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The present study characterized physiological responsivity during moral elevation, or 

elevation, a prosocial emotional state triggered by witnessing displays of altruism and 

moral beauty.  Participants watched video stimuli that induced elevation, or 

amusement as a control condition, while heart rate (HR), respiratory sinus arrhythmia 

(RSA), skin conductance responses (SCR), and medial prefrontal cortex (mPFC) 

activity were monitored.  During elevation, RSA and SCR increased, mPFC activity 

decreased, and HR marginally increased.  The changes in RSA and mPFC activity 

were significantly different from amusement.  The mPFC deactivation was correlated 

with prosocial feelings during elevation induction.  Furthermore, dorsal mPFC 

deactivation was stronger than ventral mPFC deactivation, which is in keeping with 

previous findings on social cognition and implies a reduction in neural processing of 

social-evaluative threat.  Genetic and personality predictors of physiological elevation 



 
 

response were also examined.  Overall, results indicate that dual activation of the 

sympathetic and parasympathetic nervous systems occurs during elevation, and that 

neurophysiological responses are parsimonious with previous understanding of the 

prosocial cognitive effects of elevation. 
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CHAPTER 1 – Introduction 

 On occasion a person experiences an event that changes his or her view of 

humanity at large.  Sometimes this event is negative, brings forth emotions of social 

disgust, and drives a pessimistic view of the social world.  At other times the event is 

positive; one witnesses a display of moral virtue and has one’s view of society uplifted 

into optimism and hope.  The emotion that underlies this positive response is known 

as moral elevation, or elevation (Haidt, 2003a).   

Although elevation has only recently been studied empirically, Thomas 

Jefferson wrote about it over two centuries ago (Haidt, 2003a).  In a letter to his friend 

Robert Skipwith, Jefferson (1771/1975) advocated for the value of reading fiction with 

great stories of moral selflessness: 

When any ... act of charity or of gratitude, for instance, is presented either to 

our sight or imagination, we are deeply impressed with its beauty and feel a 

strong desire in ourselves of doing charitable and grateful acts also.  (p. 350) 

 

 This emotional state is brought forth by witnessing or learning about 

unexpected benevolence, compassion, altruistic deeds, or displays of gratitude among 

strangers.  Not only does the experience of elevation improve one’s outlook on life 

and the social world, it also tends to encourage altruism and re-affirm one’s own sense 

of morality (Schnall & Roper, 2012).  

Empirically, elevation has been shown to cause feelings of being moved, 

uplifted, optimistic about humanity, as well as selfless thoughts of wanting to become 

a better person and help others (Algoe & Haidt, 2009; Freeman, Aquino, & McFerran, 

2009; Schnall, Roper, & Fessler, 2010).  It is associated with distinct physical 
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sensations including warmth in the chest, tears in the eyes, and chills on the skin 

(Schnall et al., 2010; Silvers & Haidt, 2008).  People experiencing this emotional state 

tend to report feeling more compassionate, inspired, and admiring (Freeman et al., 

2009).  In addition, elevation seems to measurably increase altruistic behavior (Schnall 

et al., 2010) and maternal caretaking behavior (Silvers & Haidt, 2008). 

On the surface, elevation shares many traits in common with admiration, 

gratitude, and awe (Algoe & Haidt, 2009; Keltner & Haidt, 2003).  Since these other 

emotions, especially gratitude, have substantial literature in psychological journals, it 

is important to take a step back to justify the treatment of elevation as a unique entity.   

Haidt’s (2003b) conceptualization of moral emotions includes the tendency of 

that emotion to be elicited by stimuli that have no direct impact on the experiencer.  

Elevation can hence be separated from gratitude, since gratitude is brought forth by an 

action that benefits the perceiver.  Although gratitude encourages the perceiver 

towards prosocial action, this is directed to strengthen the relationship with the 

benefactor.  In contrast, elevation is triggered by benevolent action that benefits 

strangers, gives the experiencer hope for humanity in general, and induces a broad 

desire to help other people.   

Elevation can be considered part of the awe-family of feeling states (Keltner & 

Haidt, 2003).  In general, the awe family is thought to facilitate the integration of vast 

and uncommon experiences into a person’s understanding of the world.  These 

experiences can range from the natural scenery of painted skies at sunset to the 

destructive power of a large-scale military operation.  While awe may be elicited by a 
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wide range of vast stimuli that have features of threat, beauty, exceptional skill, virtue, 

or seemingly supernatural encounters, elevation arises only from experiences of virtue.  

In addition, elevation does not require a vast stimulus; often times it can be elicited 

simply by witnessing a heartfelt display of gratitude between strangers (Haidt, 2003a). 

Admiration involves a freely-conferred deference for another person that 

includes a desire for proximity and a possibility of gaining inspiration (Algoe & Haidt, 

2009).  Rather than separating admiration from elevation, it seems better to consider 

elevation a type of admiration that is sensitive specifically to displays of moral virtue.  

Instead, elevation can be labeled admiration for virtue, which is separate from 

admiration for skill or talent (Haidt & Morris, 2009).  Indeed, evidence from 

neuroimaging studies illustrates that admiration for virtue and admiration for skill 

have differing patterns of brain activity and that elevation is a unique emotional state  

(Immordino-Yang, McColl, H. Damasio, & A. Damasio, 2009; Englander, Haidt, & 

Morris 2012).  

 The behavioral tendencies associated with elevation are thought to include 

increased helpfulness and altruism (Haidt, 2003a).  Recent studies using both 

qualitative and quantitative self-report measures have confirmed that such motivations 

arise from elevation.  Qualitative research reveals that people experiencing elevation 

feel a desire to help others and become more like the altruist who triggered their 

experience of elevation (Haidt, 2003a; Algoe & Haidt, 2009). Quantitative measures 

consistently find self-reported increases in wishing to be a better person, wanting to 

help others, and feeling more optimistic about humanity (Freeman et al., 2009; Schnall 
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et al., 2010).  Such quantitative measures are now often used as manipulation check 

items to ensure successful induction of elevation during experimental paradigms. 

Altruistic behavior, in addition to altruistic motivation, can result from 

elevation.  One key study showed that those in the elevation condition were more 

likely to offer their time to uncompensated tasks. Moreover, the amount of time these 

participants contributed was dramatically higher (approximately double) in the 

elevation condition than in the amusement control condition or a neutral control 

condition.  The time spent helping the experimenter correlated positively with self-

reports of elevation including wanting to help others, feeling moved, uplifted, 

optimistic about humanity, and getting a warm feeling in the chest (Schnall et al. 

2010).  In addition to simply eliciting altruism, elevation can be used to overcome 

prejudice by increasing donations from individuals high in trait social dominance to 

charities that benefit disadvantaged groups (Freeman et al., 2009).   

Nurturing behavior has also been shown to increase during elevation.  Silvers 

and Haidt (2008) used video inductions to elicit elevation or amusement in 

breastfeeding mothers who had brought their babies into the lab with them.  Mothers 

in the elevation condition secreted more milk than those in the amusement condition, 

and were marginally more likely to hug their children.  These mothers also reported 

feeling more touched/inspired, tears/crying, and chills/goose bumps/tingling on skin.  

