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Abstract 

 The early posterior negativity (EPN) is an event-related potential that can be 

modulated by the perception of emotionally arousing scenes relative to neutral scenes. 

In a recent study, we found nudist scenes that elicit low levels of pleasantness and 

arousal modulated the EPN greatly. Here we attempted to replicate and extend our 

recent findings by using nine scene categories and collecting additional measures of 

body exposure. Overall, we found body exposure predicts EPN modulation. Nudist 

scenes elicited the largest EPN amplitude and they were rated as having the most 

exposed body parts. Correlations of individual scenes found metrics of body exposure 

predicted the EPN amplitude of a scene better than the scene’s pleasantness or arousal 

self-report. An auxiliary finding was the late positive potential is also predicted by 

depicted body exposure. This work indicates the perception of bodies may have a 

privilege status in the human perceptual system. 
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Chapter 1 

Introduction 

 Research combining the use of naturalistic scenes and electroencephalography 

(EEG) have discovered event related potentials (ERPs) that have furthered 

understanding of emotion and how it interacts with the visual system. One such 

discovery is the association between emotionally arousing content and the amplitude of 

an ERP known as the late positive potential (LPP). The LPP is characterized as a 

voltage positivity over midline parietal areas (Cuthbert et al., 2000; Schupp et al., 2007). 

The LPP appears around 300ms and persists until scene offset with a peak amplitude 

between 400 and 900ms. Highly pleasant and unpleasant scenes that elicit self-reports 

of heightened arousal, predict a greater LPP amplitude (Bradley, 2009). Functional 

magnetic resonance imaging (fMRI) research found the probable sources of the LPP to 

be visual cortices and emotion related areas of the orbital frontal cortex and amygdala 

(Sabatinelli et al., 2013). The LPP has expanded our understanding of emotion and the 

brain while also offering researchers a robust method to quantify experienced emotional 

arousal. Furthermore, the LPP has been foundational to the theory of motivated 

attention which posits that the human brain preferentially attends and processes 

emotional content.  

 A relatively new ERP component known as the early posterior negativity (EPN) 

may also be part of this motivated attention process because this component also 

exhibits arousal modulation. Visual perception of emotionally arousing content will 
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increase the modulation of the EPN in a similar manner as the LPP (Junghöfer et al., 

2001). However, the EPN’s topography over posterior occipital areas and earlier latency 

of 150 to 300ms, suggests the EPN reflects activity more localized to visual areas that is 

different than the LPP. If the EPN reflects earlier activity from different cortical areas 

than the LPP, it could provide unique information about the brain and emotion. The 

extensive study of the LPP has given researchers confidence to use this component to 

study mental disorders with emotional symptoms (Michalowski et al., 2015; Weinberg & 

Hajcak, 2011a) and even as a diagnostic tool for smoking (Robinson et al., 2016) and 

food addictions (Versace et al., 2016). A better understanding of the EPN could elevate 

the usefulness of this component as well. Research on the EPN could also expand the 

understanding of emotion, attention, emotional disorders, and possibly even implicit 

bias. 

 While research of the EPN has focused on the general arousal effect, multiple 

studies have reported some scene content seem to modulate the EPN more than the 

LPP. Several studies have found that the EPN shows a bias for pleasant scenes relative 

to unpleasant scenes (De Cesarei & Codispoti, 2006; Flaisch et al., 2008; Frank & 

Sabatinelli, 2019; Schupp et al., 2004a; Weinberg & Hajcak, 2010). These results 

suggest the EPN could be a neural measure of experienced pleasure, in addition to 

arousal. However, other studies have found erotic scenes also modulate the EPN more 

than equivalently arousing mutilation scenes (Schupp et al., 2006; Schupp et al., 2007). 

This EPN erotica bias is not as often seen for the LPP which is usually modulated 

equivalently between erotica and mutilation scenes. Also, an EPN erotica bias could 

cause study results to look like the EPN has a pleasure bias because researchers often 



3 
 

use erotic scenes in pleasant categories. The erotica over mutilation EPN bias may be 

another manifestation of a pleasure bias, but there is reason to believe mere perception 

of exposed body parts are having an additive effect with arousal on the EPN. Erotica 

may stimulate a specific part of extrastriate cortex that fMRI research has shown to be 

sensitive to the perception of body parts (Downing et al., 2001; Peelen & Downing, 

2007). Taken together, it is possible reported pleasure and erotica EPN biases are 

caused by these categories featuring scenes with exposed body parts. 

 In two recent studies, our lab assessed whether pleasantness or unclothed body 

part features modulate the EPN (Farkas, Oliver, & Sabatinelli, in revision). Figure 1 is 

provided to summarize these results. In the first study, we chose two scene categories 

that made participants feel pleasant (erotica and victorious athlete scenes), two that 

made participants feel unpleasant (threatening people and mutilation scenes), and one 

neutral category (neutral people scenes). Importantly, the four emotional categories 

allowed for testing of pleasantness effects because they elicited equivalent levels of 

self-reported arousal. In the second study, we used nudist and erotic scenes to 

understand if the nudists scenes that featured exposed body parts while eliciting lower 

self-reported arousal and pleasantness could also modulate the EPN. We found for 

study one the highly pleasant and equivalently arousing victorious sports scenes did not 

modulate the EPN as much as erotica. However, the nudists scenes in study two 

modulated the EPN more than the same erotica scenes. Furthermore, while the EPN 

was higher for nudist scenes relative to erotica, the LPP showed the opposite pattern 

with erotica modulating the amplitude to a greater degree than nudist scenes. These 
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findings indicate the EPN may be influenced by body parts while the LPP is more 

specifically tuned to emotional arousal. 
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Figure 1. Summary waveforms of recent EPN and LPP study. The first study 

(presented in the first row) found erotic scenes elicit a greater EPN and LPP amplitude. 

The second study (second row) found nudists scenes that elicit lower self-reports of 

arousal surprisingly evoked a greater EPN modulation than erotic content (Farkas, et 

al., in revision). 
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 While these recent results found evidence for body parts being a modulator of 

the EPN, these studies can be clarified with additional controls. A complication of the 

initial nudist study was that participants were only exposed to the two categories of 

nudists and erotica. Because the study only featured these two categories, we don’t 

know how these EPN and LPP amplitudes would compare to other emotional content. 

Furthermore, participants may give more accurate ratings of how pleasant or arousing 

they find nudist scenes if they are self-reporting their feelings in comparison to other 

content that more effectively spans pleasantness and arousal dimensions. A second 

unanswered question is what features of nudist scenes allowed them to modulate the 

EPN more than erotica? Post-hoc visual inspection of individual nudist scenes that most 

modulated the EPN seemed to indicate that scenes with clearly unclothed and more 

normally oriented bodies led to the greatest EPN modulation 

 Here we attempt to explicitly examine these research questions and replicate the 

body exposure modulation effect on the EPN. The scene perception paradigm was used 

with a more complete scene set with nine scene categories including erotica, pleasant 

animals, victorious athletes, nudists, neutral animals, neutral people, threatening 

people, threatening animals, and mutilations. This scene set should accurately span the 

valence and arousal dimensions. The set also includes mostly unclothed categories of 

erotica, nudists, and mutilations that differ on valence and arousal as well as 

comparable categories that contain mostly clothed content of victorious athletes, neutral 

people, and threatening people. It also allows for testing of valence and arousal 

independently of human body part content with the pleasant animal, neutral animal, and 

threatening animal categories. Additionally, to examine the extent to which body 
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exposure and body orientation in scenes predicted modulation of the EPN, we collected 

ratings of these dimensions. We also calculated the sum of pixels of exposed body 

parts that made up each scene to test whether it was associated with EPN modulation. 

 We hypothesized that the EPN would be most strongly modulated by nudist 

scenes. We also predicted that the nudist scenes would elicit more neutral self-reports 

of valence as well as less arousal than the six emotional categories. Furthermore, we 

expected the nudists scenes to be rated as having the highest body exposure and body 

orientation among the scene categories. We hypothesized that the EPN modulation for 

individual scenes will be better predicted by self-reports of highly exposed bodies and 

sum of exposed pixels of exposed body in contrast to self-reports of valence or arousal. 

