimulus. A 

similar pattern of fear generalization and poor differential learning is seen in individuals with 

anxiety disorders, such as patients with PTSD who generalize fear across stimuli and are 

sensitized by stress (Grillon & Morgan, 1999). The overall findings from this research do not 

suggest that reinstatement requires chronic stress to occur, but rather that a discrete reinstating 

stressor experienced in the context of chronic stress may elicit a stronger and more generalized 

return of fear. This may be particularly true when the acute stressor involves physical threat. For 

example, a patient who completes successful treatment for social anxiety, then experiences a 

series of medical complications pertaining to physical health, and several months later survives a 

serious automobile accident might be expected to show renewed and more generalized social 

anxiety as well as new fear of driving.  

The factors that contribute to reinstatement of fear, and more broadly to the return of fear, 

represent significant limitations to the effectiveness of exposure therapy for anxiety disorders. 
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These factors adversely affect many patients who experience a substantial reduction in fear 

during treatment but experience a return of fear following treatment (Craske & Mystkowski, 

2006; Craske & Rachman, 1987; Rachman, 1989; Rose & McGlynn, 1997). This research 

suggests that a number of factors may increase the likelihood that an unexpected unpleasant 

event reinstates an extinguished fear, including qualitative similarity between the event and the 

originally fear, the amount of arousal experienced during the event, the relatedness of feared 

conditional stimuli to the original and reinstating events, and chronic stress or anxiety 

surrounding the acute event. A broad range of research is currently underway on therapeutic 

interventions that may of increase the long-term effectiveness of treatments for anxiety disorders 

by mitigating factors contributing to reinstatement and return of fear (for review, see Vervliet, 

Craske, & Hermans, 2013).  
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APPENDIX 1: STUDY STIMULI 
	
  

Participant	
  Rating	
  Form	
  
Below	
  is	
  a	
  list	
  of	
  words	
  that	
  may	
  describe	
  the	
  person	
  in	
  the	
  interview	
  that	
  you	
  have	
  just	
  watched.	
  Please	
  place	
  an	
  
“X”	
  next	
  to	
  the	
  words	
  that	
  you	
  feel	
  best	
  describe	
  the	
  person.	
  Please	
  choose	
  up	
  to	
  10	
  words.	
  Your	
  ratings	
  will	
  be	
  
kept	
  completely	
  confidential.	
  
______	
   ADEQUATE	
  
______	
   ANNOYING	
  
______	
   ARROGANT	
  
______	
   ATTRACTIVE	
  
______	
   AWKWARD	
  
______	
   BORING	
  
______	
   COMPASSIONATE	
  
______	
   CONFUSING	
  
______	
   DECENT	
  
______	
   DUMB	
  
______	
   ENERGETIC	
  
______	
   ENGAGING	
  
______	
   ENTERTAINING	
  
______	
   FINE	
  
______	
   FORGETTABLE	
  
______	
   FUNNY	
  
______	
   INADEQUATE	
  
______	
   INFORMED	
  	
  
______	
   INTELLIGENT	
  
______	
   INTERESTING	
  
______	
   KIND	
  
______	
   LIKEABLE	
  
______	
   MEAN	
  
______	
   OFF-­‐PUTTING	
  
______	
   OKAY	
  
______	
   OPINIONATED	
  
______	
   PERSONABLE	
  
______	
   RESERVED	
  
______	
   RUDE	
  
______	
   SELFISH	
  
______	
   SENSITIVE	
  
______	
   SERIOUS	
  
______	
   SHALLOW	
  
______	
   SWEET	
  
______	
   TALKATIVE	
  
______	
   THOUGHTFUL	
  
______	
   UNIQUE	
  
______	
   UNLIKEABLE	
  
______	
   WEIRD	
  
______	
   WITTY	
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Social pain manipulation “Example Neutral Face” shown prior to conditioning 
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Social pain manipulation “Reviewer Face” shown prior to conditioning 
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“Neutral Face” shown during conditioning 
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Social pain US angry picture  
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Social Pain US Auditory Negative Feedback: 

• “Unlikeable” 

• “Annoying” 

•  “Dumb” 

•  “Forgettable” 

• “Inadequate” 

• “Rude” 

• “Selfish” 

• “Shallow” 

• “Off-putting” 

• “Unlikeable” 
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Physical Pain US (Simultaneous muscle stimulation plus picture of spark) 

 

 

 

Picture presented simultaneously with shock delivery 
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Study 1 CS: Geometric shapes 
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Study 2: Geometric shape CS- 

 

 

 

 

Study 2: Socially Relevant CS+ 
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APPENDIX 2: STUDY 1 STATISTICAL OUTPUT 

Table A1. 
Study 1 Acquisition Means (SD): P-US Expectancy	
  

Time	
  
Social	
  
Acq.	
  CS+	
  

Social	
  
Acq.	
  CS-­‐	
  

Physical	
  
Acq.	
  CS+	
  

Physical	
  
Acq.	
  CS-­‐	
  

Habituation	
  
3.71	
  

(1.61)	
  
3.47	
  

(1.87)	
  	
  
3.73	
  (2.10)	
   3.75	
  (2.05)	
  

Acquisition	
  
1&2	
  

2.55	
  
(2.64)	
  

3.38	
  
(2.84)	
  

4.62	
  (2.74)	
   3.55	
  (2.34)	
  

Acquisition	
  
3&4	
  

1.75	
  
(2.48)	
  

2.02	
  
(2.91)	
  

6.16	
  (3.89)	
   2.18	
  (3.00)	
  	
  

Acquisition	
  
5&6	
  

1.4	
  	
  (2.43)	
  
2.15	
  

(2.99)	
  
6.92	
  (3.65)	
   0.97	
  (1.71)	
  

	
  
	
  

Table A2. 
Study 1 Acquisition Means (SD): S-US Expectancy	
  

Time	
  
Social	
  
Acq.	
  CS+	
  

Social	
  
Acq.	
  CS-­‐	
  

Physical	
  
Acq.	
  CS+	
  

Physical	
  
Acq.	
  CS-­‐	
  

Habituation	
   4.79	
  (2)	
  
4.98	
  

(2.11)	
  
5	
  (2.24)	
   5.34	
  (2.42)	
  

Acquisition	
  
1&2	
  

5.57	
  
(2.86)	
  

5.45	
  
(2.89)	
  

5.48	
  (2.94)	
   5.84	
  (2.76)	
  

Acquisition	
  
3&4	
  

6.16	
  
(3.35)	
  

4.76	
  
(3.82)	
  

4.54	
  (3.81)	
   4.71	
  (3.82)	
  

Acquisition	
  
5&6	
  

6.77	
  
(3.18)	
  

4.52	
  
(4.09)	
  

4.03	
  (4.03)	
   4.42	
  (3.61)	
  

	
  
	
  

Table A3. 
Study 1 Extinction Means (SD): P-US Expectancy	
  

Time	
  
Social	
  Acq.	
  
CS+	
  

Social	
  Acq.	
  