Due to increases in milk letdown and nurturing behaviors following elevation, the 

authors speculated that the hormone oxytocin may play a key role in the body’s 

response to elevation, along with the activity of the vagus nerve and sympathetic 
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nervous system (SNS) described in the next section.  Despite their speculation, no 

detailed research has been conducted on the physiology of elevation until the studies 

presented in this thesis. 

 

Physiology of Prosociality 

William James (1884) posited that distinct emotions arise from patterns of 

physiological activation.  Although the view that physiology is an intrinsic component 

of emotion was controversial for much of the twentieth century, it ultimately became 

widely accepted following studies that associated distinct autonomic nervous system 

(ANS) activation patterns in both the SNS and parasympathetic nervous system (PNS) 

with basic emotions (Christie & Friedman, 2004; Ekman, Levenson, & Friesen, 1983; 

Rainville, Bechara, Naqvi, & Damasio, 2006).   

The ANS allows emotions to rapidly prepare the body to deal with 

environmental circumstances by adjusting energy allocation (Porges, 2003; Thayer & 

Sternberg, 2006).  Traditionally, the ANS has been conceptually divided into two 

primary components: the PNS and the SNS.  The SNS activates what is commonly 

known as the fight-or-flight response, which prepares the body for rapid physical 

action to deal with an environmental threat.  This SNS response involves an array of 

physiological events, including increased heart rate (HR) and skin conductance 

responses (SCR) (Christie & Friedman, 2004; Rodrigues, LeDoux, & Sapolsky, 2009).  

On the other hand, the PNS conserves the body’s energy when rapid physical action is 

unnecessary, either because the environment is safe or because movement would lead 
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to greater danger (Porges, 2007a).  The largest structure in the PNS is the vagus nerve, 

and its ability to slow HR is often referred to as the vagal brake.  The importance of 

the vagus to human health can be highlighted by the fact that diminished vagal 

functionality is associated with a wide range of physical illnesses, including diabetes, 

obesity, cardiovascular disease, and with psychopathologies involving emotion and 

attention dysregulation (Beauchaine, Gatzke-Kopp, & Mead, 2007; Chambers & 

Allen, 2007; Porges, 2011; Thayer & Lane, 2007).  

An advanced understanding of how the mammalian ANS interacts with the 

environment to produce differing biobehavioral states stems from Porges’ (1995) 

polyvagal theory.  This theory separates two branches of the vagus nerve into distinct 

complexes, and considers them alongside the SNS to formulate a three-branch 

biobehavioral system.  The vagus nerve is divided into dorsal and ventral complexes 

(Porges, 2003).  The dorsal vagus complex arises from the dorsal motor nucleus in the 

brain stem and projects primarily to infradiaphragmatic (below the diaphragm) targets.  

Dorsal projections activate in order to immobilize the organism, conserve energy, 

increase digestion, and slow HR.  The ventral complex, which arises from the nucleus 

ambiguus of the brain stem and projects primarily to supradiaphragmatic targets, is 

unique to mammalian species and serves to orient attention towards conspecifics and 

facilitate social engagement.  In doing so, this ventral structure is especially relevant to 

prosocial emotions, emotion regulation and attention regulation (Beauchaine et al., 

2007; Kok & Fredrickson, 2010; Porges & Furman, 2011).   
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Activity of the ventral vagus, sometimes referred to as vagal tone, tends to 

slow HR and contributes to respiratory sinus arrhythmia (RSA), a pattern of high-

frequency heart rate variability (Porges, 2007a).  Porges’ (2011) polyvagal theory 

posits that increases in RSA prepare individuals for smooth social interactions.  

Inversely, Porges (2011) argues that decreased RSA is a sensitive physiological 

measure of stress response, since the ANS can more rapidly increase HR and mobilize 

the body’s energy by withdrawing vagal tone than it can by activating the SNS.   

RSA amplitude indexes functional control of the sino-atrial pacemaker node of 

the heart by the projections of the ventral vagus complex.  RSA is a useful 

measurement as a proxy for vagal tone as long as the experimenters are mindful of 

potential parameters and confounds (Grossman & Taylor, 2007; Porges 2007b).  One 

can expect these potential confounds to be greatly reduced if considering short-term 

RSA fluctuations to be an index of phasic vagal cardiac control, rather than using 

resting RSA alone (Berntson, Cacioppo, & Grossman, 2007).  In the context of well-

planned experimental paradigms, RSA should primarily represent increased ventral 

vagus activity (Porges, 2007b).  

Dual activation of the SNS and PNS simultaneously is possible under certain 

circumstances, for example during crying (Trimble, 2012) or sexual activity (Carter, 

1992).  It often seems to be linked to oxytocin release (Carter, 1992), as with sexual 

activity (Carter, 1992), nurturing interactions with infants (Kenkel et al., in press), and 

electrical stimulation of the hypothalamus (Kollai & Koizumi, 1979).  Moreover, 

experimentally administered intranasal oxytocin causes increases in both 
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parasympathetic and sympathetic control of the heart (Norman et al. 2010).  Such dual 

activation could be detected as increased RSA alongside appropriate indices of SNS 

activity, such as increased HR and increased SCR.   

Specific brain regions play a key role in regulating the subcortical structures 

that control autonomic responses.  For example, the prefrontal cortex (PFC) provides 

strong inhibitory control over the amygdala, a key trigger of neural and bodily 

emotional responsivity (Rodrigues, LeDoux, & Sapolsky, 2009; Thayer, Åhs, 

Fredrickson, Sollers III, & Wager, 2012).  Furthermore, the medial PFC (mPFC) is 

crucial for regulating vagal tone (Berntson et al., 2007), and deactivation of the 

ventromedial PFC (vmPFC), an area known to exert cardiovagal control, allows 

increases in HR (Wong, Massé, Kimmerly, Menon, & Shoemaker, 2007; Ziegler, 

Dahnke, Yeragani, & Bär, 2009).  According to polyvagal theory (Porges, 2011), the 

mPFC projects to the nucleus ambiguus to regulate ventral vagus activity.  It has been 

suggested that RSA represents an autonomic flexibility that allows the mPFC to exert 

rapid control over the ANS in order to integrate physiological states with 

environmental stimuli (Thayer et al., 2012). 

 In close proximity to the vmPFC is the dorsal mPFC (dmPFC).  One functional 

categorization of differing regions of the mPFC associates emotional and social 

cognition with the dmPFC (Amodio & Frith, 2006).  Furthermore, social-evaluative 

threats have been shown to increase dmPFC activity (Thayer et al., 2012).  It is not 

clear if reductions in social-evaluative stress would lead to decreased dmPFC activity, 
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but this seems plausible and may occur in the context of the optimism about humanity 

that occurs during elevation. 

