
   

 

 

 

Conscious Emotion Regulation in Individuals With Disordered Eating When Viewing High-Fat 

and Low-Fat Food Images 

 
 

A Thesis 

Submitted to the Faculty 

of the Psychology Department 

 

 

of 

 

 

Washburn University 

 

in partial fulfillment of 

the requirements for 

 

 

MASTERS OF ARTS 

 

 

Psychology Department 

 

By 

 

Aubrey Dauber 

 

 

Topeka, Kansas 

 

April 23, 2020 

 

 

 

 

 

 

 

 

Author Note 

Aubrey Dauber, Department of Psychology, Washburn University. 

This research was supported in part by an internal Major Research Grant from Washburn 

University.  





 

 

 

Acknowledgements 

 I want to offer immense gratitude to my committee chair, Dr. Linzi Gibson, and my 

committee members, Dr. Jericho Hockett and Dr. Cynthia L. Turk. Your guidance has allowed 

me to create and complete a master’s thesis that gives me much pride. All three of you have 

helped refine me into a successful researcher and scientific writer that has upheld the high 

academic standards of Washburn University. I also want to express my gratitude to my fellow 

graduate students, Bethany McKnight, Leyli Ukens, and Sarah Smith. They dedicated hours of 

their time to collect data for this study. Without the help of all of these individuals, this work 

would not have been possible.   

           In addition, I would like to thank my parents, Todd and Melissa Dauber, who have always 

supported my drive and passion for the psychological field. I hope to continue to make you 

proud as I enter doctoral level schooling to pursue my research interests in eating disorder 

pathology. Dad, you jokingly tell people that I came to this field to “figure out what’s wrong 

with her dad,” but you and Mom are exceptional parents that I am proud to call mine. Finally, I 

would like to thank my husband and best friend, Jake Gabriel. Your unconditional love and 

support have helped me persevere through all of life’s challenges. I cannot wait to have you (and 

the dogs, Izzy and Ollie) by my side as we continue our journey together.    

 



Running head: EMOTION REGULATION DISORDERED EATING  4 

 

Abstract 

Individuals with Anorexia Nervosa (AN) experience an intense fear of gaining weight, 

resulting in the restriction of caloric intake (American Psychiatric Association, 2013). Research 

has indicated that AN individuals may have abnormally poor emotion regulation skills which can 

result in social isolation, ineffective coping strategies, and difficulty with day-to-day functioning 

(Geller, Cockell, Hewitt, Goldner, & Gordon, 2000; Lynch, Gray, Hempel, Titley, & O’Mahen, 

2013). The current study replicates and expands on Racine et al.’s (2016) emotion-modulated 

startle paradigm (EMSP) research, which is a method that allows conscious, voluntary emotion 

regulation to be studied. Their study assessed how well individuals with AN could either 

“enhance,” “maintain,” or “suppress” their emotions when viewing positive, negative, neutral, 

and food images. In contrast to Racine et al. (2016), our study differentiated between high-fat 

and low-fat food image trials and included a healthy control (HC) group.  Findings from this 

study revealed no significant differences between disordered eating (DE) and HC groups. 

Despite no significant group differences, results did indicate significant differences in how 

participants were able to regulate their emotions when viewing certain picture types.    
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Conscious Emotion Regulation in Individuals With Disordered Eating When Viewing High-Fat 

and Low-Fat Food Images 

What is Anorexia? 

Anorexia nervosa (AN) is the restriction of caloric intake to achieve a less than minimally 

normal body weight (BMI ≥ 17 kg/m2) due to the fear of gaining weight (American Psychiatric 

Association, 2013). Although self-starvation for religious reasons (e.g., as evidence of dedication 

to faith and self-sacrificing nature) is documented as early as the fifth century, striving towards 

thinness continued during the 19th century where the standard of women’s beauty involved 

tightly bound corsets that slimmed the body, despite the physical pain and injuries they caused 

(Bemporad,1997; Cavanaugh & Lemberg, 1998). Using thinness as a way to achieve one’s 

personal goals, whether that be to become holier or achieve high societal status, has been a 

pattern throughout society. 

 In present day, AN has been researched as the deadliest disorder in the Diagnostic and 

Statistical Manual of Mental Disorders (5th ed.; DSM-5; American Psychiatric Association, 

2013) and has been reported to have only a 50% recovery rate (Birmingham, Su, Hlynsky, 

Goldner & Gao, 2005; Phillipou, Rossell, Gurvich, Castle, & Abel, 2016). While this disorder 

has a 12-month prevalence of approximately 0.4% and an average duration of seven years, those 

who do improve find full health recovery rare (Beumont & Stephen, 2003). Recovery is 

especially difficult in this population due to extreme internal conflict AN individuals face, as 

many find this disorder provides them a sense of control, a way to express their emotions, and a 

way to avoid negative emotions (Williams & Reid, 2010).  By using AN to avoid emotions, AN 

individuals create unhealthy emotion regulation strategies, which effect their day-to-day 

functioning in areas such as difficulties with their interpersonal skills and their social relations 
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(Beumont & Touyz, 2003; John & Gross, 2004). Recovered AN patients usually develop mental 

or physical handicaps, such as osteoporosis, and symptoms consisted with depression and 

obsessive compulsive disorder (American Psychiatric Association, 2013).  

