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Abstract 

Rural communities often struggle due to a lack of funding, resources, and support, which can put 

residents at risk for adverse experiences. Merely living within a rural area is considered an 

influential contributing risk factor for experiencing social isolation and loneliness. Experiences 

of social isolation and loneliness are classified as major public health concerns due to the 

damaging effects they can have on mental and physical health. However, little is known about 

neural responses to social isolation seen in rural residents. Thus, this study aimed to examine the 

issues rural communities in Oklahoma face, how these communities respond to experiences of 

social isolation, and how different experiences and behavioral traits affect this response. 

Electroencephalography (EEG) was used to assess differences in neural activity in response to 

rejection; while undergoing EEG, healthy adults across rural Oklahoma played a cyberball game 

specifically designed to elicit acute feelings of social rejection. In addition, a detailed survey was 

distributed that encompasses many facets of social experience that may influence their response 

to social isolation. Specifically, adverse childhood experiences (ACEs), resilience, and social 

support may serve as important factors for explaining differences in these responses. Results 

suggest that social support, resilience, and childhood trauma play important roles in how an 

individual responds to rejection. Social support appeared to foster the formation and continuation 

of a resilient mindset. Resilient and non-resilient individuals responded differently to rejection, 

further indicating the importance of a resilient mindset. Understanding the interactions between 

these variables and an individual’s neural response to rejection will inform future studies on rural 

communities, which may provide more opportunities for improvement within these communities. 

The use of a multidisciplinary approach allows for a thorough investigation of adverse childhood 

experiences, resilience, and social support in the context of rural communities. 
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Background 

Life in rural communities is frequently coupled with higher-than-average rates of chronic 

health issues, restricted access to healthcare services, and deficient infrastructure. Additionally, 

rural communities deal with challenges relating to social and geographical isolation, poverty, 

unemployment, and lack of transportation (RHIhub, 2022). Furthermore, the lack of access and 

support needed to address these issues contributes to an increased risk of exposure to adverse and 

stressful events that often result in compounding health issues. This stark difference in health 

status, known as rural health disparities, refers to higher mortality rates, higher incidences of 

disease, and lower life expectancies within rural communities in contrast to the general 

population (Chaudry & Wimer, 2016; RHIhub, 2022). Merely living in a rural community is 

considered a contributing risk factor for experiencing social exclusion, loneliness, and adverse 

childhood experiences (ACEs) (Kelly et al. 2019; National Advisory Committee on Rural Health 

and Human Services, 2018). Critically, there is very little research available connecting social 

exclusion and ACEs in the context of rural communities, making it essential to examine the long-

term effects of these aspects of their environment.  

Social Exclusion 

Social exclusion refers to the exclusion of a group or individual from social situations. 

Social exclusion falls under the category of social pain, which is described as a stressful 

experience typically resulting from the loss of interpersonal connections (Cristofori et al., 2013). 

However, this definition may differ slightly for rural communities, whereby social exclusion may 

be extended beyond just social situations and include denial of resources, goods, and services 

(Walsh et al., 2012). In addition, rural communities appear to be more likely to experience social 

exclusion or isolation than urban areas (Bertolini, 2019). It has been suggested that social 
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exclusion is particularly distressing because, during rejection, the fundamental needs to belong, 

control, and maintain self-esteem are threatened (Williams, 2007). Thus, the lingering effects of 

social exclusion can have drastic effects on mental health, which can lead to struggles with self-

esteem (Doi et al., 2022), social anxiety (Derin et al., 2022), and PTSD (Brockie et al., 2015). 

Physical health can also be affected by social exclusion (Ford and Collins, 2013). Specifically, 

those who report chronic loneliness or a lack of strong social bonds showed an increased risk for 

disease and psychophysiological disorders (Hawkley & Cacioppo, 2010; Brendgen & Vitaro, 

2008). Additionally, studies have shown that rejection can induce both emotional and 

physiological effects that when triggered repeatedly can have long-term effects on physical 

health (Ford and Collins, 2013). It is unknown the extent to which social exclusion may affect 

mental and physical health and these impacts may differ significantly based on personal 

experiences, character traits, or environment. However, social exclusion does have intense and 

potentially long-term effects, which prompts a detailed investigation into the long-term effects of 

social exclusion. 

Simulations of social exclusion are often done with the help of cyberball. Cyberball is a 

task that consists of a virtual game of catch used to examine the psychological and neural 

correlates of social isolation. It has been shown to successfully mimic the feelings and 

experiences of social exclusion while giving insight into neural mechanisms that underlie the 

reactions (Williams & Sommer, 1997). The task involves the participant playing games of catch 

with two other virtual players, whom the participant believes to be real and who eventually 

exclude the participant from the game. EEG and fMRI studies have shown that social exclusion, 

simulated by cyberball, affects neural activity. Theta (3-7Hz) oscillatory activity is commonly 

implicated in responses to rejection because of its connection to emotional processing (Knyazev 
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& Slobodskoj-Plusnin, 2007; Uusberg et al., 2014; Bekkedal et al., 2011). Differences in theta 

have been observed during social exclusion, suggesting that there is active emotional processing 

occurring during rejection (Cristofori et al., 2013; van Noordt et al., 2015; Tang et al., 2018). 

This relationship has been consistently observed across cyberball studies and has identified theta 

as a neural signature for rejection. Together, these studies suggest that social exclusion can have 

drastic effects on neural functioning related to mood and emotion processing. However, these 

effects can fluctuate based on individual factors such as past experiences, age, gender, and 

underlying health issues (Tang et al., 2018; Cacioppo & Hawley, 2003). It is probable that in a 

rural population, these fluctuations may be different or more significant as a result of preexisting 

vulnerabilities that put them at a greater risk of experiencing social exclusion, to begin with.  

Adverse Childhood Experiences (ACEs) 

Childhood is a delicate but crucial period of development. Adolescence is a time of 

increasing vulnerability to the damaging effects of stressful and traumatic experiences (Reh et 

al., 2020). Childhood trauma is surprisingly common, one in six adults in the United States has 

experienced at least one type of adverse experience during their childhood (Merrick et al., 2018). 

However, research suggests that adverse childhood experiences are more prevalent in certain 

populations, like rural communities. Over half of rural individuals in the US have experienced at 

least one ACE, a significant increase from the country average (Lukens, 2017). Adverse 

childhood experiences (ACEs) are traumatic events experienced in childhood. ACEs are typically 

defined and grouped based on type: abuse, neglect, and household dysfunction. Abuse refers to 

either emotional, physical, or sexual abuse. Neglect refers to emotional and physical neglect. 

Other traumas are included under the household dysfunction category, which is defined as 

experiences that occur within the household, which can result in exposure to additional traumatic 
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experiences. Common experiences included under household dysfunction are having a family 

member who struggled with substance abuse or mental health, an incarcerated family member, 

intimate partner violence between parents, and parental divorce. A 2020 Health Resources & 

Services Administration (HRSA) report found that children in rural areas were more likely to 

experience certain kinds of ACEs, compared to urban children. The most prevalent ACEs 

experienced by rural children fall into the category of household dysfunction, which 

demonstrates the significance of not only direct harm but indirect harm to a child’s long-term 

health and well-being (HRSA, 2020; RHIhub, 2022).  

The original ACEs study showed a strong relationship between experiences of childhood 

trauma and long-term health impacts. That is, individuals with more types of ACEs had a 

significantly increased risk of mental and physical health problems later in life (Felitti et al., 

1998). Individuals who experienced a wider range of traumatic experiences also showed a higher 

risk of developing mental or physical health issues and disorders. Additionally, the categories of 

ACEs have exhibited strong and cumulative relationships, by which individuals who have 

experienced one type of ACEs were more likely to experience other types of ACEs as well 

(Felitti et al., 1998; Bateson et al., 2020). Further investigations into ACEs have discovered that 

the total number of ACEs experienced also has an effect. Specifically, those who reported higher 

ACE scores were more likely to have experienced problems with education, jobs, and overall life 

satisfaction (Bellis et al., 2013). Additionally, EEG studies have observed that childhood trauma 

influences a combination of cognitive and emotional outcomes, such as self-regulatory 

behaviors. Self-regulatory behaviors, in particular, could prevent such disorders, putting these 

individuals at a greater disadvantage for life-long struggles with health (Lackner et al., 2018; 

Curtis & Cicchetti, 2007). These effects and relationships may be more pronounced for those 
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living in rural areas because of a preexisting vulnerability to experiences of trauma. Regardless, 

experiencing trauma during childhood can be detrimental to many areas of life, including mental, 

physical, and social later on in life. Thus, it is evident that exposure to childhood trauma can 

drastically increase the risk for not only unfavorable health outcomes but also unfavorable 

quality of life outcomes. It is important to note that there is significant variability among 

individuals in the long-term effects of trauma.  