 

Oxytocin and Genetics of Prosociality 

Oxytocin is an evolutionarily ancient hormone and neurotransmitter, existing 

in most mammals and with related peptides being found even in invertebrate species 

(Gimpl & Fahrenholz, 2001).  In the past it was studied only for its role in parturition 

and reproduction.  More recently, however, it has been implicated in a multitude of 

psychosocial processes involving maternal and paternal behavior, pair bonding, 

empathy, and in-group affiliation (Bakermans-Kranenberg & van IJzendoorn, 2008; 

Barraza & Zak, 2009; Bartz, Zaki, Bolger, & Ochsner, 2011; Carter, 1992; Insel, 

2010; Rodrigues, Saslow, et al., 2009).  Furthermore, the nucleus ambiguus, which 

serves as the medullary source nucleus of the ventral vagus, is coated with oxytocin 

receptors (Porges, 2007a).  Silvers and Haidt (2008) introduced the possibility that 

oxytocin may be released during elevation due to their observations of increased milk 

letdown, but no studies since have investigated the potential roles of oxytocin or vagal 

tone in elevation. 

Studying genetic variation in the oxytocin system relating to stable personality 

traits can be highly informative as to the mechanisms underlying socioemotional 

processes.  For example, naturally-occurring variations in the oxytocin receptor gene 

(OXTR), by way of single-nucleotide polymorphisms (SNPs) are associated in 

differences in trait and behavioral empathy in humans (Rodrigues, Saslow, Garcia, 
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John, and Keltner 2009).  In addition, a thin-slicing study demonstrated that OXTR 

variation relates to how strangers rate the prosocial nonverbal displays of others 

(Kogan et al., 2011). OXTR SNPs have also been associated with parental sensitivity 

(Bakermans-Kranenberg & van IJzendoorn, 2008), activation and volume of 

emotional brain centers including the amygdala and hypothalamus (Tost et al., 2010), 

sociability (Brüne, 2012), and more (Insel, 2010; Keltner, Kogan, Piff, & Saturn, in 

press). 

 

Personality of Prosociality 

The quantitative study of prosocial processes has become increasingly 

common in recent years, due in part to the emergence of the field of positive 

psychology and its discoveries that interpersonal relationships are vital to one’s health, 

and in part due to widespread acceptance of the biological and universal nature of 

social emotions (Keltner, 2009).  Some research has focused on developmental, 

cognitive, and biological underpinnings of prosocial dispositions (Keltner et al., in 

press), and other research has focused on validating personality constructs to explore 

the structure of prosocial dispositions and their relationships to more traditional 

constructs like the Five-Factor Model of personality (Landis et al., 2009; Shiota, 

Keltner, & John, 2006). 

Trait elevation has been successfully measured by a self-report scale.  The 

elevation scale presented with two factors, labeled Elevation I and Elevation II.  

Elevation I correlates positively with extraversion, openness, agreeableness, spiritual 
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transcendence, and altruism, while Elevation II correlates only with spiritual 

transcendence.  Furthermore, Elevation I was the strongest unique predictor of self-

reported altruism, as evaluated by hierarchical regression including Openness, 

Conscientiousness, Extraversion, Agreeableness, Neuroticism, spiritual transcendence, 

and Elevation I as predictor variables (Landis et al., 2009). 

Social values orientation (SVO), a measure of how people behave when 

allocating economic value between themselves and others, is a powerful measure for 

classifying individual differences in prosocial behavior (van Lange, De Bruin, Otten, 

& Joireman, 1997).  This decomposed economic game forces people to choose 

between three types of point allocations: an individualistic choice that maximizes gain 

for the participant taking the task, a prosocial choice that maximizes collective gain 

between oneself and another, and a competitive choice that maximizes the difference 

between oneself and another.  van Lange et al. (1997) found most people were 

consistently prosocial, some people acted individualistically, and relatively few acted 

competitively. 

 

Current Study 

The current study used video stimuli to assess the physiological characteristics 

of elevation as an emotional state and decipher the influences of genetics and 

personality on this state.  Amusement was chosen as a control because all or most 

positive emotions can be expected to share many characteristics, since positive 
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valence in general tends to signal safety and promote psychosocial health by 

broadening one’s thought-action repertoire (Fredrickson, 2004).   

Hypotheses, also displayed in Figure 1, were as follows: (1) HR, RSA, and 

SCR were predicted to increase from baseline to elevation induction, in line with dual-

activation of SNS and PNS.  (2) mPFC activity may increase due to vmPFC influence 

on RSA, or it may decrease due to dmPFC’s relationship with social-evaluative stress.  

(2a) If a net increase is observed, this should be greater in the vmPFC than in the 

dmPFC, and (2b) if a decrease is observed, the dmPFC should decrease more strongly 

than the vmPFC.  (3) Subjective feelings, cognitions, and physical sensations that have 

been previously associated with elevation (e.g., Schnall et al., 2010) should correlate 

with physiological activation patterns found for the elevation group as a whole.  For 

example, if RSA is found to increase during elevation, then feelings of wanting to help 

others should correlate positively to RSA.  (4) It was also hypothesized that genetic 

markers at the oxytocin receptor gene (OXTR) would predict magnitude of 

physiological changes during elevation.  (5) Trait measures of elevation were expected 

to positively predict physiological responsivity in the elevation condition, (6) as was 

the prosocial categorization of SVO. 
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Processes during elevation   Trait influences on elevation 

 

Figure 1: Model of processes that may occur during elevation and traits that may 

influence processes during elevation, as well as relevant hypotheses. 

𝐇 : Dual activation of the PNS (increased RSA) and SNS (increased HR and SCR) 

will occur during elevation. 

𝐇  : Activation of the mPFC will occur during elevation. This would relate to 

increased PNS activity, thus activation will be greater in vmPFC than in dmPFC.  

𝐇  : Deactivation of the mPFC will occur during elevation.  This would relate to 

decreased self-awareness and social-evaluative threat, thus deactivation will be 

stronger in dmPFC than in vmPFC 

𝐇 : Subjective experiences of state elevation will correlate to physiological activity in 

the directions characteristic of elevation (e.g., positively to RSA, if RSA is found to 

increase for the elevation group as a whole). 

𝐇 : OXTR SNP’s will correlate to physiological activity during elevation. 

𝐇 : Trait elevation will correlate to physiological activity in the directions 

characteristic of elevation. 

𝐇 : SVO prosociality will correlate to physiological activity in the directions 

characteristic of elevation. 

 

Genetics: OXTR 
SNP’s 

Personality: Trait 
elevation and SVO 

vmPFC activation 
(a) or dmPFC 

deactivation (b) 

ANS - Dual 
activation 

PNS activation 
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awareness and 
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threat 

Subjective 
experience of state 
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𝐇  

𝐇   𝐇  
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CHAPTER 2 - Materials and Methods 

Participants 

Oregon State University students (n=105; 65 women) participated in the 

research in exchange for three credit hours of extra credit for a Psychology course. 

Age ranged from 18 to 38 (M = 20.61, SD = 3.35).  Ethnic background data was 

collected as open-ended responses, which were later coded by the researcher into 

discrete ethnic categories:  61.0% European background, 20.0% Asian , 4.8% 

Hispanic, 1.9% African, 8.6% mixed ethnicity, and 3.8% did not report ethnicity.  

 

Computer Tasks 

The first part of the study consisted on an online survey battery, which 

included measures of personality and prosociality using a data collection website 

(Qualtrics Labs Inc., Provo, UT).  Upon completion, participants were asked to 

schedule a laboratory session. 

