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Abstract 

Computer use can become problematic, leading to social isolation and other negative 

psychological effects, including addiction (Cash, Rae, Steel, & Winkler, 2012).  A new 

condition, Internet Gaming Disorder (IGD), refers to the problematic use of playing video games 

on the internet that can interfere with daily life (American Psychiatric Association, 2013).  Eye 

tracking technology can measure different components (automatic and controlled) of attentional 

processing involved in substance use disorders and behavioral addictions.  Previous studies show 

attentional bias to addiction related visual stimuli versus control images.  The current study uses 

eye tracking technology to extend the previous findings in alcohol (Ceballos, Komogortsev, & 

Turner, 2009) and nicotine use (Field, Mogg, & Bradley, 2004a) to that of problematic internet 

gaming behavior.  Participants (n = 73) completed self-reported measures of 

consumption/quantity, hazardous alcohol use, internet gaming disorder symptoms, and 

compulsive internet use.  Eye tracking measurements to alcohol, video game, and control images 

included initial fixation, dwell time, and pupil response.  Internet gaming disorder scores were 

positively associated to dwell time on gaming images, r(71) = 0.274, p = .019, negatively 

associated to dwell time on neutral images, r(71) = -0.259, p = .027, and not associated with 

dwell time to alcohol images, p = .505.  Consumption/quantity of gaming was positively 

associated with dwell time to gaming images r(73) = 0.358, p = .002, while consumption/ 

quantity of alcohol use was not associated with dwell time to alcohol images, p = .051.  Internet 

gaming disorder scores were not associated with the overall initial fixations from any category, 

p’s > .260 or to the pupil diameter to any images, p’s > .271.  There were also significant gender 

differences for both poor sleep quality χ2 (1, N = 72) = 9.26, p = .002, and depression, χ2 (1, N = 

73) = 5.27, p = .022.  Occular imaging tools, such as eye tracking technology, is one method to 

look at attentional bias in individuals. Further research is needed using different types of gaming 

images, such as screenshots from popular games.  These findings support the continued study of 

individuals with problematic internet gaming behavior using eye tracking technology. 

Keywords: internet gaming disorder, eye tracking, attentional bias 

 

 



 
 

iii 

Table of Contents 

 
List of Tables ................................................................................................................................. iv 

List of Figures ..................................................................................................................................v 

 
Introduction ......................................................................................................................................8 

Prevalence Rates ..............................................................................................................................9 

Risks .................................................................................................................................................9 

Consequences .................................................................................................................................10 
Measurement of Internet Gaming Disorder  ..................................................................................11 

Similarities and Difference to Substance Dependence ..................................................................12 

Models of Addiction ......................................................................................................................13 

Attentional Bias .............................................................................................................................14 

Eye Tracking ..................................................................................................................................16 

Hypotheses and Predication ...........................................................................................................18 

Methods..........................................................................................................................................18 

Participants .....................................................................................................................................18 
Measures ........................................................................................................................................19 

Eye Tracking Measures..................................................................................................................21 

Eye Tracking System .....................................................................................................................21 

Eye Tracking Paradigm..................................................................................................................22 

Procedure .......................................................................................................................................22 

Statistical Analysis .........................................................................................................................23 

Results ............................................................................................................................................24 

Discussion ......................................................................................................................................28 

References ......................................................................................................................................31 
 

 



 
 

iv 

List of Tables 

Table 1. Demographic Characteristics 40 

Table 2. Participant Gaming 
Characteristics 41 

Table 3. Participant Alcohol 
Characteristics 42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

v 

List of Figures 

Figure 1. Eye Tracking Task 43 

Figure 2. Dwell Time 44 

Figure 3. Binge Interaction 45 

Figure 4. Initial Fixation 46 

Figure 5. Pupil Diameter 47 

   

   

   

   

   



  9 

Attentional Bias to Online Video Gaming Images Using Eye Tracking Technology 

Problematic internet use on the computer can lead to consequences, such as negative 

psychological effects (Cash et al., 2012).  When this problematic use of the internet meets 

addiction criteria it is referred to as internet addiction disorder (IAD; Young, 1998).  A new 

condition, internet gaming disorder (IGD), refers to the problematic use of playing video games 

on the internet, that can interfere with daily life (APA, 2013).  Internet gaming disorder is now 

listed in Section 3 (condition in need of additional research) of the Diagnostic and Statistical 

Manual, Fifth Edition (APA, 2013).  To qualify, individuals must meet at least 5 out of 9 

suggested criteria within the past year (APA, 2013).  These criteria are: preoccupation with 

gaming, tolerance, psychological withdrawal symptoms, unsuccessful attempts to control or limit 

gaming, loss of interest in previous hobbies, continued use despite knowing it is a problem, 

deceiving family members and/or therapists, use of internet games to escape a negative mood, 

and jeopardized or lost a relationship, job, or educational opportunity.  These DSM-5 criteria 

were incorporated into a recently published study that used a 27-item scale to measure IGD 

(Lemmens, Vakenberg, & Gentile, 2015).   

Additionally, the World Health Organization recently decided to include gaming disorder 

(GD) in the draft 11th Revision of the International Classification of Diseases (ICD-11; WHO, 

2018).  Though IGD is relatively new as a condition requiring further study, areas currently 

being assessed are: prevalence rates, risks, consequences, and similarities to other addictive 

disorders, including behavioral and substance (Lemmens et al., 2015).  Gaming disorder (GD) is 

characterized by many of the same symptoms as IGD (control issues, priorities, and continuation 

despite negative consequences) and diagnosis criteria (impairment in various aspects of life for at 
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least 12 months).  One important distinction of GD, however, is that the internet component of 

IGD has been removed. 

Prevalence Rates 

Prevalence rates of IGD vary considerably between countries based and on different 

diagnostic criteria and questionnaires that are used.  A survey of IGD using DSM-5 like criteria 

by Gentile (2009), found that in American youth between the ages of 8-18 years of age, 88% 

play video games at least occasionally (3-4 times a week, with an average of 13.2 hours a week), 

while 8.5% meet criteria for problematic gaming.  In a recent study by Müller et al. (2015), 

prevalence rates in seven European countries were assessed.  Rates of IGD in adolescents (14-17 

years old), was between 1.6 -2.7% and 5.1-8.4% of adolescents were at risk for IGD, depending 

on regularity of online computer gaming.  A sample collected at a Midwestern university used 

DSM-5 IGD criteria and reported a prevalence rate between 5.9-10.8% in those that were 18-25 

years of age (Eichenbaum, Kattner, Bradford, Gentile, & Green, 2015).  These studies provide 

evidence that the prevalence rate of IGD is between 5-10% based on the age group and the 

criteria being used. 