Resilience 

The possibility of individual response variation after trauma has led to research on the 

concept of resilience and the consideration of it as a potential outcome for individuals with a 

history of traumatic experiences. Rather than developing problem behaviors or health issues that 

are typically linked with trauma, those who are resilient appear to adapt to adverse or traumatic 

life experiences (Cicchetti, 2010). Resilience can be reflected in a multitude of ways, such as 

health coping skills, self-righting tendencies, absence of psychiatric or mood disorders 

(Cicchetti, 2010; Cicchetti, 2013; Werner & Smith, 1992; Daníelsdóttir et al., 2022; Sapienza & 

Masten, 2011) The concept of resilience can also be extended to systems, like communities; 

community resilience is often used when referring to resilience within rural or tight-knit 

communities. Community resilience refers to both an individual’s and the community’s ability to 

effectively cope with stress by utilizing personal strengths and available resources (Norris et al., 

2008; Ganor & Ben-Lavy, 2003). Rural communities, in particular, while isolated from larger 

societies, may paradoxically possess high levels of protective factors due to the high level of 

close social ties and networks that exist within small but tight-knit communities (Cohen et al., 

2017). Valuable information may be gained from closely examining these experiences and the 

relationships with character traits or other environmental factors.  



6 
 

Notably, the presence of protective factors such as social support and emotional 

regulation is thought to reduce vulnerability to stressful events and contribute to the onset of 

resilient behaviors (Fritz et al., 2020). Protective factors are characteristics or conditions that 

protect an individual from the full extent of the negative outcomes associated with trauma. Social 

support has proven to be one of the most important protective factors by showing significant 

protective abilities against the negative effects of early life trauma. Social support refers to the 

exchange of psychological and material resources between individuals that can be perceived as 

improving the well-being of the recipient (Shumaker & Brownell, 1984). It has been 

hypothesized that social support works by decreasing neural and physiological reactivity to 

stressors (Eisenberger et al., 2007; Morese et al., 2019). Furthermore, the presence of social 

support may influence how an individual perceives situations that are potential sources of threats, 

which may be reflected in the absence of mental health struggles. Social support is particularly 

helpful in reducing the chances of psychopathology in individuals with a history of childhood 

trauma (Fritz et al., 2020). It has been shown to be negatively associated with depressive factors 

in adolescents exposed to early life stress, indicating that social support is an important aspect of 

mental, physical, and social health, especially in populations with vulnerabilities (Harmelen et 

al., 2016). Since the likelihood of negative outcomes is more pronounced in rural communities 

and individuals with previous experiences of trauma, protective factors are critical in avoiding or 

dampening significant adverse outcomes later in life within these communities (Rennie & Dolan, 

2010). This literature suggests that resilience, specifically brought on by these protective factors, 

might protect against future traumatic events, such as social exclusion.  

Beyond behavioral measures, resilience outcomes have been examined using EEG and 

fMRI approaches. The available research on resilience using these approaches has found distinct 
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differences in EEG frontal asymmetry between those exposed to childhood trauma and controls 

(Curtis & Cicchetti, 2007; Miskovic et al., 2009). Frontal asymmetry is a measure commonly 

used to assess the difference in alpha activity across the frontal brain regions. Frontal asymmetry 

is thought to reflect emotional and behavioral responses and motivational states (Smith et al., 

2017). More specifically, greater left than right frontal activity indicates an approach motivation, 

which is commonly seen in relation to positive emotions. On the other hand, greater right than 

left frontal activity suggests a withdrawal motivation and is associated with negative emotions 

(Meiers et al., 2020; Barros et al., 2022; Curtis & Cicchetti, 2007). Research on frontal 

asymmetry has suggested that it may be considered a neural biomarker of resilience (Kawamoto 

et al., 2013; Miskovic et al., 2009). For example, in a study of children with maltreatment, those 

in the maltreated group showed greater left hemispheric activity across cortical regions that 

reliably predicted resilience (Curtis & Cicchetti, 2007). Resilience has also been assessed using 

connectivity measures. Connectivity refers to the correlation of brain activity across various 

regions of the brain (Herzberg & Gunnar, 2020). Connectivity has been especially useful in 

characterizing the neural network organization associated with childhood trauma (Cisler et al., 

2013). Much of the research on resilience using connectivity places a focus on the amygdala and 

hippocampus given their direct roles in emotion and memory. Greater connectivity from the 

amygdala to the prefrontal cortex has been implicated as a protective factor of resilience, 

suggesting that resilience may occur before or during trauma as well as after (Yoon et al., 2017; 

Roekner et al., 2021). There have been many potential biomarkers found for resilience, but no 

consensus has been made due to the lack of research and reproducibility. Additionally, there have 

been efforts to study resilience in connectivity, but resilience is often operationalized as the 

strength or robustness of the regional connections rather than a scale. Despite these findings, 
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there is very little research on the neural mechanisms behind resilience and protective factors or 

the role of rurality and previous trauma within these relationships.  

Childhood trauma has known effects on social, mental, and physiological health and 

well-being. The manner and extent to which these effects interact with each other and lead to 

changes in neuronal activity are not fully understood in a normal population. These same 

interactions are entirely unknown in the context of rural communities. A multidimensional 

examination of childhood trauma, resilience, and social support may provide novel insight into 

both the underlying neurophysiological mechanisms and the interconnectedness of these factors. 

Furthering the understanding of the neural mechanisms of resilience following traumatic 

experiences in a rural community could help to provide resources directed at reducing these 

experiences for these communities.  

Purpose and Research Objectives 

In an attempt to provide a further understanding of this relationship, I aimed to explore 

the scope of problems rural communities face and how they respond neurally when confronted 

with experiences of social rejection and loneliness. Additionally, this study aimed to determine 

the connection between ACEs, social support and perceived resilience as it relates to neural 

responses to isolation. The use of EEG was used to investigate these relationships by assessing 

neural activity following games of cyberball, with a specific focus on theta. A more extensive 

analysis of theta activity was conducted using frontal asymmetry and connectivity measures. 

Survey measures were used to examine and address potential interactions between neural activity 

and ACE and resilience scores. The information gained from this study can be used to inform 

legislators and other policymakers on possible underlying issues that occur in rural communities 

and their impact on brain health.  



9 
 

I hypothesized that theta power would differ significantly between inclusion and rejection 

conditions, with power being greater in the rejection condition. An increase in power would 

indicate that there is an increase in theta activity occurring during rejection, reflecting active 

emotional processing of rejection. I predicted individuals with higher ACE scores (3+) would 

show an increased sensitivity to social rejection, with the possibility of rural resilience playing a 

mediating role in this relationship. This association provides information on how childhood 

trauma affects the perception and processing of adverse events, like social rejection. 

Connectivity and frontal asymmetry analysis are exploratory in nature and contribute to the 

understanding of the patterns observed in response to rejection. I hypothesized that both 

connectivity and frontal asymmetry would differ between high and low scores for ACEs, 

resilience, and social support across conditions. Specifically, frontal alpha asymmetry would 

reflect that individuals who have higher ACE scores would show a withdrawal mindset for both 

inclusion and rejection conditions, while those with lower ACE scores would show an approach 

mindset for inclusion and rejection conditions. This trend would suggest that people who 

experienced more childhood trauma have an automatic disengagement response to social 

rejection. Additionally, I hypothesized that those who reported higher resilience would withdraw 

from rejection and approach inclusion, while those who reported lower resilience would 

withdraw from both rejection and inclusion. This trend would provide evidence for 

disengagement from rejection as a protective factor.  
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Methods 

Participants 

Forty-two adults (28 women) aged 18-75 (M=40.88, SD=18.32) years and living in rural 

areas across Oklahoma participated in this study. Data was collected from five separate rural 

community sites (Anadarko, McAlister, Vinita, Elk City, and Poteau). Participants at each site 

participated in three games of cyberball while their EEG data was collected and then completed a 

survey. Participants were recruited by the University of Oklahoma’s Educational Training, 

Evaluation, Assessment & Measurement (E-TEAM) department. Participants were required to be 

at least 18 years old to participate in the experiment. Those who completed the entire experiment 

were compensated $80 and lunch for their participation. Out of a total of 42 participants, 18 were 

removed from final analyses; seven participants were removed due to unusable EEG data, six 

were removed due to significant missing questionnaire data, four were removed due to issues 

with the EEG files, and one was removed due to technical difficulties during cyberball. An 

additional participant was removed from any analyses utilizing MSPSS scores due to missing 

data points. The criteria for unusable EEG data are explained in more detail in the EEG recording 

and preprocessing section. Missing data points were a result of misprinted questionnaires, in 

which participants at the Anadarko site did not receive half of the questionnaires. Since the data 

was missing completely at random, listwise deletion was used and participants were removed 

from all analyses involving the missing data. In addition, the recruitment nature used for this site 

was not random and many of these participants were friends and relatives, furthering the need for 

the complete removal of all participants from this site.  
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Table 1. ACE list with the percentage of participants exposed (N=42). 