The laboratory assessment made use of E-Prime 2.0 software (Psychology 

Software Tools, Inc., Sharpsburg, PA) to administer emotional videos and record 

manipulation check responses.  The script had been programmed to include questions 

about current emotions, an emotionally neutral baseline video, emotional videos, and 

manipulation check items to assess emotional experience during the emotional videos.   

The five-minute episode of How It’s Made was shown to all participants before any 

emotional videos were presented.  This video describes the factory processes used to 
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manufacture hammers and was selected to serve as a baseline control segment with 

neutral emotional valence.   

Participants in the elevation group watched part of an episode from The Oprah 

Winfrey Show that extols a music teacher who grew up in poverty in a gang-ridden 

neighborhood in Chicago, then met a professor of music who gave him a scholarship 

and mentored him throughout college, and ultimately he became a high school music 

teacher in Los Angeles to mentor the next generation.  In this video, the music teacher 

expresses gratitude to his mentor, and then is met by his own students expressing 

gratitude towards him.  This video has been used in previous studies to induce 

elevation (Schnall et al., 2010; Schnall & Roper, 2012; Silvers & Haidt, 2008). 

Participants in the amusement group watched excerpts from the BBC One 

show “Funny Talking Animals – Walk on the Wild Side.”  This video features 

humorous voices and jokes dubbed over footage of animals’ social behavior. 

 

Manipulation Check Items 

After elevation or amusement was induced by video stimuli, participants 

reported the feelings, motivations, and physical sensations that they experienced 

during the videos by responding to Likert-type six-point scale items.  These items are 

shown in Table 1 and include, among others, “emotionally affected me,” “uplifted,” 

“wanted to be a better person,” and “warmth in the chest.”  These manipulation check 

items for elevation were very similar to those used by Schnall et al. (2010).  
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Manipulation check items for amusement included “amused,” and “laughter.”  These 

serve as measures of experimentally manipulated emotional state. 

 

Physiological Measures 

All analysis of physiological measures focused on a two minute baseline 

period, corresponding to the last two minutes of the neutral video, and a two-minute 

emotion induction period, corresponding to the first two minutes of the elevation and 

amusement induction videos. 

Electrocardiogram (ECG) and skin conductance recordings were collected at 

1000 Hz with the MP150 Data Acquisition System and Acqknowledge 4.2 software 

(Biopac Systems Inc., Santa Barbara, CA).  ECG data was obtained from a two-lead 

configuration with electrodes placed on the right collarbone and on the left arm.  

Acqknowledge software located R-peaks for interbeat interval analysis.  The interbeat 

interval, which refers to amount of time between heart beats, was evaluated for RSA 

and HR using CardioEdit/CardioBatch software (Brain-Body Center, University of 

Illinois-Chicago, Chicago, IL).  RSA and HR were averaged over the baseline period 

and emotion induction period, and these averages, as well as changes from baseline to 

emotion induction, were used as output variables for statistical tests.  Any lost data 

due to electrode slippage or un-interpretable recording during the baseline or emotion 

induction periods led to RSA and HR data being excluded for that participant. 

Data used for SCR was recorded in microsiemens, a measure of electric 

conductance, by placing two electrodes on the middle phalanges of the index and ring 
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fingers.  SCRs were counted by a sliding-window algorithm that marked sudden 

increases of at least 0.02 microsiemens.  The total count during the two-minute 

baseline period and the count during the two-minute emotion induction period were 

used as output variables.  Lost data due to electrode slippage was excluded from 

analysis.  Overall, SCR data was excluded from 20 participants, and there was no 

systematic difference in gender among these cases. 

Blood-oxygenation-level-dependent signal (BOLD) was measured using 

functional near-infrared spectroscopy (fNIR; fNIR Devices LLC., Potomac, MD).  

Functional near-infrared spectroscopy (fNIR) provides a convenient alternative to 

functional magnetic resonance imaging (fMRI) for inferring neural activation patterns 

during stimulus presentation.  This continuous-wave optical technique has a temporal 

resolution of 2 Hz and relies on two wavelengths of infrared light being scattered by 

hemoglobin (730 nm and 850 nm).  Deoxygenated hemoglobin (deoxy-Hb) and 

oxygenated hemoglobin (oxy-Hb) absorb and scatter near-infrared light of 700 nm to 

900 nm, but oxy-Hb scatters more strongly than deoxy-Hb at 730 nm, while deoxy-Hb 

scatters more strongly at 850 nm.  Use of two wavelengths allows concentrations of 

oxy-Hb and deoxy-Hb to be separated.  BOLD was calculated by subtracting the 

concentration of deoxy-Hb from the concentration of oxy-Hb.   

The fNIR recording apparatus is a band that sits on participants’ forehead.  A 

combination of four light-emitting diodes and 10 light detectors produces 16 discrete 

channels, each representing a square voxel 2.5 cm across.  This creates a sixteen-voxel 
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topographic map on the surface of the prefrontal cortex that is two voxels vertically 

and eight voxels horizontally.   

Specialized data analysis software (fnirSoft; Ayaz, 2010) was used to refine 

fNIR signal.  First, any channel outside acceptable range (700-4000) was rejected.  If 

any rejected channel included V7-V10, that participant’s fNIR data was excluded from 

analysis.  Data was also rejected due to experimenter error or equipment malfunction.  

Overall, fNIR data was excluded from 32 participants, and there was no systematic 

difference in gender for these excluded cases.  A FIR low-pass 20-order Hamming 

filter was then applied to all remaining data, followed by a sliding-window motion 

artifact rejection filter.  The ‘Calculate Oxygenation’ function was applied using the 

filtered data.  Time blocks for baseline and emotion induction were defined and 

temporal means of oxygenation levels were extracted for each voxel and time block.  

Temporal means of oxygenation were calculated for each voxel.  For this study, 

BOLD from the center four voxels (V7-V10) were averaged to serve as a measure of 

medial prefrontal cortex (mPFC) activity. 

 

Genetics  

Saliva samples were collected from all participants who consented to DNA 

collection with Oragene*DNA saliva collection kits (DNA Genotek Inc., Ottawa, 

Ontario, Canada).  Single-nucleotide polymorphisms (SNP) were genotyped by an 

outside laboratory (Salimetrics LLC, State College, PA).  SNPs genotyped included 

OXTR (rs53576, rs2268494, rs237889, rs237897, & rs2254298).  
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Personality Measures 

Landis et al. (2009) evaluated a trait measure of elevation that asks participants 

how they feel when witnessing uncommon virtuous acts.  The scale presented with 

two factors, labeled Elevation I and Elevation II, which were correlated with each 

other.  Elevation I (seven items) seems to capture more feelings of connectedness with 

others using items such as, ‘It makes me want to thank or reward the person who did 

the good deed,’ while Elevation II (three items) appears to indicate physiological 

reactions with items such as ‘I get tears in my eyes.’  Respondents completed each 

item on a five-point scale.  For the ten-item scale used in the current study, the 

Cronbach’s α was 0.84, 0.82 for the Elevation I subscale, and 0.70 for the three-item 

Elevation II subscale.  Calculated scores were the average of all scale or subscale 

items. 