Risks 

There is a lack of prospective studies that investigate the cause of problematic gaming.  

Lemmens, Valkenburg, and Peter (2011) showed that lower psychosocial well-being (social 

competence, increased loneliness, and lower self-esteem), predicted higher rates of pathological 

gaming when measured six months later.  They also found that loneliness can be both a cause 

and consequence of pathological gaming.  It was explained that through virtual worlds, gamers 

are able meet with others like themselves during online community involvement and avoid real 
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life social deficits.  A meta-analysis by Prizant-Passal, Shechner, and Aderka (2016) found that 

socially anxious individuals spend a greater amount of time gaming and are more comfortable 

interacting online as compared to non-socially anxious individuals.  They also reported that as 

social anxiety increases, problematic internet use will increase and that as age increases, the 

correlation between social anxiety and internet use will increase.  These risks can lead to 

negative consequences that can affect the health and well-being of those who engage in 

problematic internet gaming behavior (Lemmens et al., 2011; Prizant-Passal et al., 2016). 

Consequences 

Consequences from excessive video gaming include: sleeping problems, lower 

psychological functioning, impaired memory, and lower cognitive functioning.  Concerning 

sleep, both the quantity and quality can be affected in adults and children.  For instance, Choo et 

al. (2010) assessed Singaporean children, where the average age of participants was 11 years old, 

who completed a questionnaire that included video-gaming habits, school performance, somatic 

symptoms, pathological symptoms of video-gaming, and sleep.  Their findings showed that 

pathological video gamers had less sleep, lower academic performance, increased hostility and 

impulse control problems, and more health problems.  In adults, it was also found that as the 

amount of time video games are played is increased, fatigue and insomnia also increase.  The 

time that the individual will go to bed and wake up will also become later (Exelmans & Van den 

Bulck, 2015).  They also found that adults who play more than one hour a day experience a 

harder time falling asleep, an overall lower quality of sleep, and are more likely to use sleep 

medication.  Further, a study by Dworak, Schierl, Bruns, and Struder (2007) using 

polysomnographic equipment, found that children who play video games before bed (2–3 hours 

before bed-time), show less slow-wave sleep, a longer amount of time taken to fall asleep, and 
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more stage 2 sleep.  Though this study found no effects on rapid eye movement (REM) sleep, a 

similar sleep study done by Higuchi, Motohashi, Liu, and Maeda (2005), showed that sleep 

latency increased and REM sleep was significantly shorter after playing games.  This lack of 

quantity and quality of sleep can also affect psychological functioning and memory (Exelmans & 

Van den Bulck, 2015).  These studies show that physical and psychological consequences of 

problematic gaming occur in both adults and children, affecting everyday life, including: sleep, 

work, school, and social situations (Choo et al., 2010; Dworak et al., 2007; Exelmans & Van den 

Bulck, 2015; Higuchi et al., 2005). 

Measurement of Internet Gaming Disorder  

Increasingly, excessive problematic video gaming is classified as an addiction.  In 2011, 

the American Society of Addiction Medicine (ASAM), changed the definition of addiction to 

that of a chronic disease of brain reward mechanisms, motivation, memory, and related circuitry 

that corresponds to both substance use and behavioral addiction.  This changed from the previous 

1980 and 1997 definitions, which made no mention of behavioral addictions, and only included 

alcohol and drug use disorders (ASAM, 1980, 1997).  The American Society of Addiction 

Medicine model includes six dimensions of multidimensional assessment, from acute 

intoxication and/or withdrawal potential to recovery/living environment to examine patient's 

needs, obstacles, strengths, assets, resources, and support structure (ASAM, 2018).  The change 

in the DSM-5 criteria and the ASAM policy statement on addiction supports some of the 

emerging literature, which suggests that there are similarities between substance use disorders 

and behavioral addictions (Grant, Potenza, Weinstein, & Gorelick, 2010).  According to DSM-5 

criteria, substance use disorders cover 11 different criteria, where meeting 2–3 criteria indicate a 

mild disorder, 4–5 criteria indicate a moderate disorder, and 6 or more indicate a severe disorder.  
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To qualify for IGD, individuals must meet at least 5 out of 9 suggested criteria within the past 

year (APA, 2013), which are based on substance use disorder criteria (Lemmens et al., 2015).  

Lemmens et al. (2015) considered normal, risky, and disordered gamers as categories, allowing 

for a continuum versus a yes/no diagnosis that the APA set in place.   

Similarities and Difference to Substance Dependence 

A review by Grant et al. (2010) explained that behavioral addictions (e.g. pathological 

gambling, sexual addiction, etc.) show similarities to substance use, including persistent behavior 

changes, negative consequences, impulse control, and tolerance.  These include neurobiological 

similarities of dopamine release in the nucleus accumbens and other reward-related areas of the 

brain that are seen in substance abuse and video gaming.  For example, a positron emission 

tomography (PET) study by Koep et al. (1998) showed that playing video games increased the 

release and binding of dopamine to its receptors in the ventral striatum (nucleus accumbens) 

compared to baseline levels.  Substance use disorders also cause changes in dopaminergic 

neurons, their receptors, and transporters (Harris, Brodie, & Dunwiddie, 1995; Volkow, 1997).  

Using functional magnetic resonance images (fMRI), Ko et al. (2013) examined participants who 

were comorbid for both internet gaming addiction (IGA) and nicotine dependence.  Participants 

viewed images corresponding to online gaming, smoking, and neutral images.  Both the anterior 

cingulate (involved in attention, memory, and impulse control) and parahippocampus (connects 

environmental cues to the internal states associated with substance use) were more activated for 

both cue-induced gaming urges and smoking cravings among the comorbid group in comparison 

to the control group.  This shows that substance dependence and IGA may have similar 

mechanisms in the brain.  Behavioral addiction literature, such as by Grant et al. (2010), attempts 

to extend the findings to internet gaming.  However, there are differences that are present as 
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well.  For example, where drugs of abuse can have neurotoxic effects in the brain, behavioral 

disorders, such as gambling disorder, may cause minor changes in comparison to substance use 

(Clark, 2014).  This shows that similarities may be present when comparing problematic 

substance use to behavioral disorders. 