CS-­‐	
  

Physical	
  
Acq.	
  CS+	
  

Physical	
  
Acq.	
  CS-­‐	
  

Extinction	
  
1&2	
  

1.98	
  (2.46)	
   2.88	
  (2.70)	
   4.86	
  (2.64)	
   2.94	
  (2.67)	
  

Extinction	
  
3&4	
  

1.68	
  	
  
(2.80)	
  	
  

2.03	
  (3.08)	
   2.40	
  	
  
(2.87)	
  	
  

1.23	
  (1.83)	
  

Extinction	
  
5&6	
  

1.07	
  (2.37)	
   1.57	
  (3.00)	
   1.41	
  (2.02)	
   0.57	
  (1.00)	
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Table A4. 
Study 1 Extinction Means (SD): S-US Expectancy 

Time	
  
Social	
  Acq.	
  
CS+	
  

Social	
  Acq.	
  
CS-­‐	
  

Physical	
  
Acq.	
  CS+	
  

Physical	
  
Acq.	
  CS-­‐	
  

Extinction	
  
1&2	
  

5.77	
  (2.46)	
  	
   5.06	
  (2.70)	
   4.08	
  (2.64)	
   5.01	
  (2.67)	
  

Extinction	
  
3&4	
  

4.17	
  (2.80)	
   4.26	
  (3.08)	
   3.12	
  (2.87)	
   3.93	
  (1.83)	
  

Extinction	
  
5&6	
  

3.31	
  (2.37)	
   3.43	
  (3.00)	
   2.85	
  (2.03)	
   3.28	
  (1.00)	
  

	
  
	
  

Table A5. 
Study 1 Reinstatement Means (SD): P-US Expectancy	
  

Time	
   S/S	
  
CS+	
  

S/S	
  
CS-­‐	
  

P/P	
  
CS+	
  

P/P	
  
CS-­‐	
  

S/P	
  
CS+	
  

S/P	
  
CS-­‐	
  

P/S	
  
CS+	
  

P/S	
  
CS-­‐	
  

Extinction	
  
5&6	
  

1.95 
(3.15)	
  

2.79 
(3.89)	
  

0.83 
(1.54)	
  

0.25 
(0.61)	
  

0.18 
(0.40)	
  

0.18 
(0.75)	
  

2.09 
(2.37)	
  

0.94 
(1.25)	
  

Reinstatement	
  
1&2	
  

2.47 
(3.05)	
  

3.01 
(3.78)	
  

2.92 
(3.05)	
  

2.63 
(2.41)	
  

2.65 
(3.32)	
  

2.65 
(3.27)	
  

2.92 
(2.74)	
  

1.98 
(2.61)	
  

	
  
	
  

Table A6. 
Study	
  1	
  Reinstatement	
  Means	
  (SD):	
  S-­‐US	
  Expectancy	
  

Time	
   S/S	
  
CS+	
  

S/S	
  
CS-­‐	
  

P/P	
  
CS+	
  

P/P	
  
CS-­‐	
  

S/P	
  
CS+	
  

S/P	
  
CS-­‐	
  

P/S	
  
CS+	
  

P/S	
  
CS-­‐	
  

Extinction	
  
5&6	
  

3.95 
(3.68)	
  

3.68 
(4.22)	
  

2.9 
(4.06)	
  

3.64 
(4.05)	
  

2.9 
(3.82)	
  

3.64 
(3.98)	
  

2.78 
(3.23)	
  

2.79 
(3.37)	
  

Reinstatement	
  
1&2	
  

6.67 
(2.65)	
  

4.84 
(3.26)	
  

2.97 
(3.86)	
  

3.54 
(3.67)	
  

2.7 
(4.04)	
  

3.81 
(4.27)	
  

3.01 
(3.31)	
  

3.6 
(3.68)	
  

	
  
 

 

 

 

 

 

 



	
  121 

Table A7. 
Study 1 Acquisition: P-US Expectancy 

Test P DF F ƞ2 
Reinforcement x Acquisition US x Time 
interaction 

0.000 3, 50 24.69 0.08 

Reinforcement x Acquisition US interaction 0.000 1, 50 34.57 0.011 
Acquisition US x Time interaction 0.001 3, 50 5.48 0.03 
Reinforcement x Trial interactions in the P-US 
Acquisition group 

0.000 3, 27 29.71 0.17 

Reinforcement x Trial interactions in the S-US 
Acquisition group 

0.041 3, 23 2.91 0.02 

Reinforcement x Acquisition interactions at 
Acquisition trials 1 and 2 

0.009 1, 50 7.44 0.13 

Reinforcement x Acquisition interactions at 
Acquisition trials 3 and 4 

0.000 1, 50 17.32 0.24 

Reinforcement x Acquisition interactions at 
Acquisition trials 5 and 6 

0.000 1, 50 7.35 0.41 

Acquisition US x Time interaction for the CS+ 0.000 3, 50 18.56 0.25 
Higher P-US Expectancy to the CS+ in the P-
US Acquisition group than to the CS+ in the S-
US Acquisition group at Acquisition trials 1 
and 2 

0.008 1, 50 7.59  

Higher P-US Expectancy to the CS+ in the P-
US Acquisition group than to the CS+ in the S-
US Acquisition group at Acquisition trials 3 
and 4 

0.000 1, 50 22.72  

Higher P-US Expectancy to the CS+ in the P-
US Acquisition group than to the CS+ in the S-
US Acquisition group at Acquisition trials 5 
and 6 

0.000 1, 50 39.68  

Higher CS+ than CS- in the P-US Acquisition 
group at Acquisition trials 1 and 2 

0.029 1, 50 7.59  

Higher CS+ than CS- in the P-US Acquisition 
group at Acquisition trials 3 and 4 

0.000 1, 50 40.36  

Higher CS+ than CS- in the P-US Acquisition 
group at Acquisition trials 5 and 6 

0.000 1, 50 104.72  

Time on the CS+ in the S-US Acquisition 
group 

0.013 3, 48 4.01  

Time on the CS- in the S-US Acquisition group 0.019 3, 48 3.67  
Time on the CS+ in the P-US Acquisition 
group 

0.000 3, 48 8.83  

Time on the CS- in the P-US Acquisition group 0.000 3, 48 12.85  
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Table A8. 
Study 1 Acquisition: S-US Expectancy 

Test P DF F ƞ2 
Reinforcement x Acquisition US x Time 
interaction 

0.016 3, 50 3.55 0.02 

Reinforcement x Acquisition US interaction 0.031 1, 50 4.91 0.02 
Reinforcement x Trial interaction 0.014 3, 50 3.66 0.02 
Acquisition US x Time interaction 0.006 3, 50 4.29 0.03 
Reinforcement x Trial interactions in the Social 
Acquisition US group 

0.002 3, 23 5.49 0.06 

Reinforcement x Acquisition interactions at 
Acquisition trials 5 and 6 

0.013 1, 50 6.64 0.11 

Acquisition US x Time interaction for the CS+ 0.000 3, 50 8.08 0.14 
Higher S-US Expectancy to the CS+ in the S-
US Acquisition group than in the P-US 
Acquisition group at Acquisition trials 5 and 6 

0.010 1, 50 7.18  

Higher CS+ than CS- in the S-US Acquisition 
group at Acquisition trials 3 and 4 

0.031 1, 50 4.91  

Higher CS+ than CS- in the S-US Acquisition 
group at Acquisition trials 5 and 6 

0.004 1, 50 8.98  

Time on the CS+ in the S-US Acquisition 
group 

0.026 3, 48 3.37  

Time on the CS+ in the P-US Acquisition 
group 

0.036 3, 48 1.22  

Time on the CS- in the P-US Acquisition group 0.041 3, 48 2.98  
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Table A9. 
Study 1 Acquisition: Valence Ratings 