Social values orientation (SVO) is a nine-item decomposed game that sorts 

people between prosocial, individualistic, and competitive categories (Van Lange et 

al., 1997).  Each item requires a choice between three possible point allotments to 

oneself and one hypothetical other person.  One of these choices gives a maximum 

number of points to the self and is called ‘individualistic,’ another gives maximum 

point assignment to self and other, but less to the self than individualistic, and is called 

‘prosocial.’  Finally, there is a choice to maximize the difference between self and 

other, called ‘competitive.’  Respondents who responded in the same fashion at least 

seven times were assigned a category along a dimension of competitive to prosocial, 
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with individualistic being intermediate.  For the purpose of analyzing non-parametric 

correlations along this dimension, competitive participants were assigned a value of 

‘1,’ individualistic participants receive a value of ‘2,’ and prosocial participants a 

value of ‘3.’  Those who were not consistent in their responses were treated as missing 

data.   

 

Helping Behavior Task 

Since elevation is theorized to increase prosocial action tendencies, a helping 

behavior measure was used in a similar fashion to past research on prosociality 

(Greitemeyer & Osswold, 2010; van Baaren, Holland, Kawakami, & van 

Knippenberg, 2004).  A sixteen-ounce plastic cup containing 20 pens was placed on a 

filing cabinet in the experiment room.  Once the participant was disconnected from 

physiological monitoring equipment and free to move, the experimenter reached for a 

DNA collection kit or debrief form and ‘accidentally’ knocked the cup full of pens 

onto the floor near the participant.  The experimenter waited five seconds before 

kneeling down to pick up the pens.  This was to provide a measure of altruistic helping 

behavior, so the number of items picked up by the participant was recorded as a 

dependent variable.  A minimum value of zero indicated the participant did not help, 

and a maximum score of 21 indicated the participant picked up all 20 pens plus the 

one cup.  

 

Procedure 
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All procedures were approved by Oregon State University’s Institutional 

Review Board. 

Participants were recruited through the university’s online Psychology 

Experiment Sign-Up System.   From there they were linked directly to the informed 

consent form preceding the online survey battery, which included self-report measures 

of SVO, trait elevation, as well as demographic questions.  Other measures were part 

of the battery as well, but they are not utilized in this report and will not be discussed.  

Upon completion, participants were invited to schedule a time for the in-lab portion of 

the experiment.   

The laboratory assessment took place at least 24 hours after completion of the 

online survey.  Participants were instructed to not eat food or drink coffee in the hour 

before the experiment session to prevent ANS perturbations.  Participants were 

assigned to either the elevation condition or amusement control condition, and 

condition was alternated by order participants came to the lab.  Upon arrival, another 

round of informed consent explaining physiological and biological measures was 

completed, and participants were explicitly given the opportunity to refuse DNA 

collection.  Participants were led to a private room containing the physiological 

monitoring equipment and seated in front of the stimulus presentation computer.  ECG 

leads were placed on the participant’s left arm and right collarbone, and a ground lead 

was placed on the lower right abdomen.  SCR leads were placed on the fingers of the 

non-dominant hand.  The fNIR headband was wrapped around the participant’s 

forehead and secured in place.  The drive current in the fNIR was adjusted as needed 
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to get a signal of adequate strength, and the quality of ECG recording was checked 

before the participant started the computer tasks. 

Once 15 minutes had passed, recording of physiological signals was started.  

The E-Prime script was activated and the experimenter left the room.  Video stimuli 

were presented, which included the baseline video for all participants followed by 

videos intended to induce either elevation or amusement, depending on condition.  

This portion of the procedure is illustrated in Figure 2.  After participants completed 

the script, they were unhooked from the physiological monitoring equipment.  The 

experimenter then administered the helping behavior task, as described above.  After 

this, the participants were debriefed and dismissed. 
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Figure 2:  Procedure involving video stimuli and physiological recording.  Each 

participant is shown a neutral valence baseline video, then either the elevation- or 

amusement-inducing video, depending on condition. 
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CHAPTER 3 - Results 

Manipulation Check Items 

Mann-Whitney U-tests set to α=0.05 showed significant differences in 18 of 22 

manipulation check items.  The elevation group reported feeling more warmth, 

inspiration, admiration, hope, tenderness, uplifted, awe, sympathy/compassion, 

optimism about humanity, wanting to help others, more open and loving towards 

people in general, eyes watering/tearing up, lump in throat/choked up, warm or 

expansive feelings in chest, heart beating faster, and ‘chills, goose bumps, or tingling 

on skin.’  The amusement group reported feeling more amused and laughter.  Means, 

standard deviations, and p-values are shown in Table 1. 
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Table 1:  Manipulation check measures and significant differences between 

conditions, determined by a Mann-Whitney U-Test.  Possible values range from one to 

six. 

Manipulation check item 

Mean (SE) 

in elevation 

(N = 50) 

Mean (SE) in 

amusement         

(N = 48) 

Happiness/joy 4.08 (0.19) 3.94 (0.17) 

Warmth** 4.30 (0.17) 3.44 (0.19) 

Inspiration** 4.64 (0.14) 2.92 (0.19) 

Admiration** 4.60 (0.16) 2.83 (0.20) 

Hope** 4.38 (0.18) 2.94 (0.19) 

Tenderness** 4.08 (0.20) 3.02 (0.18) 

Uplifted** 4.24 (0.21) 3.27 (0.21) 

Awe** 3.72 (0.19) 2.98 (0.21) 

Amused* 3.36 (0.19) 4.27 (0.22) 

Sympathy/compassion** 4.44 (0.21) 2.79 (0.19) 

Optimistic about humanity** 4.48 (0.20) 3.08 (0.22) 

Wanted to help others** 4.50 (0.20) 2.69 (0.17) 

More open and loving towards people in general** 4.22 (0.22) 2.79 (0.19) 

More curious about the world 3.62 (0.22) 3.65 (0.22) 

Eyes watering/tearing up** 3.55 (0.21) 1.33 (0.12) 

Lump in throat/choked up** 2.76 (0.21) 1.31 (0.12) 

Warm or expansive feelings in chest** 3.56 (0.22) 2.52 (0.22) 

Nausea 1.36 (0.10) 1.27 (0.11) 

Heart beating faster* 2.52 (0.18) 1.94 (0.17) 

Change in breathing 2.88 (0.21) 2.35 (0.20) 

Chills, goose bumps, or tingling on skin** 2.80 (0.24) 1.38 (0.11) 

Laughter** 2.22 (0.17) 3.81 (0.21) 

Note.  Bold indicates the significantly higher value. 

*p < .05   

**p < .005 
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Physiological Measures 

Physiological values were the average measures of HR, RSA, and mPFC 

activity during a two minute baseline and a subsequent two minute emotion induction 

period (Table 2).   The values of SCR were simple counts of SCR events during each 

time period.  Independent-samples t-tests showed baseline values for all four measures 

to be similar across elevation and amusement conditions, t’s < 1 (except for mPFC 

activity, t(65) = 1.21, p = .23). 