Models of Addiction 

Literature also suggests that some substance use disorder theories may be useful in 

understanding behavioral addiction.  For instance, according to the incentive-salience addiction 

theory by Robinson and Berridge (1993, 2000), attention is drawn toward stimuli that are 

associated with drug taking behavior through the process of salience attribution.  Following, the 

reward pathways in the brain become sensitive to the effects of addictive substances and related 

cues.  This is mediated by the effect of dopamine that is released in response to rewarding 

stimuli, either addictive (e.g., alcohol, smoking, and drug use) or behavioral (e.g., sex).  

Associations between stimuli that are immediately rewarding and/or rewarding in the future are 

also affected by this dopamine release, which can influence subsequent behavior.  The 

reinforcing effects of dopamine release in similar areas of the brain can also be seen in animal 

models (Hernandez & Hoebel, 1988; Wise et al., 1995; Wise, Leone, Rivest, & Leeb, 1995).  For 

instance, Chiara and Imperato (1988), found that an increase in dopamine concentration occurred 

in the mesolimbic dopaminergic system (specifically the nucleus accumbens and dorsal caudate 

nucleus) when rats were given drugs of abuse, stimulating reward seeking behavior.  These drugs 

included opiates, ethanol, nicotine, amphetamines, and cocaine.  These data show evidence that 

similar neural substrates involved in reward pathways may be involved. 

The Interaction of Person-Affect-Cognition Execution (I-PACE) model, developed by 

Brand, Young, Laier, Wolfling, and Potenza (2016), attempts to explain the processes involved 
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with the development and maintenance of addictive internet use.  The model is focused on 

behavioral habits like internet gaming, gambling, pornography, shopping, and communication.  

The model explains that addictive internet use is the result of interactions between predisposing 

neurobiological and psychological factors.  They suggest coping systems and cognitive biases act 

as moderators, while affective and situational triggers, in combination with reduced executive 

function, act as a mediator.  The importance of conditioning and how it applied to behavioral 

addiction was referenced to the incentive-salience of addiction theory by Robinson and Berridge 

(1993, 2000).  According to Brand et al. (2016), using the internet in certain ways will lead to 

gratification (positive reinforcement).  Gratification may lead to an increase in cue-reactivity and 

cravings to specific stimuli, as seen in operant and classical conditioning (Brand et al, 2016).  

This is similar to the process of “liking” (how much the drug is liked) and “wanting” (how much 

the drug is craved) that is seen in substance use disorders (Robinson and Berridge, 1993, 2000).  

Brand et al. (2016) proposed the early stage of the addiction process deals with more than 

gratification, that as the addiction process progresses, the level of experienced gratification goes 

down and the level of compensation increases.  With this shift from decreasing gratification to 

increasing compensation, control over the use of internet applications decreases, which may be 

attributed to an increase in negative consequences.  Data are emerging that may support or reject 

this new model of addictive internet use. 

Attentional Bias 

According to the incentive sensitization model, addiction related cues such as smoking, 

alcohol, and drug paraphernalia become more important to the organism, due to signifying 

reward, as compared to food, sex, and warmth.  Thus, the cues associated with addictive 

substances are learned, signify reward, and elicit craving (O’Brien, Childress, Ehrman, & 
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Robbins, 1998).  This cue reactivity is seen in cocaine users, where drug cues can elicit 

activation in mesolimbic areas that correspond to drug reward and craving/motivation (Young et 

al., 2014).  For example, when addicted individuals are presented with related cues due to 

conditioned environmental stimuli, it can lead to drug use and relapse (Wallace, 1989).   

 The reason for cue reactivity in substance dependence is attentional bias, or an increased 

amount of attention towards stimuli (i.e., cues) that are associated with that specific addiction 

(Cox, Fadardi, & Pothos, 2006).  Mesolimbic dopamine activation alerts the organism to attend 

to rewarding stimuli over non-rewarding stimuli.  This attentional bias can become implicit and 

automatic over time, due to classical conditioning.  The unconditioned stimulus is usually a 

precursor to the substance, being more salient than items not associated with the drug, causing an 

attentional shift towards them.  For instance, concerning nicotine dependent individuals, an 

unconditioned neutral stimulus (e.g., lighter) is repeatedly paired with an unconditioned response 

(e.g., acute effects of nicotine).  After repeated pairing, the unconditioned stimulus becomes a 

conditioned stimulus, which causes a conditioned response (neural adaptation to counteract the 

acute effect of the drug or craving) without the presence of the nicotine/drug (Field & Cox, 

2008).  One way to assess this is using an attentional bias paradigm, in which neutral images are 

displayed with addiction related stimuli.  Importantly, evidence suggests attentional bias exists in 

smoking cues, alcohol cues, and drug cues as compared to neutral cues.  This is typically 

demonstrated with behavioral responses such as reaction time (Wiers et al., 2007).  Clinically, 

the importance of attentional bias is that it elicits craving, increasing risk for relapse (O’Brien et 

al. 1998).  

Attentional bias is influenced by substance use in both alcohol and smoking studies and 

that attentional bias is also found in behavioral addictions.  Studies show that attentional biases 
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to addiction related stimuli are linked to development, maintenance, and relapse of addictive 

substances (Cox, Pothos, & Hosier, 2007; Field, Mogg, Zettletr, & Bradley, 2004b).  In 

problematic gambling, attentional bias is also present.  For example, in a study by Ciccarelli, 

Nigro, Griffiths, Cosenza, and D’Olimpio (2016), problematic gamblers identified gambling 

stimuli faster than neutral stimuli compared to non-gamblers.  Mechelmans et al. (2014) found 

that individuals with compulsive sexual behavior show an attentional bias towards sexual stimuli 

over neutral stimuli compared to non-compulsive sexual behavior participants.  In a study by 

Jeromin, Nyenhuis, and Barke (2016), measures of reaction time in adults using an addiction 

Stroop test showed that internet gamers experience longer reaction times when shown computer-

related words compared to non-gamers, which can be inferred as an attentional bias towards 

addiction related stimuli since they are attending to the computer-related words more.  However, 

the literature on how attentional bias relates to measures of problematic internet gaming behavior 

using eye tracking technology is understudied.   

