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ABSTRACT 

 

Alcohol cue reactivity (ACR) is a critical component within many models of alcohol use 

and abuse. ACR can be conceptually defined as the physiological and subjective reactions that 

occur in response to alcohol related stimuli. Using a two-study design, the current research 

sought to investigate approach motivation and alcohol consumption as underlying mechanisms 

of subjective and neurophysiological ACR. Study 1 (n = 53) investigated the hypothesis that 

approach motivation and alcohol consumption would relate to ACR. Approach motivation did 

not relate to enhanced ACR. Additionally, analyses produced conflicting results concerning the 

impact of alcohol consumption on ACR. Heavy drinkers rated alcohol pictures higher in 

subjective ACR compared with light drinkers. However, light drinkers demonstrated enhanced 

neurophysiological ACR during alcohol consistent dot probe trials. The unpredicted results of 

Study 1 may have occurred due to the appetitive nature of the water pictures, which were 

intended to serve as a neutral comparison picture set.  

Study 2 (n = 132) investigated the hypothesis that inducing an approach motivation state 

would enhance ACR in comparison to a neutral or positive state and that this effect would be 

paramount for heavy drinkers. Results from Study 2 found that inducing an approach motivated 

state enhanced neurophysiological cue reactivity for water pictures, but not alcohol pictures. 

However, inducing a positive state enhanced neurophysiological cue reactivity for alcohol 

pictures. These results were specific to heavy drinkers. The unpredicted results of Study 2 were 

likely due to the writing prompt instructions used to induce an approach state. Many of the 
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participants in this condition wrote about health focused goals that may have resulted in 

an aversive response to alcohol pictures instead of the intended appetitive response.  

Finally, research has yet to address the relationship between subjective and 

neurophysiological ACR. Therefore, analyses were conducted to investigate the hypothesis that 

approach motivation and alcohol consumption moderate the relationship between subjective and 

neurophysiological ACR. Approach motivation and alcohol consumption were not identified as 

moderator variables of the relationship between these broad categories of measurement. 

However, results suggest that a positive mood state may enhance the relationship between 

subjective and neurophysiological ACR.  

 

Keywords:  approach motivation, alcohol consumption, alcohol cue reactivity, 

electroencephalography 
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INTRODUCTION 
 

Alcohol misuse is a major concern in the United States that is resulting in critical health 

and economic burdens across all strata of socioeconomic standings (National Institute on 

Alcohol Abuse and Alcoholism, 2015). According to the National Institute of Health a portion of 

this burden can be specifically attributed to college students. Overconsumption by college 

students is related to increases in violent physical assaults, sexual assaults, deaths due to accident 

related injuries, and decreases in academic performance (Hingson, Zha, & Weitzman, 2009; 

Hingson et al., 2005; Wechsler et al., 1998). College provides an environment in which alcohol 

use is part of the collegiate culture and stimuli associated with alcohol is encountered frequently. 

Adolescents appear to be sensitive to alcohol related stimuli and reactivity to these cues greatly 

impacts problematic drinking in this age group (Field, Christiansen, Cole, & Goudie, 2007; 

Murphy & Garavan, 2011; Ray, Hanson, Hanson, & Bates, 2010).  

Researchers have identified increased cue reactivity as a risk factor for drug-seeking 

behavior and drug use across many substances, including alcohol (Siegel, 1979; Stewart, de Wit, 

& Eikelboom, 1984; Marlatt & Gordon, 1985; Tiffany, 1990; Friedman et al., 2007). In general, 

alcohol cue reactivity (ACR) is defined as physiological and subjective responses evoked from 

alcohol-related stimuli (Carter & Tiffany, 1999). Increased ACR can evoke appetitive or 

consumptive behaviors that result in subsequent alcohol use or misuse (Carter & Tiffany, 1999). 

In general, exposure and reactivity to drug related cues have been shown to activate drug seeking 

behavior (Baker, Morse, & Sherman, 1987), increase drug-related thoughts and actions (Steward, 

de Wit, & Eikelboom, 1984), and reinstate extinct drug related behaviors (Ludwign, Wikler, & 
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Stark, 1974). Furthermore, because of the profound effect cue reactivity has on substance use, 

many treatment models suggest that recovering substance users avoid exposure to any cues 

related to their previous use as part of treatment (see Bernheim & Rangel, 2004). Furthermore, 

research suggests that individuals with heavy drinking habits may be more sensitive to alcohol 

cues, indicated by increased craving (Rohsenow et al., 1994; Cooney, Litt, Morse, Bauer, & 

Gaupp, 1997) and increased neurophysiological responses (Tapert et al., 2003; Schacht, Anton, 

& Myrick, 2013).  