Paired t-tests were done to test each emotion condition for significant 

fluctuations in physiological variables from baseline to emotion induction.  HR 

increased marginally in elevation, t(50) = 2.00, p = .051, and in amusement, t(49) = 

1.85, p = .071.  RSA increased in elevation, t(50) = 2.24, p < .05, but not in 

amusement, t < 1.  SCR increased in both elevation, t(41) = 2.47, p < .05, and 

amusement, t(40) = 3.71, p < .05.  Cohen’s ds are reported in Table 2.  This supports 

hypothesis 1 that dual ANS activation would occur during elevation. 

Fluctuations in physiological values from baseline to emotion induction were 

calculated for each participant, and these were compared across emotion conditions 

(Figure 3a-d).  RSA fluctuation was greater during elevation (M = 0.16, SD = 0.51) 

than during amusement (M = -0.07, SD = 0.54), t(99) = 2.20, p = .030.  Change in 

mPFC activity was lower in elevation (M = -0.51, SD = 0.81) than in amusement (M = 

0.36, SD = 1.57), t(41.263) = -2.74, p = .009.  Differences in SCR fluctuation between 

elevation (M = 1.50, SD = 3.94) and amusement (M = 3.07, SD = 5.30), t(73.816) = -
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1.54, p = .13, and in HR fluctuation between elevation (M = 0.85, SD = 3.03) and 

amusement (M = 1.21, SD = 4.64), t < 1, were not significant. 

Mixed model ANOVAs tested for main effects of time and interactions 

between emotion and time for each of the four physiological measures.  Significant 

main effects of time were found with HR, F(1, 99) = 6.99, p = .010, and SCR, F(1, 81) 

= 19.96, p < .0005.  Main effects of time were insignificant for RSA and mPFC 

activity, F’s < 1.  However, significant time-emotion interactions were significant for 

RSA, F(1, 99) = 4.856, p = .030, and mPFC activity, F(1, 65) = 8.52, p = .005, with 

increases in RSA and decreases in mPFC oxygenation during elevation induction.  

There were no significant time-emotion interactions for SCR, F(1, 81) = 2.36, p = .13, 

or for HR, F < 1.   

A paired t-test was conducted to compare the two middle-upper voxels of fNIR 

data (V7 and V9), representing the dmPFC, to the two middle-lower voxels (V8 and 

V10), representing the vmPFC.  Consistent with hypothesis 2b, the dmPFC showed a 

stronger decrease during elevation (M = -0.70, SD = 0.95) than did the vmPFC (M = -

0.32, SD = 0.94), t(36) = -2.18, p = .036. 
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Table 2:  Means (SE) of physiological variables during baseline and emotion induction 

periods, and effect sizes of changes over time. 

Emotion 

condition 

Physiological 

measure N 

Mean (SE) at 

baseline 

Mean (SE) at 

emotion 

induction 

Cohen's d 

of change 

over time 

Elevation RSA 51 6.39 (0.16) 6.55 (0.16) 0.14* 

 

HR 51 74.9 (1.75) 75.8 (1.69) 0.07ǂ 

 

mPFC activity 37 -0.05 (0.31) -0.56 (0.32) -0.27* 

 

SCR 42 3.64 (0.73) 5.14 (0.85) 0.28* 

Amusement RSA 50 6.61 (0.19) 6.54 (0.17) -0.05 

 

HR 50 73.1 (1.85) 74.3 (1.90) 0.09ǂ 

 

mPFC activity 30 -0.65 (0.39) -0.29 (0.36) 0.18 

  SCR 41 3.00 (0.65) 6.07 (0.98) 0.57* 

Note.  * indicates paired t-test found effect over time to be significant, p < .05. ǂp < 

.10. 
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Figure 3a-d:  Mean change in RSA (a), HR (b), mPFC activity (c), and SCR (d) from 

baseline to emotion induction for elevation and amusement.  Error bars represent 95% 

confidence intervals.   
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To examine patterns of physiological co-activation, bivariate Pearson 

correlations were run between each of the four measures in each emotion condition 

and in all participants (Table 2a-b).  As expected, HR correlated negatively with RSA, 

r(99) = -.27, p < .05, and positively with SC, r(80) = .29, p < .05.  The HR and RSA 

correlation remained significant in amusement, r(48) = -.32, p < .05, and lost 

significance in elevation, r(49) = -.20, p > .10, but this difference between emotion 

conditions was not statistically significant, Z < 1.  The SCR and HR correlation was 

significant in elevation, r(40) = .51, p < .05, but not in amusement, r(38) = .17, p > 

.10, and these coefficients were marginally different, Z = 1.7, p = .089.   

mPFC oxygenation correlated positively with both SNS measures of HR, r(64) = .28, 

p < .05, and SCR, r(57) = .38, p < .05.  These relationships were retained in 

amusement as marginal correlations, likely due to reduced sample size, but they were 

not observed in elevation.  However, mPFC correlated negatively with the PNS 

measure of RSA in elevation, r(34) = -.41, p < .05. 
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Table 3a:  Pearson correlations between fluctuations in physiological measures for all 

participants, regardless of emotion condition. 

 

RSA HR mPFC SCR 

RSA -- -- -- -- 

HR 
-.27* 

(101) -- -- -- 

mPFC 

-.23 

(66) 
.28* 

(66) -- -- 

SCR 

-.09 

(82) 
.29* 

(82) 

.38* 

(59) -- 

Note. Samples sizes for each bivariate correlation are in parentheses. 

*p < .05 

 

Table 3b:  Pearson correlations between fluctuations in physiological measures for 

participants in elevation condition and amusement condition separately. 

Elevation Amusement 

 

RSA HR mPFC SCR 

 

RSA HR mPFC SCR 

HR 

-.20 

(51) -- -- -- HR 
-.32* 

(50) -- -- -- 

mPFC 
-.41* 

(36) 

-.02 

(36) -- -- mPFC 

-.08 

(30) 

.35ǂ 

(30) -- -- 

SCR 

-.27ǂ 

(42) 
.51* 

(42) 

.21 

(32) -- SCR 

.11 

(40) 

.17 

(40) 

.37ǂ 

(27) -- 

 Note. Samples sizes for each bivariate correlation are in parentheses. 

*p < .05, ǂp < .10 
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Physiological Correlates of Manipulation Check Items 

To assess hypothesis 3 involving relationships between physiology and 

subjective states during and after the elevation-inducing video, the four physiological 

measures were compared to manipulation check items and the helping behavior task 

using Spearman correlations (Table 3).  Three of the measures, RSA, HR, and SCR 

failed to show any significant or marginally significant relationships.  mPFC 

oxygenation, however, predicted self-reports of feeling amused, r(34) = -.38, wanting 

to help others, r(34) = -.44, and feeling more curious about the world, r(34) = -.39, all 

ps < .05.  Furthermore, mPFC displayed marginal correlations with helping task 

behavior, r(34) = -.30, feeling admiration, r(34) = -.32, sympathy/compassion, r(34) = 

-.29, and laughter, r(34) = -.31, all ps < .10.  