ACE N Percent Exposed 

Emotional Abuse 18 42.9% 

Physical Abuse 9 21.4% 

Sexual Abuse 9 21.4% 

Emotional Neglect 11 26.2% 

Physical Neglect 5 11.9% 

IPV 11 26.2% 

Substance Abuse 17 40.5% 

Mental Health  18 42.9% 

Incarceration 3 7.1% 

Divorce 24 57.1% 

   

  

 

 

Table 2. Prevalence of ACE exposure (N=33). 

Number of ACEs Exposed to N Percent Exposed 

0 5 15.2% 

1 4 12.1% 

≥1 28 84.8% 

2 6 18.2% 

3 6 18.2% 

4+ 12 36.3% 

   

 

Procedure 

Five different community spaces distributed across eastern, western, and central areas of 

the state of Oklahoma were used for data collection. Communities were specifically recruited 

from areas with high levels of adversity and isolation from major metropolitan centers. All sites 

were carefully assessed for electrical noise prior to collecting data. Groups of participants were 

recruited from each community to participate via contact with local community leaders through 
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the OU E-TEAM network. Each participant sat approximately 60 cm from the laptop screen in 

an acoustically and electronically quiet room while completing the cyberball task. Before the 

experiment, participants watched a brief pre-recorded video that explained how to play cyberball. 

Participants were told that they were going to play a game called cyberball with other 

participants and that the purpose of the experiment was to investigate how different nature scenes 

would affect their relaxation levels during the game. Participants were instructed to think about 

the given background scene during the games. Each block has a different nature scene for them 

to focus on while playing cyberball, for a total of three different scenes. The scenes were then 

used after the experiment to ask participants questions about how they felt during certain blocks 

of the experiment, without giving away that a certain block was an inclusion or rejection 

condition. Prior to participating, participants filled out a survey consisting of approximately 208 

questions from a variety of scales that are listed above, in addition to basic demographic 

information. Participants also contributed to a focus group session discussing experiences related 

to rural communities. Qualitative data was collected during this group session for further analysis 

by collaborators.  

Materials  

Clinical self-report assessments included the Brief Resilience Scale (BRS, Smith et al., 

2008), Multidimensional Scale of Perceived Social Support (MSPSS, Zimet et al., 1988), 

Shortened UPPS Impulsivity Scale (Cyders et al., 2014), Generalized Anxiety Disorder 7-item 

scale (GAD-7, Spitzer et al., 2006), Center for Epidemiologic Studies Depression Scale (CESD, 

Radloff, 1977), NIDA Clinical Trials Network The Tobacco, Alcohol, Prescription medications, 

and other Substance (TAPS) Tool-Part 1 (McNeely et al., 2016), Adverse Childhood Experiences 

Questionnaire for Adults (California Surgeon General’s Clinical Advisory Committee, 2020), 
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Philadelphia ACE Telephone Survey, PTSD-8 (Hanson et al., 2010), UCLA Loneliness Scale 6 

Item Short Form (Wongpakaran, 2020), The Need Threat Scale (Williams, 2009), Honor 

Ideology of Manhood Scale (Barnes, Brown & Osterman, 2012), and The Need to Belong Scale 

(NTBS, Leary et al., 2013). Participants gave written consent before participation in the study, as 

approved by the University of Oklahoma Institutional Review Board. 

The Adverse Childhood Experience Questionnaire for Adults is a 10-item scale that 

examines abuse, neglect, and household dysfunction experienced in childhood or adolescence 

(California Surgeon General’s Clinical Advisory Committee, 2020). The questionnaire measures 

abuse in terms of emotional “before age 18, did a parent or other adult in your household often 

or very often swear at you, insult you, put you down, humiliate you, or act in a way that made 

you afraid that you might be physically hurt?”, physical “before age 18, did a parent or other 

adult in your household often or very often push, grab, slap, throw something at you, or ever hit 

you so hard that you had marks or were injured?”, and sexual abuse  “before age 18, did an adult 

or person at least five years older than you ever touch or fondle you, have you touch their body 

in a sexual way, or attempt to have oral, anal, or vaginal intercourse with you?” Neglect is 

measured by both emotional neglect, “before age 18, did you often or very often feel that no one 

in your family loved you, thought you were important or special, or your family didn't look out 

for each other, feel close to each other, or support each other?” and physical neglect “before age 

18, did you often or very often feel that you didn't have enough to eat, had to wear dirty clothes, 

had no one to protect you, or your parents were too drunk or high to take care of you or take you 

to the doctor if you needed it?” Household dysfunction measures various elements of familial 

dysfunction, such as inter-partner violence “before age 18, was a parent or other adult often or 

very often pushed, grabbed, slapped, have something thrown at them, kicked, bitten, hit with a 
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fist, hit with something hard, ever hit repeatedly over at least a few minutes, or threatened with a 

gun or knife?”, drug addiction “before age 18, did you live with anyone who was a problem 

drinker or alcoholic, or who used street drugs?”, mental health struggles “before age 18, did you 

live with anyone who was a problem drinker or alcoholic, or who used street drugs?”, prison 

time “before age 18, did a household member go to prison?”, and divorce “before age 18, were 

your parents ever separated or divorced?” The participants were instructed to put a checkmark 

next to each experience they encountered prior to their 18th birthday. The total scores were 

obtained by counting the number of yeses each participant recorded, out of a score of ten. Higher 

scores reflect that an individual had more experiences with the traumas listed.   

The Brief Resilience Scale (BRS) was used to assess resilience in terms of being able to 

bounce back from adverse experiences, such as stress (Smith et al., 2013). The scale consists of 

six questions regarding an individual’s ability to recover from stress. It is measured on a 7-point 

scale, ranging from 1=strongly disagree to 7=strongly agree, with higher numbers indicating 

higher levels of resilience. Examples of negatively worded items and reverse-coded examples 

include “It is hard for me to snap back when something bad happens,” and “I have a hard time 

making it through stressful events.” Positively worded include “I tend to bound back quickly 

after hard times,” “it does not take me long to recover from a stressful event,” and “I usually 

come through difficult times with little trouble.” BRS is scored by reverse coding negatively 

worded items 2, 4, and 6 and calculating the mean of all items. The sum is then divided by the 

number of questions answered out of six. A score of 1.00-2.99 indicates low resilience, 3.00-4.30 

indicates normal resilience, and a score above 4.30 indicates high resilience.  

The Multidimensional Scale of Perceived Social Support (MSPSS) is a 12-item 

questionnaire that measures an individual’s level of perceived social support from three sources: 
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friends, family, and significant others (Zimet et al., 1988). The items are measured on a 7-point 

scale, where 1= strongly disagree and 7= strongly agree. Example items for friends include “my 

friends really try to help me” and “I can count on my friends when things go wrong.” Example 

items for family include “my family really tries to help me” and “I get the emotional help and 

support I need from my family.” Example items for significant other include “there is a special 

person who is around when I am in need” and “there is a special person with whom I can share 

my joys and sorrows.” There are four items for each section, for a total of 12 items. Scores for 

each area are added up and divided by four to determine the score for that section. The total score 

is a combined score of the three sections, with higher numbers suggesting a higher level of 

perceived social support. A score of 12-25 indicates a low level of perceived social support, 36-

60 a medium level of perceived social support, and a score above 60 indicates a high level of 

perceived social support.  

Cyberball Social Exclusion Task 

Cyberball is a computer game that has consistently been shown to successfully induce 

feelings of social rejection (Williams, 2009). Cyberball is a task that involves a participant 

playing an online game of catch with two other players. The participants were told that they 

would play three games of cyberball with two other players, each game lasting approximately 

three minutes. Unknown to the participant, the other players were preprogrammed computer 

avatars and not real participants. The cyberball task involved two conditions, inclusion and 

exclusion. For the inclusion condition, the participant was thrown the virtual ball 33% of the 

time. In the exclusion condition, the participant was thrown the ball twice at the beginning of the 

game and then did not receive it again for the rest of the game, in order to induce feelings of 

rejection. The order of each participant’s cyberball games was randomized, with each participant 
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having played two games of inclusion and one game of exclusion. EEG was continuously 

recorded throughout the cyberball task to measure differences and patterns in neural activity 

during the 3-minute rest periods preceding and following the two conditions. During the rest 

periods, participants were asked to sit quietly.  