How AN Individuals View Food 

The maintenance of AN is largely due to dysfunctional eating patterns used to lose 

weight, leading to major discrepancies in how AN individuals view food compared to those 

without an eating disorder. It is common for individuals with AN to process information 

differently than healthy controls (HC), especially when it comes to food (Soussignan, Jiang, 

Rigaud, Royet & Schaal, 2010). When tested while in states of hunger, HC elicited a more 

pleasant reaction to images of food than AN individuals both by implicit physiological measures 

and explicit self-reported measures. Specifically, AN individuals remained neutral across 

different satiation levels in response to food pictures. When comparing self-report scores of the 

HC and AN groups in hunger states, AN participants had significantly lower ratings for how 

much they desired and how much they liked the food images presented.  At an implicit level 

using EMG facial measures, AN individuals produced fewer smiles than the HC at the sight of 

food images (Soussignan et al., 2010).  

Apart from hunger levels, this pattern of AN individuals lacking the desire for food is 

apparent even in weight-restored AN patients. Based on reaction times to forced choice food 

pictures, Cowdrey, Finlayson, and Park (2013) found that both current underweight and weight-

restored AN individuals wanted high-calorie food less and low-calorie food more at explicit and 

implicit levels. Previous picture studies have shown that AN individuals chose the low-fat food 

images over high-fat food images (Cowdrey et al., 2013; Steinglass, Foerde, Kostro, Shohamy & 

Walsch, 2015; Stoner, Fedoroff, Anderson, & Rolls, 1996). One explanation for this difference is 
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that anorexic-like patients have an attentional bias toward low-fat food compared to high-fat 

(Veenstra & de Jong, 2012). Food bias in AN members differs vastly compared to HC, who tend 

to be biased toward high-fat and high-sugar foods (Woodward & Treat, 2014). 

What is Emotion Regulation? 

The cause behind the pattern of AN individuals preferring different types of food 

compared to HC at an implicit level is speculated to be difficulties with emotion regulation in 

AN clients (Haynos, Roberto, & Attia, 2015; Racine et al., 2016). Emotion regulation can be 

defined as the automatic or controlled processes one uses to monitor when they have emotions, 

how they experience their emotions, and how they express their emotions (Gross, 1998). 

Emotion regulation can be implicit or explicit, such as purposely deciding to change the subject 

of an aversive topic or involuntarily diverting one’s attention away from something unpleasant 

(Gross, 1998). By definition, explicit emotion regulation requires conscious effort or monitoring 

that allows for some level of insight and awareness. In contrast, implicit emotion regulation is 

thought to happen automatically, without the monitoring, insight, and awareness found in 

explicit emotion regulation (Gyurak, Gross, & Etkin, 2011).  

A more specific type of emotion regulation called habitual emotion regulation occurs 

when explicit emotion regulation has been used in a situation so frequently that the process 

becomes implicit. For example, if a co-worker is upset one might explicitly remind themselves 

the co-worker is having a bad day, while other times one might reappraise the situation without 

awareness (Gyurak et al., 2011). Emotion regulation is critical to our everyday lives and in 

aiding social interactions (Gross, 2002). For examples, individuals who scored high on emotion 

regulation measures were viewed as more favorable and better at reciprocating friendship than 

those with lower scores (Lopes, Salovey, Côté, Beers, & Petty, 2005).  
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What is Known About AN and Emotion Regulation? 

Dysfunctional emotional and social functioning seem to be a primary root of the 

development and maintenance of AN (Geller, Cockell, Hewitt, Goldner, & Gordon, 2000; 

Harrison, Sullivan, Tchanturia, & Treasure, 2010; Harrison, Tchanturia, & Treasure, 2010; 

Lynch, Gray, Hempel, Titley, & O’Mahen, 2013; Schmidt & Treasure, 2006). In one study, AN 

patients were asked to write a letter to their anorexia. The result was that patients commonly felt 

that the disorder works to their advantage by aiding in the reduction and avoidance of unpleasant 

emotions (Brockmeyer et al., 2012).  

In conjunction with flawed emotional and social functioning, AN patients often struggle 

with over-controlling personalities that contribute to difficulties with their emotions. AN clients 

commonly try to conceal how they feel in attempts to avoid public displays of emotion, causing 

social isolation issues (Lynch et al., 2013). Maladaptive emotion regulation has been found to be 

a common pattern among eating disorder patients; specifically, they are more likely to employ 

strategies of rumination (dwelling on negative thoughts) and suppression (purposely making 

emotions weaker; Geller et al., 2000). These strategies lead to AN individuals to be less likely to 

use helpful emotion regulation strategies, such as allowing themselves to feel their emotions in a 

nonjudgmental way or cognitively reappraising the situation (Naumann, Tuschen-Caffier, 

Voderholzer, & Svaldi, 2015; Naumann, Tuschen-Caffier, Voderholzer, & Svaldi, 2016; Startup 

et al., 2012; Geller et al., 2000).  

Using Eyeblink to Assess Emotion Regulation 

Stark discrepancies in responses within AN individuals suggest that they struggle to label 

and understand their emotions accurately, leading to a definite value in using implicit measures 

(e.g., eyeblink startle) rather than explicit measures (e.g., self-report; Nandrino et al., 2012; 
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Zonnevylle-Bender, Van Goozen, Cohen-Kettenis, Van Elburg, & Van Engeland, 2004). 

Conscious emotion regulation has been shown to affect eyeblink startle responses, which is a 

way to monitor emotional regulation in participants at a physiological level rather than from self-

report (Dillon, & LaBar, 2005). According to Racine et al. (2016), assessing voluntary emotion 

regulation in AN and HC participants can be done by observing startle responses after giving 

participants a regulation cue, such as to enhance, suppress, or maintain the emotion they are 

feeling. 