 

Helping Task Behavior 

The number of pens picked up by participants was similar after elevation 

induction (M = 5.16, SD = 6.64) to after amusement induction (M = 5.84, SD = 7.07), 

t(98) < 1.  However, helping task behavior was predicted by trait elevation-factor II, 

r(52) = .30, p = .030. 
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Table 4: Spearman correlation coefficients between fluctuations in physiological 

measures during elevation and participant responses to manipulation check items or 

helping behavior. 

Note. *p < .05,  ǂ p < .10. 

 

 

 

 

 

 

Measure 

RSA 

(N=49) 

HR 

(N=49) 

mPFC 

(N=36) 

SCR  

(N=41) 

Helping behavior (# of pens picked up) -.21 .02 -.30ǂ -.03 

Manipulation-check item     

Happiness/joy -.14 -.20 -.18 -.12 

Warmth -.14 -.08 -.02 -.08 

Inspiration -.00 -.05 -.17 -.14 

Admiration .00 -.16 -.32ǂ .08 

Hope .03 .06 -.19 -.16 

Tenderness -.03 -.07 -.24 -.09 

Uplifted .05 -.10 -.11 -.07 

Awe .09 -.17 -.09 -.10 

Amused .19 .10 -.38* -.02 

Sympathy/compassion -.12 .03 -.29ǂ -.07 

Optimistic about humanity -.03 -.19 -.22 .05 

Wanted to help others -.05 .02 -.44* .15 

More open and loving towards people in 

general -.05 -.01 -27 -.11 

More curious about the world -.00 -.10 -.39* -.20 

Eyes watering/tearing up -.15 -.08 -.07 .00 

Lump in throat/choked up .16 -.16 .08 .08 

Warm or expansive feelings in chest -.18 -.17 .15 -.19 

Nausea -.03 .07 .09 .10 

Heart beating faster .17 -.02 .04 -.00 

Change in breathing .03 -.01 -.05 .05 

Chills, goose bumps, or tingling on skin .07 -.20 .06 -.12 

Laughter .06 -.11 -.31ǂ -.21 
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Personality and genetic correlates  

Frequencies of OXTR SNP genotypes were as follows.  [rs53576: AA=12, 

AG=34, GG=28], [rs2254298: AA=3, AG=17, GG=54], [rs2268494: AA=0, AT=13, 

TT=60], [rs237889: CC=34, CT=28, TT=12], and [rs237897: AA=14, AG=33, 

GG=27].  Genotype distributions were in accordance with the Hardy-Weinberg 

Equilibrium (HWE). 

SVO outcomes were categorized along a single dimension and frequencies 

were as follows.  Eight participants were categorized as competitive and received a 

value of ‘1’, twelve were individualistic and received a value of ‘2’, and sixty-six were 

prosocial and received a value of ‘3’.  Sixteen participants did not respond in a 

consistent manner in at least seven of the nine items and were excluded from analysis. 

SNPs, personality measures of elevation and SVO, age, and gender were 

compared with physiological reactivity measures during elevation (Hypotheses 4-6; 

Table 4).  Spearman correlations were significant between mPFC oxygenation and the 

SNP OXTR rs2254298, r(25) = .47, and between RSA and elevation factor II, r(26) = 

-.43, and RSA and gender, r(48) = -.41, all ps < .05.   
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Table 5: Spearman correlation coefficients between fluctuations in physiological 

measures and SNPs of the OXTR gene, personality measures, age, or gender.  For 

polymorphisms, allele name that was given the higher dummy-coded value is shown 

in parentheses after each SNP. 

Polymorphism RSA HR mPFC SCR 

OXTR rs53576 (G) .09 (35) .06 (35) .00 (27) .26 (28) 

OXTR rs2254298 (G) -.07 (35) .19 (35) .47* (27) .15 (28) 

OXTR rs2268494 (T) .07 (35) .08 (35) -.20 (27) -.34ǂ (28) 

OXTR rs237889 (T)  -.06 (35) -.06 (35) -.05 (27) .02 (28) 

OXTR rs237897 (G) .05 (35) -.12 (35) -.13 (27) .12(28) 

Personality measure     

Elevation factor I -.33ǂ (28) .00 (28) -.01 (24) -.00 (23) 

Elevation factor II -.43* (28) .11 (28) .14 (24) .12 (23) 

SVO (prosocial = 3; 

individualistic =2; 

competitive =1) -.05 (41) .27ǂ (41) .23 (30) .24 (36) 

Age .07 (49) .29* (49) -.06 (35) .07 (41) 

Gender -.41* (50) .16 (50) .24 (36) .27ǂ (40) 

Note.  Samples sizes for each bivariate correlation are in parentheses. 

*p < .05,  ǂ p < .10. 
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CHAPTER 4 - Discussion 

The goals of the present study were twofold.  First, it was intended to identify 

for the first time the patterns of ANS and physiological activity that are characteristic 

of elevation and that distinguish it from other positive emotional states such as 

amusement (Figure 1a-d; Table 2; Table 3a-b).  Second, it was hoped that these 

physiological patterns could be connected in meaningful ways to previously described 

experiential and behavioral aspects of elevation (Algoe & Haidt, 2009; Freeman et al., 

2009; Schnall et al., 2010; Schnall & Roper, 2012; Silvers & Haidt, 2008).  This 

second goal was to be approached from multiple angles.  Empirically, these 

physiological markers were correlated to previously known experiential aspects of 

elevation and to helping behavior after elevation induction (Table 4).  In addition, 

genetic markers and personality traits related to prosociality were tested as predictors 

of physiological response (Table 5).  By applying the framework of biobehavioral 

theories, for example polyvagal theory (Porges, 2011) and localization of social 

cognitive functioning to the dmPFC (Amodio & Frith, 2006), further inferences could 

be made about the functional significance of physiological changes during elevation.   

The manipulation check items robustly showed that elevation was successfully 

induced by video stimuli.  Similar patterns were observed as in previous studies 

(Freeman et al., 2009; Schnall et al., 2010), as participants after elevation induction 

reported feeling more warmth, optimism about humanity, wanting to help others, tears 

in the eyes and choking up, and so on, than participants who experienced amusement 

induction (Table 1). 
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Direct comparisons between physiological patterns during elevation and 

amusement induction supported the conceptualization of elevation as a distinct 

emotional state.  The elevation condition saw an increase in RSA and a decrease in 

mPFC activity, while no significant changes in either were observed in amusement.  

Furthermore, the magnitudes of these fluctuations of RSA and mPFC activity were 

significantly different between elevation and amusement.  Both conditions showed 

increases in SCR and marginal increases in HR, suggesting SNS activation.  Previous 

studies using film clips to induce amusement have also found increased SCR, HR, 

and/or other cardiovascular measures indicative of SNS activation (e.g., Christie & 

Friedman, 2003; Demaree, Schmeichel, Robinson, & Everhart, 2004; Giuliani, 

McRae, & Gross, 2008; Mauss, Levenson, McCarter, Wilhelm, & Gross, 2005).   