We predicted the best multiple regression equation to predict the EPN will include the 

variables of body exposure and body orientation. For the LPP, we expect erotic scenes 

to elicit the largest amplitudes relative to all other scenes and nudist scenes would elicit 

modulation comparable to the other emotional categories. We expected the LPP for 

individual scenes would be best predicted by self-reported arousal. 
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Chapter 2 

Literature Review 

EEG and ERP Introduction 

 EEG is a method that records the summation of neuronal action potentials using 

electrodes attached to the scalp. The main neurons that contribute to EEG recordings 

are pyramidal neurons in the cortical layers two, three, and five. These pyramidal 

neurons make up most of the neurons in the brain (Elston, 2003). Furthermore, these 

neurons are oriented parallel to each other in the cortex. This mixed with the fact that 

their apical dendrites reach relatively far away into cortical layer one allows for a larger 

dipole during an action potential caused by synaptic transmission on these dendrites 

(Klein, 2006). When thousands of these neurons have action potentials in synchrony, 

they create a current that is conducted through the layers that surround the brain until it 

reaches the scalp (Nunez, 1981). Electrodes, fixed to the scalp with an elastic cap or 

glue, pick up these weak brain waves which are then amplified and recorded. However, 

EEG data can be noisy. Factors such as movement by the participant or current moving 

through wires in a room can contaminate the data.  

The ERP method ameliorates many of the noise issues of EEG and allows for 

the isolation of activity related to a specific stimulus. This method involves repeating a 

stimulus presentation multiple times and averaging the EEG data recorded. The 

averaging of multiple trials cancels out random noise due to extraneous factors or brain 

activity not related to the event of interest. After averaging, the resulting data is known 
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as an ERP. The ERP method has quickly become a staple of cognitive neuroscience 

because it allows noninvasive recording with great temporal resolution with a sampling 

rate of upwards of 1000Hz. This is incredibly fast compared to other methods such as 

fMRI which usually samples at a temporal resolution of 0.5Hz.  

 There are several limitations to the ERP method. ERPs have poor spatial 

resolution because as the current conducts toward the scalp it will inherently spread 

from the focal source. The folds that make up the brain also can affect the direction of 

conduction. These limitations with the ERP method contribute to the “inverse problem” 

in which many different neural sources could theoretically generate the same results. 

This problem can be lessened by careful research to eliminate alternative hypotheses 

and clever implementation of imaging methods with better spatial resolution such as 

fMRI or magnetoencephalography (MEG). Another limitation is that the numerous trials 

necessary to form an ERP, can mask habituation effects that could affect the validity of 

the results. 

 

The Study of the Dimensional Model of Emotion and the LPP 

 Several popular theories aiming to explain emotion, argue emotion is organized 

along dimensional spectrums (Russell, 2003; Bradley, 2000). An influential model, 

sometimes referred to as the biphasic model of emotion, proposes that the two 

dimensions of valence and arousal organize emotion (Bradley, 2000a). The biphasic 

model of emotion was borne out by several studies that recorded peripheral and central 

neurophysiology (Bradley, 2000; Bradley & Lang, 2000). Much of this data was 

recorded using a scene presentation paradigm in which naturalistic emotional scenes 
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theoretically engage emotional systems and reactions. By collecting self-reported 

emotional reactions to these scenes along the two bipolar dimensions of valence and 

arousal, researchers tried to understand how physiology changed with the ratings 

(Bradley et al., 2001). Often these studies utilized a standardized collection of scenes 

called the International Affective Picture System (IAPS; Lang, et al., 1997).  

 One of the earliest and most robust emotion ERPs studied using the IAPS was 

the Late Positive Potential (LPP; a variant of the P3b). The LPP can be observed as a 

positive deflection over midline parietal electrodes from 300ms after scene onset to 

scene offset. Extensive study of the LPP has found it will increase in positive amplitude 

to emotionally arousing scenes relative to neutral scenes. These findings suggest the 

LPP reflects motivated attention (Cuthbert et al., 2000; Schupp, 2007). Work using EEG 

and fMRI has implicated extrastriate cortical areas as well as limbic structures such as 

the amygdala and orbital frontal cortex as possible neural sources of the LPP 

(Sabatinelli et al., 2007; 2013). While self-reported feelings of arousal to scenes are 

loosely tided to LPP modulation, other work has shown specific content such as erotica 

and mutilation scenes modulate the LPP more than would be predicted by their arousal 

ratings (Weinberg & Hajcak, 2010). This may indicate that scenes depicting 

evolutionarily significant content (such as sexual opportunity and imminent threat) will 

have an outsized effect on the LPP despite reported participant arousal. The LPP also 

appears to be mostly driven by the arousing content and is relatively immune to scene 

complexity and color (Bradley, 2009; Miskovic et al., 2015). 
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Dimensional Emotion Model of the EPN 

 The EPN was first discovered and researched as a feature of motivated attention 

within the dimensional model of emotion (Junghöfer et al, 2001; Schupp, 2006a). The 

EPN is defined as a negative deflection occurring over posterior occipital areas starting 

around 150ms with a peak before 300ms (Schupp et al., 2004a). Topography, source 

localization, and convergent hemodynamic results indicate the source is most likely in 

lateral occipital cortices (Schupp et al., 2006b; Junghöfer et al., 2006). The EPN 

correlates with self-reported arousal to emotional scenes much like the LPP (Junghöfer 

et al., 2001). Furthermore, the EPN and LPP often correlate in studies of scene 

perception. The EPN appears to be immune to grayscale versus color scene 

presentation (Junghöfer et al., 2001). While the EPN was initially found to be elicited by 

emotional scenes relative to neutral, it can also be modulated by emotional faces 

(Schupp et al., 2004b), words (Kissler et al., 2007), and hand gestures (Flaisch et al., 

2009) relative to perceptually similar neutral controls. However, a study in which an 

ERP that shares a similar topography and latency of the EPN, identified using spatial-

temporal principal component analysis, was modulated more strongly by simple figure-

ground scenes relative to complex scenes regardless of emotional self-reports (Bradley 

et al., 2007). This suggests that the EPN may be partially susceptible to the complexity 

of a scene, so stimuli should ideally be balanced for complexity through options such as 

JPEG files size (Donderi, 2006). 
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Theoretical Function of the EPN 

 An ERP known as a selection negativity (SN) may reflect a similar neural 

mechanism as the EPN. A SN is a diffuse negative deflection that begins around 160ms 

until 300ms over occipital-temporal areas like the EPN (Parasuraman et al., 1984). An 

SN occurs when participants are instructed to look a specific feature or object. Because 

the participant needs to be directed to look for a specific feature, it is also known as the 

early directing-attention negativity (EDAN). The negative deflection is best visualized by 

observing the difference between trials that featured the target stimuli versus those that 

did not. An SN can be found for various physical features such as spatial frequency 

(Martinez et al., 2001), color (Anllo-Vento et al. 1998), and movement (Valdes-Sosa et 

al., 1998). It has been found for participants looking for animals (Codispoti et al., 2006) 

as well as for faces and houses (Leuschow et al. 2004).  

 The SN appears to reflect activity in the ventral extrastriate cortices related to an 

early capture of attention by a stimulus. Positron emission tomography studies have 

shown that ventral areas specifically sensitive for the stimuli of interest are most 

involved in SN (Gazzaniga et al., 2002). For example, a participant looking for faces in a 

serial picture task may have extra activity in the fusiform gyrus which is known to be 

sensitive to faces from fMRI studies (Gazzaniga et al., 2002). Fahrenfort and colleagues 

(2007) presented evidence that an SN may represent “reentrant feedback” toward 

primary occipital areas vital for conscious perception. In a detection task, various square 

target figures made up of gradient patterns were presented for 16ms on half of the trials 

and then either masked with a different spatial frequency or weakly masked with a gray 

screen. They found that the mask made the target unperceivable with participants 
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getting nearly 50% of the trials wrong when masked and 96.5% correct when 

unmasked. A Laplacian transform of the data revealed a positive feedforward activity 

occurring around 100ms on occipital temporal regions for all trials regardless of masking 

condition, while an SN was only found for unmasked trials. This may indicate that the 

SN reflects reentrant brain activity involved in early conscious awareness of relevant 

visual information.  

 Most research has studied the EPN under the assumption that it reflects early 

detection of emotionally relevant features possibly through a similar mechanism as the 

SN. This is because of the similarities in location and latency of the two potentials as 

well as the theoretical assumptions that they both represent early visual detection of 

something significant to the subject. Furthermore, the Fahrenfort (2007) findings that 

indicate the SN may represent a reentrant feedback fits with a prevailing theory that 

there are widespread reentrant effects in emotional scene perception (Frank & 

Sabatinelli, 2014; Keil et al., 2009; Lang, Bradley & Cuthbert, 1997; Sabatinelli et al., 

2014; Vuilleumier & Driver, 2007). It has been theorized that the amygdala is the 

progenitor of a reentrant emotional modulation of ventral activity (Freese & Amaral, 

2005; Amaral et al., 1992). If the theory is correct, the EPN may reflect an early sign of 

this reentrant feedback. In support of this possibility, intracranial recording of the 

amygdala in humans has observed discrimination of aversive scenes (Oya et al., 2002) 

and emotional faces (Murray et al., 2014) at 150 to 200ms, just prior to the EPN. 
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Specific Content Modulation of the EPN 

 Current research has scrutinized if specific scene content modulates the EPN 

differently. Four studies have reported an enhanced modulation for pleasant scenes 

over aversive (De Cesarei & Codispoti, 2006; Flaisch et al., 2008; Schupp et al., 2004a; 

Weinberg & Hajcak, 2010). However, many more studies have not found this bias 

(Sabatinelli et al., 2013). The studies that found a pleasure bias did not always control 

for the arousal ratings between categories. This makes it difficult to interpret the results 

because pleasantness self-reports were not independent of emotional arousal. 