EEG Recording and Preprocessing 

EEG recordings were collected using a 24-channel, saline-based GREENTEC cap 

(mBrainTrain, Belgrade, Serbia) with Smarting mobi wireless technology, with sensors placed 

according to the International 10-20 system. EEG data was continuously recorded throughout the 

entirety of each participant’s cyberball task. EEG was sampled at 250 Hz, filtered from 1 to 80 

Hz, and referenced to Cz. Raw data files were reviewed offline. Bad sensors were interpolated 

using the spherical spline interpolation (no more than 5% of sensors were removed for bad data, 

for a total of one electrode). Data was digitally filtered from 1 to 80 Hz with a 60 Hz notch filter, 

and data segments with an excessive amount of artifact (large movements or electrical spiking) 

were removed before individual component removal (ICA). ICA was implemented using 

EEGLAB in Matlab 2021.0 software (Delorme and Makeig, 2004; The Mathworks, Natick, MA, 

United States). ICA components were examined and removed if they contained primarily artifact, 

and data was re-referenced to an average reference. Lastly, data was then segmented into 2-

second epochs, and epochs with an amplitude exceeding 120 µV were removed prior to analysis. 

Only data collected during the rest periods of the cyberball task was included in the current 

analyses.  
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Data Analysis 

All statistical analyses were conducted in Matlab 2021.0. In order to examine neural 

activity, power responses to cyberball conditions paired t-tests were run. The paired t-tests were 

performed for each frequency band, delta (1-3.5 Hz), theta (4-7 Hz), alpha (7.5-12.5 Hz), beta 

(13-30 Hz), and gamma (30.5-80 Hz), and different areas of the brain, temporal, posterior, and 

frontal, comparing power changes in frequency bands across conditions and brain regions. 

Changes in power were obtained by comparing the activity during the rest periods following 

each of the inclusion games, averaged together, and the rejection game. To examine power 

differences across conditions and ACE groups, a two-way mixed model ANOVA was conducted 

with condition (inclusion and rejection) as the within-subjects factor, and ACE score threshold as 

the between-subjects factor. Separate ANOVAs were run for each frequency band, for a total of 5 

ANOVAs. To determine ACE scores, ACEs that were marked as yes were added up for each 

participant, yeses were dummy coded as 1 and noes as 0. ACEs were then grouped based on their 

score out of ten to create the ACE score threshold, where a high ACE score is 4 or more ACEs 

and a low ACE score is 0-3 ACEs, a generally accepted practice for grouping ACEs (Anda, et al. 

2020, Hughes, et al. 2017). Additional one-way repeated measure ANOVAs were performed 

separately for both resilience and social support for each frequency band, with condition 

(inclusion, rejection) as the within-subjects factor, and total resilience or social support score as 

the covariate. Resilience and social support scores are the sum of each participant’s responses for 

the BRS and MSPSS. Follow-up Pearson’s correlations were run to examine the relationships 

between ACE, resilience, and social support scores and provide additional insight into the 

connections between these variables.  
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Frontal asymmetry analyses were conducted using neural activity within the alpha band 

during rest periods in order to analyze asymmetrical brain activity between the left and right 

hemispheres. Frontal asymmetry serves as an indicator of emotional processing and response 

motivation, utilizing neural activity occurring at electrodes F3 and F4. The asymmetry score was 

calculated for each of the homologous electrode pairs by subtracting alpha power for the left side 

from the right side. The score is a ratio of the difference in absolute power between the two 

locations and is denoted by the following equation:  

(𝐹4 − 𝐹3)

(𝐹4 + 𝐹3)
 

A more positive value indicates greater left than right frontal alpha activity, whereas a more 

negative value indicates greater right than left frontal alpha activity. Additional pairings (P3/P4, 

and F7/F8) were tested to assess other potential asymmetry across the head (Zhao et al., 2018; 

Curtis & Cicchetti, 2007). ANOVAs were performed with the asymmetry values to examine 

relationships between asymmetry, ACEs, resilience, and social support scores. A two-way mixed 

model ANOVA was conducted with condition (inclusion and rejection) as the within-subjects 

factor, and ACE score threshold as the between-subjects factor. Two one-way repeated measures 

ANOVAs were performed separately for both resilience and social support, with condition 

(inclusion, rejection) as the within-subjects factor, and total resilience or social support score as 

the covariate.   

Connectivity analyses were performed using the neural activity obtained during the rest 

periods to assess topographical relationships across the brain in the context of ACEs, resilience, 

and social support. Functional connectivity was calculated using the debiased weighted phase lag 

index (dwPLI), an adjustment of the phase lag index (PLI). The PLI is an estimation of the 
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asymmetry synchronization based upon the distribution of instantaneous phase difference 

between two signals, or electrodes. The dwPLI is calculated by assigning weights to the leads 

and lags using the magnitude of the imaginary part of the signal and is denoted by the following 

formula (Youseff et al., 2021; Vinck et al., 2011). 

WPLI=xy1n∑ni=1|imag(Sxyt)|sgn(imag(Sxyt))1n∑ni=1|imag(Sxyt)| 

DwPLI values were calculated between all electrode pairings, for a total of 276 pairs for each 

frequency band. In order to ensure the condition mean connectivity values obtained are 

significantly better than random noise, a distribution of connectivity values was obtained by 

bootstrapping 500 times, randomized by a sensor within a pair and participant for each possible 

sensor pairing. After obtaining the bootstrapped values, the threshold of the top 5% of values 

were determined for each condition and frequency band. Original condition mean connectivity 

values below the thresholds were then removed as they were not statistically better than random 

noise. To assess connectivity differences across conditions and ACE groups, a two-way mixed 

model ANOVA was conducted with condition (inclusion and rejection) as the within-subjects 

factor, and ACE score threshold as the between-subjects factor. This same concept was explored 

using two-way repeated measures ANOVAs for resilience and social support. Two-way repeated 

measures ANOVAs were performed separately for both resilience and social support, with 

condition (inclusion, rejection) as the within-subjects factor, and total resilience or social support 

score as the covariate. To correct for multiple comparisons, a Benjamini-Hochberg FDR 

correction was run using the P-values from the ANOVA at a 5% false discovery rate.  
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Results 

To examine fluctuations in neural activity across conditions paired t-tests were 

conducted. The t-tests were conducted using relative power from each frequency band and 

specified area. Assessing changes in power across conditions resulted in statistically significant 

differences in delta (t(1,23)=2.504, p=0.019) and beta (t(1,23)=-2.681, p=0.014) relative power 

in the temporal region. Delta power during inclusion conditions was greater than that delta power 

during the rejection condition (Figure 1). Beta exhibited opposite patterns, with greater relative 

power values during the rejection condition in comparison to the inclusion conditions (Figure 2).  

   

Figure 1: Relative delta power across conditions.  
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Figure 2: Relative beta power across conditions.  

A two-way 2x2 mixed model ANOVA was run to assess power changes across conditions 

(inclusion, rejection) and ACE scores (low, high) for each frequency band. Analysis of changes 

in relative power revealed a significant interaction effect for condition x ACE threshold for 

relative gamma in the frontal (F(1,22)=5.697, p=0.026) and temporal regions (F(1,22)=5.6543, 

p=0.027). For both frontal and temporal regions, individuals with low ACE scores showed 

gamma power enhancement in response to rejection, while those with high ACE scores did not 

discriminate between conditions (Figures 3 and 4). No other frequency bands produced 

significant results.  
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Figure 3: Mean Gamma Power Across ACE scores in the frontal region.  

Figure 4: Mean Gamma Power Across ACE Scores in the temporal region.  
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To further explore potential causes of changes in relative power across conditions, two 

additional one-way repeated measures ANOVAs were run covarying for MSPSS and resilience 

total scores. Inclusion power values differed significantly from rejection power values when 

covarying for MSPSS scores (Figures 5-10) across all three regions (frontal, posterior, and 

temporal) for alpha, exhibiting a significant main effect of condition (F(1,22)=7.502, p=.012; 

F(1,22)=6.965, p=.015; F(1,22)=4.755, p=.040) and interaction of condition x MSPSS score 

(F(1,22)=7.828, p=.010; F(1,22)=6.419, p=.019; F(1,22)=5.707, p=.026). Beta power also saw a 

significant main effect of condition (F(1,22)=11.673, p=.002; F(1,22)=22.789, p<.001; 

F(1,22)=9.790, p=.005) and significant interaction of condition x MSPSS score (F(1,22)=14.373, 

p=.001; F(1,22)=22.896, p<.001; F(1,22)=15.404, p<.001). Power values during the inclusion 

conditions did not differ significantly from those in the rejection condition when covarying for 

resilience scores for all frequency bands and regions. 
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Figure 5: Mean alpha power difference between conditions across MSPSS scores in the frontal 

region. Difference values were calculated by subtracting inclusion alpha power from rejection 

alpha power and dividing by the sum of the two.   
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Figure 6: Mean alpha power difference between conditions across MSPSS scores in the 

posterior region. Difference values were calculated by subtracting inclusion alpha power from 

rejection alpha power and dividing by the sum of the two.   