Test P DF F ƞ2 
Reinforcement x Acquisition US x Time 
interaction 

0.00 1, 48 13.03 0.10 

Reinforcement x Acquisition US interaction 0.006 1, 48 8.36 0.04 
Reinforcement x Trial interactions in the 
Physical Acquisition US group 

0.009 1, 27 8.40 0.14 

Reinforcement x Trial interaction in the Social 
Acquisition US group 

0.014 1, 21 6.96 0.09 

Reinforcement x Acquisition interactions at 
Post Acquisition 

0.000 1, 50 23.03 0.28 

Acquisition US x Time interaction for the CS+ 0.001 1, 50 12.60 0.19 
Acquisition US x Time interaction for the CS- 0.011 1, 50 7.00 0.12 
Higher negative Valence to the CS+ in the  
P-US Acquisition group than to CS+ in the  
S-US Acquisition group at Post Acquisition 

0.001 1, 48 13.94  

Higher CS- than CS+ in the S-US Acquisition 
group at Post Habituation 

0.044 1, 48 4.27  

Higher CS+ than CS- in the P-US Acquisition 
group at Post Acquisition 

0.000 1, 48 32.63  

Time on the CS- in the S-US Acquisition group 0.015 1, 48 1.31  
Time on the CS+ in the P-US Acquisition 
group 

0.000 1, 48 16.36  

Table A10. 
Study 1 Acquisition: Arousal Ratings 

Test P DF F ƞ2 
Reinforcement x Acquisition US x Time 
interaction 

0.03 1, 49 9.8 0.08 

Reinforcement x Acquisition US interaction 0.005 1, 49 8.51 0.11 
Reinforcement x Time 0.000 1, 49 20.33 0.11 
Reinforcement x Trial interactions in the 
Physical Acquisition US group 

0.000 1, 27 26.23 0.22 

Reinforcement x Acquisition interaction at Post 
Acquisition 

0.000 1, 50 15.60 0.16 

Acquisition US x Time interaction for the CS+ 0.004 1, 50 9.35 0.14 
Higher Arousal to the CS+ in the P-US 
Acquisition group than to CS+ in the S-US 
Acquisition group at Post Acquisition 

0.006 1, 50 8.26  

Higher CS+ than CS- in the P-US Acquisition 
group at Post Acquisition 

0.000 1, 50 48.89  

Time on CS+ in the P-US Acquisition group 0.004 1, 50 20.26  
Time on CS- in the P-US Acquisition group 0.000 1, 50 9.15  



	
  124 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

Table A11. 
Study 1 Acquisition: SCR 

Test P DF F ƞ2 
Reinforcement 0.032 1, 38 4.91 0.02 
Acquisition US 0.029 1, 40 5.12 0.06 
Higher CS+ than CS- in the P-US Acquisition 
group at Acquisition trials 3 and 4 

0.003 1, 40 9.86  

Higher CS+ than CS- in the P-US Acquisition 
group at Acquisition trials 5 and 6 

0.011 1, 40 7.05  

Table A12. 
Study 1 Acquisition: ASR 

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, simple two-way 
interaction or simple main effects 

Table A13. 
Study 1 Acquisition: PPG 

Test P DF F ƞ2 
No significant three-way interaction     
Reinforcement x Acquisition US interaction 0.000 1, 47 14.23 0.05 
Reinforcement x Time interactions in the 
Physical Acquisition US group 

0.009 3, 27 4.08 0.04 

Reinforcement x Acquisition interactions at 
Acquisition trials 1 and 2 

0.010 1, 50 7.44 0.12 

Reinforcement x Acquisition interactions at 
Acquisition trials 3 and 4 

0.000 1, 50 18.19 0.23 

Higher PPG response to the CS+ in the P-US 
Acquisition group than the CS+ in the S-US 
Acquisition group at Acquisition trials 1 and 2 

0.050 1, 49 3.95  

Higher PPG response to the CS+ in the P-US 
Acquisition group than the CS+ in the S-US 
Acquisition group at Acquisition trials 3 and 4 

0.009 1, 49 7.31  

Higher PPG response to the CS- in the S-US 
Acquisition group than the CS- in the P-US 
Acquisition group at Acquisition trials 5 and 6 

0.007 1, 49 37.94  
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Table A14. 
Study 1 Extinction: P-US Expectancy 

Test P DF F ƞ2 
No significant three-way interaction     
Reinforcement x Acquisition US 0.002 1, 46 10.83 0.06 
Acquisition US x Time 0.002 2, 45 6.70 0.04 
Time 0.000 1, 46 30.11 0.19 
Higher P-US Expectancy to CS+ in the P-US 
Acquisition group than to CS+ in the S-US 
Acquisition group at Extinction trials 1 and 2 

0.000 1, 46 15.08  

Higher CS+ than CS- in the P-US Acquisition 
group at Extinction trials 1 and 2 

0.003 1, 46 9.66  

Higher CS+ than CS- in the P-US Acquisition 
group at Extinction trials 3 and 4 

0.008 1, 46 7.67  

Higher CS+ than CS- in the P-US Acquisition 
group at Extinction trials 5 and 6 

0.032 1, 46 4.92  

Time on the CS+ in the P-US Acquisition 
group 

0.000 2, 45 30.78  

Time on the CS- in the P-US Acquisition group 0.000 2, 45 11.91  
Time on the CS- in the S-US Acquisition group 0.050 2, 45 3.17  

Table A15. 
Study 1 Extinction: S-US Expectancy 

Test P DF F ƞ2 
No significant two- or three-way interactions     
Time 0.000 2, 50 19.88 0.17 
Time on the CS+ in the S-US Acquisition 
group 

0.001 2, 49 8.09  

Time on the CS- in the S-US Acquisition group 0.008 2, 45 5.35  
Time on the CS- in the P-US Acquisition group 0.003 2, 45 6.53  
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Table A16. 
Study 1 Extinction: Valence Ratings 

Test P DF F ƞ2 
Reinforcement x Acquisition US x Time 
interaction 

0.003 1, 50 9.94 0.04 

Reinforcement x Acquisition US interaction 0.000 1, 50 16.83 0.13 
Acquisition US x Time interaction 0.009 1, 50 7.50 0.02 
Reinforcement x Trial interactions in the P-US 
Acquisition group 

0.005 1, 27 9.49 0.05 

Reinforcement x Acquisition interactions at 
Post Acquisition 

0.000 1, 50 23.03 0.28 

Acquisition US x Time interaction for the CS+ 0.001 1, 50 12.59 0.18 
Higher Valence to the CS+ in the P-US 
Acquisition group than to CS+ in the S-US 
Acquisition group at Post Acquisition 

0.001 1, 48 13.94  

Higher CS+ than CS- in the P-US Acquisition 
group at Post Acquisition 

0.000 1, 50 33.9  

Higher CS+ than CS- in the P-US Acquisition 
group at Post Extinction 

0.016 1, 50 6.25  

Time on the CS+ in the P-US Acquisition 
group 

0.000 1, 50 21.88  

Table A17. 
Study 1 Extinction: Arousal Ratings 

Test P DF F ƞ2 
Reinforcement x Acquisition US x Time 
interaction 

0.033 1, 50 4.23 0.02 

Reinforcement x Acquisition US interaction 0.000 1, 50 15.55 0.08 
Reinforcement x Time interaction 0.003 1, 50 4.83 0.08 
Reinforcement x Trial interactions in the P-US 
group 