Eye Tracking 

If the process of incentive-sensitization occurs for behavioral addiction, attentional bias 

and cue reactivity to stimuli should also be associated with it.  Eye tracking technology can 

measure different components of attentional processing, since it can measure automatic and 

controlled movements of the eye, in milliseconds (Ceballos et al., 2009).  Eye tracking is 

designed to measure eye movements that correspond to gazes on a stationary scene space, such 

as a monitor.  Further, Field et al. (2004a) found that smokers will shift their gaze to smoking 

images first and look at them longer, compared to neutral images.  This suggests that addicted 

individuals differentially attend to substance use disorder images (cues) versus control images 

and that this differential cognitive processing plays an important role in the craving and use of 



  18 
 

addictive substances (Ceballos et al., 2009).  An important point made by Field and Cox (2008), 

was that addiction related stimuli is established by experience first, and that attentional bias to 

addictive imagery (e.g., alcohol) is the consequence of classical conditioning.  For instance, 

multiple studies show attention to addiction related stimuli is linked to drinking characteristics, 

such as quantity of consumption (Cox et al., 2007; Field et al., 2004b; Townshend & Duka, 

2001).  Thus, eye tracking metrics are linked to self-reported behaviors. 

Eye tracking adds to behavioral measures, as it can monitor dwell time, pupil diameter, 

and initial fixation of participants versus response time, which also may be measured.  Pupil 

diameter is indicative of physiological arousal, with a larger pupil size related to higher arousal 

(Poole & Ball, 2006).  By looking at images first, it is indicative of the initial salience of the 

stimuli as well as representing automatic processing.  Fixations are defined as an eye movement 

that keeps an eye gaze stable to a stationary target (Poole, Ball, & Phillips, 2004).  More 

fixations on individual areas indicate that it is either more noticeable or is more important to the 

viewer than other areas.  Dwell time is defined as the total amount of time the participant views 

the selected images.  In infant research, gaze corresponds with cognitive processing as well as 

preference (longer amount of dwell time) to interesting visual stimuli, when presented with two 

images (Richards, Reynolds, & Courage, 2010).  In adults, these allow for a measure of cognitive 

load that the participant experiences and represents controlled processing (Ceballos et al., 2009).  

For instance, Ceballos et al. (2009) found that self-reported alcohol use scores, such as the 

measure of quantity frequency inventory (QFI) scores, are positively correlated to measures of 

eye-tracking when viewing related stimuli.  This includes initial fixation (direction of 

participant’s first look) and dwell time (time spent looking at the alcohol cues).   
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Hypothesis and Prediction 

The current study used eye tracking technology to extend the findings of Ceballos et al. 

(2009), who showed that self-reported behavior of alcohol use was positively correlated to eye 

tracking measures.  A study by Field et al. (2004a) also found that smokers were more likely to 

shift their gaze towards smoking stimuli than control stimuli.  We predicted that self-reported 

consumption/quantity of internet gaming behaviors were positively associated with dwell time, 

pupil diameter, and percentage of initial ocular fixations for gaming images compared to either 

neutral or alcohol images. 

Method 

Participants 

Participants were casual internet gamers from a midwestern university (N = 99) recruited 

via flyers and an online research recruitment tool (SONA).  The study was advertised as a video 

game study.  Participants were given a gift card for their participation for the screening ($10.00) 

and laboratory ($25.00) sessions.  Participants meeting screening criteria (n = 76) were assigned 

to one of two groups, those that met IG binge criteria, which is six or more hours of internet 

gaming in an instance in the last month (n = 32; reSTART®, 2015), and the control group, 

composed of those that played at least 1 internet game in the last month (n = 41).  This criterion 

is taken from the reSTART, an in-patient rehab facility that specializes in the treatment of 

problematic internet and gaming use.  All materials and procedures used in this study were 

approved by the Institutional Review Board at the University of Minnesota.  Informed consent 

was obtained from all participants prior to the screening and testing session.  Participants (n = 3) 

were excluded from data analysis due to equipment malfunction (n = 2) and participant 

characteristics (glasses) that prevented data collection (n = 1). 
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Participants were screened for psychotherapeutic history, neurological, and medical 

disorders that could affect cognitive function before the start of the eye tracking portion of the 

laboratory session.  Exclusionary criteria included: if the participant was less than 18 years of 

age, less than 10 or greater than 17 years of education, not proficient at reading or speaking 

English, visually impaired (worse than 20/40 uncorrected vision, or are red/green color blind).  

Participants also completed a vision questionnaire specific to eye tracking studies to assess 

eligibility (Pernice & Nielsen, 2017).  Other exclusionary criteria included: self-reported history 

of psychosis, bipolar disorder, or currently taking medication for a psychiatric condition.  

Participants with medical conditions such as neurological (serious head injury, prolonged 

unconsciousness, epilepsy) were also excluded.   

 Participants meeting screening criteria were invited to participate in the laboratory 

session.  They were seated in front of the eye tracking equipment and instructed to use the chin 

rest to prevent excessive head movement while the images were viewed.  Stimuli were presented 

in pairs (gaming and alcohol, gaming and neutral, alcohol and neutral) and participants were able 

to view the images for three seconds with a one second fixation time between pairs.   

Measures 

Internet Gaming Disorder Scale.  Internet gaming disorder symptoms were measured 

using the Internet Gaming Disorder Scale (IGD; Lemmens et al., 2015).  The IGD scale includes 

27 items to measure preoccupation, tolerance, withdrawal, persistence, escape, problems, 

deception, displacement, and conflict.  They are yes/no questions scored on a scale from 0 to 27, 

with a higher score indicating greater IGD symptoms.  Participants meeting DSM-5 diagnostic 

criteria met at least five of the nine suggested criteria (APA, 2013).  The continuum created by 
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Lemmens et al. (2015) was also utilized to categorize gamers using the 9-item scale of IGD 

consequences: normal gamers (0-2), risky gamers (1-6), and disordered (6-9).   

Compulsive Internet Use.  Measurements of compulsive internet use were measured 

using the fourteen item Compulsive Internet Use Scale (CIUS; Van Rooij, Schoenmakers, 

Vermulst, Van Den Eijnden, & Van De Mheen, 2011).  The CIUS examines items that are 

associated with substance use disorders, such as withdrawal symptoms, loss of control, salience, 

and conflict/coping.  This is scored on a 5-point item Likert scale from 0-never to 4-very often, 

with a higher combined score indicating greater Compulsive internet use symptoms.      

Quantity and Frequency of Alcohol and Internet Gaming.  The Daily Drinking 

Questionnaire - Revised (DDQ-R; Collins, Parks & Marlatt, 1985) was used to assess the number 

of standard drinks consumed for beer, wine and liquor each day of the week for what the 

participant considered a typical and heavy week during the past 30 days.  Participants were asked 

to report on the number of times that they engaged in heavy episodic drinking in the past 30 

days, using gender specific cut-scores (4 or more drinks for women, 5 or more drinks for men in 

a 2-hour period; National Institute on Alcohol Abuse and Alcoholism, 2002).  The Daily 

Drinking Questionnaire – Revised and the DDQ-R for internet gaming was assessed to allow for 

comparison between alcohol and gaming using standardized measures.  The QFI was modified to 

measure quantity and frequency of internet gaming behavior, as well as heavy episodic use.  