However, a recent study investigating a pleasure bias of the EPN with complementary 

fMRI measures (Frank & Sabatinelli, 2019) found erotica and joy scenes (depicting 

content such as romantic couples and cute animals) modulated the EPN more than 

aversive mutilation scenes. A likely contributor to the EPN (lateral occipital cortex, 

measured with fMRI) was found to be similarly modulated in the same participants. 

Taken together, there is suggestive evidence in the literature that a pleasure bias can 

occur for the EPN. 

 There is also evidence for a more specific EPN bias for erotic and exposed body 

parts in scenes. Two studies by Schupp and colleagues (2006 & 2007) and one from 

Frank and Sabatinelli (2019) reported that erotica elicited a larger EPN than equivalently 

arousing mutilation scenes that also typically elicit the same magnitude of LPP 

amplitude. Furthermore, in our recent study that sought to isolate the effects of 

pleasantness versus body parts on the EPN, we found evidence body parts may be a 

potent modulator (Farkas, Oliver, & Sabatinelli, in revision). A summary of the results is 

presented in Figure 1. In the study, victorious sports scenes were rated as equivalently 
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arousing as erotica, threatening people, and mutilation scenes were not able to match 

the amplitude of the EPN for erotica and were nearly equivalent to the modulation 

evoked by threat and mutilation scenes. This occurred even though the victory scenes 

were rated as more pleasant than those depicting erotic content. In the same study, 

nudist scenes elicited less self-reported arousal and pleasantness by participants, while 

modulating the EPN more so than the same erotic scenes that were compared to the 

victorious athlete scenes. However, the LPP was larger for erotic scenes than the nudist 

scenes which more closely aligned with the participants self-reported arousal.  

 An EPN sensitivity to unclothed bodies may be caused by a lateral occipital 

cortical area that is sensitive to the perception of body parts. Functional MRI studies 

have found an area of the lateral occipital cortex, coined the extrastriate body area 

(EBA), that is selectively activated by pictures of body parts (Downing et al., 2001; 

Peelen & Downing, 2007). The location of the EBA makes it a probable contributor to 

the EPN if visual information of body features, fed-forward by primary visual areas, 

activate this area within the EPN time window. Another line of research on the N170 

ERP shows that nude bodies can greatly modulate this potential. The N170 is a 

negativity that peaks between 140-200ms over occipital temporal regions (generally 

more rostral then the EPN location) and is primarily studied as an integral process of 

forming a percept of facial stimuli (Bentin et al., 1996; Rossion et al., 2008). However, a 

research group has found robust N170 modulation using computer generated nude 

bodies relative to objects, faces, and clothed bodies (Hietanen et al., 2011; Hietanen et 

al., 2014; Alho et al., 2015). They found that along with the greater negative deflection, 

the N170 modulated by nude bodies had a more posterior topography and longer 
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duration. It is possible that this extended and more posterior N170 could contribute to 

the EPN. However, in Hietanen et al. (2014) they treated the N170 and EPN as 

separate components that are differentially influenced by top down attention. Their 

research found both the EPN and N170 was greater for nude figures compared to 

clothed bodies and face stimuli. However, the EPN was more modulated when the 

participants were directed to attend more intensely to the stimuli, while target stimuli did 

not modulate the N170 than nontarget stimuli. Based on their findings that nude figures 

consistently modulate the N170, EPN, and LPP more that clothed figures and facial 

stimuli, this group proposes nude bodies have “privileged status” in the visual system 

that operates along a specialized brain network (Peelen & Downing, 2007; Minnebusch 

& Daum, 2009) that enhances processing and affective arousal (Hietanen et al., 2011; 

Hietanen et al., 2014).  
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Chapter 3 

Methods 

Sample 

 Fifty-seven participants were recruited from the University of Georgia student 

body and compensated with course credit. Seven participants were excluded from the 

sample after ERP preprocessing revealed excess movement leading to the loss of more 

than 50% of the trials from any scene category. Participants were between the ages of 

18 to 26 (M = 19.7, SD = 1.40), with 28 identifying as female, and 22 as male. 

Participants were instructed not to sign up for the study if they were left-handed or a had 

a history of mental illness. All participants gave informed consent after receiving a form 

approved by the University of Georgia Human Subjects Institutional Review Board 

(IRB). 

 A separate online sample was recruited through Amazon’s Mechanical Turk 

(Mturk) to rate the extent of body exposure and body orientation of the scene stimuli. 

Participants were compensated $1.50 for 30 mins to 1 hour of work. Participants were 

presented with an informed consent document approved by the University of Georgia 

IRB.  Mturk participants (n = 79) had to be from the United States and between the ages 

of 18 to 26. Seven participants consistently used the same number for every scene 

rating and were excluded from the sample. Two participants were extreme outliers and 

were excluded as well, leaving 70 in the final group. 
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Naturalistic Scenes 

 Nine categories of 135 naturalistic scenes were selected to best answer the 

research question of what modulates the EPN. We could partly predict how participants 

would rate the scenes because all scenes have been used in our lab for previous 

studies. A subset of the scenes was taken from the International Affective Picture 

System (IAPS; Lang, et al., 1997). Some scene categories are underrepresented in the 

IAPS, so additional scenes were found through internet searches. Scenes were 800 by 

600 pixels and were kept or downgraded to 90% JPEG quality (https://JPEG.org). 

Luminance and complexity of the scenes were equivalent between categories as 

measure by an independent t-tests with p-values greater than 0.2. Scenes that were too 

bright or complex were edited with GNU Image Manipulation Program (GIMP, 

http://www.gimp.org/). Complexity was measured by the file size of the JPEG images at 

90% quality, which has been reported as an accurate measure of complexity in human 

perception (Donderi, 2006). If a scene was too complex, a 1x1 pixel Gaussian blur was 

used, which has a negligible effect on perceived sharpness of the content. 

 The nine scene categories depicted erotica, pleasant animals, victorious athletes, 

nudists, neutral animals, neutral clothed people, threatening animals, threatening 

people, and mutilations. An example scene for each category can be seen if Figure 2. 

Erotica scenes depicted two attractive individuals (one male and one female) engaging 

in normative sexual activity. The pleasant animal category contained scenes of baby 

ducks, puppies, and kittens. Victorious athlete scenes depicted athletes expressing 

jubilation after winning a sports contest. Nudist scenes contained unclothed couples 

walking on beaches or parks and not engaging in sexual activity. The neutral animal 
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category depicted animals deemed to be less cute, such as cows, squirrels, and 

chickens. The neutral people category depicted clothed people engaged in normal 

activities like sitting on busses or talking to each other. The threatening people category 

presented people with aggressive body positions and facial expressions while often 

brandishing weapons toward another person or the viewer. Some of these scenes 

depicted people harming others such as a man choking someone or a gunman with a 

woman hostage. Threatening animal scenes contain predators like wolves, jaguars, and 

snakes aggressively posturing or attacking the viewer. Mutilation scenes displayed 

graphic injuries of open wounds or disfigured body parts. 
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Figure 2. Example scenes from each category. Starting from the top and moving from 

left to right, displayed here are example scenes from the categories of erotica, pleasant 

animals, victorious athletes, nudists, neutral animals, neutral people, mutilations, 

threatening animals, and threatening people. 
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Scene categories were chosen to balance valence, arousal, as well as the 

specific contents of animals and body part exposure. Previous studies have shown that 

erotica, pleasant animals, and victorious athletes scenes elicit self-reports of 

pleasantness from participants, while threatening animals, threatening people, and 

mutilation scenes are self-reported as causing unpleasant feelings. Additionally, the 

neutral animals, neutral people, and nudist scenes have been reported as eliciting 

neither pleasant nor unpleasant feelings (Farkas et al., in revision). Previous studies 

have also found that the chosen pleasant and unpleasant categories elicit comparable 

high arousal self-reports than neutral categories. Category content was also chosen to 

roughly equate the amount of body exposure within each valence subset. Erotica, 

nudists, and mutilations scenes often have uncovered skin making up a large portion of 

the scene as compared to the victorious athletes, neutral people, and threatening 

people categories which mostly contain clothed individuals. Additionally, the three 

animal categories allow for tests of valence and arousal ERP modulation effects 

independent of any human bodies being present in the scene. 