Many models of substance use and abuse incorporate cue reactivity due to the important 

relationship between increased cue reactivity and hazardous drug-related behaviors, however, the 

psychological processes underlying ACR are still widely unknown. The current research sought 

to investigate approach motivation and alcohol consumption as potential underlying 

psychological mechanisms of ACR. Understanding the psychological processes underlying ACR 

may increase the predictability of cued alcohol responses that lead to dangerous consumption 

behaviors. Additionally, it is currently unclear how subjective assessment of ACR relates to 

physiological assessment of ACR. Therefore, identifying the underlying psychological processes 

of ACR may also explain the relationship between subjective and physiological assessments of 

ACR.  

Cue Reactivity and Motivational Intensity   

Cue reactivity has been prominent in substance use models across decades of research 

(Wikler, 1965; Ludwig et al., 1974; Siegel, 1979; Steward, de Wit, & Eidelboom, 1984; Carter & 

Tiffany, 1999; Skinner & Aubin, 2010). Models that identify cue reactivity as a critical 

component of drug use and abuse come from a diverse range of theoretical backgrounds 

(classical conditioning, operant learning, incentive sensitization, behavior modeling, etc.). There 
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is a breadth of research that supports drug use models based on cognitive and neural processes of 

learning and memory (O’Brien, Childress, Ehrman, & Robbins, 1998; Everitt, Dickinson, & 

Robbins, 2001; Hyman, 2005; Hyman, Malenka, & Nestler, 2006). Many learning and memory 

based models are rooted in animal models of classical conditioning. However, it is recognized 

that animal models of addiction are less complex and may be limited in addressing the addictive 

processes that involve the advanced cognitive and motivational aspects of humans (Hyman, 

Malenka, & Nestler, 2006). Because humans demonstrate higher order cognition, the relationship 

between drug cues (i.e., conditioned stimuli) and cue reactivity (i.e., conditioned responses) may 

be impacted by a multitude of underlying psychological processes.  

Learning based models of addiction propose that substance users consistently encounter 

drug-related stimuli during periods of use and therefore demonstrate conditioned responses to the 

drug-related cues. These conditioned responses (i.e., cue reactivity) increase the probability that 

substance seeking behaviors and subsequent use will occur (Rohsenow, Childress, Monti, 

Niaura, & Abrams, 1991). In sum, these models propose that cues can elicit subjective and 

physiological responses that increase the likelihood that an individual will use that substance. 

There are three prominent learning based models (Appetitive Motivational, Conditioned 

Withdrawal, and Conditioned Compensatory Response) that provide competing views about 

which psychological mechanisms drive cue elicited drug seeking and consumptive behaviors. 

Broadly speaking, these models are related to motivational intensity. The Motivational Intensity 

Model describes competing motivational drives that influence behavior to either approach or 

avoid stimuli in the environment (for a review see Gable, Browning, & Harmon-Jones, 2015). 

The first learning based model, the Appetitive Motivation Model (Steward, de Wit, & 

Eidelboom, 1984), states that substance use is maintained by appetitive motivational processes 
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which are responsible for cue-elicited drive responses. According to this model, because 

substance-related cues are consistently associated with the consumption or use of that substance, 

the cues become conditioned stimuli.  Substance-related cues can then elicit motivational states 

(conditioned responses) that are experientially similar to the effects of consuming the substance 

itself (unconditioned responses). The conditioned response (i.e., motivation states) then 

stimulates the urge to find and use the substance.  

Research related to virtual alcohol myopia provides additional support for the Appetitive 

Motivational Model. Alcohol myopia theory posits that the consumption of alcohol leads to a 

narrowed attentional scope and “short-sighted information processing” (pg. 922, Steele & 

Josephs, 1990; Washburn, 1956). Virtual alcohol myopia theory has more recently suggested that 

this attentional narrowing effect can be elicited by exposure to alcohol related stimuli, void of the 

pharmacological effects of alcohol consumption (Gable, Mechin, & Neal, 2016; Hicks, 

Friedman, Gable, & Davis, 2012). Therefore, research on virtual alcohol myopia demonstrates 

the effect suggested within the Appetitive Motivational Model (i.e., exposure to alcohol 

associated cues can produce effects similar to the effects of alcohol consumption). Furthermore, 

approach motivation and neural correlates of approach motivation are related to the attentional 

narrowing associated with virtual alcohol myopia (Gable, Mechin, & Neal, 2016).  