Tracking human startle by measuring eyeblink is ideal due to the high responsiveness to 

change and it being less invasive than other measures (Blumenthal et al., 2005). Research using 

eyeblink tracking has found that in general, humans are more likely to have a higher startle 

response (blink more) in the presence of negative or fear-provoking stimuli and less of a startle 

response to pleasant stimuli (Bradley, Cuthbert, & Lang, 1993; Vrana, 1995). Evidence suggests 

the startle response caused by fear and anxiety involves activation of the amygdala, the area of 

the brain used for threat detection (Davis, 1998). In contrast, the nucleus accumbens, which is 

rich in dopamine receptors, is activated during positive emotional states (Koch, Schmid, & 

Schnitzler, 2000).  

Recent research by Racine et al. (2016) has incorporated this emotion-modulated startle 

paradigm (EMSP) to better understand voluntary emotion regulation in AN populations. Their 

procedure involved presenting a stimulus image for three seconds before introducing an auditory 

stimulus (acoustic startle probe) to gauge the participant's reactivity to the image before the 

regulation cue (i.e., suppress, maintain, or enhance) is presented. After this regulation cue is 

given, the stimulus image returns for four more seconds, then a blank screen appears for an 

additional six seconds before the word “Relax” appears on the screen. Racine and colleagues’ 
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study looked at the mean startle responses before and after the regulation cue was given and 

found four primary outcomes. First, AN participants struggled to suppress their emotions when 

shown images that were negative or images of food. Second, AN participants struggled to 

enhance their emotions when shown positive images. And third, when asked to rate the images 

on valence and arousal, positive images resulted in significantly less arousal compared to images 

that were negative or images of food, and significantly higher arousal than neutral images. 

Fourth, the most important finding in their study was that AN participants struggled to regulate 

their emotions when asked to enhance their current feelings, but they did not show issues with 

emotion regulation when asked to suppress their current feelings.  

Research incorporating the EMSP to assess AN populations is sparse, with only three 

studies employing this technique. Reichel et al. (2014) collected data by self-report and the 

EMSP in AN and HC groups viewing images of emaciated bodies. While no significant 

differences were found in explicit self-report measures, there was a significant difference in 

eyeblink startle, such that the AN group seemed to find the emaciated bodies pleasant while the 

HC group experienced the images as unpleasant. Friederich and colleagues (2006) also used 

EMSP to track startle responses in AN and HC groups viewing food images. Startle responses 

were significantly higher in AN groups compared to HC, demonstrating the averseness AN 

individuals experience when seeing food (Friederich et al., 2006). Currently, Racine et al. (2016) 

is the only study to implement the EMSP to assess voluntary emotion regulation and startle 

response in AN groups.  

The current study used undergraduate students that were classified into disordered eating 

(DE) and HC groups by using the Eating Disorder Questionnaire (EDE-Q). The EDE-Q assesses 

the same symptoms found in AN and can be used as a way to detect disordered eating symptoms 
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(Fairburn & Beglin, 1994). The study expands on Racine et al. (2016) by adding low-fat food 

pictures to the stimuli and including a HC group. These two additions will create a better 

understanding of how DE clients control emotions when viewing healthy and unhealthy food 

pictures and also of the differences in startle to low-fat and high-fat foods between DE 

participants and HC. On the basis of the reviewed literature, this study will test three hypotheses: 

Hypothesis 1: Because of the negative valence AN individuals attribute to high-fat food 

(Soussignan et al., 2010), DE participants will elicit more of a startle than HC to high-fat 

food pictures compared to low-fat food pictures. 

Hypothesis 2: DE participants will struggle more than HC participants to suppress 

emotions while viewing high-fat and negative images compared to low-fat foods.  

Hypothesis 3: DE participants will employ better emotion regulation compared to HC to 

enhance emotions when viewing low-fat food photos compared to high-fat food photos. 

Method 

Participants 

 Participants (N = 24) were college students from a mid-sized Midwestern university. All 

participants reported having no uncorrected hearing or visual impairments and provided valid 

data (14.3% male, 85.7% female, Mage = 21.29 years, age range: 18-47 years). These participants 

were recruited from the introductory psychology course and received course credit for their 

participation.  

Two groups of participants, HC and DE individuals, were recruited for the current study. 

The DE group consisted of seven participants (16.6% male, 83.3% female, Mage = 20.85 years, 

age range: 18-27 years) that had elevated scores on the Eating Disorder Examination 

Questionnaire (EDE-Q; Mscore = 3.37, SD = .85). The HC group consisted of 17 participants 
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17.6% male, 82.4% female, Mage = 21.47 years, age range: 18-47 years) who did not have 

elevated scores on the EDE-Q (Mscore = .89, SD = .72). Possible scores on the EDE-Q for each 

subscale and the global score range from 0-6. EDE-Q global scores for the HC group ranged 

from 0-2.34 and global scores for the DE group ranged from 2.62- 5.1.   

The Eating Disorder Examination Questionnaire (Fairburn & Beglin, 1994) was 

administered to both DE and HC groups to assess for levels of dysfunctional eating. Scores on 

the EDE-Q were compared to community sample norms of 241 women (Fairburn & Beglin, 

1994). To establish a cutoff score for HC participants, scores that were one standard deviation 

above the EDE-Q global score community sample norms (M = 1.554, SD = 1.213) were not 

included in this study as a HC. The EDE-Q assesses behavior commonly found in AN, such as 

food restriction, weight loss, and body image concerns. While the participants in the DE group 

were not clinically diagnosed as having AN, elevated scores would suggest the DE group shares 

similar characteristics to AN individuals. 