0.003 1, 27 10.48 0.06 

Reinforcement x Acquisition interactions at 
Post Acquisition 

0.000 1, 50 15.60 0.16 

Reinforcement x Acquisition interactions at 
Post Extinction 

0.050 1, 50 4.05 0.06 

Acquisition US x Time interaction for the CS+ 0.026 1, 50 5.27 0.07 
Higher Arousal to the CS+ in the P-US 
Acquisition group than to CS+ in the S-US 
Acquisition group at Post Acquisition 

0.010 1, 49 7.21  

Higher CS+ than CS- in the P-US Acquisition 
group at Post Acquisition 

0.000 1, 49 47.9  

Higher CS+ than CS- in the P-US Acquisition 
group at Post Extinction 

0.001 1, 49 13.29  

Time on the CS+ in the P-US Acquisition 
group 

0.000 1, 49 24.90  
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Table A18. 
Study 1 Extinction: SCR 

Test P DF F ƞ2 
No significant two- or three-way interactions or 
main effects 

    

Reinforcement x Trial interactions in the P-US 
Acquisition group 

0.038 1, 23 4.09  

Time on the CS+ in the P-US Acquisition 
group 

0.042 2, 23 3.66  

Table A19. 
Study 1 Extinction: ASR 

Test P DF F ƞ2 
No significant three-way interaction     
Reinforcement x Acquisition US 0.001 1, 44 12.62 0.02 
Acquisition US x Time 0.007 2, 44 5.26 0.05 
Reinforcement x Acquisition interaction at 
Extinction trials 3 and 4 

0.027 2, 44 2.81 0.10 

Acquisition US x Time interaction for the CS- 0.014 2, 44 4.45 0.08 
Higher ASR to the CS+ in the P-US 
Acquisition group than the CS+ in the S-US 
Acquisition group at Extinction trials 1 and 2 

0.001 1, 44 11.81  

Higher ASR to the CS- in the P-US Acquisition 
group than the CS- in the S-US Acquisition 
group at Extinction trials 1 and 2 

0.034 1, 44 4.77  

Higher CS+ than CS- in the P-US Acquisition 
group at Extinction trials 3 and 4 

0.006 1, 44 8.22  

Time on the CS+ in the P-US Acquisition 
group 

0.000 2, 43 13.03  

Time on the CS- in the P-US Acquisition group 0.000 2, 43 16.54  

Table A20. 
Study 1 Extinction: PPG 

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, simple two-way 
interactions or simple main effects 
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Table A21. 
Study 1 Reinstatement (Reinforcement x Reinstatement US x Time): P-US Expectancy 
Test P DF F ƞ2 
No significant three-way interaction     
Reinstatement US x Time interaction 0.012 1, 46 6.93 0.06 
Time 0.000 1, 46 22.13 0.18 
Time on CS+ in the P-US Reinstatement group 0.000 1, 46 16.11  
Time on CS- in the P-US Reinstatement group 0.000 1, 46 25.13  

Table A22. 
Study 1 Reinstatement (Reinforcement x Group x Time): P-US Expectancy 

Test P DF F ƞ2 
No significant two- or three-way interactions     
Reinforcement x Group 0.087 3, 44 2.34 0.03 
Group x Time 0.081 3, 44 2. 39 0.06 
Time 0.000 1, 44 21.33 0.18 
No significant simple two-way interactions     
Higher P-US Expectancy to the CS- in the 
Social/Social group than to CS- in other groups 
at Extinction trials 5 and 6 

0.015 3, 44 3.89  

Higher CS+ than CS- in the Physical/Social 
group at Extinction trials 5 and 6 

0.047 1, 44 4.17  

Time on the CS+ in the Physical/Physical 
group 

0.009 1, 44 7.41  

Time on the CS+ in the Social/Physical group 0.006 1, 44 8.17  
Time on the CS- in the Physical/Physical group 0.001 1, 44 12.42  
Time on the CS- in the Social/Physical group 0.001 1, 44 12.05  

Table A23. 
Study 1 Reinstatement (Reinforcement x Acquisition US x Time): S-US Expectancy 
Test P DF F ƞ2 
No significant two- or three-way interactions     
Acquisition US interaction x Time 0.069 1, 50 3.46  
Time 0.013 1, 50 6.69 0.06 
Higher S-US Expectancy to the CS+ in the S-US 
Acquisition group than to CS+ in the P-US 
Acquisition group at Post-reinstatement trials 1 and 
2 

0.049 1, 50 4.06  

Time on the CS+ in the S-US Acquisition group 0.002 1, 50 10.88  
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Table A24. 
Study 1 Reinstatement (Reinforcement x Reinstatement US x Time): S-US Expectancy 
Test P DF F ƞ2 
No significant two- or three-way interactions     
Reinforcement x Reinstatement US interaction 0.075 1, 50 3.31  
Time 0.014 1, 50 6.47 0.06 
Time on CS+ in the Social Pain Reinstatement group 0.008 1, 50 7.62  
Time on CS- in the Social Pain Reinstatement group 0.037 1, 46 4.58  

Table A25. 
Study 1 Reinstatement (Reinforcement x Group x Time): S-US Expectancy 

Test P DF F ƞ2 
No significant two- or three-way interactions     
Time 0.011 1, 48 7.04 0.06 
Reinforcement x Time interaction in the 
Social/Social group 

0.050 1, 11 4.62 0.03 

Reinforcement x Group interaction at Post-
reinstatement trials 1 and 2 

0.044 3, 48 2.91 0.15 

Group x Time interaction for CS+ 0.040 3, 48 3.00 0.14 
Higher S-US Expectancy to the CS+ in the 
Social/Social group than to CS+ in the other 
groups at Post-reinstatement trials 1 and 2 

0.033 3, 48 3.16  

Higher CS+ than CS- in the Social/Social 
group at Post-reinstatement trials 1 and 2 

0.012 1, 48 6.78  

Time on the CS+ in the Social/Social group 0.000 1, 48 14.12  

Table A26. 
Study 1 Reinstatement (Reinforcement x Acquisition US x Time): Valence Ratings 
Test P DF F ƞ2 
No significant three-way interaction     
Reinforcement x Acquisition US interaction 0.010 1, 48 7.15 0.05 
Time 0.025 1, 48 5.35 0.03 
Higher Valence ratings to the CS+ than CS- in the 
P-US Acquisition group at Extinction trials 5 and 
6 

0.018 1, 48 6.00  

Higher Valence ratings to the CS+ than CS- in the 
P-US Acquisition group at Post Post-reinstatement 
trials 1 and 2 

0.008 1, 48 7.54  
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Table A27. 
Study 1 Reinstatement (Reinforcement x Reinstatement US x Time): Valence Ratings 
Test P DF F ƞ2 
No significant two- or three-way interactions     
Reinforcement 0.050 1, 48 4.04 0.04 
Time 0.044 1, 48 4.26 0.02 
No significant simple two-way interactions     
No simple main effects     

Table A28. 
Study 1 Reinstatement (Reinforcement x Group x Time): Valence Ratings 

Test P DF F ƞ2 
No significant three-way interaction     
Reinforcement x Time interaction 0.044 3, 46 2.92 0.07 
Time 0.034 1, 46 4.77 0.02 
Higher valence ratings to the CS+ than CS- in 
the Physical/Physical group at Extinction trials 
5 and 6 