The other two learning based models, the Conditioned Withdrawal Model and the 

Conditioned Compensatory Response Model, suggest that withdrawal processes, not appetitive 

motivational processes, are responsible for eliciting drug seeking behaviors following cue 

exposure. Each of these models posit that individuals seek substances in order to avoid 

withdrawal symptomology. The Conditioned Withdrawal Model (Wikler, 1965), states that 

encountering substance related cues can trigger withdrawal-like symptomology. These symptoms 
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in turn increase the need to seek and use the substance in order to avoid the negative experience 

of withdrawal (Ludwig et al., 1974). Although this model proposes mechanisms of withdrawal 

(i.e., an escape from negative subjective experiences), the behaviors elicited may be more 

approach in nature. That is to say that although individuals are trying to avoid negative states, 

they are using approach motivational processes to seek out and use the substance.  

Finally, the Conditioned Compensatory Response Model (Siegel, 1979) states that when 

individuals are exposed to substance related cues they experience conditioned responses that are 

opposite to the pharmacological effects of the drugs. These compensatory responses prepare the 

body for the anticipated pharmacologic action of the drug, allowing the individual to maintain a 

homeostatic balance. According to this model, the subjective experience of withdrawal is a result 

of the opposite direction conditioned responses. In turn, this response enhances seeking urges 

that provoke use as a way of avoiding the negative experience of withdrawal. Similar to the 

Conditioned Withdrawal Model, the Conditioned Compensatory Response Model suggests that 

withdrawal processes are the mechanisms that propel seeking behavior following cue exposure. 

However, there are still components of approach processes present in the context of seeking out 

and using the substance.  

Overall, although the different models propose alternative conditioned responses 

(appetitive motivation states and avoidance of withdrawal symptomology), drug cues appear to 

be approach motivating in that exposure to drug related stimuli enhances approach motivated 

tendencies that increase the likelihood of use. Furthermore, the Conditioned Withdrawal and 

Conditioned Compensatory Response models are reliant on the presence of negative avoidance 

states (i.e., withdrawal symptomology). Contrary to this point, research has shown that drug 

seeking behavior regularly occurs in the absence of withdrawal symptoms (for review see 
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Robinson & Berridge, 1993). In fact, a number of studies have demonstrated a lack of correlation 

between withdrawal symptoms and drug-seeking behavior (Ternes, Ehrman, & O’Brien, 1985; 

Lamb et al., 1991; Jaffe, 1992). Therefore, it appears as though the Appetitive Motivational 

Model provides the best theoretical framework for explaining the relationship between cue 

exposure and reactivity, and suggests that approach motivation plays a critical role. In order to 

fully explore the motivation mechanisms behind ACR, however, analyses concerning withdrawal 

motivation were also conducted in the current research.  

Approach Motivation  

Research has identified trait approach motivation as impacting behavioral and 

neurological responses to appetitive stimuli (Barrós-Loscertales et al., 2010; Gable & Harmon-

Jones, 2012; Gable & Harmon-Jones, 2013). Additionally, there is substantial evidence that 

approach motivation is associated with responses to alcohol related stimuli as well as the 

consumption of alcohol.  Alcohol is an approach motivating substance which is linked to positive 

mood states and high energy situations (Cyders & Smith, 2008). Research has found increased 

trait approach motivation is associated with increased hazardous drinking (Jorm et al., 1999; 

O’Connor & Colder, 2005) and heightened sensitivity to alcohol related stimuli in dependent 

(Franken, 2002) as well as non-dependent drinkers (Kambouropoulos & Staiger, 2001; 

Kambouropoulos & Staiger, 2004). And, as previously mentioned, trait behavioral approach 

motivation and neurophysiological correlates of approach motivation are related to the 

attentional narrowing that occurs in response to alcohol related cues (Hicks, Davis, Fields, & 

Gable, 2015; Gable, Mechin, & Neal, 2016). Based on this recent research, individuals high in 

trait motivation appear to be sensitive to alcohol related cues, which may subsequently lead to 

increased risk of use.  