Stimuli 

 One hundred images were presented on a computer screen (20 negative valence; 20 

positive valence; 20 neutral valence; 20 high-fat food; 20 low-fat food) with all food images 

sourced from Food-pics: An image database for experimental research on eating and appetite 

(Blechert et al., 2014). The negative, positive, and neutral images were sourced from the 

International Affective Picture System (Lang et al., 2008). High-fat food pictures included food 

items that are typically consumed during binges, such as pasta, sweets, breads, and salty snacks 

(Basnow & Schneck, 1983).  
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Measures 

 Demographic Survey. The demographic survey implimented in this study included 

questions that pre-screened participants to ensure they fit the criteria mentioned above to 

differentiate DE individuals and HC (see Appendix A). Questions in this survey addressed age, 

hearing or vision problems, medications currently being used, and current or past diagnoses of 

mental disorders given by a liscensed clinician. Due to past research suggesting that certain 

medications can impact eyeblink startle, including a question regarding psychotropic 

medications was given in order to control for possible effects (Grillon & Baas, 2003). 

 Eating Disorder Examination Questionnaire.  The Eating Disorder Examination 

Questionnaire (EDE-Q; Fairburn & Beglin, 2008; see Appendix B) is a shorter, self-administered 

version of the Eating Disorder Examination (EDE), adapted from the EDE to reduce fatigue and 

prevent under-reporting of difficult to answer questions (Fairburn & Beglin, 1994). The EDE-Q 

is a 28 item self-report measure that assesses frequency of key behaviors found in eating 

disorders, such as binge eating, self-induced vomiting, and restriction of food. Response options 

for items 1-12 and 19-28 range from 0 (no days/not at all) to 6 (every day/markedly). Items 13-

18 require participants to report how many times out of the last 28 days they have endorsed a 

specific dysfunctional eating behavior.  

The EDE-Q obtains a global score that consists of the summation of four subscales: 

Restraint, Eating concern, Shape concern, and Weight concern. Subscales consist of the 

following items: restraint (1-5), eating concern (7, 9, 19-21), shape concern (6, 8, 10, 23, 26-28), 

weight concern (8, 12, 22, 24, 25). Scores above community sample norms indicate more 

symptomaology within each subscale (Fairburn & Beglin, 2008). To calculate subscale scores, 

items that contribute to that subscale are added and then divided by total number of answered 
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items contributing to that subscale. To calculate the global score, all subscales are totaled and 

divided by the number of subscales (four).  

The EDE-Q has been deemed to be a valid and reliable measure that can differentiate 

between potential eating disorder cases and non-potential eating disorder cases (Berg, Peterson, 

Frazier & Crow, 2012). The EDE-Q has been shown to have good criterion validity with scores 

across all subscales being significantly higher for eating disorder cases than non-cases (Mond, 

Hay, Rodgers, Owen, & Beumont, 2004). Test-restest reliability of  EDE-Q scores from one to 

fourteen days with a community sample of 139 female undergraduate students had good test-

retest reliability across all four subscales (restraint r = .81, eating concern r = .87, shape concern 

r = .94, weight concern r = .92; Berg et al, 2012). Internal consistency EDE-Q scores for a 

community sample of 139 unergraduate females had good internal consistency across all four 

subscales (restraint r = .85, eating concern r = .81, shape concern r = .92, weight concern r = .89; 

Berg et al, 2012). For the present sample, the Cronbach’s alpha for the EDE-Q was .94, 

illustrating high internal consistency. 

Procedure 

The procedure was modeled after Racine et al. (2016). All participants completed an 

informed concent describing the process of the study and the content of the pictures. All 

participants were pre-screened with a demographic survey that addressed the critera mentioned 

above (see Appendix A). Participants who were eliglible for the study answered yes to normal or 

corrected vision or hearing. After eligbility was established through the demographic survey, 

participants were given the EDE-Q (see Appendix B). Participants who had elevated scores on 

the EDE-Q (above one standard deviation on community sample global scores), were recruited to 

the DE group.  



EMOTION REGULATION DISORDERED EATING 

 

 

15 

After both questioniaires were completed, participants were seated in front of a 15-inch 

laptop that was connected to a psychophysical measuring system that measured galvanic skin 

response (GSR) and electromyogram (EMG) activity tracking to detect eye blink (SRS-100 

Stimulus Response System; iWorx). This system worked in conjunction with the electronically 

presented stimuli using E-Prime 2.0 software (Psychology Software Tools). Participants were 

also equipped with in-ear headphones to deliver the acoustic probes (Apple ear pods; Apple).  

Participants were told that they were going to see pictures and be asked to regulate their 

emotions to the pictures. The emotion regulation instructions presented to participants were the 

same instructions used in Racine et al. (2016; see Appenix C). Participants were instructed to 

regulate their emotions in one of three ways throughout trials. When asked to “enhance” their 

emotions, participants were instructed to make the feeling they have stronger. When asked to 

“suppress” their emotion, participants were instructed to make the feeling they have weaker. 

Finally, when asked to “maintain” their emotions, participants were instructed to keep the level 

of emotion they were feeling the same. Before the experiment began, participants were instructed 

not to think of a different picture or try to feel a different emotion in response to an emotion 

regulation prompt (enhance, maintain, suppress). Other than those rules, participants were told to 

use whatever emotion regulation strategies would be helpful to them. EMG startle magnitude 

was used to assess varying levels of startle response to the different emotion regulation cues. 