0.048 1, 46 4.14  

Table A29. 
Study 1 Reinstatement (Reinforcement x Acquisition US x Time): Arousal Ratings 
Test P DF F ƞ2 
No significant three-way interaction     
Reinforcement x Acquisition US interaction 0.045 1, 48 4.23 0.04 
Reinforcement 0.003 1, 48 9.70 0.09 
Higher arousal ratings to the CS+ than CS- in the 
P-US Acquisition group at Extinction trials 5 and 
6 

0.001 1, 48 13.02  

Higher arousal ratings to the CS+ than CS- in the 
P-US Acquisition group at Post Post-reinstatement 
trials 1 and 2 

0.001 1, 48 11.35  
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Table A30. 
Study 1 Reinstatement (Reinforcement x Reinstatement US x Time): Arousal Ratings 
Test P DF F ƞ2 
No significant two- or three-way interactions     
Reinforcement 0.003 1, 48 9.74 0.10 
Higher valence ratings to the CS+ than CS- in the 
Physical Pain Reinstatement group at Extinction 
trials 5 and 6 

0.009 1, 48 7.43  

Higher valence ratings to the CS+ than CS- in the 
Physical Pain Reinstatement group at Post-
reinstatement trials 1 and 2 

0.001 1, 48 11.35  

Time on the CS- in the Physical Pain Reinstatement 
group 

0.042 1, 48 4.37  

Table A31. 
Study 1 Reinstatement (Ratings Reinforcement x Group x Time): Arousal 

Test P DF F ƞ2 
No significant two- or three-way interactions     
Reinforcement 0.005 1, 46 8.58 0.08 
Higher arousal ratings to the CS+ than CS- in 
the Physical/Physical group at Extinction trials 
5 and 6 

0.002 1, 46 10.33  

Higher arousal ratings to the CS+ than CS- in 
the Physical/Physical group at Post-
reinstatement trials 1 and 2 

0.001 1, 46 12.17  

Table A32. 
Study 1 Reinstatement (Reinforcement x Acquisition US x Time): SCR 

Test P DF F ƞ2 
No significant two- or three-way interactions main effects, simple two-way 
interactions or simple main effects 

Table A33. 
Study 1 Reinstatement (Reinforcement x Reinstatement US x Time): SCR  

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, simple two-way 
interactions or simple main effects 
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Table A34. 
Study 1 Reinstatement (Reinforcement x Group x Time): SCR  

Test P DF F ƞ2 
No significant three-way interactions     
Reinforcement x Group 0.047 3, 41 2.89 0.03 
No significant main effects     
No significant simple two-way interactions     
Reinforcement by Time interaction in the 
Physical Pain Reinstatement group 

0.055 1, 22 4.10 0.02 

Higher SCR to CS- than CS+ in the 
Physical/Social group at Post-reinstatement 
trials 1 and 2 

0.023 1, 41 5.57  

Table A35. 
Study 1 Reinstatement (Reinforcement x Acquisition US x Time): ASR  

Test P DF F ƞ2 
No significant two- or three-way interactions     
Time 0.002 1, 44 10.32 0.08 
No significant simple two-way interactions or 
simple main effects 

    

Table A36. 
Study 1 Reinstatement (Reinforcement x Reinstatement US x Time): ASR  

Test P DF F ƞ2 
No significant three-way interactions     
Reinstatement US x Time interaction 0.024 1, 44 5.47 0.04 
Higher ASR to CS+ in the Physical Pain 
Reinstatement group than CS+ in the Social 
Pain Reinstatement group at Post-reinstatement 
trials 1 and 2 

0.012 1, 44 6.94  

Higher ASR to CS- in the Physical Pain 
Reinstatement group than CS- in the Social 
Pain Reinstatement group at Post-reinstatement 
trials 1 and 2 

0.035 1, 44 4.76  

Time on the CS+ in the Physical Pain 
Reinstatement group 

0.033 1, 44 4.86  

Time on the CS- in the Physical Pain 
Reinstatement group 

0.000 1, 44 17.29  
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Table A37. 
Study 1 Reinstatement (Reinforcement x Group x Time): ASR  

Test P DF F ƞ2 
No significant three-way interactions     
Group x Time interaction 0.017 1, 42 3.80 0.08 
Group 0.002 3, 42 5.71 0.15 
Time 0.001 1, 42 13.16 0.09 
No significant simple two-way interactions     
Higher ASR to CS+ in the Social/Physical 
group than CS+ in the other groups 

0.012 3, 42 4.14  

Higher ASR to CS- in the Social/Physical 
group than CS- in the other groups 

0.009 3, 42 4.43  

Higher CS+ than CS- in the Physical/Physical 
group at Extinction trials 5 and 6 

0.24 3, 42 4.43  

Time on the CS+ in the Social/Physical group 0.003 1, 42 10.02  
Time on the CS- in the Social Physical group 0.016 1, 42 12.07  
Time on the  CS- in the Physical/Physical 
Group 

0.001 1, 42 6.33  

Table A38. 
Study 1 Reinstatement (Reinforcement x Acquisition US x Time): PPG  

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, or simple two-way 
interactions 
Time on the CS- in the S-US Acquisition group 0.010 1, 49 7.22  

Table A39. 
Study 1 Reinstatement (Reinforcement x Reinstatement US x Time): PPG  

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, simple two-way 
interactions, or simple main effects 

Table A40. 
Study 1 Reinstatement (Reinforcement x Group x Time): PPG  

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, or simple two-way 
interactions 
Time on the CS- in the Social/Physical group 0.024 1, 47 5.45  
Higher PPG response to CS+ than CS- in the 
Social/Physical group at Post-reinstatement 
trials 1 and 2 

0.065 1, 47 3.56  
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Table A41. 
Study 1 Reinstatement (Reinforcement x Match x Time): P-US Expectancy 

Test P DF F ƞ2 
Time 0.000 1, 46 22.13 0.18 
Time on the CS+ in the Same group 0.021 1, 46 5.74  
Time on the CS+ in the Different group 0.011 1, 46 7.03  
Time on the CS- in the Same group 0.010 1, 46 7.23  
Time on the CS- in the Different group 0.002 1, 46 10.73  

	
  
	
  

Table A42. 
Study 1 Reinstatement (Reinforcement x Match x Time): S-US Expectancy 

Test P DF F ƞ2 
Time 0.014 1, 50 6.47 0.06 
Time on the CS+ in the Same group 0.020 1, 50 5.79  

	
  
	
  

Table A43. 
Study 1 Reinstatement (Reinforcement x Match x Time): Valence Ratings 

Test P DF F ƞ2 
No significant interactions or main effects 

	
  
	
  

Table A44. 
Study 1 Reinstatement (Reinforcement x Match x Time): Arousal Ratings 

Test P DF F ƞ2 
No significant interactions or main effects 

	
  
	
  

Table A45. 
Study 1 Reinstatement (Reinforcement x Match x Time): SCR 

Test P DF F ƞ2 
Reinforcement by Match interaction 0.050 1, 43 6.47 0.04 

	
  
	
  

Table A46. 
Study 1 Reinstatement (Reinforcement x Match x Time): ASR 

Test P DF F ƞ2 
No significant interactions or main effects 
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Table A47. 
Study 1 Reinstatement (Reinforcement x Match x Time): PPG 