7 
 

Additionally, exposure to alcohol related stimuli increases approach motivation when 

there is a potential to acquire alcohol (Amlung, Acker, Stojeck, Murphy, & MacKillop, 2012).  

This research found that approach motivation (i.e., the desire to consume alcohol) increased 

significantly following exposure to alcohol related cues. Furthermore, individuals with increased 

alcohol experience demonstrate stronger approach motivation tendencies toward alcohol related 

cues (Palfai & Ostafin, 2003; Ostafin & Palfai, 2006; Wiers et al., 2011; Wiers et al., 2014; Ernst 

et al., 2014). The research by Palfai and Ostafin (2003; 2006) found that college students 

identified as hazardous drinkers were quicker to associate alcohol cues with approach related 

words in comparison to avoidance related words. More recent research has found that individuals 

with increased experience with alcohol demonstrate enhanced neurophysiological correlates of 

approach motivation in response to alcohol cues (Ryerson, Neal, & Gable, 2017). Specifically, 

this research found that individuals who reported higher levels of binge drinking produced larger 

N1 ERP amplitudes in response to alcohol related images. Individuals with drinking dependency 

issues also demonstrate approach biased responses toward alcohol related stimuli. For example, 

alcohol-dependent individuals are quicker to pull a joystick towards them (an approach 

motivated action) in response to alcohol pictures in comparison to pushing a joystick away (an 

avoidance motivated action) in response to alcohol pictures (Wiers et al., 2011; Wiers et al., 

2014; Ernst et al., 2014). It has been suggested that this “approach bias may reflect an impulsive 

response toward drug cues” (pg. 2, Wiers et al., 2015).  

Research has also demonstrated that experimental manipulations of psychological 

mechanisms associated with motivation (biases, attention, etc.) can reduce appetitive responses 

to alcohol related stimuli. Retraining approach biases in alcohol-dependent patients has been 

shown to effectively reduce alcohol craving, relapse rates, and consumption (Wiers et al., 2010; 
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Wiers et al., 2011). Research has also found that cognitive bias modification geared toward 

diminishing approach biases reduces neural activation of the amygdala and arousal ratings in 

response to alcohol cues (Wiers et al., 2015). Decreased activation of the amygdala in response 

to alcohol related stimuli may reduce the motivational salience of alcohol cues. Finally, research 

has demonstrated that inducing participants to have a broadened attentional scope (vs. a 

narrowed attentional scope) attenuates rapid motivated attentional processing of alcohol related 

stimuli (vs. neutral stimuli) (Ryerson, Neal, & Gable, 2017). This demonstrates the bi-directional 

relationship between attention and motivation related to alcohol cue reactivity, specifically the 

reverse order of processing related to virtual alcohol myopia theory. In sum, research supports 

approach motivation as a potential underlying mechanism of ACR. However, motivational 

intensity as it has been discussed so far refers to general motivational tendencies. Additional 

work has further explored specific motives related to alcohol consumption.  

Four Factor Motivational Model of Alcohol Use  

The four factor Motivational Model of alcohol use proposed by Cooper (1994) identifies 

distinct motives underlying drinking-related outcomes. The model is based on the notion that 

people drink to achieve valued outcomes, which was initially introduced in the conceptual 

framework of Cox and Klinger (1988). Within the four-factor model, each motive is suggested to 

serve a different function. Furthermore, Cooper (1994) suggests that each of these factors can be 

associated with “unique patterns of antecedents and consequences” despite moderate correlations 

between the factors (pg. 117). Each factor is hypothesized to reflect attempts to either achieve 

positive outcomes or avoid negative outcomes with consideration of whether the pressure to 

consume is due to internal or external influences.  
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In the final version of the Drinking Motives Questionnaire – Revised (DMQ-R; Cooper, 

1994), there are four factors: social, enhancement, coping, and conformity. The social and 

conformity factors reflect external forces. The social factor specifically reflects drinking to gain 

positive social awards while the conformity factor reflects drinking to avoid social rejection. 

Conversely, the enhancement and coping factors reflect internal forces. The enhancement factor 

reflects drinking to enhance positive emotions while the coping factor reflects drinking to reduce 

negative emotions. Related to concepts of motivation, the social and enhancement factors are 

reflective of approach tendencies while the coping and conformity factors are reflective of 

avoidance tendencies.  