Practice trials were administered to participants before data collection began. During practice, 

each participant viewed three pictures for each condition (negative, positive, neutral, high-fat, 

low-fat), paired with each emotion regulation cue (suppress, maintain, enhance) to ensure the 

participant understood the procedure.  
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 At the start of each trial an image was presented for four seconds before the screen 

displayed an emotion prompt word (enhance, maintain, or suppress) for one second. After the 

emotion prompt word, the image returned for another four seconds. To cue the end of each trial, 

after the stimulus image was displayed for a total of eight seconds, a black screen appeared for 

six seconds, followed by a screen presented for four seconds with the word “Relax.” At the start 

of each trial, participants viewed an image for three seconds before an acoustic probe was 

delivered into the participant’s headphones. The first acoustic probe at the beginning of each trial 

is defined as the emotion reactivity startle probe (also refered to as the “no cue” startle probe). 

The emotion reactivity startle probe assesses for reactivity before the participant has been given 

an emotion regulation cue. At four seconds into the trial, the emotion prompt word (suppress, 

maintain, enhance) appeared on the screen for two seconds until the image returned to the screen. 

At eight or twelve seconds, another acoustic probe was delivered through the headphones. This 

second acoustic probe occurs after the emotion reactivity startel probe and is defined as the 

emotion regulation startle probe. The emotion regulation startle probe was used to assess 

reactivity after the participant had been given an emotion regulation cue. The emotion regulation 

startle probe was activated in the headphones at different times (eight or twelve seconds) in order 

to prevent the participant from learning when to expect the emotion regulation startle probe. 

Each trial lasted a total of twenty seconds (see Figure 1).  

EMG and GSR data reduction and statistical analysis 

 Based on Racine et al. (2016), EMG activity was filtered using a 300 Hz low pass filter, a 

30 Hz high pass filter, and a 60 Hz notch filter. The EMG data was then smoothed using a 5 

point moving average. All data preprocessing was conducted using iWorx software (SRS-100 

Stimulus Response System; iWorx). Baseline startle was defined as the peak EMG startle 
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activity 20-150 ms after the emotion reactivity startle probe (i.e. “no cue” startle probe) was 

delivered. Startle response was defined as peak EMG activity 20-150 ms after the emotion 

regulation startle probe (i.e. aucoustic probe after the emotion regulation cue was given) was 

delivered. In order to evaluate baseline startle compared to startle after participant’s were given 

an emotion regulation cue, scores were standardized for each participant as follows: z score = 

(raw trial magnitude value- M of raw values across all trials) / SD for raw values across trials; T 

score value = (z score value x 10) + 50 (Yancey, Vaidyanathan & Patrick, 2014). After scores 

were transformed using this formula, each participant had a standardized blink magnitude score 

of M = 50 and SD = 10.  

 GSR data was measured in megavolts (mv) and baseline GSR startle was defined as the 

peak GSR startle activity 4.5 seconds after the emotion reactivity startle probe (i.e. “no cue” 

startle probe) was delivered. Startle response was defined as peak GSR activity 4.5 seconds after 

the emotion regulation startle probe (i.e. aucoustic probe after the emotion regulation cue was 

given) was delivered. The 4.5 second time-frame after acoustic probe onset that is implemented 

here was based off of models used in other aucoustic probe research (Hamann, Monarch, & 

Goldstein, 2002; Favaron, Bellodi, Biffi, Zorzi, Liperi, & Pema, 2009). 

Results 

EMG data results 

 Based on Racine et al. (2016), all analyses were conducted using transformed (see 

formula above) EMG data 20-150 ms after stimulus onset. This data was used as the dependent 

variable for all analyses. A 2x4x5 mixed-factor Analysis of Variance (ANOVA) was used to 

examine HC and DE groups as the between-subjects factor, emotion regulation strategy (no cue, 
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enhance, suppress, maintain) as one within-subjects factor, and picture type (positive, negative, 

neutral, high-fat, low-fat) as a second within-subjects factor.  

There were no significant main effects for group, emotion regulation, or picture type. A 

significant interaction for picture type and emotion regulation cue type was found, F(12, 264) = 

2.09, p = .018. A paired samples t-test was conducted to determine significance between picture 

type and cue. When viewing high-fat images, there was a significant difference between the “no 

cue” startle magnitude (M = 51.17, SD = 2.98) and the “maintain” cue startle magnitude (M = 

48.66, SD = 3.52), t(23) = 3.24, p = .004. This finding reveals that participants had a lower startle 

response after they were asked to maintain their emotions when viewing high-fat images, 

indicating that participants struggled to keep their emotions at the same intensity. The t-test also 

revealed a significant difference between the “no cue” startle magnitude and the “suppress” 

emotion regulation cue (M = 48.82, SD = 3.13), t = 3.77, p = .001, during high-fat image trials, 

indicating that participants were able to decrease their startle when asked to suppress their 

emotions after viewing high-fat food images. Finally, when viewing negative images, there was a 

significant difference between the “no cue” startle magnitude. See Figure 2. 