 

Procedure 

 After informed consent, participants were brought into an electrically shielded 

chamber for EEG cap fitting. The 135 scenes were presented to each participant in a 

pseudorandom order. To keep scene categories evenly spread through the presentation 

order, scenes were arranged so that for every 18 scenes, two from each category were 

presented. Two different orders of the scene set were formed and assigned to each  

participant pseudorandomly. Each scene was presented for two seconds with an inter-
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trial interval between 3.5 to 5.5 seconds. Scenes were presented on a Westinghouse 

32-inch LCD monitor that occupies 31º of the horizontal visual field of view. After ERP 

data collection, the EEG cap was removed and participants were seated outside of the 

chamber in a quiet room. Here the participants self-reported their emotional reaction to 

each of the 135 scenes. Participants viewed a printed copy of each scene organized in 

a binder in another pseudorandom order. Participants were given a numbered 

worksheet to record their experienced valence and arousal.  

 

Scene Self-reports 

After ERP data collection, UGA participants self-reported how pleasant and 

aroused each scene made them feel on a 9-point scale using the Self-Assessment 

Manikin (SAM; Bradley & Lang, 1994). Participants were seated and read a slightly 

adjusted script from the initial SAM publication. Participants then viewed a printed 

version of each scene in a binder and recorded their responses on a worksheet. The 

worksheet had the SAM figures and scales with emotion nouns at the top of the page 

for participants to reference. Participants could use half increment values such as 1.5, 

2.5, and so on.  

To quantify if the additional scene features of body exposure and orientation, an 

online sample was recruited through Amazon Mechanical Turk (Mturk) to rate each 

scene on these dimensions. For this sample only the six human scene categories were 

used. Participants from the US and between the ages of 18-26 were able to click on the 

experiment to complete the task for $1.50 of compensation. Participants were instructed 

the study could last an hour, but most subjects finished around 30 minutes. Participants 
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accessed the study through a Qualtrics link which presented the consent document and 

asked for their informed consent. If participants agreed to take part in the study, they 

began rating each scene by using a click and drag electronic scale that ranged from 1 to 

9. Each scale was displayed one at a time underneath the scene the participant was 

self-reporting on. The marker started in the middle of the scale on the number 5, but 

participants had to click or move the marker before they could move on to the next 

scene and scale. The scale allowed for precision to the tenth decimal place (e.g., 1.0, 

1.1,1.2). For the body exposure scale a written question asked, “How much exposed or 

unclothed body parts are depicted in the scene?”. The scale presented below the 

question ranged from 1 being all exposed body parts to 9 being no exposed body parts. 

The body orientation scale asked participants, “How upright, or normally oriented are 

the people in the scene?” with the scale ranging from 1 upright to 9 unusually oriented.  

The scenes were presented in a pseudorandom order in a similar manner to how the 

scenes were organized for the UGA sample.  

 

Quantifying Other Scene Features 

 To further identify if exposed body parts in scenes modulate the EPN, the sum of 

pixels containing exposed body parts was counted for each scene. Using GIMP, a 

transparent layer was made over each JPEG scene. On this layer, the lasso tool was 

used to trace around the exposed body parts in each scene. Body parts that were 

covered by clothes or accessories such as arm bands and sunglasses were not 

included. After tracing, the paint bucket tool was used to fill in the shapes with a solid 

color. The histogram tool was then used to record how many pixels had been filled in by 
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the paint bucket tool. The sum of pixels containing exposed body parts for each scene 

could be compared because each scene was of equal size (800 by 600 pixels). 

 We also used JPEG file size and image-entropy to gauge the complexity of each 

scene. We included measures of complexity because previous studies have found 

evidence that the EPN could be modulated by the simplicity of a scene (Bradley et al., 

2007). Although scene categories were altered to be statistically equivalent in JPEG file 

size as a straightforward means of controlling for complexity, the process of quantifying 

scene complexity is quite complicated and beyond the scope of this study (Donderi, 

2006). However, to expand our assessment of scene complexity somewhat, entropy 

was also calculated for each scene. Also known as the Shannon information-entropy, 

this measure is found by using the first order histogram frequencies of grey values as 

probabilities. If every grey value is equally likely to occur, entropy is maximized, and if 

the scene contains only one color then entropy is minimized. Entropy values were found 

using the Matlab function “entropy”. 

 

EEG Data Acquisition and Reduction 

 Continuous EEG data was recorded using a 64-channel BioSemi ActiveTwo 

system (BioSemi Amsterdam, Netherlands) which has pre-amplified electrodes  

positioned according to the 10/20 system. The electrode voltage was referenced to two 

additional common mode electrodes (CMS and DRL). The sampling rate was 512hz. 

The acquisition software (ActiView; actiview.org) was used to keep offsets between 50 

to -50 millivolts during EEG set up and to monitor online data acquisition.  
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Offline, EEG data was preprocessed and segmented using the Electro Magnetic 

Encephalography Software (EMEGS; emegs.org; Peyk, De Cesarei, & Junghöfer, 2011) 

analysis package for MATLAB (Mathworks.com). Data was processed in close 

accordance with the guidelines of Junghöfer and colleagues (2000) through a method 

known as SCADS: statistical correction of artifacts in dense array studies. The data was 

adjusted using a low-pass Butterworth filter with a stopband of 40Hz and a passband of 

30Hz to control for high frequency noise. A high-pass Butterworth filter was also 

implemented with a passband of 0.1Hz and stopband of 0.05Hz. Eye blinks were 

corrected in EMEGs by implementing the BIOSIG Matalb toolbox. Data were 

segmented from 100ms before scene onset to the scene’s offset which occurred after 

2000ms. The 100ms of data before scene onset was used to baseline the ERPs. 

Sensors and trials were screened for voltage artifacts that were unlikely to have 

occurred because of neural activity. These artifacts were found through an automated 

analysis of each electrode per trial in EMEGS in which the median values of maximum 

amplitude, standard deviation, and the maximum first derivative were used to find 

unusable trials and unreliable electrodes. Data was then transformed to an average 

reference (Peyk et al., 2011) and was again screened for artifact contaminated trials 

and sensors in the same automated process. Contaminated sensors were removed and 

replaced with values calculated through a spherical spline interpolation allowing the 

least noisy and closest electrodes to contribute the most to the new replacement 

amplitude. Previous work has shown the spline interpolation can accurately replace 

missing data by purposely implementing the process on electrodes that were not 

actually missing (Junghöfer, et al., 2000). The data was kept in an average-reference 
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which allows for easier visualization of the EPN which can be difficult to see with other 

references such as the mastoid reference (Junghöfer, et al., 2006).  

After data were preprocessed, the ERPs for each participant were extracted for 

each scene and an averaged was calculated for each category. A participant was 

excluded if 50% of trials from a category were lost during the preprocessing due to 

artifacts. Seven participants were excluded for this reason. Electrodes and extraction 

times were kept the same as our previous study that used a similar scene presentation 

procedure (Farkas et al., in revision). The EPN was measured by extracting voltage 

from the lateral-posterior electrodes P7, PO7, O1, P8, PO8, and O2 from 150 to 300ms 

after scene onset (Figure 3). The LPP was recorded over midline parietal electrodes Cz, 

CPz, Pz, CP1, and CP2 from 400 to 900ms.  

 

Figure 3. EPN and LPP electrode electrodes. Computer generated heads showing the 

electrode locations for the EPN and LPP. Bold letters indicate the electrodes where data 

was sampled. The EPN figures show views of posterior areas sampled. The LPP figure 

shows a top-down view of the head with the nose at the top of the page. 
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 For data visualization purposes, the EPN and LPP were also transformed into z-

score values for each participant (Appendix B). Thus, each participant’s EPN values for 

each category were centered around zero with a standard deviation of one. This was 

also performed for the LPP (Appendix D). In ERP research, the difference from a 

modulatory amplitude and a participant’s pre-stimulus baseline may differ between 

participants because of confounding factors such as skin density, hydration, or skull 

shape. Z-scoring allows for the between-subject category ERP differences to be 

minimized. To illustrate the robust within-subject effects, we present a line plot of each 

participants ERPs (Appendix A & C). Additional boxplots of z-scored ERP data are 

included to show the range of reactivity (Appendix B & D). Although the category 

differences look more striking in the z-scored boxplots as compared to the raw data 

boxplots (Figure 8 & 9), statistical tests for the differences between categories are 

consistent and thus are not reported. The statistical tests are similar because the within-

subject variation is accounted for when using repeated measure ANOVAs and paired t-

tests.  