Heavy episodic internet gaming is defined as 6 or more consecutive hours in the last 30 days 

(reSTART®, 2015).   

AUDIT-C.  The Alcohol Use Disorders Identification Test (AUDIT-C; Bush, Kivlahan, 

McDonell, Fihn, & Bradley, 1998) was used to screen and identify participants who are 

hazardous drinkers or possess an active alcohol use disorder, including alcohol abuse or 
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dependence, with a score that ranges from 0-12.  A higher score indicates greater risk for alcohol 

use disorders. 

YAACQ.  The Young Adult Alcohol Consequences Questionnaire (YAACQ; Read, 

Kahler, Strong, & Colder, 2006) is a 48-item questionnaire that measures alcohol related 

consequences that are experienced by college students.  Each item is measured on a dichotomous 

(yes/no) scale with scores ranging from 0-48, with a higher score indicating more consequences. 

PQSI.  The Pittsburgh Sleep Quality Index (PSQI; Buysse, Reynolds, Monk, Berman, 

and Kupfer, 1989) consists of 19 items, assessing sleep quality over a 1-month time interval.  A 

higher score indicates worse sleep quality. 

CESD.  The Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977) 

consists of 20 questions that asses self-reported feelings and behaviors over the past 7 days.  A 

higher score indicates more depression like symptoms. 

Eye Tracking Measures 

Eye Tracking System 

 Eye tracking-based measurements were evaluated using the Applied Science Laboratories 

(ASL) EYE-TRAC 7 system.  The eye tracking system samples at a rate of 60 Hz and can track 

gaze over a 30-35 degree vertical and a 40-45 horizontal visual angle using X/Y coordinates, 

with an accuracy of 0.5-degree visual angle.  The right eye of the participant was used to record 

measurements.  Dwell time, initial fixation, and pupil response were measured.  Dwell time was 

operationalized as how long the participant viewed each specific image type.  Initial fixation was 

defined as the image type the participant viewed first in an image pair.  Pupil diameter was 

defined as a change in the size of the pupil when viewing images of each specific image type. 
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Pupil diameter is measured in eye camera pixel units multiplied by 100, with a scale factor of 

3.96 (value in millimeters = scale factor * recorded value).  Stimuli were presented using 

Paradigm Elements for ASL software. 

Eye Tracking Paradigm 

A sample of the paradigm is included in Figure 1.  The laboratory procedure was 

modified from the one used by Ceballos et al. (2009) and Field et al. (2004b) to include internet 

gaming images.  Alcohol images were included as a positive control, since attentional bias to 

alcohol images is shown to be correlated to self-reported behavior (Ceballos et al., 2009).  The 

alcohol pictorial stimuli included 15 images of different alcoholic beverages (absinthe, dark beer, 

light beer, tequila, vodka, whiskey, white wine, alcoholic creamer, champagne, margarita, 

cognac, gin, martini, red wine, and sangria).  The gaming pictorial stimuli included 15 images of 

different gaming systems (Nintendo 64, gaming computer, gaming laptop, Nintendo 3DS, 

PlayStation Vita, Game Boy Color, PlayStation 1, PlayStation 3, PlayStation 4, GameCube, Wii 

U, Wii, Xbox 1, Xbox 360, and Sega Genesis).  Fifteen common household items (phone, rolling 

pin, bar stool, chair, clock, electric drill, dumbbell, dust pan, fan, garbage can, hammer, lamp, 

light bulb, rolling pin, umbrella, and wire cutters) were used as neutral condition images, based 

on the pictures from the International Affective Picture System (IAPS; Lang, Bradley, & 

Cuthbert, 1997).  Each picture was presented on a white background and paired with an item 

from a different category.   

Procedure 

Participants were instructed to fixate on individual points on the screen in order to 

calibrate the EYE-TRAC 7 system.  They were then asked to view the center of the screen to be 

presented a fixation image (crosshair), which was displayed for 1s.  After 1s, the fixation image 
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was replaced by two different categories of pictures (alcohol, gaming, neutral), in which they 

were free to look anywhere on the screen.  Images were sized 575 x 475 pixels when displayed 

on the computer screen and the fixation image was 75 x 75 pixels.  These images were presented 

side-by-side for 3s and were counter-balanced for left and right-side presentation.  For example, 

if a Wii U was presented on the left side and a vodka bottle was on the right, then in another 

image pair the Wii U would be presented on the right with a dust pan on the left.  There were 45 

different image pair trials, followed by a short break where the participant was free to take as 

long as they needed before the last 45 image pair trial.  The order that the image pairs were 

presented in each of the 45 image pair blocks were randomized.  The experimenter was not 

present during the trial, to prevent distractions to the participant.  Following, the participant 

completed the different self-report measures on a laptop. 

Statistical Analysis 

The hypothesis that self- internet gaming behaviors were positively associated with dwell 

time, pupil diameter, and percent of initial fixation to gaming images, was analyzed using a 

Pearson r correlation coefficient.  Following, initial fixation to the three stimulus types (alcohol, 

gaming, neutral) was analyzed via univariate ANOVA to assess attentional bias in participants 

reporting binge gaming versus non-binge gamers (6 or more consecutive hours in the last 30 

days; reSTART®, 2015).  Consensus regarding characterization of problematic gamers is yet 

emerging in the literature.  For this reason, the percentage of participants meeting suggested 

DSM-5 criteria, mild/moderate/severe categories of gaming developed by Lemmens et al. 

(2015), and binge versus non-binge are included in the results section.  As the binge versus non-

binge characterization based on quantity (hours) of internet gaming was used as diagnostic 

criteria for inpatient rehabilitation at the start of data collection, data in tables are provided using 
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this classification.  Image type was also included as a factor in these analyses.  The 9-item scale 

and the 27-item scale, developed to measure the nine DSM-5 definitions with three items each 

Lemmens et al. (2015), was used to assess specific and the total amount of IGD consequences in 

individuals.   

Concerning demographic characteristics, chi-square analyses were also conducted 

separately for males and females to assess the number of participants meeting suggested clinical 

cutoff scores for sleep quality and depression symptoms in binge vs. non-binge groups.  This was 

done since there were few individuals that met suggested DSM-5 criteria in this study (n = 10; 

Lemmens et al., 2015).   