To test hypothesis 1, a mixed-factor 2x2 ANOVA was used to examine EMG startle 

response with DE and HC groups as the between-subjects factor and high-fat and low-fat images 

as the within-subjects factor. Due to the negative valence AN individuals attribute to high-calorie 

food (Soussignan et al., 2010), DE participants were predicted to elicit more of a startle than HC 

to high-fat food pictures compared to low-fat food pictures. Results indicated no significant main 

effect between high-fat and low-fat pictures F(1, 66) = .08, p = .78, and no significant main 

effect between groups F(1, 66) = .83, p = .37. There was also no significant interaction between 

picture type and groups, F(1, 22) = .25, p = .62. 
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To test hypothesis 2, a mixed-factor 2x3 ANOVA was used to examine EMG startle 

response from suppression trials with DE and HC groups as the between-subjects factor and 

high-fat, low-fat, and negative images as the within-subjects factor. DE participants were 

predicted to struggle more than HC to suppress feelings when viewing high-fat and negative 

images compared to low-fat images. Statistical analysis revealed a significant main effect 

between picture type, F(2, 44) = 4.87, p = .012. Fisher’s Least Significant Difference (LSD) post 

hoc analysis test revealed that during suppression trials, startle magnitude from high-fat photos 

(M = 48.75, SD = .72) was significantly lower than startle magnitude from low-fat photos (M = 

51.17, SD = .92). See Figure 3. Our data also revealed no significant main effect between groups, 

F(2, 44) = 1.89, p = .16, and no significant interactions between picture type and group, F(1, 22) 

= .10, p =.16. 

To test hypothesis 3, a mixed-factor 2x2 ANOVA was used to examine EMG startle 

response from enhance trials with DE and HC groups as the between-subjects factor and high-fat 

and negative pictures as the within-subjects factor. DE participants were predicted to regulate 

their emotions better than HC when enhancing their emotions to negative images compared to 

high-fat images. No significant main effect was found for picture type, F(1, 22) = .36, p = .55, or 

group type, F(1, 22) = 2.12, p = .15, and there was no significant interaction between groups and 

picture type, F(1, 22) = .02,  p = .90. 

GSR data 

The same 2x4x5 mixed-factor ANOVA (Group, Emotion Regulation Cue, Picture Type) 

that was used to examine EMG data was used to examine GSR data. There was a significant 

main effect for picture type, F(4, 88) = 3.89, p = .006. The LSD post hoc analysis indicated that 

startle magnitude from neutral images (M = 259.43, SD = 10.98) was significantly lower than 
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startle magnitude from positive images (M = 260.92, SD = 11.03) and significantly higher than 

startle magnitude from low-fat images (M = 258.37, SD= 11.03). Startle magnitude from positive 

images were significantly higher than startle magnitude form negative images (M = 259, SD = 

11.13) and startle magnitude from low-fat images. Negative image startle magnitude was found 

to be significantly higher than low-fat startle magnitude. Statistical analysis also revealed a 

significant main effect for cue type, F(3, 66) = 4.66, p = .005. The LSD post hoc analysis 

revealed that suppression trial startle magnitude (M = 258.47, SD = 11.09) was significantly 

lower than “no cue” startle (M = 259.31, SD = 11.02) and the “maintain” cue trials (M = 259.98, 

SD = 10.99).  

Finally, there was significant interaction for picture and cue type, F(2, 26) = 4.94, p < 

.000. A paired samples t-test was conducted to determine significance between picture type and 

cue. When viewing neutral images, there was a significant difference between “no cue” startle 

magnitude (M = 257.71 SD = 24) and the “suppress” cue startle magnitude (M = 258.87, SD = 

24), t(23) = -2.16, p = .04. This reveals that participants had a higher startle response after they 

were asked to enhance their emotions when viewing neutral images. Another significance 

emerged between positive image “no cue” startle (M = 259, SD = 24) and “suppress” cue startle 

magnitude (M = 257.21, SD= 24), t(23) = 3.65, p = .001. This indicates that participants had 

difficulty suppressing their emotions whe viewing positive images. When viewing high-fat 

images, there was a significant difference between “no cue” startle (M = 257.62, SD = 48.34) and 

the “maintain” cue startle (M = 258.79, SD = 48.10; t(23) = -3.02, p = .006, indicating that startle 

to high-fat images was higher after receiving the “maintain” emotion cue. Lastly, the t-test 

revealed a significant difference between low-fat image “no cue” startle (M = 257.07, SD = 

47.77) and the “enhance” cue trials (M = 259.09, SD = 48.35), t(23) =-2.90, p = .008. There was 
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also a significant difference between low-fat image “no cue” startle (M = 257.07, SD = 47.77) 

and “suppress” cue trials (M = 255.33, SD = 48.28), t(23) = 2.27, p = .03. These results indicate 

that during low-fat image trials, participants had a higher startle magnitude when asked to 

enhance their emotions and a lower startle magnitude when asked to suppress their emotions, see 

Figure 4.  

 The same statistical models used for EMG data was used to analyze GSR data, with GSR 

data as the dependent variable. Hypothesis 1 was analyzed using a mixed-factor 2x2 ANOVA to 

examine GSR startle with DE and HC groups as the between-subjects factor and high-fat and 

low-fat images as the within-subjects factor. The ANOVA revealed no significant main effect in 

GSR startle between high-fat and low-fat picture types, F(1, 22) = 1.35, p = .26,  and no 

significant main effect between DE and HC groups F(1, 22) = .11, p = .75. Results also revealed 

no significant interaction between picture types and group, F(1, 22) = .90, p = .35. 