 



26 
 

Figure 7: Mean alpha power difference between conditions across MSPSS scores in the temporal 

region. Difference values were calculated by subtracting inclusion alpha power from rejection 

alpha power and dividing by the sum of the two.   
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Figure 8: Mean beta power difference between conditions across MSPSS scores in the frontal 

region. Difference values were calculated by subtracting inclusion alpha power from rejection 

alpha power and dividing by the sum of the two.   
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Figure 9: Mean beta power difference between conditions across MSPSS scores in the posterior 

region. Difference values were calculated by subtracting inclusion alpha power from rejection 

alpha power and dividing by the sum of the two.   
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Figure 10: Mean beta power difference between conditions across MSPSS scores in the 

temporal region. Difference values were calculated by subtracting inclusion alpha power from 

rejection alpha power and dividing by the sum of the two.   

Frontal Asymmetry  

 Frontal asymmetry was examined utilizing the numerical difference between left and 

right relative alpha power for each condition. Using these difference values a two-way mixed 

model ANOVA was run to assess the relationship between alpha asymmetry and ACE scores. No 

significant values were found for F3/F4. Additional homologous pairs (P3/P4, F7/F8) were tested 

for significance and no significant results were found. The same repeated measures ANOVAs 

covarying for MSPSS and resilience described in the previous subsection were run with alpha 

asymmetry values. Significant interactions between MSPSS scores and asymmetry values were 

found for alpha for the P3/P4 pair when covarying for MSPSS scores (F(1,22)= 4.4379, 
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p=0.047). Individuals with higher MSPSS scores had more positive posterior asymmetry values 

for both inclusion and rejection conditions (Figure 11). This indicates greater leftward posterior 

activity. Results for resilience total scores showed a main effect of condition (F(1,21)=5.151, 

p=0.034) and significant interaction between condition and resilience total scores 

(F(1,21)=4.7844, p=0.040) for alpha asymmetry values at the F3/F4 pairing. Those with lower 

resilience scores show greater leftward asymmetry for both inclusion and rejection. As resilience 

scores increase, the values lower significantly for both conditions, with rejection values being 

significantly higher than inclusion values across resilience scores (Figure 12).  
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Figure 11: Posterior Alpha asymmetry average across MSPSS scores. The average was 

calculated by adding together inclusion and rejection values for each participant and dividing by 

2.  

Figure 12: Frontal Alpha Asymmetry Values across resilience scores.  

Exploratory Connectivity 

 Connectivity was explored using the debiased weight phase lag index (dwPLI) measure. 

After bootstrapping each possible pairing randomly 500 times, the 5% threshold was obtained for 

each of the frequency bands and conditions, for a total of 10 different thresholds. None of the 

previously calculated dwPLI values were lower than the threshold, indicating that the prior 

values obtained were significantly better than random noise, and thus no connections were 

removed prior to the FDR correction. A two-way mixed model ANOVA was then run to 

determine the effect of ACEs on connectivity across conditions. The ANOVA had various 

significant connections, but none remained following the FDR correction. One-way RM 

ANOVAs were conducted to assess the influence of resilience and social support on connectivity 
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across conditions. Social support did not show significant effects on connectivity. Resilience was 

the only score that impacted connectivity values across the head. Significant relationships were 

found for each band (Figure 13). Delta showed the most significant pairs with 26 significant 

connections and only one connection survived FDR correction. This pairing was between Cz and 

M1 and showed a main effect for condition (F(1,21)=5.878, p=0.024) and significant interaction 

between condition and resilience score (F(1,21)=24.752, p<0.001).  All significant delta 

connections were only found in or near the left posterior sensors.  

 

Figure 13: Significant connections for each frequency band (delta, theta, alpha, beta, gamma) for 

inclusion (top) and rejection (bottom) conditions, prior to FDR correction.  

Clinical Correlations 

 Pearson correlations were run using the total score from each self-assessment listed in the 

methods section. The correlations listed are supplemental to the initial hypotheses and 

understanding of the results found and thus not FDR-corrected (Figure 14). Importantly, 

resilience total scores were significantly correlated with MSPSS, SUPPS, depression, anxiety, 

PTSD, and loneliness total scores. In addition to resilience, loneliness total scores showed 
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significant relationships with depression, anxiety, PTSD, and need to belong scores. Anxiety total 

scores were also significantly correlated with SUPPS, PTSD, and depression total scores.   

ACE total score was only significantly correlated with PTSD total score. No other total 

scores were correlated with ACE scores. Age, however, was a significant factor in determining 

an individual’s total ACE score. Older individuals had lower scores overall compared to their 

younger counterparts. ACE categories showed patterns of correlation that occurred primarily 

between traumas within the same categories (abuse, neglect, household dysfunction) or type 

(emotional, physical). For example, emotional neglect was significantly correlated with 

emotional abuse and physical neglect. Physical abuse was significantly correlated with physical 

neglect and emotional abuse (Figure 15).  

                

 

Figure 14: All correlations are Pearson’s rho. All significant correlations are listed on colored 

circles. Blank = N.S. 
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Figure 15: All correlations are Pearson’s rho. All significant correlations are listed on colored 

circles. Blank = N.S. 

Discussion 

 Rural communities are drastically underfunded, disadvantaged, and misunderstood. Rural 

communities make up roughly 34% of Oklahoma’s population, making up a substantial part of 

Oklahoma’s residents. Despite these communities not holding the majority of Oklahoma’s 

population, their health and well-being are of equal importance. Currently, Oklahoma is rated as 

one of the highest states in economic hardship, child victimization, children in poverty, and 

adverse childhood experiences (United Health Foundation, 2021). All areas of Oklahoma are 

affected by these experiences, but rural communities are consistently hit the hardest (Talbot et 

al., 2016; National Advisory Committee on Rural Health and Human Services, 2018). Long-term 

exposure to experiences of trauma and stress can have detrimental effects on mental and physical 

health which can then lead to negative life outcomes like drug abuse, depression, anxiety, and 
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younger life expectancy (Chartier et al., 2010; Hughes et al., 2017). Rural communities 

demonstrate the severe side of abuse and neglect exposure, which may be seen in their 

physiological response to negative experiences like rejection. The lack of research on rural 

communities as a whole leaves an entire at-risk population without the proper resources and 

information to combat and prevent these types of experiences. Examining and properly 

addressing these issues using supported self-reports and EEG measures can help determine the 

physiological effects of these issues as well as the specific strengths that exposed individuals 

may have.  

Social Rejection 

Experiences of social rejection have been shown to have quick and evident effects seen in 

brain activity. The paired t-tests run to examine the effect of rejection on changes in frequency 

bands showed that delta power during inclusion conditions was greater than during the rejection 

condition in the temporal region (Figure 1). The opposite was true for beta, with greater relative 

power values during the rejection condition in comparison to inclusion conditions (Figure 2). 

Increases in delta have been seen in correlation with positive emotions, like joy, which may be 

reflective of a positive experience playing the inclusion games (Aftanas et al., 2006). However, 

these studies mentioned that delta increases are often seen when there is an increase in attention 

or arousal. This concept may be applicable here since the participants were watching the 

gameplay in the rejection condition rather than playing it during the inclusion condition, thus 

seeing higher engagement during the inclusion rest periods. Given that the participants are not 

actively participating in the rejection conditions, the increase in delta power in the inclusion 

conditions may simply reflect an increase in arousal from actively playing a game or the 

movement associated with their game choices (Reuderink et al., 2013; Klados et al., 2009). 
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Additionally, the expectations of the participants may be important to take into account. Studies 

on expectations have found that increases in delta power were observed when participants 

expected to be liked during feedback from their peers (van der Veen et al., 2016; van der Veen et 

al., 2014; Cohen et al., 2009). If participants went into the experience with the expectation of 

playing the game cooperatively with other individuals rather than being ostracized, the increase 

in delta could be a reflection of the dissonance between expectation and reality. Beta power 

increases, on the other hand, have been shown to occur with the onset of both cognitive and 

emotional processes. Specifically, increases in beta power have been seen during the reactive 

phase, or the phase where an individual is actively experiencing a stressor (Hafeez et al., 2018; 

Izhar et al., 2019; Minguillon et al., 2016). Beta power also seems to increase even in the 

recovery phase after a stressor, which indicates that significant increases in beta can be observed 

even minutes after the experience has ended (Vanhollebeke et al., 2022; Guo et al., 2019; Perrin 

et al., 2019). This suggests that when an individual is experiencing a stressful experience, there is 

an increase in both cognitive and emotional processing reflected in beta power that can be 

directly observed long after the experience has ended. This may be reflective of the long-lasting 

and potentially distressing effects of social rejection and ostracism for the individual. 