Results 

Results of demographic analyses are included in Table 1, gaming and alcohol participant 

characteristics are in Tables 2 and 3, respectively.  In this sample of internet gamers, participants 

were primarily male (58.9%), Caucasian (76.7%), and had a mean age of 18.84 years (SD = 1.25, 

range: 18-26).  Out of our sample, 13.7% met suggested DSM-5 criteria for internet gaming 

disorder (n = 10; Lemmens et al., 2015), 58.9% met gender-specific cut-points for heavy 

episodic drinking, and 9.59% met criteria for both. The IGD scores (range: 0-27) was summed 

and the average participant endorsed 8 internet gaming consequences (M = 8.55, SD = 4.60).  

Using the 9-item scale criteria (mild, moderate, severe), 46.6% of participants met criteria for 

mild gamers and 53.4% for moderate gamers.  Using binge versus non-binge criteria (6 or more 

consecutive hours in the last 30 days; reSTART®, 2015), binge gamers were 27.40% male and 

16.44% female, while non-binge gamers were 31.51% male and 24.66 % female. 
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Chi-square differences were non-significant, in both IG binge groups versus non-binge 

groups, indicating similar number of individuals meeting suggested clinical cutoff scores for 

sleep quality and depression (p’s > .193).  Gender differences were noted such that there were a 

higher percentage of females meeting criteria for poor sleep quality (86.67%) and depression 

(43.33%) as compared to males (52.38% and 18.60% respectively).  Gender differences were 

significant for both poor sleep quality χ2 (1, N = 72) = 9.26, p = .002, and depression, χ2 (1, N = 

73) = 5.27, p = .022.  

Association of Eye Tracking Metrics with Self-reported Behavior 

Dwell Time 

A factorial ANOVA was conducted for dwell time, initial fixation, and pupil diameter 

with image type and binge group as factors.  Internet gaming disorder scores were positively 

associated to dwell time on gaming images, r(71) = 0.274, p = .019, negatively associated to 

dwell time on neutral images, r(71) = -0.259, p = .027, and not associated with dwell time to 

alcohol images, p = .505.  Alcohol consumption scores were positively associated with dwell 

time to alcohol images, r(71) = 0.352, p = .002.  Compulsive internet use scores were not 

associated with dwell time to gaming images, p = .189, or alcohol consequence scores, p = .525.  

Consumption/quantity of gaming was positively associated with dwell time to gaming images 

r(73) = 0.358, p = .002, while consumption/quantity of alcohol use was marginally associated 

with dwell time to alcohol images, p = .051. 

Initial Fixation 

Internet gaming disorder scores were not associated with the overall initial fixations from 

any image category, p’s > .260.  Alcohol consumption scores were not associated with the 
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overall initial fixations from any category, p’s > .553, nor were alcohol consequence scores, p’s 

> .807.  Compulsive internet use scores were negatively associated with initial fixation to neutral 

images r(73) = - 0.250, p = .033, but not alcohol, p = .076, or gaming images, p = .437.  

Consumption/quantity of gaming was not associated with overall initial fixations to gaming 

images, p = .468, while consumption/quantity of alcohol use was also not associated with overall 

initial fixations to alcohol images, p = .983. 

Pupil Diameter 

Internet gaming disorder scores were not associated with pupil diameter to gaming 

images, p = .463, neutral images, p = .357, or alcohol images, p = .271.  Alcohol consumption 

scores were positively associated with pupil diameter to alcohol images, r(71) = 0.326, p = .005, 

and also gaming images, r(71) = 0.311, p = .007.  Compulsive internet use scores were not 

associated with pupil diameter to gaming images, p = .622, and alcohol consequence scores were 

not associated with pupil diameter to alcohol images, p = .922.  Consumption/quantity of gaming 

was not associated with pupil diameter to gaming images, p = .113, while consumption/quantity 

of alcohol use was positively associated with dwell time to alcohol images, r(73) = 0.308, p = 

.008.   

Image Types and Eye Tracking Variables 

 There was a significant main effect for image type on dwell time (seconds), F(2, 213) = 

115.59, p < .001.  Post hoc test showed that dwell time to gaming images was significantly 

greater than to either alcohol or control images, p’s < .001.  Participants had a higher amount of 

dwell time to gaming images (M = 85.31, SD = 22.28), compared to alcohol images (M = 58.80, 

SD = 16.08), and control images (M = 43.90, SD = 14.90).  There was a significant main effect 
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for image type on overall initial fixation percentages, F(2, 213) = 711.60, p < .001.  Post hoc 

tests showed that overall initial fixation percentages to gaming images were significantly greater 

than either alcohol or control images, p’s < .001.  Participants had a higher percentage of initial 

fixations to gaming images (M = 38.09, SD = 1.54), compared to alcohol images (M = 28.76, SD 

= 1.94), and control images (M = 33.15, SD = 1.57).  There was a significant main effect for 

image type on pupil diameter, F(2, 211) = 3.89, p = .022, a significant main effect for binge 

group, F(1, 211) = 5.83, p = .017, but no image type by binge type interaction, p = .868.  Post 

hoc tests showed that pupil diameter to gaming images was significantly greater than alcohol 

images, p = .019, but not control images, p = .144.  Participants had a larger pupil diameter to 

gaming images (M = 82.39, SD = 9.19), compared to alcohol images (M = 78.34, SD = 8.95), and 

control images (M = 79.57, SD = 8.69). 

 Regarding binge groups, binge males (M = 63.92, SD = 28.40) and females (M = 64.03, 

SD = 26.64) had a greater amount of dwell time compared to non-binge males (M = 62.92, SD = 

24.44) and females (M = 65.15, SD = 19.62). When binge groups are combined, binge (M = 

62.78, SD = 30.28) and non-binge (M = 63.04, SD = 21.22) dwell times were similar.  For pupil 

diameter, binge males (M = 76.44, SD = 7.38) and females (M = 82.56, SD = 10.85) had similar 

pupil diameters compared to non-binge males (M = 82.00, SD = 9.90) and females (M = 80.21, 

SD = 7.07).  When binge groups are combined, non-binge (M = 81.20, SD = 9.32) pupil 

diameters were larger than binge (M = 78.16, SD = 8.31) pupil diameters.  Finally, analyses 

showed that the binge x image type interaction was significant for dwell time, F(2, 213) = 9.65, p 

< .001, but not significant for initial fixation, p = .326, or pupil diameter, p = .868.  This 

interaction is included in Figure 3.  Post hoc tests for neutral images showed that non-binge 

gamers (M = 48.47, SD = 13.34) had a higher dwell time as compared to binge gamers (M = 
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35.64, SD = 14.20), t(71) = 3.85, p <.0001.  However, for gaming images, post hoc revealed that 

binge gamers (M = 94.05, SD = 23.06) had a higher dwell time as compared to non-binge gamers 

(M = 80.48, SD = 20.51), t(71) = 2.59, p = .012. 