Additionally, each of these factors was been shown to relate to specific alcohol 

consumption behaviors. The motives related to avoiding negative consequences (i.e., coping and 

conformity) are most directly linked to alcohol-related problems, alternatively, the motives 

related to gaining positive outcomes (i.e., social and enhancement) are most directly linked to 

general alcohol use (Cooper, 1994; Read, Wood, Kahler, Maddock, & Palfai, 2003; Kuntsche et 

al., 2005). Research concerning the motives proposed by Cooper (1994) has focused mainly on 

the relationship between the different motives and alcohol use. Less research has focused on the 

relationship between these motives and ACR. Ostafin and Palfai (2006) found that performance 

on an alcohol IAT was related to the enhancement and coping motives. Field and Powell (2007) 

found that a stressor task produced an attentional bias for alcohol stimuli, but only among 

individuals who reported high levels of coping motives. However, in a more recent study, the 

relationship between stress and ACR was not replicated for individuals endorsing coping motives 

(Thomas, Randall, Brady, See, & Drobes, 2011). Other research has demonstrated that drinking 

motives moderate the relationship between depressive symptoms and evaluations of alcohol 
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related stimuli (Ralston & Palfai, 2012). Specifically, this study found that coping motives 

moderated the association between depressive symptoms and cognitive motivational processes 

toward alcohol related stimuli.  

The small amount of research available suggests that the concepts of ACR and drinking 

motives may be related. Additionally, of the existing literature that links ACR and drinking 

motives, most is focused on the coping and enhancement motives. Relatively little research has 

been conducted concerning the social and conformity motives and ACR. It may be that these 

drinking motives reflect the motivational processes hypothesized to relate to ACR. By including 

drinking motives that map on to approach motivation (social and enhancement) and withdrawal 

motivation (coping and conformity), the current research sought to shed light on the role of 

motivation in ACR.  

Subjective and Physiological Measures of Alcohol Cue Reactivity 

Available research concerning ACR presents results across both subjective and 

physiological assessment, however, research has yet to explain the relationship between 

subjective and physiological measurements of ACR. ACR has been investigated using a range of 

measures that fit into the broad categories of physiological (heart rate, neural activity, etc.) and 

subjective (self-report craving, desire, etc.) assessment. There is relatively little research 

concerning the relationship between subjective and physiological assessment of ACR. However, 

some researchers have found dissociations when comparing subjective and physiological 

measures of cue reactivity (see Tiffany & Carter, 1998; Tiffany & Conklin, 2000); consequently, 

it is unclear how subjective and physiological measures of ACR are related. A meta-analysis of 

41 cue reactivity studies found consistently smaller effect sizes for physiological versus 

subjective responses to drug related stimuli (Carter & Tiffany, 1999). An additional meta-
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analysis of 30 cue-reactivity studies found little evidence of covariance between subjective and 

physiological measures (Tiffany & Conklin, 2000). Therefore, the current research aimed to 

further investigate the relationship between physiological and subjective measures of ACR by 

identifying common underlying mechanisms that may impact the relationship between these 

broad categories of assessment.  

Although there is a dearth of research concerning the relationship between subjective and 

physiological assessment of ACR, there are existing models that represent these categories of 

measurement as independent components of ACR. For example, there are models of addiction in 

which three separate components of cue reactivity are represented. These components, symbolic-

expressive (i.e., subjective), physiological, and behavioral, are treated as conceptually distinct 

within reactivity models of addiction (see Drummond, Tiffany, Glautier, & Remington, 1995). 

Within these models the separate components are hypothesized to have different underlying 

mechanisms.  

There are also models of craving that have identified separate components of symbolic 

(i.e., subjective) and non-symbolic (i.e., physiological) cue elicited reactions (Isbell, 1955). In 

this model, it was proposed that physiological craving would follow periods of heavy drinking 

whereas subjective craving would occur during periods of sobriety, implying that these 

components of craving have separate underlying mechanisms related to drinking. However, in 

some empirical investigations the subjective and physiological components are correlated 

(Glautier & Drummond, 1994) and posited to have common underlying mechanisms 

(Drummond, 2000). Because different experimental paradigms have produced conflicting results 

concerning the relationship between subjective and physiological measures of ACR (Carter & 
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Tiffany, 1990), there appears to be unidentified factors that impact the relationship between these 

broad measurement categories of ACR.  