 

Statistical Procedures 

 Category differences for valence, arousal, rated body exposure, rated body 

orientation, EPN modulation, and LPP modulation were quantified by a repeated 

measure ANOVA and followed by paired t-tests to assess which categories were 

different. The software R (r-project.org) was also used to do an exploratory data 

analysis of correlation values between scene features and ERP modulation. Using the R 

function “pairs”, a pairwise scatter plot figure was formed for scenes on the dimensions 
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of EPN modulation, LPP modulation, valence, arousal, rated body exposure, rated body 

orientation, number of pixels of body exposure, size of JPEG file, and entropy. The 

“rcorr” function in the R Hmisc package was used to calculate Pearson’s R values for 

each association and the subsequent p-values (Harrell & Dupont, 2019). Only 

correlations between the EPN and the LPP with the independent variables related to our 

hypotheses for the study (valence, arousal, human scenes vs animal scenes, body 

exposure, and body orientation) are reported in the results section. However, Figures 10 

and 11 display plots of all correlation possibilities and their associated statistical values 

can be seen in Tables 1 through 4.  

To ultimately see which combination of scene features predicted EPN and LPP 

modulation, a best subset selection was implemented using the regsubsets function 

contained in the leaps package (Lumley, 2017). The algorithm performs an exhaustive 

search of every possible combination of independent variables to find the most 

predictive multiple regression for the desired dependent variable. The best subset 

selection was run twice on the 135 scene data set with one predicting the EPN and the 

other predicting the LPP with self-reported valence, arousal, a dummy coded variable 

indicating if a scene depicted humans or animals, JPEG file size, and entropy. Each 

multiple regression equation is then ranked based on Bayesian information criteria 

(BIC). Information criteria methods aim to balance the goodness of model fit while 

minimizing the complexity of the model. Models that use too many predictor variables 

are more likely to overfit to data used to form its parameters causing it to lose external 

validity and accuracy. BIC returns a value based on goodness of fit and a penalty term 

based on the number of observations and the number of predictors chosen. Lower BIC 
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values indicate a well fit model that is relatively simple. Here we report the best simple 

regression model and multiple regression model based on BIC for the EPN and LPP for 

the complete 135 scene set and 90 human scenes. However, Appendix E through H 

display the complete residual sum of squares, R squared, BIC, and brick plots from the 

regsubsets function.  
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Chapter 4 

Results 

Self-reports Results by Scene Category 

 Self-reported valence was different between at least 2 of the 9 scene categories 

as found by a repeated measures ANOVA (F(8,392) = 137.808, p < 0.001; η2 = 0.738). 

Figure 4 depicts a boxplot with an overlaid strip plot illustrating the distribution of the 50 

UGA participants. Pleasant animal scenes elicited the most pleasant feelings (M = 8.09, 

SE = 0.16), and was different than the second most pleasant category of victorious 

athlete scenes (M = 7.02, SE = 0.18; t(49) = 7.28, p < 0.001 , d = 1.03). Victorious 

athlete scenes elicited more pleasantness than the neutral animal category (M = 5.86, 

SE = 0.10; t(49) = 6.48, p < 0.001 , d = 0.92). However, neutral animal scenes evoked 

equivalent pleasantness as the erotica scenes (M = 5.64, SE = 0.24). Erotic scenes 

made participants feel more pleasant that neutral people scenes (M = 5.03, SE = 0.48; 

t(49) = 2.43, p = 0.019 , d = 0.34). Participants felt equivalently pleasant when viewing 

neutral people scenes as compared to nudist scenes (M = 4.80, SE = 0.15). Nudist 

scenes elicited less intense negative feelings than threatening animal scenes (M = 4.27, 

SE = .15; t(49) = 2.77, p = 0.008, d = 0.39). However, the threatening animals did not 

match the stronger unpleasant feelings of threatening people scenes (M = 2.90, SE = 

0.14; t(49) = 9.78, p < 0.001 , d = 1.38). Finally, mutilation scenes (M = 2.40, SE = 0.18)  

elicited the most unpleasant feelings even when compared to the second most 

unpleasant category of threatening people (t(49) = 2.98, p =, d = 0.42). 
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Figure 4. Valence self-reports by scene category. Each color represents a different 

scene category. Each black dot indicates one of the participant self-report for that scene 

category. Boxplots show information about the distribution of ratings for each scene. 

The line in the middle of each boxplot is the median self-report. Each end of the box 

indicates the inner quartile of the distribution. Outer whisker represent data within 1.5 

times the inner and outer quartiles. Dots outside of the whisker can be considered an 

outlier. In the legend, letters next to each scene category indicate which groups are 

statistically equivalent. If a category shares a letter, they are not different. The letter “A” 

indicates the greatest category. 
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A repeated measures ANOVA was significant for the self-reports of experienced 

arousal between the nine scene categories (F(8,392) = 25.021, p < 0.001; η2 = 0.338). 

A boxplot of the arousal ratings can be seen in Figure 3. Erotica scenes (M = 6.52, SE = 

0.20) elicited the most arousal, but were statistically equivalent to the arousal 

experienced when viewing mutilation scenes (M = 6.15, SE = 0.30). Erotica scenes 

elicited more arousal than threatening animal scenes (M = 6.03, SE = 0.18; t(49) = 2.51, 

p = 0.016, d = 0.35), threatening people scenes (M = 5.97, SE = 0.20; t(49) = 2.23, p = 

0.030, d = 0.32), and victorious athlete scenes (M = 5.86, SE = 0.24; t(49) = 2.49, p = 

0.016, d = 0.35). However, the mutilation, threatening animals, threatening people, and 

victorious athletes scenes all elicited equivalent arousal in participants. Pleasant animal 

scenes (M = 4.97, SE = 0.33) evoked less arousal than victorious athlete scenes (t(49) 

= 2.33, p = 0.024, d = 0.33), but were equivalently arousing as nudist scenes (M = 4.76, 

SE = 0.15). Nudist scenes elicited more arousal than neutral animal scenes (M = 4.07, 

SE = 0.18, t(49) = 3.39, p = 0.001, d = 0.48). Lastly, participants reported neutral animal 

scenes were more arousing than the final category of neutral people scenes (M = 3.80, 

SE = 0.17; t(49) = 2.45, p = 0.018, d = 0.35). 
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Figure 5. Arousal self-reports by scene category.  
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The Mturk sample reported the six human scene categories had a different 

amount of exposed body parts as found through a repeated measures ANOVA (F(5, 

345) = 857.16, p < 0.001; η2 = 0.925). Mturk ratings of body exposure and body 

orientation data can be seen in the corresponding boxplots (Figure 6 & 7). The nudist 

category (M = 8.75, SE = 0.04) was perceived as having the most exposed body parts 

and were significantly different than erotic scenes (M = 8.48, SE = 0.05; t(69) = 6.30, p 

< 0.001 , d = 0.75). Erotic scenes were perceived as having more exposed body parts 

than mutilation scenes (M = 6.30, SE = 0.21; t(69) = 10.93, p < 0.001, d = 1.31). 

Participants felt mutilation scenes had more body part exposure than victorious athlete 

scenes (M = 3.85, SE = 0.13; t(69) = 12.25, p < 0.001, d =1.46). In turn, victorious 

athlete scenes were rated as including less exposed body than threatening people 

scenes (M = 2.17, SE = 0.09; t(69) = 19.30, p < 0.001, d = 2.31). Threatening people 

scenes were reported as more clothed then the final category of neutral people (M = 

1.88, SE = 0.10; t(69) = 6.51, p < 0.001, d = 0.78).  
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Figure 6. Body exposure self-reports by scene category.  
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Mturk reports of body orientation were different between scene categories 

(F(5,345) = 167.66, p < 0.001, η2 = 0.708). Participants rated the nudist category (M = 

7.79, SE = 0.21) as having the most normally oriented depicted people, but the nudists 

scenes were statistically equivalent to the second highest rated category of victorious 

athletes (M = 7.51, SE = 0.15). Nudist scenes were more normally oriented than neutral 

people scenes (M = 7.30, SE = 0.13; t(69) = 2.16, p = 0.034, d = 0.26), but victorious 

athlete scenes were rated as just as normally oriented as the neutral people category. 