Discussion 

Video gaming disorder is a relatively new area of study, with recent additions to both the 

DSM-5 and WHO criteria for the diagnosis of mental disorders.  Negative consequences, such as 

poorer sleep quality, lower psychological functioning, and addiction can occur due to 

problematic gaming (Choo et al., 2010; Dworak et al., 2007; Exelmans & Van den Bulck, 2015; 

Higuchi et al., 2005; Lemmens et al., 2011; Prizant-Passal et al., 2016 ).  This study attempts to 

extend the findings of previous literature regarding eye tracking technology to assess the 

relationship between consequences of video gaming with eye tracking metrics (pupil diameter, 

dwell time, and initial fixation).  This study is unique in that it examines attentional bias to 

substance use (i.e., alcohol) and compares it to internet gaming using different eye tracking 

metrics.   

These findings extend those of Ceballos et al. (2009) by showing that dwell time is 

positively related to self-reported behavior (consequences) of video gaming, while control 

images were negatively related to consequences of video gaming.  Dwell time was also related to 

IGD symptoms, which are based on DSM-5 substance use disorder criteria.  Additionally, we 

showed that alcohol consumption is related to alcohol dwell time.   

Concerning CESD and PSQI scores in individuals, scores showed no correlation to IGD scores.  

An interesting finding was that individuals in the binge group (6 or more consecutive hours in 

the last 30 days; reSTART®, 2015), showed higher CESD and PSQI scores for both males and 
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females compared to their non-binge counterparts, which was found to be significant.  This 

provides further evidence that an increased amount of time spent gaming can lead to negative 

consequences, such as a lower quality of sleep (Exelmans &Van den Bulck (2015), and 

depression like symptoms (self-esteem, life satisfaction, loneliness, etc.; Lemmens, Valkenburg, 

& Peter, 2011).  Even though zero individuals met severe DSM-5 criteria (mild/moderate/severe 

categories of gaming developed by Lemmens et al. 2015) in our sample, we still found negative 

effects of an increased amount of gaming.  This includes higher self-reported consequences of 

gaming, poorer sleep quality, and an increased amount of depression like symptoms.   

Though dwell time to alcohol and gaming images was found to be positively correlated to 

their respective measures, pupil diameter and initial fixation were not. This could be due to 

having three different image types (gaming, alcohol, and neutral) for the participant to view, 

compared to the study by Ceballos et al. (2009), which used alcohol and neutral images only.  

Regarding pupil diameter, Ceballos et al. (2009), also failed to show any significant findings.  

Pupil diameter can be affected by factors such as the lighting (Goldberg & Wichansky, 2003), so 

by having participants view fixation images followed by the stimulus images, which include 

white backgrounds, potentially influenced our results.  The current study also had a large number 

of participants for an eye tracking study, though participants were primarily male (58.9%), 

Caucasian (76.7%), and college students. 

 Another possible limitation of this study is that only gaming console images were used.  

Concerning classical conditioning, these console images would be considered a conditioned 

stimulus that is paired with the unconditioned stimulus of the gaming images.  These gaming 

images were strong enough stimuli to elicit an increased amount of dwell time, but perhaps not 

enough for initial fixation or pupil diameter.  Additional studies are needed to assess different 



  31 
 

types of gaming stimuli, such as in-game snapshots, iconic characters, or individuals playing 

video games.  This study was advertised as a gaming study, making no mention of any alcohol 

measures, perhaps altering the normal distribution of alcohol users, since it was used as one of 

the image types and a variable of interest. 

Future Directions 

Eye tracking studies may benefit from using additional physiological measures, such as 

galvanic skin response (GSR), to examine participant responses to viewing stimulus images.  In 

addition, following suggested DSM-5 criteria for internet gaming disorder, only ten individuals 

total met the criteria out of the 73 participants. For the purposes of the current study, the binge 

criteria were used as these were in patient treatment at the start of data collection. In future 

studies, individuals could be screened prior to the eye tracking portion of the experiment, to 

increase the number of individuals that meet the criteria.  

Conclusion 

These findings support that video gamers may express an attentional bias to video 

gaming images as compared to control images.  Results indicated that eye tracking metrics may 

be related to both DSM-5 suggested criteria and consequences of play, supporting the continued 

study of individuals with problematic internet gaming behavior using eye tracking technology. 
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Table 1 

Means and Standard Deviations of Participant Demographic Characteristics 

 CONTROL GAMING BINGE 
CRITERIA 

 Male 
(n = 23) 

Female 
(n = 18) 

Male 
(n = 20) 

Female 
(n = 12) 

Variable M (SD) M (SD) M (SD) M (SD) 
Age (years) 18.52(0.90) 18.53(0.62) 19.00(1.08) 19.67(2.19) 

Education (years) 13.26(0.62) 13.11(0.32) 13.80(1.06) 13.91(1.24) 
Alcohol consumption 3.65(1.95) 2.44(2.09) 2.85(1.84) 3.25(1.49) 
Alcohol consequences 7.78(7.14) 9.65(9.53) 7.10(7.20) 9.00(5.34) 

Internet gaming disorder 
symptoms‡  

8.30(3.74) 6.00(3.73) 10.30(4.85) 9.92(5.52) 
Compulsive internet use 19.17(7.33) 22.94(14.30) 18.25(10.77) 24.75(9.09) 

Sleep quality 
symptoms*‡ 

4.36(2.06) 7.22(3.81) 5.10(1.65) 7.83(3.07) 