Although heightened HR has been reported once before in the context of 

elevation (Immordino-Yang et al., 2009), the combination of the marginal increase in 

HR with the increases SCR and RSA is novel and suggests that dual activation of PNS 

and SNS may be a characteristic of elevation.  This is further supported by the 

correlational findings between physiological measures (Table 3b).  HR and SCR are 

positively correlated in elevation, suggesting HR is serving as an index primarily of 

SNS activity in elevation, while this correlation is absent in amusement. While HR 

and RSA are negatively correlated in amusement, there is no such significant 

correlation during elevation.   

This is an exciting finding, as dual activation is only observed under a 

restricted range of conditions, mostly associated with social situations, such as sexual 
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activity (Carter, 1992) and during interaction with infants (Kenkel et al., in press).  In 

such situations, the SNS’s stress response is activated for some purpose such as 

protecting infants, or possibly witnessing the suffering of others in the case of 

elevation.  Theoretically, co-occurrence of PNS activity would apply the vagal brake 

to dampen this stress reactivity and promote social bonding.  Indeed, activation of the 

PNS and oxytocin system have been shown to reduce cortisol levels when one is 

facing social stressors (Ditzen et al., 2009; Heinrichs, Baumgartner, Kirschbaum, & 

Ehlert, 2003).  Future studies should focus on measuring fluctuations in oxytocin and 

cortisol during elevation induction. 

Interestingly, mPFC activity decreased during elevation.  In line with the 

hypothesis, this decrease was stronger in the dmPFC than the vmPFC.  Theoretically, 

this localization of neural deactivation could indicate reductions in social-evaluative 

threat processing.  Furthermore, this mPFC deactivation was correlated with increases 

in RSA, as well as positively correlated with prosocial cognitions during elevation.  

Increases in RSA suggest that the PNS is priming one’s physiological conditions for 

social engagement, which is in line with elevation’s tendency to increase prosociality 

and feelings of connection with humanity, and may also occur after reductions in 

social-evaluative stress.  

The evidence for social emotions dampening stress reactivity, and thus PNS 

priming of prosociality, has been demonstrated on a hormone level, with oxytocin 

increase accompanying the cortisol decrease (Ditzen et al., 2009; Heinrichs et al., 

2003).  During elevation, one OXTR SNP (rs2254298) correlated with mPFC activity, 
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suggesting involvement of the oxytocin system.  Statistical power involving certain 

OXTR SNP’s may have been limited by inadequate numbers of homozygous carriers 

of one allele.  Future studies could extend beyond genetic markers at receptor genes 

and evaluate the role of oxytocin and cortisol fluctuations, and of genetic variations in 

their receptors, in the context of elevation induction. 

Trait Elevation II negatively correlated with RSA response during state 

elevation, and there was a similar trend for trait Elevation I.  These results are contrary 

to predictions.  The significance of this is unclear, but it may mean that PNS activation 

is habituated to elevation in those who experience this emotional state often in their 

daily lives.  Also unexpectedly, SVO showed no significant correlations with 

physiological responses during elevation.  It is possible that other prosocial measures 

may be more related to elevation. 

The only past study reporting brain activity changes during elevation did not 

observe deactivation of the mPFC (Immordino-Yang et al., 2009).  Instead, they found 

a small area of increased activation.  The current study may have found differing 

results due to differences in stimulus presentation as well as with measurement 

technique.  The current study used video stimuli, while Immordino-Yang et al. (2009) 

presented picture reminders of stories that participants had been told in a previous 

session.  Immordino-Yang et al. (2009) used fMRI, a technique with very high spatial 

resolution (mm³) and ability to peer at deeper brain structures (Logothetis, 2003).  In 

contrast, the fNIR used in the current study has lower spatial resolution (cm²) and 

could only examine structures near the surface of the prefrontal cortex (Chance et al., 
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1998).  It is reasonable that the fNIR would not have been able to spatially 

differentiate a highly localized increase in mPFC activity from a larger decrease in 

nearby regions of the mPFC.   

Another issue is that the helping task was relatively difficult to act out, and 

slight inconsistencies may have resulted from different experimenters on different 

days.  In addition, the lab space used was moved mid-year from a large to a small 

confined space, and this spatial difference influenced the context of the task and 

probably helping behavior, as well.   

 In the future, it would be ideal to examine other age groups and cultures.  

However, Haidt (2003a) did find similar understanding of elevation in every culture he 

studied it in.  Additionally, it would be worthwhile to focus on gender analysis during 

future studies of elevation, as women tend to report higher levels of trait elevation 

(Landis et al., 2009), and the current study found lower RSA reactivity to elevation 

among women (Table 5).  Detailed gender analysis would require a greater sample 

size than in the current study.   

Further studies should compare elevation to other emotions such as awe and 

gratitude.  Algoe and Haidt (2009) induced elevation and gratitude with the same 

paradigm by asking participants to write about a time they felt those emotions.  

Whether or not this could produce ANS activation patterns of similar strength to video 

stimuli should also be studied.  Freeman et al. (2009) did find equivalent altruism-

related findings when having participants read newspaper stories to induce elevation 

as in a previous sample that watched videos.  
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This study extends the prior literature on elevation and bridges the study of 

elevation to neuropsychology.  The relationship in the current study between dmPFC 

deactivation and prosocial cognition could expand on literature in fields of social 

cognition, neuropsychology, and stress and coping.  The results of this study expand 

on the research base that supports elevation induction as a possible intervention for 

promoting prosocial behavior (Freeman et al., 2009; Schnall & Roper, 2012), and the 

discovery of RSA and dmPFC reactivity could provide biomarkers for predicting 

experiential aspects and behavioral outcomes of elevation.  Furthermore, dual 

activation of the SNS and PNS may indicate oxytocin release (Kenkel et al., in press), 

which bridges studies of elevation with prosocial effects of oxytocin administration 

(e.g., Ditzen et al., 2009).   

The possible link between dmPFC deactivation and reductions in social-

evaluative threat are worth investigating further.  Since this has not been in examined 

in previous literature on elevation, the current study did not include direct measures of 

social-evaluative stress.  Nonetheless, the correlation of dmPFC deactivation to 

prosocial manipulation check items provides preliminary evidence for such a link.  If 

future studies confirm this, it could bridge the literature on elevation with the field of 

research showing that oxytocin reduces social anxiety (Guastella, Howard, Dadds, 

Mitchell, & Carson, 2009; Kirsh et al., 2005; Labuschagne et al., 2010). 
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CHAPTER 5 - Conclusion 

 The present study represents the first detailed physiological characterization of 

elevation.  Dual activation of the SNS and PNS was observed in elevation, while only 

SNS activation was observed in amusement.  Furthermore, dmPFC deactivation 

occurred during elevation, which correlated to endorsements of prosocial feelings and 

may be related to decreased neural processing of social-evaluative threat.  One OXTR 

SNP correlated to this mPFC activity.  Future studies should focus on relating ANS 

dual activation to neuroendocrine activity in the oxytocin system and other hormone 

systems, as well as on confirming the links between prosocial feelings during 

elevation, dmPFC deactivation, and decreased perceptions of social-evaluative threat.  

Findings in this thesis extend previous literature on elevation and hold potential for 

bridging this literature with research on social-cognitive neuroscience and 

neuroendocrinology. 
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