Alternatively, beta has shown consistent increases and decreases in correlation with movement. 

Specifically, an increase in beta power is associated with planned movement that was not 

performed, which is possible to have occurred during the rejection periods where participants 

assumed they would be actively playing a game (Kilavik et al., 2013). No other frequency bands 

were significant for any regions. These results are not entirely unexpected, as research on these 

effects utilizing a rural population is not comprehensive and scarce. Interestingly, theta was not 

significant for any test. Thus, the hypothesis that theta would differ significantly between 
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conditions was not supported by the current results. This is the opposite of what is seen in 

cyberball studies, that theta is typically affected by situations of rejection that are experienced by 

the participants (Mills et al., 2023; van Noordt et al., 2015; Cristofori et al., 2013). However, in 

this study, there were no significant findings related to theta. This may reflect the differences in 

populations used in these studies. The use of a random and generalizable population that is often 

used in cyberball studies instead of a particular population chosen specifically for their attributes 

might not share the same characteristics thus leading to different results. Further studies are 

required to determine the effects that rejection has on theta in this particular subset of the 

population.  

Childhood Trauma 

Research on the effects of childhood trauma on brain activity has connected a variety of 

impacts on mental and physical health to the presence of trauma during childhood. These effects 

may have specific connections with changes in brain activity during rejection. A two-way mixed 

model ANOVA assessing the effects of childhood trauma on changes in frequency band power 

resulted in significant differences across conditions for relative gamma power in the frontal and 

temporal regions. Gamma power for those who were classified as having low ACE scores 

consistently showed greater values during the rejection condition in comparison to the inclusion 

conditions for both frontal and temporal areas. High ACE score individuals showed somewhat 

greater values during inclusion conditions compared to the rejection condition but did not 

significantly distinguish between the conditions (Figures 3 and 4). These findings are opposite of 

what was initially hypothesized, so the original hypothesis is not supported. Gamma power is 

commonly associated with a variety of cognitive processes such as attention, memory, and 

learning. Increases in gamma power have been observed during the processing of auditory and 
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visual stimuli as well as active memory recall (Kaiser & Lutzenberger, 2005). It is possible that 

individuals with less childhood trauma were able to successfully distinguish between the two 

conditions as a result of increased attention and active learning during the rejection condition. 

This increase may reflect their ability to effectively adapt to a given situation by redirecting their 

attention as needed.  

The effect of childhood trauma on gamma is not well understood. However, gamma 

power is heavily affected by age and changes dynamically throughout childhood development 

(Anderson and Perone, 2018). Children who experience trauma during any stage of development 

often develop various behavioral concerns and show deviations from normal brain activity 

(Brockie et al., 2015; Chartier et al., 2010; Hughes et al., 2017; Mclaughlin et al., 2013). 

However, the current research on gamma power cannot directly determine the possibility of any 

alterations in response to childhood trauma during childhood or adulthood. A paper by Lee et al. 

(2017) found that individuals who reported high levels of childhood trauma, as measured by the 

Childhood Trauma Questionnaire (CTQ), had significantly higher gamma power when compared 

to those with low levels of childhood trauma (Lee et al., 2017; Bernstein et al., 2003). The CTQ 

is a Likert scale that is used to assess the quantity of an individual’s trauma rather than the simple 

presence of trauma during childhood which is measured by the ACE questionnaire used in this 

study. The difference in measures could be the reason for the deviation between the results they 

obtained, and the results discussed here. In addition, they related these results through a measure 

of anxiety scores, stating that this measure is associated with childhood trauma that then causes 

higher levels of gamma power. In this current study, anxiety measures were not included in the 

detailed analysis. However, there was not a significant correlation between anxiety and ACE 

scores which might explain the difference in results. The population used may not reflect the 
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same distribution of scores and experiences as the population used in the Lee paper, making it 

difficult to compare the two. Although there is a lack of research on gamma power specifically in 

relation to childhood trauma, there is substantial information on the influences of stress on 

gamma power. Stress has been reflected in increases in gamma power (Minguillon et al., 2016; 

Priya et al., 2020) However, these increases are not long-lasting, and gamma oscillations, in 

general, are relatively short-lived (Buzsáki and Wang, 2012). Since the data used for this analysis 

were collected after the conditions were completed as opposed to during the task, the results here 

may simply reflect the return to baseline from the increase that occurred during the task. No 

other frequency bands were significant for this analysis, in any regions. In addition, no 

significant findings were found for any frontal asymmetry analyses when covarying for ACE 

scores. Thus, the hypothesis that asymmetry would differ across ACE scores is not supported. It 

is difficult to determine the reason for the lack of significant results. Perhaps childhood trauma is 

not best examined through this type of measure. However, past research has found significant 

frontal asymmetry in relation to high/low scores of childhood trauma (Curtis & Cicchetti, 2007; 

Meiers et al., 2020). It is probable that these discrepancies are due to the utilization of different 

questionnaires, populations, or tasks. The use of an at-risk population rather than a ‘normal’ and 

representative population may have impacted these results to have more variability in their 

childhood trauma scores. Follow-up studies comparing this measure to a normative distribution 

may help us better understand these discrepancies. More research on childhood trauma using the 

same measures is necessary to make accurate judgments on the long-term effects of childhood 

trauma on brain activity, and physiology in general.  

 

Social Support and Resilience 
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Social relationships are an integral part of maintaining healthy mental and physical states. 

Social groups can provide the necessary support and socialization needed to promote beneficial 

coping strategies (Eisenberger et al., 2007; Sarason et al., 1997; Sulaiman et al., 2013). Thus, 

social support may act as a potential barrier against disadvantaged situations, like trauma and 

stress. Alpha and beta power showed significant differences across all regions when covarying 

for MSPSS total scores. As MSPSS scores decreased, both alpha and beta power increased, for 

both inclusion and rejection conditions. Power differences calculated between conditions showed 

that alpha and beta power differences increased linearly with MSPSS scores (Figures 5-10). As 

MSPSS scores increased, alpha and beta power differences between conditions became more 

positive. This suggests that participants with higher MSPSS scores can distinguish more between 

the conditions than those with lower MSPSS scores. This may indicate an increased ability of 

individuals with more social support to effectively evaluate and adapt to various situations. Their 

capacity to successfully distinguish between distinct experiences may directly reflect the positive 

effects that higher levels of social support can have. Interestingly, both alpha and beta power 

values were increased for both conditions. It would be expected that the rejection condition 

would result in higher power values of power in comparison to the inclusion conditions, which 

were not seen. There was an increase in power for both conditions, which may be due to other 

factors that are influencing these individuals’ responses to social rejection. Other factors like 

resilience and childhood trauma are likely playing supplementary roles in how this population is 

reacting and coping with this situation that are difficult to parse out. However, if individuals with 

higher perceived social support are continuously showing successful distinguishing responses to 

different conditions, this may still reflect the positive effects of social support or social 

relationships on their responses to social situations.  
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In addition to the power changes seen in alpha and beta, a one-way RM ANOVA using 

frontal asymmetry values was significant when covarying for MSPSS scores. Specifically, alpha 

asymmetry was significant at the P3/P4 pairing. There was no significant main effect of MSPSS 

scores, but there was a significant interaction between MSPSS scores and condition. Individuals 

appear to be differing in response to the different conditions, which is to be expected, but not as a 

result of MSPSS scores. This suggests that MSPSS scores do not directly affect the pattern of 

positive and negative asymmetry values observed, but rather these scores are moderating an 

individual’s response to the different conditions. This supports the hypothesis that social support 

would take on a modulating role, even though it was not shown specifically for ACEs which was 

the original hypothesis. Because this was a simple measure of whether an individual perceives 

themselves as having social support rather than directly employing social support during the 

conditions, the modulatory relationship between the MSPSS scores and frontal asymmetry is 

more appropriate. This particular analysis was exploratory given the lack of research on social 

support and frontal asymmetry as well as the lack of research on parietal asymmetry in previous 

studies. However, this finding converges well with past literature on the modulatory effects of 

social support on changes in brain activity. Specifically, social support has been shown to 

provide buffer effects against social and physical pain stimuli (DeVries et al., 2003; Eisenberg, et 

al., 2007; Morese et al., 2019). Social support does not appear to have a direct and drastic effect 

on the outcomes of painful or traumatizing experiences, but social support does consistently 

prove to be useful in moderating the relationship between the two. Consequently, proving to be a 

very important aspect in research on social and physical pain research as well as stressful or 

traumatic experiences.  