Test P DF F ƞ2 
No significant interactions or main effects 
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APPENDIX 3: STUDY 2 STATISTICAL OUTPUT 

Table A48. 
Study 2 Acquisition: P-US Expectancy 

Test P DF F ƞ2 
No significant two-way interactions, main effects, or simple main effects 

 

Table A49. 
Study 2 Acquisition: S-US Expectancy 

Test P DF F ƞ2 
Reinforcement x Time interaction 0.038 3, 17 7.26 0.04 
Reinforcement 0.029 1, 19 5.57 0.07 
Higher CS+ than CS- at Acquisition trials 3 
and 4 

0.027 1, 19 5.77  

Higher CS+ than CS- at Acquisition trials 5 
and 6 

0.049 1, 19 4.44  

 

Table A50. 
Study 2 Acquisition: Valence Ratings 

Test P DF F ƞ2 
No significant two-way interaction     
Reinforcement 0.001 1, 19 16.15 0.29 
Higher CS+ than CS- at Post-Habituation 0.002 1, 19 13.62  
Higher CS+ than CS- at Post-Acquisition 0.010 1, 19 8.40  

 

Table A51. 
Study 2 Acquisition: Arousal Ratings 

Test P DF F ƞ2 
Reinforcement x Time interaction 0.002 1, 19 13.28 0.09 
Reinforcement 0.017 1, 19 6.93 0.13 
Higher CS+ than CS- at Post Acquisition 0.003 1, 19 11.57  
Time on CS+ 0.008 1, 19 8.95  

 

Table A52. 
Study 2 Acquisition: SCR 

Test P DF F ƞ2 
No significant two-way interactions, main effects, or simple main effects 
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Table A53. 
Study 2 Acquisition: PPG 

Test P DF F ƞ2 
No significant two-way interaction     
Reinforcement 0.034 1, 19 5.28 0.06 
Time 0.015 1, 19 3.84 0.07 
Higher CS+ than CS- at Acquisition trials 1 
and 2 

0.033 1, 19 5.33  

Time on CS- 0.017 1, 19 4.58  
 

Table A54. 
Study 2 Acquisition: ASR 

Test P DF F ƞ2 
No significant two-way interaction     
Time 0.005 3, 18 6.84  
Time on CS+ 0.006 3, 18 6.63  
Time on CS- 0.000 3, 18 15.30  

 

Table A55. 
Study 2 Extinction: P-US Expectancy 

Test P DF F ƞ2 
No significant two-way interaction     
Time 0.011 1, 20 3.87 0.19 
Higher CS- than CS+ at Extinction trials 1 and 
2 

0.040 1, 19 5.02  

Time on CS- 0.033 1, 19 4.32  
 

Table A56. 
Study 2 Extinction: S-US Expectancy 

Test P DF F ƞ2 
Reinforcement x Time interaction 0.017 3, 18 4.5 0.06 
No significant main effects     
Higher CS+ than CS- at Extinction trials 1 and 
2 

0.050 1, 19 4.27  

Time on CS+ 0.039 2, 18 3.91  
 

Table A57. 
Study 2 Extinction: Valence Ratings 

Test P DF F ƞ2 
No significant two-way interactions     
Reinforcement 0.008 1, 18 8.96 0.26 
Higher CS+ than CS- at Post Acquisition 0.050 1, 19 8.39  
Higher CS+ than CS- at Post Extinction 0.010 1, 19 6.96  
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Table A58. 
Study 2 Extinction: Arousal Ratings 

Test P DF F ƞ2 
No significant two-way interactions     
Reinforcement 0.001 1, 18 14.87 0.23 
Time 0.000 1, 18 26.66 0.20 
Higher CS+ than CS- at Post Acquisition 0.003 1, 19 11.56  
Higher CS+ than CS- at Post Extinction 0.005 1, 19 10.21  
Time on CS+ 0.001 1, 19 16.48  
Time on CS- 0.003 1, 19 12.31  

 

Table A59. 
Study 2 Extinction: PPG 

Test P DF F ƞ2 
No significant two-way interactions, main effects, or simple main effects 

 

Table A60. 
Study 2 Extinction: SCR 

Test P DF F ƞ2 
No significant two-way interactions, main effects, or simple main effects 

 

Table A61. 
Study 2 Extinction: ASR 

Test P DF F ƞ2 
No significant two-way interactions, main effects, or simple main effects 

 

Table A62. 
Study 2 Reinstatement: P-US Expectancy 

Test P DF F ƞ2 
No significant two- or three-way interactions or 
main effects 

    

Time 0.056    
Time on CS- in the Physical Pain US 
Reinstatement group 

0.032 1, 18 5.42  
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Table A63. 
Study 2 Reinstatement: S-US Expectancy 

Test P DF F ƞ2 
No significant three-way interaction 
(marginally significant) 

0.084    

Reinforcement x Time 0.004 1, 18 10.65 0.06 
Reinstatement US x Time 0.040 1, 18 4.93 0.12 
Reinforcement x Reinstatement US interactions 0.041 3, 18 4.85 0.04 
Reinforcement x Trial interactions in the Social 
Reinstatement US group 

0.014 1, 10 9.26 0.08 

Reinforcement x Reinstatement US interactions 
at reinstatement trials 1 and 2 

0.041 1, 18 4.83 0.17 

Reinstatement US x Trial interactions for CS+ 0.026 1, 18 5.88 0.21 
Higher CS+ than CS- in the S-US 
Reinstatement group at Reinstatement trials 1 
and 2 

0.004 1, 18 10.93  

Time on CS+ in the S-US Reinstatement group 0.005 1, 18 10.47  
 

Table A64. 
Study 2 Reinstatement: Valence Ratings 

Test P DF F ƞ2 
Reinforcement x Reinstatement US x Time 
interaction 

0.050 1, 17 4.28 0.05 

No significant two-way interactions     
Reinforcement x Time interaction in the S-US 
Reinstatement group 

0.042 1, 19 5.60 0.12 

Reinforcement by Reinstatement US 
interaction at Post Reinstatement 

0.004 1, 19 11.06 0.23 

Reinforcement 0.005 1, 17 10.61 0.16 
Reinstatement US 0.040 1, 17 4.95 0.07 
Time 0.006 1, 17 9.71 0.10 
Higher CS- at Post Extinction in the P-US 
Reinstatement than the S-US Reinstatement 
group 

0.050 1, 18 4.45  

Higher CS+ at Post Reinstatement in the 
Physical Pain US Reinstatement group 

0.002 1, 18 12.87  

Higher CS+ than CS- in the S-US 
Reinstatement group at Post Extinction 

0.048 1, 18 4.54  

Higher CS+ than CS- in the Physical Pain US 
Reinstatement group at Post Reinstatement 

0.001 1, 18 15.31  

Time on CS+ in the S-US Reinstatement group 0.012 1, 18 7.93  
Time on CS- in the Physical Pain US 
Reinstatement group  

0.015 1, 18 7.33  
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Table A65. 
Study 2 Reinstatement: Arousal Ratings 

Test P DF F ƞ2 
No significant two- or three-way interactions     
Reinforcement 0.010 1, 18 8.35 0.16 
Reinstatement US 0.020 1, 18 6.54 0.09 
Reinforcement x Reinstatement US interaction 
at Extinction trials 5 and 6 