The neutral people were more normally oriented than the threatening people scenes (M 

= 5.99, SE = 0.25; t(69) = 5.26, p < 0.001, d = 0.63). The threatening people category 

was rated higher than the erotic scenes (M = 3.63, SE = .20; t(69) = 7.77, p < 0.001, d = 

0.93). Finally, the erotic scenes were reported as less unusually oriented as the people 

in the mutilation scenes (M = 3.21, SE = 0.14; t(69) = 2.18, p = 0.033, d = 0.26). 
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Figure 7. Body exposure self-reports by scene category.  
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EPN and LPP Results by Scene Category 

 A repeated measure ANOVA found significance for EPN modulation for the nine 

scene categories (F(8,392) = 55.658, p < 0.001; η2 = 0.532). EPN category waveform 

and boxplot results can be seen in Figure 8. As stated in the methods section, a z-score 

boxplot figure is also shown in Appendix B. The z-scored data highlights the consistent 

pattern of modulation of the EPN and LPP within each participant, however the 

inferential statistics are similar so only statistical test results for raw ERPs are reported 

here. Nudist scenes (M = 2.54µV, SE = 0.64) modulated the EPN the most and was 

significantly different than modulation evoked by erotic scenes (M = 3.93µV, SE = 0.68; 

t(49) = 4.41, p < 0.001, d = 0.62). EPN modulation from erotic scenes was greater than 

modulation elicited by victorious athletes (M = 6.89µV, SE = 0.58; t(49) = 8.00, p < 

0.001, d = 1.13), threatening animals (M = 6.91µV, SE = 0.64; t(49) = -7.50, p < 0.001, d 

= 1.06), and threatening people scenes (M = 7.11µV, SE = 0.60; t(49) = 8.59,p < 0.001, 

d = 1.21). However, the three categories of victorious athletes, threatening animals, and 

threatening people all modulated the EPN equivalently. Pleasant animal scenes (M = 

7.82µV, SE = 0.57) modulated the EPN less than victorious athlete scenes (t(49) = 2.61, 

p = 0.012, d = 0.37) and the threatening animal scenes (t(49) = 2.54, p = 0.014, d = 

0.36). However, the pleasant animal, threatening people, and mutilation scenes (M = 

7.97µV, SE = 0.63) all modulated the EPN to a statistically equivalent amplitude. 

Mutilation scenes modulated the EPN more than neutral animals (M = 8.87µV, SE = 

0.62; t(49) = 2.34, p = 0.023, d = 0.33) and neutral people scenes (M = 9.08µV, SE = 

0.58; t(49) = 2.45, p = 0.018, d = 0.35). Neutral animal and neutral people scenes 

elicited equivalent EPN modulation.   
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Figure 8. EPN waveform and results by category. Top figure depicts the average 

waveforms of EPN electrodes for each category. The transparent blue rectangle 

represents where the EPN was extracted (150-300ms). The bottom figure is the results 

from each participant’s modulated EPN amplitude by scene category. 
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 A repeated measure ANOVA found a difference in LPP modulation for the nine 

scene categories (F(8,392) = 46.751, p < 0.001; η2 = 0.488). LPP category results can 

be seen in Figure 9. Erotic scenes modulated the LPP the most (M = 4.96µV, SE = 

0.43). LPP modulation by erotic scenes was greater than the next most potent scene 

category of nudists (M = 3.06µV, SE = 0.44; t(49) = 6.11, p < 0.001, d = 0.86). Nudists 

scenes modulated the LPP more than mutilation (M = 1.93µV, SE = 0.44; t(49) = 2.94, p 

= 0.005, d = 0.42) and threatening animal scenes (M = 1.56µV, SE = 0.36; t(49) = 3.21, 

p = 0.002, d = 0.45). However, mutilation and threatening animal scenes statistically 

elicited the same LPP amplitude. Mutilation scenes evoked more LPP modulation than 

threatening people scenes (M = 1.07µV, SE = 0.34; t(49) = 2.85, p = 0.006, d = 0.40) 

and pleasant animals scenes (M = 1.03µV, SE = 0.24; t(49) = 2.14, p = 0.037, d = 0.30). 

Threatening animal modulation was equivalent to the modulation of threatening people 

and pleasant animal categories. Neutral animal scenes (M = 0.47µV, SE = 0.34) elicited 

less LPP modulation than the threatening animal scenes (t(49) = 2.82, p = 0.007, d = 

040), but the neutral animals elicited statistically equivalent modulation as threatening 

people and happy animal scenes. Victorious athlete scenes (M = 0.40µV, SE = 0.30) 

modulated the LPP less than threatening people (t(49) = 2.15, p = 0.37, d = 0.30) and 

threatening animal scenes (t(49) = 3.29, p = 0.002, d = 0.46), while the victorious athlete 

scenes were equivalent to modulation by neutral animal scenes. Neutral people scenes 

(M = -1.54µV, SE = 0.26) modulated the LPP less than all other categories including the 

next closest category of  victorious athletes (t(49) = 7.30, p < 0.001, d = 1.03). 
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Figure 9. LPP waveform and results by category. The top figure is the average 

waveform of the LPP electrodes by category. The transparent blue rectangle represents 

where the was extracted LPP (400-900ms). The bottom figure is the results from each 

participant’s modulated LPP amplitude by scene category. 
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Scene Correlations 

 For the complete 135 scene set, the independent variables of interest were 

correlated with the EPN and LPP. A complete pairwise scatter plot of all correlations 

can be seen in Figures 10 and 11 with associated Pearson R and p-values in Tables 1 

through 4. For the EPN modulation, there was no association for scene valence (r = 

0.04, p = 0.62). There was a greater EPN modulation for scenes that induced higher 

self-reported arousal (r = -0.25, p = 0.003). For this scene set, human scenes (M = 6.23, 

SE = 0.29) predicted more EPN modulation through an independent t-test than animal 

scenes (M = 7.81, SE = 0.26, t(133) , p = 0.001 , d = 0.69). This was also true for a 

statistically equivalent correlation using a dummy coded variable indicating if the scene 

depicted people or animals (r = -0.29, p = 0.001). For the LPP, valence did not predict 

modulation strength (r = -012, p = 0.17). More arousing scenes did have increased LPP 

modulation (r = 0.51, p < 0.001 ). Human scenes did not have greater LPP modulation 

than animal scenes as measured with an independent t-test (t(133) = -1.73 , p = 0.086 , 

d = 0.34) or a correlation with a dummy coded categorical variable (r = 0.15, p = 0.086).  
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Figure 10. Pair-wise scatter plot for all 135 scenes. Colors indicate the scene category. 

The Diagonal indicates the variable. For each row, the variable in that row acts as the 

dependent variable and is the y-axis. For each column, the variable acts as the 

independent x-axis. 
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Table 1 & 2. Correlation results from the complete 135 scene set. The top table shows Pearson R values.  The bottom 

table shows the association’s p-value. 
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 We performed the same process on the 90 human scenes and incorporated our 

Mturk self-reports of body exposure, body orientation, as well as the sum of pixel in 

each scene that contained exposed body parts. Valence did not predict the scene 

modulation of the EPN (r = 0.04, p = 0.62). The EPN modulation was associated with 

more arousing human scenes (r = -0.24, p = 0.003). The higher sums of pixels that 

contained exposed body parts strongly predicted more EPN modulation (r = -0.42, p < 

0.001). Mturk ratings of more body exposure strongly predicted EPN modulation (r = -

0.66, p < 0.001). Mturk ratings of body orientation did not predict EPN modulation (r = -

0.05, p = 0.67). For the LPP modulation, valence did not predict the LPP amplitude for 

human scenes (r = -0.12, p = 0.17). Arousal did have a positive association with the 

LPP amplitude (r = 0.51, p < 0.001). Scenes with a higher sum of pixels containing 

exposed body parts had more LPP modulation (r = 0.53, p < 0.001) . Mturk ratings of 

more exposed body parts also predicted a larger LPP amplitude (r = 0.79, p < 0.001). In 

contrast to the EPN, less normally oriented bodies had more LPP modulation (r = -0.46, 

p < 0.001). 
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Figure 11. Pairwise scatter plot for the 90 human scenes. 
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Table 3 & 4. Correlation results for the 90 human scenes. The top table shows Pearson R values.  The bottom table 

shows the association’s p-value. 
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Best Subset Multiple Regressions 

 Using all 135 scenes, the best subset selection method was used to find the best 

predictors of the EPN and the LPP. The independent variables of self-reported valence, 

arousal, a dichotomous variable indicating if the scene depicted humans or animals, 

JPEG file size, and entropy. Here we report the simple regression and the best multiple 

regression equation based on BIC values. Complete regsubsets output can be see in 

Appendices E, F, G, and H. The best simple linear regression for the EPN used the 

dummy coded variable for human or animals scenes with human scenes predicting 

more modulation of the EPN (β = -1.56, p = 0.001); F(1, 133) = 12.33, p = 0.001, R2 = 

0.085, adjusted R2 = 0.078, and BIC = -2.16. The best model selected included the four 

variables of arousal (β = -0.66, p = 0.002), the dichotomous indicator of human or 

animal scenes (β = -1.14, p = 0.009), scene size (β = 3.31x10-5, p = 0.029) , and 

entropy (β = 2.068, p < 0.001); F(4,130) = 9.519, p < 0.001, R2 = 0.227, adjusted R2 = 

0.203, and BIC = -10.15. For the LPP, the one variable simple regression utilizing self-

reported arousal (β = 1.01, p < 0.001) was also the model with the best BIC value; F(1, 

133) = 47.19, p < 0.001, R2 = 0.262, adjusted R2 = 0.256, and BIC = -31.18. 