42 
 

A one-way RM ANOVA examining the relationship between resilience scores and frontal 

alpha asymmetry showed significance at the F3/F4 pairing. Individuals with lower resilience 

scores showed more positive values, or more frontal leftward activity for both inclusion and 

rejection conditions. Individuals, regardless of resilience score, showed higher rejection values in 

comparison to inclusion values. More leftward activity is associated with approach-related 

motivation and is often seen in conjunction with positive emotions or well-being (Poole and 

Gable, 2014; Zhao et al., 2018). Previous research on frontal asymmetry has implicated greater 

leftward frontal activity as being a predictor of resilience (Meiers et al., 2020; McLaughlin et al., 

2011; Curtis & Cicchetti, 2007). The results found here are the opposite of what would be 

expected of individuals with lower levels of resilience. Thus, the hypothesis was not directly 

supported due to the opposite effects being found. However, the general hypothesis was simply 

expecting a difference in frontal asymmetry as a result of resilience scores. This may indicate a 

significant difference in what constitutes rural resilience in comparison to a general population’s 

resilience. Literature on rural resilience suggests that due to the myriad of differences that occur 

between urban and rural populations, it is likely that they also differ in their resilience practice 

(Song et al., 2022; Rapaport et al., 2018; Leykin et al., 2013; Cutter et al., 2016). In light of the 

current results, it may be more beneficial for rural individuals to practice withdrawal to protect 

themselves, particularly when the stimulus is negative. Social isolation in these rural 

communities might play a role in the development of the nature of their response to negative 

experiences. Additionally, there is a lack of research on the differences between urban and rural 

resilience in terms of the individual, which could explain the divergence of the current results 

from previous findings.  Future studies should focus on expanding the current research on 
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resilience differences between urban and rural communities in terms of the community and the 

individual.   

Clinical Correlations 

Significant clinical correlations were important in further determining the specific 

characteristics of these particular rural populations, as well as the impact of their connections on 

responses to experiences of rejection. Social support was significantly correlated to many of the 

total scores, which suggests that social relationships are extremely influential in the development 

and continuity of disorders like depression, anxiety, and PTSD, among others not tested in this 

study. Specifically, social support was negatively correlated with all three disorders, indicating 

that the more social support an individual has, the less likely they are to struggle with these 

particular disorders or related symptoms. Additionally, social support was positively correlated 

with resilience scores; signifying that the more social support an individual has, the more 

resilient they are. Resilience scores were also significantly negatively correlated with depression, 

SUPPS, loneliness, anxiety, need to belong, and PTSD. This relationship indicates that an 

individual with higher resilience scores has lower scores for each of the listed concerns. Higher 

resilience scores indicate a higher level of resilience an individual possesses, whereas a higher 

depression or anxiety score, for example, indicates a greater quantity of experience with 

depression or anxiety symptoms. These findings align with previous research on the benefits of 

social support on physical and mental health outcomes (Eisenberger et al., 2007; Morese et al., 

2019; Kelly et al., 2019). The positive influence of social support and thus, resilience, are evident 

when examining these correlations. These results are extremely important in determining how 

best to assist these at-risk populations. This information is necessary to provide accurate and 

tailored help for these communities.   
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In addition to the clinical correlations, significant correlations were found in relation to 

specific types of ACEs. ACEs were not significantly correlated with any of the clinical 

correlations. However, age was negatively correlated with ACEs. This finding aligns with 

previous research on an age-related effect on ACE scores (Briggs et al., 2021, Chartier et al., 

2010). Older individuals consistently reported fewer experiences with ACEs. This may be due to 

a generational difference or merely the timing between the original experience and when the 

individual was asked to recall these situations. Significant correlations between ACEs appeared 

to correlate most often with those in the same categories (abuse, neglect, household dysfunction) 

or type (physical, emotional). Physical abuse was significantly correlated with physical neglect, 

substance abuse, emotional abuse, and emotional neglect. Similarly, emotional neglect was 

correlated with emotional abuse, physical abuse, and physical neglect. These results mirror 

previous research that found significant correlations between single categories of trauma 

exposure. When an individual had experienced emotional abuse, for example, they were more 

likely to have also experienced physical abuse (Felitti et al., 1998). Interestingly, the mental 

health struggles of a family member correlated with physical abuse, emotional abuse, emotional 

neglect, substance abuse, and intimate partner violence. This indicates the importance of mental 

health in not only the child but individuals in a child’s environment and these individuals can 

have drastic and widespread effects on all three categories of ACEs, fully encompassing every 

aspect of ACEs that was explored in this particular study. The overall pattern of correlations is 

similar to past studies examining the factor structure of ACEs (Afifi et al., 2020; Choi et al., 

2020). Interestingly, all significant correlations were positively correlated. This suggests that it is 

more likely that an individual will experience additional ACEs given the experience of any ACE 

rather than the opposite. This particular finding has been found consistently in ACE literature, 
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confirming that ACEs are inherently cumulative both in experience and in risk (Felitti et al., 

1998; Choi et al., 2020; Afifi et al., 2020). The ACEs findings found here fit in with previous 

research on more representative populations, suggesting that rural populations are comparable in 

terms of ACE relationships. However, the prevalence found in the sample (tables 1-2) was high 

compared to both the national average and prior findings on rural communities (Inignez & 

Stankowski, 2016; Swedo et al., 2023; Talbot et al., 2016; National Advisory Committee, 2018). 

The lack of research on these communities, particularly in Oklahoma, makes it difficult to 

effectively determine the accuracy of the characteristics found in this study in comparison to 

others. Further research is required to evaluate the attributes of these communities as well as the 

extent to which these individuals are affected by prior experiences.  

Exploratory Connectivity 

 The use of connectivity as a measure of brain activity across the brain provides a holistic 

view of the way in which the brain operates during specific events. Prior research on connectivity 

has found significant patterns across the brain that researchers suggest are related to resilience 

adaptation. The current results show that resilient individuals had lower delta connectivity values 

during rejection. The opposite was seen for non-resilient individuals, who had lower delta 

connectivity values during inclusion. In addition, these results were only seen within the left 

posterior sensors, which is commonly associated with decision-making and mediating emotional 

processes (Heekeren et al., 2006; Maddock et al., 2002). These results partially support the 

hypothesis that connectivity would differ as a result of ACEs, social support, and resilience. The 

lower connectivity values obtained reflect less communication occurring between the different 

brain regions examined, indicating that resilient and non-resilient individuals process rejection 

differently.  These results align with previous research showing that resilient individuals showed a 
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decrease in connectivity in comparison to non-resilient individuals in the left hemisphere (Cisler 

et al., 2013). Resilient individuals also showed higher connectivity values across conditions. This 

finding might indicate that resilient individuals are exhibiting more connectivity across the brain 

but are significantly differing in their response to rejection in comparison to non-resilient 

individuals. Overall, the results here suggest a modulatory effect of resilience score on connectivity 

values. The lack of previous research on connectivity using a resilience questionnaire measure 

makes it difficult to determine the full extent of the role that resilience plays in brain networks. 

Thus, the current results are exploratory in nature and serve to improve the current knowledge of 

connectivity literature on childhood trauma and resilience.  

Conclusions and Future Directions 

Examining an at-risk population using a multi-disciplinary approach exhibits an in-depth 

and comprehensive approach to assessing and addressing the key issues that rural communities are 

facing. The use of EEG measures along with diverse clinical measures used in this study has 

yielded a specific and expansive perspective of how rural communities are being treated and the 

how these communities and individuals adapt to these conditions. Current results promote the 

effectiveness of cyberball as a way to actively assess an individual's response to social rejection. 

Additionally, these responses are still visible moments after the initial experience which suggests 

that some lingering effects may be observed after the games have ended. The full extent of the 

timing and lingering effects is not well known, and additional research will be needed to determine 

the consistency of the results found here. Importantly, rural individuals, regardless of resilience, 

social support, and childhood experiences, appeared to be affected by the experience of social 

rejection. This information is important in making the case that despite the significant differences 

observed in previous populations and the current rural populations, they are similarly affected by 
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experiences of rejection. Specifically, both populations appear to be affected by rejection in some 

manner. Given the lack of resources in rural communities, it was a possibility that rural 

communities would perhaps have no significant reactions to rejection as a result of maladaptive 

coping strategies. Importantly, there are pertinent differences in the specific changes observed in 

the frequency bands across studies, which are likely to be a result of the characteristics of the 

population used. The differences observed in the manner in which rural communities are adapting 

and processing an experience of rejection provide necessary information on the inner workings of 

resilience even in the absence of resources and support. Future studies should focus on replicating 

the results of previous studies as well as determining the accuracy of the results obtained here.  