0.009 1, 19 8.55 0.20 

Higher CS+ than CS- at Extinction trials 5 and 
6 in the Physical Pain US Reinstatement group 

0.002 1, 18 14.02  

Higher CS+ than CS- in the Physical Pain US 
Reinstatement group at Post Extinction 

0.000 1, 18 22.48  

 

Table A66. 
Study 2 Reinstatement: ASR 

Test P DF F ƞ2 
No significant three-way interactions     
Reinforcement x Time interaction 0.030 1, 15 84.68 0.05 
Reinforcement x Time interaction in the S-US 
Reinstatement group 

0.040 1, 9 5.78 0.13 

Reinstatement US x Time interaction for the 
CSM 

0.033 1, 15 5.78 0.27 

Time on CS+ in the Physical Pain US group 0.044 1, 15 4.83  
 

Table A67. 
Study 2 Reinstatement: SCR 

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, or simple main effects 

 

Table A68. 
Study 2 Reinstatement: PPG 

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, or simple main effects 

 

Table A69. 
Comparing Acquisition in Study 1 and Study 2: P-US Expectancy  

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects or simple two-way 
interactions involving study 
Higher CS- than CS+ in Study 1 at Acquisition 
trials 1 and 2 

0.049 1, 40 4.14  

Higher CS- than CS+ in Study 1 at Acquisition 
trials 5 and 6 

0.040 1, 40  4.53  
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Table A70. 
Comparing Acquisition in Study 1 and Study 2: S-US Expectancy 

Test P DF F ƞ2 
No significant two-way interactions, main effects, simple two-way interactions or 
simple main effects involving Study 

 

Table A71. 
Comparing Acquisition in Study 1 and Study 2: Valence Ratings 

Test P DF F ƞ2 
No significant three-way interaction     
Reinforcement x Study interaction 0.005 1, 38 8.94 0.08 
Time x Study interaction 0.053    
Reinforcement x Time interaction in Study 1 0.009 1, 21 8.40 0.14 
Higher CS+ in Study 2 than Study 1 at Post-
Habituation 

0.031 1, 38 5.01  

Higher CS+ in Study 2 than Study 1 at Post-
Acquisition 

0.030 1, 38 5.12  

Higher CS+ than CS- at Post-Habituation in 
Study 1 

0.035 1, 38 4.76  

Higher CS+ than CS- at Post-Habituation in 
Study 2 

0.000 1, 38 16.33  

Higher CS+ than CS- at Post-Acquisition in 
Study 2 

0.004 1, 38 9.30  

Time on CS- in Study 1 0.001 1, 38 13.06  
 

Table A72. 
Comparing Acquisition in Study 1 and Study 2: Arousal Ratings 

Test P DF F ƞ2 
Reinforcement x Time x Study interaction 0.010 1, 40 7.35 0.02 
No significant two-way interactions     
Reinforcement x Time interaction in Study 2 0.002 1, 19 13.28 0.09 
Higher CS+ at Post-Acquisition in Study 2 than 
Study 1 

0.013 1, 40 6.71  

Higher CS+ than CS- in Study 2 at Post 
Acquisition 

0.000 1, 40 19.74  

Time on CS+ in Study 2 0.001 1, 40 11.64  
 

Table A73. 
Comparing Acquisition in Study 1 and Study 2: SCR 

Test P DF F ƞ2 
No significant two-way interactions, main effects, simple two-way interactions or 
simple main effects involving Study 
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Table A74. 
Comparing Acquisition in Study 1 and Study 2: ASR 

Test P DF F ƞ2 
No significant two-way interactions, main effects, simple two-way interactions or 
simple main effects involving Study 

  

Table A75. 
Comparing Acquisition in Study 1 and Study 2: PPG 

Test P DF F ƞ2 
No significant two- or three-way interaction     
Marginally significant Reinforcement x Study 0.067    
Marginally significant Time x Study 0.065    
Study 0.043 1, 40 4.39 0.11 
Higher CS- in Study 1 than Study 2 at 
Acquisition trials 1 and 2 

0.011 1, 40 7.03  

Higher CS- in Study 1 than Study 2 at 
Acquisition trials 3 and 4 

0.018 1, 40 6.09  

Higher CS+ than CS- in Study 2 at Acquisition 
trials 1 and 2 

0.009 1, 40 7.50  

Time on CS- in Study 2 0.004 3, 38 5.26  
 

Table A76. 
Comparing Extinction in Study 1 and Study 2: P-US Expectancy 

Test P DF F ƞ2 
No significant two-way interactions, main effects, simple two-way interactions or 
simple main effects involving Study 

 

Table A77. 
Comparing Extinction in Study 1 and Study 2: S-US Expectancy 

Test P DF F ƞ2 
No significant two-way interactions, main effects, simple two-way interactions or 
simple main effects involving Study 
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Table A78. 
Comparing Extinction in Study 1 and Study 2: Valence Ratings 

Test P DF F ƞ2 
No significant three-way interaction     
Reinforcement x Study interaction 0.002 1, 40 10.68 0.05 
No significant two-way interactions     
Higher CS+ in Study 2 than Study 1 at 
Extinction trials 1 and 2 

0.013 1, 40 9.73  

Higher CS+ than CS- at Extinction trials 1 and 
2 

0.003 1, 40 6.70  

Higher CS+ than CS- at Extinction trials 3 and 
4 

0.005 1, 40 8.81  

 

Table A79. 
Comparing Extinction in Study 1 and Study 2: Arousal Ratings 

Test P DF F ƞ2 
No significant three-way interaction     
Reinforcement x Study 0.013 1, 39 6.80 0.06 
Time x Study interactions 0.008 1, 39 7.80 0.03 
No significant simple two-way interactions     
Higher CS+ in Study 2 than Study 1 at 
Extinction trials 1 and 2 

0.020 1, 39 5.85  

Higher CS+ than CS- at Extinction trials 1 and 
2 

0.000 1, 39 19.28  

Higher CS+ than CS- at Extinction trials 3 and 
4 

0.003 1, 39 9.71  

Time on CS+ in Study 1 0.029 1, 39 5.15  
Time on CS+ in Study 2 0.000 1, 39 27.51  
Time on CS- in Study 2 0.001 1, 39 12.09  

 
 

Table A80. 
Comparing Extinction in Study 1 and Study 2: SCR  

Test P DF F ƞ2 
No significant two-way interactions, main effects, simple two-way interactions or 
simple main effects involving Study 

 

Table A81. 
Comparing Extinction in Study 1 and Study 2: ASR  

Test P DF F ƞ2 
No significant two-way interactions, main effects, simple two-way interactions or 
simple main effects involving Study 
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Table A82. 
Comparing Extinction in Study 1 and Study 2: PPG 

Test P DF F ƞ2 
No significant two-way interactions, main effects, simple two-way interactions or 
simple main effects involving Study 

 

Table A83. 
Comparing Reinstatement in Study 1 and 2: P-US Expectancy in P-US Reinstatement 
Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, or simple two-way effects 
Higher CS+ in Study 2 than Study 1 at Extinction 
trials 5 and 6 

0.024 1, 19 5.98  

Higher CS+ than CS- in Study 2 at Extinction trials 
5 and 6 

0.044 1, 19 4.62  

Time on CS+ in Study 1 0.016 1, 19 6.70  
Time on CS- in Study 1 0.099 1, 19 8.47  

 