For hypothesis 2, a mixed-factor 2x3 ANOVA using GSR startle from suppression trials 

with DE and HC groups as the between-subjects factor and high-fat, low-fat, and negative 

images as the within-subjects factor revealed significant results. There was a significant main 

effect for picture type F(2,44) = 9.94, p = < .001, see Figure 5. Further analysis using the LSD 

post hoc test indicated that during suppression trials, GSR startle magnitude for high-fat images 

(M = 257.76, SD = 11.16) was significantly higher than GSR startle magnitude for low-fat 

images (M = 256.18, SD = 11.08), and significantly lower than GSR startle magnitude for 

negative images (M = 258.87, SD = 11.06). Suppression trial GSR startle magnitude for low-fat 

images was also significantly lower than suppression trial GSR startle magnitude for negative 

images. There was no significant interaction between picture type and groups, F(1, 22) = .10, p = 

.75. 



EMOTION REGULATION DISORDERED EATING 

 

 

22 

For hypothesis 3, a mixed-factor 2x2 ANOVA was used to examine GSR data from 

enhance trials with DE and HC groups as the between-subjects factor and high-fat and negative 

pictures as the within-subjects factor. The analysis showed no significant main effect for picture 

type, F(1, 22) = .16, p = .69, and no main effect between groups F(1, 22) = .14, p = .72. Finally, 

there was no significant interaction between picture type and groups, F(1, 22) = .09, p = .77.  

Discussion 

 This study investigated startle response between picture valence (negative, positive, 

neutral) and food type (high-fat, low-fat) in disordered eating and healthy control groups. To our 

knowledge, this is the first study using the EMSP with disordered eating participants that 

differentiates high-fat and low-fat food picture stimuli. Results from the current study partially 

supported the original hypotheses. Hypothesis 1, the prediction that DE participants would have 

a higher startle that HC participants when viewing high-fat food images compared to low-fat 

food images, was not supported by the EMG or GRS data due to no significant differences in 

startle response between groups when the both types of food images. This finding does not 

support past research that has suggested AN individuals prefer lower-fat over high-fat food 

(Cowdrey et al., 2013) and contradicts Racine et al’s. (2016) conclusion than AN individuals 

find food images more aversive. Our findings suggest that due to lack of significance in startle, 

DE and HC individuals experience no difference in implicit bias when viewing high-fat food 

images. 

 Similar to Hypothesis 1, results for Hypothesis 2 revealed no group differences. 

Hypothesis 2 predicted that DE participants would struggle more than HC participants to 

suppress their emotions when viewing high-fat food and negative images compared to low-fat 

images. Results suggest that both groups had the ability to suppress emotions when viewing 
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high-fat images. During suppression trials, both groups showed the same startle magnitude 

pattern when viewing high-fat and low-fat food images. Oddly, data between the EMG and GSR 

collection modalities were contradictory to each regarding which image type had the lowest 

suppression score. The EMG data suggests that, as a whole, participants were better at 

suppressing (i.e. lower startle) their emotions when viewing high-fat images compared to low-fat 

images. This finding is contradictory to Racine et al.’s (2016) research which found that AN 

participants had more difficulty suppressing emotions when viewing food or negative images. 

GSR data yielded findings opposite to EMG data with results indicating that participants 

struggled to suppress their emotions (i.e. higher startle) when viewing high-fat images compared 

to low fat. Despite these results being a cumulative score for both groups, this finding does 

partially support hypothesis 2 as it was more difficult for participants to suppress emotions to 

high-fat food compared to low-fat food images. The difficulty in suppressing emotions when 

viewing high-fat food images is supportive of past research that found AN individuals to desire 

low-fat food more than high-fat food (Cowdrey et al., 2013). The GSR data results also found 

that all participants could suppress their emotions better when viewing high-fat food images 

compared to negative images and that participants struggled to suppress their emotions when 

viewing low-fat images compared to negative images. The significantly higher suppression score 

data found using the GSR recordings contradict Racine et al.’s (2016) conclusion that AN 

individuals had no issues suppressing their emotions.  

Given that startle eyeblink response has been deemed as a more sensitive and responsive 

measure compared to skin conductance data, EMG data findings are more likely to be a true 

representation of the groups studied (Khemka, Tzovara, Gerster, Quednow, & Bach, 2017). Our 

findings conclude that groups were better at suppressing their emotions when viewing high-fat 
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foods compared to low-fat food images. This may suggest that both groups had stronger, harder-

to-control emotions when viewing low-fat images.  

Finally, results from EMG and GSR data enhance trials were not supportive of 

hypothesis 3, which was the assumption that DE participants would employ better emotion 

regulation compared to HC to enhance emotions when viewing low-fat food photos compared to 

high-fat food photos. As there was no significant difference between DE and HC groups when 

viewing high-fat and low-fat images the results do not support this hypothesis. Given that there 

was no significant difference in enhance trial data between high and low-fat food images, there is 

no evidence that the DE group desired one food type over the other. This differs from previous 

literature suggesting that HC participants find food images more appealing and AN individuals 

(Soussignan et al., 2010). 

 There are limitations in this study that should be considered. First, no participant had 

been diagnosed with a previous or current eating disorder. As established earlier, there is a large 

degree of error in self-report data and the self-reported EDE-Q was the sole decider of which 

group participants would be in. This limits the generalizability of our findings to AN 

populations. Furthermore, without verification of diagnosed eating disorder pathology, 

participants in the DE may not have been as reactive to the stimuli as a participant who has been 

diagnosed with AN. The EDE-Q is not meant to be used exclusively as a diagnostic tool, leading 

to the possibility that there was not enough difference between groups. Next, the sample size was 

small with uneven groups. Having this small of a sample creates a larger error in statistical 

analysis. Another limitation for this study is the novelty of equipment for research assistants. 