The current population was chosen as a result of their high prevalence of childhood trauma 

(Tables 1 & 2). The presence of childhood trauma was particularly influential on gamma power, 

suggesting that trauma occurring within childhood can have drastic impacts on an individual's 

ability to effectively distinguish between the two conditions. This ability to distinguish between 

the two conditions may arise from an individual’s ability to successfully adapt to their current 

situation by altering their attention and awareness. Alternatively, the differences seen in gamma 

power may be a result of an individual’s stress response to the task. Gamma increases in response 

to stress are not long-lasting and may not be observed in the rest periods that were examined in the 

current analysis. Further analysis using the task data will be needed to assess this possibility.  

Social support is known to play an integral role in an individual’s response to various types 

of pain. The results obtained here align with previous research validating these ideas. Specifically, 

individuals with higher perceived social support were better able to distinguish between the 

conditions for alpha and beta power. In addition to these direct effects, social support also provided 

a buffering effect against the negative effects of social rejection in the context of posterior 



48 
 

asymmetry. Furthermore, resilience scores were influential in an individual’s frontal asymmetry. 

Those with lower resilience scores showed more approach-motivated behaviors than those with 

higher resilience scores, which was the opposite of what prior research would suggest. This 

discrepancy may reflect specific and important differences in this rural population in comparison 

to a more generalized population. Rural communities might have significant differences in the way 

that they approach and adapt to situations that reflect their past and current experiences living in a 

rural area. More importantly, the deviation from past research observed here may be a result of the 

differences that occur on the individual level as compared to the community level. The connectivity 

results obtained correspond well with the frontal asymmetry results, suggesting that resilient and 

non-resilient individuals differ in their responses to rejection. It also provides more information on 

the nature of the effects of resilience on this response. A mix of modulating and direct effects 

appears to be affecting various measures of brain activity. Together these effects convey the 

complicated and intricate nature of the inner workings of social support and resilience within a 

rural community. Importantly, the lack of research on resilience through the lens of the individual 

makes it difficult to fully understand and determine the underlying mechanisms at play. Future 

research should focus on examining resilience on the individual and community levels in order to 

determine the overlap and distinctions between the two. Frontal asymmetry has proven to be 

particularly consistent as a biomarker for resilience, making it a good choice for the continuation 

of this research (Curtis & Cicchetti, 2007; Cicchetti, 2013; Quaedflieg 2015). Importantly, frontal 

asymmetry has good test-retest reliability and high internal consistency over months making it 

highly useful for future studies that want to implement biofeedback procedures (Towers & Allen, 

2008). Biofeedback has shown promising results in depression and anxiety studies by teaching 

individuals how to alter a specific band frequency, resulting in a decrease in negative 
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symptomology (Tolin et al., 2020; Hou et al., 2020). Future research should focus on the 

development of resiliency using frontal asymmetry that can then be adapted into biofeedback 

treatments for individuals at risk for traumatic life experiences.  

Current results support previous research on the complex but consistent interactions between 

individual ACEs and their respective categories. Importantly, these were observed within a rural 

population, which has not been studied in depth previously. These results validate the use of a rural 

community for these types of studies in addition to confirming prior theories regarding the 

increased risk of experiencing trauma in rural communities. These results provide important 

context for future research that validates the reliability of ACEs as a measurement of childhood 

trauma at baseline. Future research should focus on the inclusion of timing and quantity 

measurements of childhood trauma in order to obtain a more in-depth understanding of how these 

variables change the long-term effects.  

It is evident through the results obtained here that social support, resilience, and childhood 

trauma considerably impact rural individuals’ responses to rejection. The complicated nature of 

these variables and the lack of previous research make it difficult to fully determine the impacts 

and interactions that these variables have on rural individuals. However, the results do determine 

that factors like social support are of extreme importance in fostering a resilient mindset that can 

occur even after years of childhood trauma and abuse. The results of this study will shed light on 

the influence of social rejection on the neural activity of rural individuals and the role ACEs, 

resilience, and social support play in this response, as well as increasing knowledge and 

awareness of the impactful experiences that occur in rural communities.  
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Limitations 

 Previous research on rural communities is limited due to a lack of accessibility to these 

areas, prior knowledge, and funding. The lack of foundational information on these areas can 

lead to certain preconceived notions of how these communities operate. Preconceived notions 

might result in certain assumptions being made about these communities which can be harmful 

in the direction of future research. Without a cohesive foundation of information on this 

population, it is difficult to effectively determine the detailed characteristics and inner workings 

that are necessary to fully understand these communities. Current and future research on rural 

communities needs to start from the beginning by exploring the issues that these communities are 

facing and the ways in which they have found to adapt to their particular struggles. 

Examining childhood trauma via questionnaires can provide an initial look into how an 

individual’s childhood might have been affected by negative experiences like neglect and abuse. 

These questionnaires provide extremely useful information that has consistently shown to map 

on to various outcomes later on in life. However, the current state of ACE questionnaires does 

not take into account the amount, timing, or seriousness of these events, which are necessary to 

fully understand the way that childhood trauma affects these individuals later in life. In addition, 

these questionnaires are not consistent and often have widespread differences in the experiences 

and ways in which these experiences are examined. The lack of clarity, depth, and consistency in 

these questionnaires as a whole directly limits the amount of information that will be obtained 

from these measures. Future work should focus on increasing the accuracy, consistency, and 

comprehensiveness of current questionnaires that may be used to foster better options for future 

use.  
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 Five separate sites were used to test the effects of social rejection on rural communities. 

Despite the original calculations of power and sample size being adequate, many participants 

were lost due to unusable EEG data or data loss in other modalities than EEG. Specifically, seven 

participants were removed from analyses as a result of unusable EEG data. Given the uncertainty 

and inability to control the specifics of the community sites used, this aspect of the data loss is 

not entirely surprising and was expected. The data loss as a result of issues with the 

questionnaires and improper recruitment at the Anadarko site was not expected and significantly 

reduced the original sample size obtained. These unexpected difficulties are common in 

multidisciplinary studies that consist of many people attempting to coordinate simultaneously. 

Future research should be aware of the pros and cons of multidisciplinary research in that it 

provides a comprehensive view of a particular population as well as the drawbacks related to 

effectively coordinating among various disciplines. The final sample size of 24 that was used for 

most of the final analyses is much lower than would be preferred for the designed study. The lack 

of sample size and subsequent power likely affected the results obtained from this population. 

Importantly, the small sample size resulted in significantly less variation in total scores across a 

majority of the questionnaires. The lack of representation in the full extent of scores can directly 

affect the outcome of the results and the extent to which significant results can be fully 

interpreted. 
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Supplemental Figures: 

 

 

Figure S1: Mean alpha power in the frontal region. Dark blue shows the inclusion values and 

light blue shows the rejection values for each participant.  

 

Figure S2: Mean alpha power in the posterior region. Dark blue shows the inclusion values and 

light blue shows the rejection values for each participant. 
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Figure S3: Mean alpha power in the temporal region. Dark blue shows the inclusion values and 

light blue shows the rejection values for each participant. 

 

Figure S4: Mean beta power in the frontal region. Dark blue shows the inclusion values and 

light blue shows the rejection values for each participant. 
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Figure S5: Mean beta power in the posterior region. Dark blue shows the inclusion values and 

light blue shows the rejection values for each participant. 

 

Figure S6: Mean beta power in the temporal region. Dark blue shows the inclusion values and 

light blue shows the rejection values for each participant. 

 

 

 

 



72 
 

 

Figure S7: Mean alpha power difference between conditions across MSPSS scores in the frontal 

region, containing a 95% confidence interval. Difference values were calculated by subtracting 

inclusion alpha power from rejection alpha power and dividing by the sum of the two. 

 

Figure S8: Mean alpha power difference between conditions across MSPSS scores in the 

posterior region, containing a 95% confidence interval.  
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Figure S9: Mean alpha power difference between conditions across MSPSS scores in the 

temporal region, containing a 95% confidence interval.  

Figure S10: Mean beta power difference between conditions across MSPSS scores in the frontal 

region, containing a 95% confidence interval. 
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Figure S11: Mean beta power difference between conditions across MSPSS scores in the 

posterior region, containing a 95% confidence interval. 

 

Figure S12: Mean beta power difference between conditions across MSPSS scores in the 

temporal region, containing a 95% confidence interval.  
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Figure S13: Averaged asymmetry values across MSPSS scores with a 95% confidence interval.  

 