 A best subset selection was also used for the EPN and LPP of the 90 human 

scenes with the seven predictors of valence, arousal, Mturk reported body exposure, 

Mturk reported body orientation, sum of pixels containing exposed body parts, JPEG file 

size, entropy. The simple regression for EPN used Mturk body exposure rating (β = -

0.61, p < 0.001) in which more exposed bodies increase EPN modulation; F(1, 88) = 

67.40, p < 0.001, R2 = 0.434, adjusted R2 = 0.427, and BIC = -42.18. The best multiple 

regression used the two variables of rated body exposure (β = -0.69, p < 0.001) and 
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body orientation (β = -0.37, p = 0.001); F(2, 87) = 43.52, p < 0.001, R2 = 0.500, adjusted 

R2 = 0.489, and BIC = -48.91. Using the LPP as the dependent variable, the best simple 

regression also used rated body exposure (β = 0.60, p < 0.001) with more perceived 

body exposure predicting greater LPP amplitude; F(1, 88) = 145.93, p < 0.001, R2 = 

0.624, adjusted R2 = 0.620, and BIC = -78.99. The best combination of independent 

variables included the two variables of rated body exposure (β = 0.53, p < 0.001) and 

self-reported arousal (β = 0.82, p < 0.001); F(2, 87) = 124.40, p < 0.001, R2 = 0.741, 

adjusted R2 = 0.735, and BIC = -108.05. 
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Chapter 5 

Discussion 

Results Overview 

 In this study, we attempted to define the extent to which body exposure 

modulates the EPN. Results from a previous study found nudist scenes modulated the 

EPN more than erotica despite self-reports indicating nudist content was less pleasant 

and arousing (Farkas et al., in revision). Here we further tested if scenes featuring more 

body part exposure would modulate the EPN by using the same nudist and erotica 

scenes as well as seven other categories that spanned the pleasantness and arousal 

dimensions. The categories were also chosen to test if body exposure explained EPN 

modulation in addition to self-reports of valence and arousal. Perception of body 

exposure and body orientation were quantified by participants using a nine-point scale. 

Body exposure was also operationalized by calculating the sum of pixels that contained 

exposed body parts in each scene. Category differences were quantified using repeated 

measures ANOVAs and paired t-tests. We also analyzed the effects of individual scene 

stimuli to understand which dimensions best predicted the EPN. We then consolidated 

our results by using a best subset selection algorithm to find the most predictive multiple 

regression equations for ERP modulation based on BIC. 

 Overall, we found that measures of body exposure best explain EPN and LPP 

modulation for our scene stimuli. Nudists scenes elicited neutral valence and low 

arousal self-reports, but these scenes were rated as having the most body exposure 
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and subsequently modulated the EPN more than all other categories. Erotica modulated 

the EPN the second most and elicited the largest LPP amplitude. Nudist scenes 

modulated the LPP more than all other scenes besides erotica. Analysis of individual 

scenes results found additional evidence that body exposure can predict EPN and LPP 

modulation. Valence did not predict EPN modulation although arousal moderately did 

while accounting for 6% of the variance. For the LPP, again valence did not predict 

modulation, while we saw typical arousal modulation with a Pearson’s R of 0.51. 

Correlations for the 90 human scenes found similar associations between the EPN and 

the predictors of valence and arousal. However, rated body exposure (R2 = 0.43) and 

the sum of pixels containing exposed body parts (R2 = 0.18) better predicted the EPN. 

Similarly, the body exposure metrics also accounted for more variance than arousal for 

the LPP. For the 135 total scenes, the multiple regression with the best BIC indicated a 

combination of arousal, complexity, and the depiction of humans predicted EPN 

modulation with a R2 of 0.23. However, the addition of the new body measures into the 

best subset algorithm found the two variables of body exposure and body orientation 

best predicted EPN modulation and accounted for 50% of the variance. For the LPP, 

arousal best predicted modulation for the 135 scenes while body exposure did better for 

the subset of 90 human scenes. The best multiple regression for the LPP used the 

independent variables of arousal and body exposure and accounted for 74% of the 

variance. 

 These results replicated many past findings and extended our understanding of 

how body part perception affects the emotion-modulated ERPs. We replicated past 

findings that erotica will modulate the EPN more than mutilation scenes (Farkas et al, in 
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revision; Frank & Sabatinelli, 2019; Schupp et al., 2006; Schupp et al., 2007). We also 

replicated our findings that nudist scenes will modulate the EPN more than erotic 

content (Farkas et al., in revision). Furthermore, we again found a disassociation 

between the EPN and LPP (Farkas et al., in revision). This difference in sensitivities 

between the EPN and LPP is demonstrated by the nudist scenes (with the highest body 

exposure) being more influential for the EPN, while high arousal categories like erotica 

and mutilation were more able to modulate the LPP. These differences between the 

ERPs seem to indicate scenes with easy to perceive body parts are more potent for the 

EPN, while the most arousing scenes will have a greater impact on the LPP. However, 

we learned that body exposure may also play a role in the LPP with the scenes 

containing the most unclothed body parts also predicting greater amplitudes. 

 

Body Exposure and the EPN 

 In this study we found strong confirmatory evidence that the EPN can be 

modulated by scenes depicting body parts. Furthermore, our evidence indicates body 

parts are especially potent to the EPN if the bodies are oriented in upright positions. 

These findings do not invalidate the existence of an EPN arousal effect. Numerous 

studies have found arousing content will modulate the EPN more than neutral content 

(Flaisch et al., 2009; Junghöfer et al., 2001; Kissler et al., 2007; Schupp et al., 2004). In 

fact, this present study found an arousal effect for emotional categories of clothed 

people (victorious athletes and threatening people) and animals (pleasant animals and 

threatening animals) relative to their neutral counterparts (neutral people and neutral 

animals). However, despite the existence of an arousal effect for the EPN, our results 
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imply a stronger predictor of the EPN is the presence of unclothed body parts in scenes, 

independent of arousal ratings.  

 Normally oriented body parts may modulate the EPN so effectively because they 

represent a class of objects that humans have a great deal of experience processing, 

and that are strongly associated with motivational demands. The EPN is a brief ERP 

with relatively early latency. In ERP research, later components often capture activity 

from numerous brain regions and localized neural processes can be disguised by a 

collection of overlapping neuronal generators. A scene that is rated as mostly filled with 

upright bodies may be easy to interpret by the brain, quickly giving the scene a 

modulatory advantage and enhancing the EPN. For example, a typical nudist scene that 

displays two upright people may be easier to process than an erotic scene depicting two 

individuals intertwined in an unusual position. The neuronal activity evoked by a more 

perceptually difficult erotic scene may cause similar activity but over a greater duration, 

leading to a potential that would be difficult to see as more brain areas become active. 

However, in ERP research latency differences can be difficult to separate from 

differences in amplitude. This explanation also does not answer why body parts seem to 

be so important to the EPN. One possibility is the EPN partially reflects the EBA 

becoming active because this cortical area stores semantic information about bodies 

(Schwoebel & Coslett, 2005). This perspective mechanism would mean the nudist 

scenes are generating a response independent to emotion processes. Another 

possibility is the nudist scenes are acting as a sexual cue in early visual processing, but 

don’t evoke a large degree of affective arousal past the EPN time window once the 

scene has been more fully perceived by the participant. This would explain why the LPP 



54 
 

and arousal ratings are larger for erotica than the nudist scenes. It is also possible both 

semantic and emotional activations are happening concurrently.  

 Future studies could further understand if there are distinct neuronal generators 

by utilizing the more spatially precise technique of MEG. In comparison to EEG, MEG 

has similar temporal resolution with improved spatial resolution. A study comparing 

nudist and erotic scenes could potentially highlight semantic activations versus 

emotional processes. Alho and colleagues (2015), in a MEG study found computerized 

nude figures activated cortical areas known to be sensitive to body parts between 100-

200ms with more emotion related structures activating between 200-300ms. A MEG 

study with our current set of scenes may reveal if nudists scenes are primarily driving an 

early response in body sensitive cortices or later in emotion-associated structures. This 

could illuminate if the nudists scenes are motivationally significant and if there are 

separable perceptual processes that make up the EPN. 
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Figure 12. EPN topography for erotica and nudists scenes. The figures represent 

difference in microvoltage for the scene categories from neutral people scenes. The 

color represents the average microvoltage within 150-300ms after scene presentation.  