Running participants for this study was the first time graduate and undergraduate research 

assistants had used EMG and GSR equipment, leading to some human error. Also, participant’s 
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hunger levels were not able to be controlled for. Previous research exploring EMG activity in 

response to food images has shown significant differences in satiated and hungry participants 

(Soussignan et al., 2010).  

 Despite these limitations, the current study does add to the minimal EMSP research 

within disordered eating. Our expansion to the Racine et al. (2016) study was the addition of HC 

group and distinction between low and high-fat food images. The use of a control group revealed 

that in all emotion regulation trials there was never a significant difference in performance 

between groups. EMG data also illuminated that both groups had difficulty suppressing their 

emotions to low-fat food images and were more successful at suppressing their emotions to high-

fat images. From a clinical perspective, there is still more research that should be conducted to 

understand why there is such a difference in emotion regulation employment between high and 

low-fat pictures. Future studies would also benefit from having participants that have been 

clinically diagnosed with an eating disorder, as a diagnosis requires disordered eating to be 

present for several months which would lead to more reliability than the self-report EDE-Q. 

Finally, looking into group differences between different eating disorders (i.e. bulimia nervosa) 

and eating disorder subtypes (i.e. AN restrictive, and AN binge/purge) could establish a better 

understanding of unique emotion regulation differences and similarities between eating disorders 

dignoses. 
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Appendix A 

Demographic Survey 

1. What is your age in years? 

 

 

2. Do you have normal or corrected to normal vision? 

 

 

3. Do you have normal or corrected to normal hearing? 

 

 

4. Have you ever been dignoses with an eating disorder (Anorexia Nervosa, Bulimia Nervosa, or 

Binge Eating Disorder) by a liscensed clinician? If yes, please specify. 

 

 

5. Are you currently taking any psychotropic medications? If yes, please specify. 
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Appendix B 
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Appendix C 

Emotion Regulation Instructions 

In the experiment today, you will see some pictures and hear some noises. Some of these pictures 

will prompt emotional responses, while others may seem rather neutral. During the presentation 

of each picture, you will be instructed to suppress, enhance, or maintain the emotion you are 

currently feeling in response to the picture. The word SUPPRESS, ENHANCE, or MAINTAIN 

will be presented briefly on the screen. Suppose the emotion you are feeling in response to a 

picture is fear. Whatever fear you might experience in response to the picture, if you are 

instructed to ENHANCE, we would like you to increase the intensity of fear you feel. If you are 

instructed to SUPPRESS, we would like you to decrease the intensity of fear you feel. Similarly, 

if the emotion you experience in response to a picture is joy and you are instructed to 

ENHANCE, we would like you increase the intensity of joy you feel. If you are instructed to 

SUPPRESS, we would like you to decrease the intensity of joy you feel. 

 

The other type of instruction you will receive is to MAINTAIN the emotion you are feeling in 

response to a picture. For example, if you are feeling a certain kind of fear in response to a 

picture, and you are instructed to MAINTAIN, we would like you to keep your fear at about that 

level. Similarly, if the emotion you are feeling in response to a picture is joy, and you are 

instructed to MAINTAIN this emotion, we would like you to keep your joy at about the same 

level. 

 

When suppressing, enhancing, or maintaining emotion, you should stay focused on the picture 

and on the emotion you are feeling in response to the picture. For example, if you are 

experiencing fear in response to a picture and you are told to suppress your emotion, you should 

not accomplish this by generating a different emotion. Also, you should not just think of 

something unrelated to the picture. Otherwise, you are free to use whatever cognitive strategies 

that you find effective for enhancing and suppressing your emotional experiences. You will be 

asked about your strategies for suppressing and enhancing your emotional responses mid-way 

through the task and again at the end. 

 

Try to concentrate on suppressing, enhancing, or maintaining your emotional reaction to each 

picture even after the picture disappears from the screen. A few seconds after the picture has 

disappeared, you will see a picture telling you to “RELAX”. This is your cue to stop suppressing, 

enhancing, or maintaining your emotion response to the previous picture, and to get ready for the 

next picture. 
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Figures 

 

 

 

 

 

 

 

Figure 1. Illustration of the experimental design, including onset of images, and startle probes. 

Sup = suppress, Main = maintain, Enh = enhance (Racine et al., 2016). 
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Figure 2. EMG activity startle magnitude. Brackets indicate significant differences and error bars 

represent standard deviation. EMG startle magnitude for each picture type (neutral, positive, 

negative, high-fat, low-fat) corresponding to each emotion regulation cue type (no cue, maintain, 

enhance, suppress). * p < .05. ** p < .001. 
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Figure 3. EMG suppression trial data. Brackets indicate significant differences and error bars 

represent standard deviation. EMG startle response scores for HC and DE groups when viewing 

high-fat, low-fat, and negative images after being instructed to “suppress” their emotions. * p < 

.05.  
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Figure 4. GSR activity startle magnitude. Brackets indicate significant differences and error bars 

represent standard deviation. GSR startle magnitude for each picture type (neutral, positive, 

negative, high-fat, low-fat) corresponding to each emotion regulation cue type (no cue, maintain, 

enhance, suppress). * p < .05. ** p < .001. 
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Figure 5. GSR suppression trial data. Brackets indicate significant differences and error bars 

represent standard deviation. GSR startle response scores for HC and DE groups when viewing 

high-fat, low-fat, and negative images after being instructed to “suppress” their emotions. * p < 

.05. ** p < .001. 
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