Depression symptoms*‡ 9.41(5.86) 14.22(9.67) 9.65(7.53) 20.25(12.10) 
Note.  Alcohol consumption is measured with the Alcohol Use Disorders Identification Test–
Consumption (AUDIT-C) from Bush et al. (1998); alcohol consequences were measured using 
the Young Adult Alcohol Consequences Questionnaire (YAACQ) from Read, Kahler, Strong, & 
Colder (2006); internet gaming disorder symptoms were measured using the Internet Gaming 
Disorder scale (IGD) from Lemmens et al., (2015); compulsive internet use is measured using 
the Compulsive Internet Use Scale (CIUS) from Van Rooij, Schoenmakers, Vermulst, Van Den 
Eijnden, & Van De Mheen (2011); sleep quality symptoms are from the Pittsburgh Sleep Quality 
Index (PSQI; Buysse, Reynolds, Monk, Berman, and Kupfer, 1989); and depression symptoms 
were measured using the Center for Epidemiologic Studies Depression Scale (CESD) from 
Radloff (1977). 
* Significant effect of Gender on sleep quality symptoms, F(70) = 18.56, p <.001, and 
depression symptoms, F(71) = 11.14, p = .001. 
‡ Significant effect of Binge Group on IGD scores, F(68) = 7.18, p = .009, sleep quality 
symptoms, F(68) = 6.45, p < .001, and depression symptoms, F(69) = 4.98, p = .003. 
No significant Gender x Binge Group interaction, p’s > .160. 
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Table 2 

Means and Standard Deviations of Participant Gaming Characteristics 

 CONTROL GAMING BINGE 
CRITERIA 

 Male 
(n = 23) 

Female 
(n = 18) 

Male 
(n = 20) 

Female 
(n = 12) 

Variable M (SD) M (SD) M (SD) M (SD) 
Average hours a 

week*‡ 
8.54(7.35) 3.76(3.37) 21.68(11.51) 18.96(9.65) 

Average hours a 
day*‡ 

1.68(0.97) 1.01(0.65) 3.28(1.61) 2.93(1.22) 
Peak hours a week*‡ 15.02(12.36) 5.47(4.93) 30.78(11.48) 25.96(12.82) 
Peak hours a day*‡ 2.66(1.75) 1.46(1.11) 4.42(1.66) 3.88(1.67) 

Hours over the 
weekend‡ 

2.65(2.42) 1.50(1.79) 4.60(2.19) 5.17(3.01) 
Max hours a day*‡ 3.83(2.59) 1.67(1.24) 6.60(3.32) 6.92(3.61) 

Note. Participant gaming characteristics measured using the Daily Drinking Questionnaire 
Revised modified for internet gaming (DDQ-R) from Collins, Parks & Marlatt (1985).   
* Significant effect of Gender, p’s < .05. 
‡ Significant effect of Binge Group, p’s < .001. 
No significant effects Gender x Binge Group interaction, p’s > .529. 
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Table 3 

Means and Standard Deviations of Participant Alcohol Characteristics 

 CONTROL GAMING BINGE 
CRITERIA 

 Male 
(n = 23) 

Female 
(n = 18) 

Male 
(n = 20) 

Female 
(n = 12) 

Variable M (SD) M (SD) M (SD) M (SD) 
Average drinks a week 8.67(7.30) 6.06(7.11) 8.23(9.18) 7.75(8.56) 

Average drinks a day 3.64(3.08) 2.68(2.53) 3.12(3.03) 3.79(4.18) 
Peak drinks a week 8.67(7.03) 6.06(7.11) 7.75(8.56) 7.75(8.56) 
Peak drinks a day 3.17(2.74) 2.31(1.90) 2.34(2.50) 2.58(2.74) 
Drinks over the 

weekend 
3.39(3.10) 2.83(3.00) 3.45(3.46) 3.25(4.45) 

Max drinks a day 8.04(6.07) 4.11(4.06) 5.30(5.19) 6.08(4.62) 
Note. Participant alcohol characteristics measured using the Daily Drinking Questionnaire 
Revised (DDQ-R) from Collins, Parks & Marlatt (1985).   
No Significant effect of Gender, p’s > .270. 
No Significant effect of Binge Group, p’s > .524. 
No significant effects Gender x Binge Group interaction, p’s > .276. 
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Figure 1. Eye tracking task: example of time characteristics and images. Participants were 
presented with images consisting of gaming, alcohol, and neutral images. Eye metrics were 
measured continuously throughout the task 
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Figure 2. Total amount of time (dwell time) that individuals looked at the three image types. 
Overall, there was a significant main effect for image type, F(2, 213) = 115.59, p < .001.  Post 
hoc test showed that dwell time to gaming images was significantly greater than either alcohol or 
control images, p’s < .001.  The group (binge v. non-binge) x image type interaction was found 
to be significant, F(2, 213) = 9.65, p < .001. 
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Figure 3. The group (binge v. non-binge) x image type interaction for dwell time.  Overall, there 
was a significant main effect for image type on binge group individuals, F(2, 75) = 65.96, p < 
.001.  Post hoc test showed that dwell time to gaming images was significantly greater than 
either alcohol or control images, p’s < .001.  Regarding non-binge individuals, there was a 
significant main effect for image type, F(2, 138) = 44.47, p < .001.  Post hoc test showed that 
dwell time to gaming images was significantly greater than either alcohol or control images, p’s 
< .001.  Post hoc tests for neutral images showed that non-binge gamers (M = 48.47, SD = 13.34) 
had a higher dwell time as compared to binge gamers (M = 35.64, SD = 14.20), t(71) = 3.85, p 
<.0001.  However, for gaming images, post hoc revealed that binge gamers (M = 94.05, SD = 
23.06) had a higher dwell time as compared to non-binge gamers (M = 80.48, SD = 20.51), t(71) 
= 2.59, p = .012. 
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Figure 4. Percentage of initial fixations for the three image types. Overall, there was a significant 
main effect for image type on overall initial fixation, F(2, 213) = 711.60, p < .001.  Post hoc tests 
showed that overall initial fixation percentages to gaming images were significantly greater than 
either alcohol or control images, p’s < .001.  The group (binge v. non-binge) x image type 
interaction was found to be non-significant, p = .326. 
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Figure 5. Pupil diameter (in eye camera pixels multiplied by 100) to the three image types.  Pupil 
diameter is measured in eye camera pixel units multiplied by 100, with a scale factor of 3.96 
(value in millimeters = scale factor * recorded value). The eye camera pixel unit means for 
neutral (M = 79.57, SD = 8.69), alcohol (M = 78.34, SD = 8.95), and gaming (M = 82.39, SD = 
9.19), were 3.15, 3.10, and 3.26 millimeters, respectively.  There was a significant main effect 
for image type on pupil diameter, F(2, 211) = 3.89, p = .022, a significant main effect for binge 
group, F(1, 211) = 5.83, p = .017, but no image type by binge type interaction, p = .868.  Post 
hoc tests showed that pupil diameter to gaming images was significantly greater than alcohol 
images, p = .019, but not control images, p = .144. 