 

Body Exposure and the LPP 

 A surprising finding was the LPP, which has been strongly tied to emotional 

arousal, also appears to be sensitive to body exposure. Weinberg and Hajcak (2010) 

found that the LPP modulation for erotica and mutilation scenes was larger than arousal 

ratings would predict. The researchers claimed their results showed content tied to sex 

or danger, that would be important to our evolutionary ancestors, would modulate the 

LPP greater than other categories. There is reason to believe a perceptual system fine-

tuned to human bodies would be evolutionarily adaptive beyond recognizing sexual and 

dangerous situations. Extracting information from body positions and movement is used 

in perceptual learning (Grossman, Blake, and Kim, 2004) and crucial to social 
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communication (Slaughter, Stone, & Reed, 2004). Furthermore, there is evidence that 

humans traversed our environments naked for a large portion of our early history (Kitter, 

Kayser, & Stoneking, 2003). Altogether, this means human brains may have been 

adaptively tuned to attend to unclothed bodies through natural selection. This theory 

could explain why a nudist scene does not seem arousing in comparison to a scene 

depicting a person wearing a ski mask and brandishing a gun, but will subsequently 

generate a larger LPP amplitude. 

 

Do Body Parts Hold a Privileged Status in Visual Perception? 

 The modulatory effects of body parts on the EPN and LPP strengthen a theory 

that body parts hold a “privileged status” in visual perception (Alho et al., 2015). Our 

findings add to accumulating evidence that bodies seem to have widespread 

importance in the human visual system (Hietanen & Nummenmaa, 2011). A 

hypothesized brain circuit of the EBA, fusiform body area, and posterior inferior 

temporal cortex is specifically tuned for the perception of bodies (Peelen & Downing, 

2007). However, many researchers believe the evolutionary origins of this visual circuit 

was to identify conspecifics and increase affective arousal with the ultimate purpose of 

copulation (Hietanen et al., 2014). With our supposedly emotional neutral nudist scenes 

also eliciting large ERPs, it may be possible bodies modulate these ERPs for reasons 

unrelated to arousal or sexual activity.  

Future research could use measures of the sympathetic nervous system to 

assess if our body exposure metrics are associated with elevated arousal. While the 

body exposure of a scene predicted larger ERP amplitudes, it may not be necessarily 
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correlated with physiological responses that can be modulated by emotional scenes. 

The measures of skin conductance and heart rate acceleration are known to increase 

when participants are shown emotionally arousing scenes (Bradley, 2000; Bradley & 

Lang, 2000). While in our study body exposure ratings (r = 0.27, p = 0.011) and the sum 

of pixels containing exposed bodies (r = 0.36, p < 0.001) were associated with self-

reported arousal (Figure 11, Table 3, and Table 4), we do not know if body exposure 

ratings predict measures such as skin conductance or heart rate acceleration. We 

would specifically be interested if the nudist scenes, that elicited high ratings of body 

exposure and low arousal self-reports, would show sympathetic nervous system activity. 

If the nudists scenes do not elicit peripheral nervous system activity associated with 

arousal, then this would be more evidence that emotion-related ERPs may not always 

be tied to arousal. If we do see sympathetic nervous system activity to nudist scenes, 

then the scenes may be arousing while semantically participants feel they are not. 

 

Mutilation ERP Results 

 Although mutilation scenes often display a large portion of unclothed body parts, 

they did not modulate the ERPs as much as erotica and nudist scenes. Mutilation 

scenes are often used in conjunction with erotica scenes because they typically elicit 

equivalent arousal while being on opposite ends of the valence spectrum. The two 

categories often elicit similar LPP modulation as well. However, a growing number of 

studies have found erotica may be more potent for both the LPP and the EPN (Farkas 

et al., in revision; Frank & Sabatinelli, 2019; Schupp et al., 2006; Schupp et al., 2007). 

The scenes chosen for this study may display clearer depictions of erotic content than 
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previous studies. Future studies could examine if erotic scenes, that did not elicit a 

larger amplitude than mutilation scenes, are more complex based on our measures of 

JPEG file size or entropy. 

 The composition of mutilation scenes may also explain why they led to less 

modulation than erotica and nudist scenes. Although mutilation scenes had a 

comparable number of pixels that contained exposed body parts to erotica and nudist 

scenes, the mutilation scenes elicited much lower perceptual ratings of body exposure. 

Participants may have rated that mutilation scenes have less exposed body parts 

because the bodies depicted are obstructed by blood or missing skin. The mutilation 

scenes were also rated as having the most unusual body orientations, which could 

influence the scenes modulatory potential. Furthermore, mutilation scenes of mangled 

limbs could affect the holistic processing of body parts that would make them more 

difficult to perceive quickly. 

 

Valence and EPN Modulation 

 This study found strong evidence against an EPN valence bias. The most 

pleasant scenes of victorious athletes and pleasant animals had similar EPN modulation 

to their unpleasant counterpart of threatening animals, threatening people, and 

mutilation scenes. Furthermore, victorious athlete scenes were equivalent in self-

reported arousal to our three unpleasant categories which should have allowed for an 

independent test of pleasantness. Past findings of an EPN pleasure bias could be the 

categories were not balanced for body exposure (Farkas et al., in revision). To 
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understand if valence modulates the EPN, future studies could use a large diverse set 

of scenes and statistically control for body exposure. 

 

Limitations 

A possible limitation of this study is the set of categories were chosen to highlight 

body exposure as a modulator of the ERPs. The scenes within each category were 

curated to be as similar as possible. This was mostly successful, because scenes within 

each category elicited similar self-reports and ERP modulation. This homogeneity within 

each category allowed us to clearly analyze content differences between ERPs and 

self-reports. However, similarity within each category makes it difficult to understand if 

our overall finding, that body parts modulate our ERPs of interest, is true within each 

category. For example, within the nudists category a scene depicting more exposed 

body parts should have the largest EPN amplitude. However, with only 15 scenes that 

are so semantically similar, we do not have enough statistical power to understand if 

this is true. Future research could quantify exposure and record ERPs for a larger and 

more diverse set of scenes. 

 

Conclusions 

 In the present study we attempted to understand what modulates the EPN by 

using a set of scenes that spanned the relevant dimensions of arousal, valence, and 

body exposure. We replicated past findings that arousal and to a greater degree body 

exposure will increase EPN amplitude (Farkas et al., in revision). We did this by 

quantifying body exposure with self-report ratings and quantifying exposed body parts in 
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each scene stimulus. These body part measures explained a larger portion of variance 

for EPN modulation than rated arousal. Additionally, the study found evidence that a 

valence bias for the EPN was not evident after controlling for body exposure. We also 

observed an unexpected finding that the LPP may have a sensitivity to body exposure 

in addition to its well-known association with arousal. A complete interpretation of the 

results suggest that the EPN and LPP may be especially modulated by nude bodies 

independent of rated pleasantness and arousal. Theoretically, a body part effect on 

these ERPs may reflect the fact that the perception of human bodies was important in 

our evolutionary history. It is still unclear if a neuronal circuit specialized for bodies is 

contributing to the EPN. More research is needed to understand if ERP activity related 

to nude bodies is because of their semantic content or an evolutionary process to evoke 

attention and sexual preparation. Additionally, peripheral nervous system measures that 

index arousal could be implemented to understand if they are associated with ERP 

modulation to high body exposure scenes. Future research could also utilize more 

spatially precise methods such as MEG and fMRI to understand activation during the 

viewing of naturalistic nudist and erotic scenes. MEG would be especially useful 

because it has equal temporal resolution to EEG yet greater spatial resolution, thus 

researchers could more accurately assess which visual cortical subareas are active 

during the EPN time window.  
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Appendices 

Appendix A 

 

Line plot of EPN amplitudes for each scene category. Each line represents a participant.  
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Appendix B 

 

Z-scored results of the EPN values by category.  

Appendix C 

 

Line plot of LPP amplitudes. Each line represents a participant. 
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Appendix D 

 

Z-scored results of the LPP values. 
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Appendix E 

 

Output from regsubsets function that implements the best subset algorithm for the EPN 

and relevant independent variables for the complete 135 scene set. The best subset 

selection algorithm does an exhaustive search for the multiple regression equation with 

the lowest residual sum of squares. It then returns the best model that includes one 

variable, two variables, and so on. The top two figures show the residual sum of 

squares and the R squared for each multiple regression equation. The bottom left 

figures show the BIC value for each model. The models are then ordered in the brick 

plot. 
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Appendix F 

 

Results from the regsubsets function for the LPP and relevant independent variables 

from the 135 scene set. 
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Appendix G 

 

Results from the regsubsets function for the EPN from the 90 human scene set. 
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Appendix H 

 

Results from the regsubsets function for the LPP using the data from the 90 human 

scene set. 