Table A84. 
Comparing Reinstatement in Study 1 and 2: P-US Expectancy in S-US Reinstatement 
Test P DF F ƞ2 
There were no significant two- or three-way interactions, main effects, simple two-way 
interactions or simple main effects involving Study 

  

Table A85. 
Comparing Reinstatement in Study 1 and 2: S-US Expectancy in P-US Reinstatement 
Test P DF F ƞ2 
There were no significant two- or three-way interactions, main effects, simple two-way 
interactions or simple main effects involving Study 

 

Table A86. 
Comparing Reinstatement in Study 1 and 2: S-US Expectancy in S-US Reinstatement 
Test P DF F ƞ2 
There were no significant two- or three-way interactions, main effects, simple two-way 
interactions or simple main effects involving Study 
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Table A87. 
Comparing Reinstatement in Study 1 and 2: Valence Ratings in P-US Reinstatement 
Test P DF F ƞ2 
No significant three-way interactions     
Reinforcement x Study interaction 0.002 1, 18 12.45 0.19 
No simple two-way interactions     
Higher CS+ in Study 2 than Study 1 at 
Reinstatement trials 1 and 2 

0.022 1, 18 6.29  

Time on CS- in Study 2 0.014 1, 18 7.45  
 

Table A88. 
Comparing Reinstatement in Study 1 and 2: Valence Ratings in S-US Reinstatement 
Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, or simple two-way interactions 
involving Study 
Higher CS+ than CS- at Extinction trials 5 and 6 in 
Study 2 

0.041 1, 18 4.83  

Time on CS+ in Study 2 0.007 1, 18 9.08  
 
 

Table A89. 
Comparing Reinstatement in Study 1 and 2: Arousal Ratings in P-US Reinstatement 
Test P DF F ƞ2 
Reinforcement x Time x Study interaction 0.018 1, 18 6.74 0.04 
No significant two-way interactions     
Higher CS+ in Study 2 than Study 1 at Post-
Extinction 

0.042 1, 18 4.77  

Higher CS+ than CS- in Study 1 at Post-Extinction 0.002 1, 18 12.63  
Time on CS+ in Study 2 0.002 1, 18 8.49  

  

Table A90. 
Comparing Reinstatement in Study 1 and 2: Valence Ratings in S-US Reinstatement 
Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, simple two-way interactions or 
simple main effects involving Study 

  

Table A91. 
Comparing Reinstatement in Study 1 and 2: SCR in P-US Reinstatement 

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, simple two-way interactions or 
simple main effects involving Study 
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Table A92. 
Comparing Reinstatement in Study 1 and 2: SCR in S-US Reinstatement  

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, simple two-way interactions or 
simple main effects involving Study 

 

 Table A93. 
Comparing Reinstatement in Study 1 and 2: ASR in P-US Reinstatement  

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects or simple two-way interactions 
involving Study 
Time on CS+ Study 1 0.012 1, 15 5.47  
Time on CS- Study 1 0.011 1, 15 8.54  
Time on CS+ in Study 2 0.041 1, 15 5.02  

 

Table A94. 
Comparing Reinstatement in Study 1 and 2: ASR in P-US Reinstatement 

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects or simple two-way interactions 
involving Study 
Time on CS- in Study 2 0.029 1, 21 5.47  

 

Table A95. 
Comparing Reinstatement in Study 1 and 2: PPG in P-US Reinstatement 

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, simple two-way interactions or 
simple main effects involving Study 

 

Table A96. 
Comparing Reinstatement in Study 1 and 2: PPG in S-US Reinstatement  

Test P DF F ƞ2 
No significant two- or three-way interactions, main effects, simple two-way interactions or 
simple main effects involving Study 
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Table A97. 
Predictors of P-US Expectancy Reinstatement Change 

 Outcome 
Variable 

Significant 
Predictor 

Significance F DF Unique R2 
Change 

Standardized 
Beta 

CS+  Not 
significant 

    

CS-  Not 
significant 

    

CS 
Differential 

SCR during 
reinstatement 

0.028 5.23 1,38 0.106 -0.370 
 

Demographics and baseline measures that were entered into the first level of the linear regression model 
included: age, gender, ethnicity, BDI, ASI, and Mini-SPIN 

	
  
	
  

Table A98. 
Predictors of S-US Expectancy Reinstatement Change 

 Outcome 
Variable 

Significant 
Predictor 

Significance F DF Unique R2 
Change 

Standardized 
Beta 

CS+ PPG percent 
change 

0.043 4.36 1,35 0.105 -0.344 

CS-  Not 
significant 

    

CS 
Differential 

 Not 
significant 

    

Demographics and baseline measures that were entered into the first level of the linear regression model 
included: age, gender, ethnicity, BDI, ASI, and Mini-SPIN 

	
  
	
  

Table A99. 
Predictors of Valence Ratings Reinstatement Change 

 Outcome 
Variable 

Significant 
Predictor 

Significance F DF Unique R2 
Change 

Standardized 
Beta 

CS+ Muscle 
stimulation 
level 

.001 12.19 1,38 0.219 0.496 

CS-  Not 
significant 

    

CS 
Differential 

Muscle 
stimulation 
level 

.014 6.58 1,38 0.131 0.383 

Demographics and baseline measures that were entered into the first level of the linear regression model 
included: age, gender, ethnicity, BDI, ASI, and Mini-SPIN 

	
  



	
  148 

	
  
Table A100. 

Predictors of Arousal Ratings Reinstatement Change 
 Outcome 
Variable 

Significant 
Predictor 

Significance F DF Unique R2 
Change 

Standardized 
Beta 

CS+  Not 
significant 

    

CS-  Not 
significant 

    

CS 
Differential 

 Not 
significant 

    

Demographics and baseline measures that were entered into the first level of the linear regression model 
included: age, gender, ethnicity, BDI, ASI, and Mini-SPIN 

	
  
	
  

Table A101. 
Predictors of SCR Reinstatement Change 

 Outcome 
Variable 

Significant 
Predictor 

Significance F DF Unique R2 
Change 

Standardized 
Beta 

CS+ SCR during 
reinstatement 

.044 5.01 1,41 0.078 0.317 

CS- SCR during 
reinstatement 

0.041 4.44 1,41 0.084 0.330 

CS 
Differential 

 Not 
significant 

    

Demographics and baseline measures that were entered into the first level of the linear regression model 
included: age, gender, ethnicity, BDI, ASI, and Mini-SPIN 

	
  
	
  

Table A102. 
Predictors of ASR Reinstatement Change 

 Outcome 
Variable 

Significant 
Predictor 

Significance F DF Unique R2 
Change 

Standardized 
Beta 

CS+  Not 
significant 

    

CS-  Not 
significant 

    

CS 
Differential 

 Not 
significant 

    

Demographics and baseline measures that were entered into the first level of the linear regression model 
included: age, gender, ethnicity, BDI, ASI, and Mini-SPIN 
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Table A103. 
Predictors of PPG Reinstatement Change 

 Outcome 
Variable 

Significant 
Predictor 

Significance F DF Unique R2 
Change 

Standardized 
Beta 

CS+  Not 
significant 

    

CS- PPG during 
reinstatement 

0.027 5.27 1,41 0.079 0.287 

CS 
Differential 

 Not 
significant 

    

Demographics and baseline measures that were entered into the first level of the linear regression model 
included: age, gender, ethnicity, BDI, ASI, and Mini-SPIN 
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