In fact, many addiction researchers suggest there are a number of factors affecting ACR, 

including individual differences and situational circumstances (Glautier & Drummond, 1994; 

Rees & Heather, 1995; Drummond, 2000). Therefore, the relationship between subjective and 

physiological measures of ACR may be dependent on multiple variables. The issue of 

uncertainty concerning the relationship between subjective and physiological assessment is 

critical for the use of these assessments in empirical research as well as practically within clinical 

settings.  

Subjective ACR. Researchers have developed both trait (static) and state (dynamic) 

assessments of subjective ACR. Trait measures of subjective ACR gauge an individual’s craving 

or desire for alcoholic substances in the absence of alcoholic substances or related stimuli. These 

measures typically provide an assessment of the situations in which individuals typically feel an 

urge to consume alcohol (Bohn et al., 1995; Mackillop, 2006; Flannery et al., 2001). For 

example, the Pen Alcohol Craving Scale (PACS; Flannery, Volpicelli, & Pettinati, 1999) uses 

items such as “During the past week how difficult would it have been to resist taking a drink had 

you known a bottle were in your house?”. Alternatively, state measures of ACR assess craving 

and desirability in response to alcohol stimuli in the environment. Typically, these measures are 

single items assessing desirability or craving following stimuli exposure (Drobes, 2002; Ostafin 

& Palfai, 2006). The state measures of subjective ACR are used to assess increase in reactivity 

following exposure to a stimulus. Studies 1 and 2 incorporated both trait and state assessments of 

subjective ACR, specifically the PACS and single rating items of desirability and craving.  
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Physiological ACR. Physiological assessment of ACR typically measures activity of the 

autonomic nervous system, the division of the peripheral nervous system responsible for 

involuntary bodily functions. However, some researchers have found contradictions within 

several of these methodologies. For example, a review of ACR studies that included heart-rate 

assessment found that while some studies presented results linking increased heart-rate to cue 

exposure, other studies found decreased heart-rate responses, and some found no effect of cues 

on heart-rate (Niaura et al., 1988).  

Alternatively, neurophysiological assessments of ACR seem to provide the most reliable 

assessment of physiological ACR. Neurophysiological assessments have consistently identified 

activity in the frontal cortex as related to craving (George et al., 2001; Tapert et al., 2003; Tapert 

et al., 2004), consumption (Goldstein & Volkow, 2002), and cue-elicited responses (Herrmann, 

Weijers, Wiesbeck, Boning, & Fallgatter, 2001; Myrick et al., 2004; George et al., 2001; & 

Boggio et al., 2007). Additionally, asymmetric neural activation in this area is sensitive to 

individual differences in motivation (Carver & White, 1994; Harmon-Jones & Sigelman, 2001; 

Coan & Allen, 2003; Amodio et al., 2008; Gable & Harmon-Jones, 2008). Therefore, studies 1 

and 2 include neurophysiological assessment at midline areas of the frontal cortex and 

neurophysiological assessment of asymmetric neural activation in the frontal cortex as measures 

of neurophysiological ACR.  

The Current Experiments 
 

Despite decades of research concerning ACR, there are still major gaps present in the 

literature. For example, it is still unclear which psychological mechanisms are underlying ACR. 

A review of the available literature points to the potential influence of motivation and alcohol 

consumption on ACR.  Study 1 investigated the relationship between ACR and motivation (i.e., 

approach motivation, withdrawal motivation, and drinking motives) comparing heavy and light 



14 
 

drinkers. Study 2 further investigated the relationship between ACR and motivation by directly 

manipulating participants into either an approach state, a positive state, or a neutral state using a 

writing prompt. The impact of these manipulated states on ACR was also compared across heavy 

and light drinkers. Finally, the relationship between subjective and neurophysiological ACR was 

assessed with additional analyses conducted to determine the role of motivation and drinking 

within this relationship.  

Hypotheses 

Study 1.  The purpose of Study 1 was to investigate approach motivation and drinking as 

underlying mechanisms of ACR. It was hypothesized that individuals high in trait approach 

motivation, but not withdrawal motivation, would demonstrate enhanced ACR. Measures of 

drinking motives, which map onto motivational intensity, were included to further investigate the 

aforementioned hypothesized relationship between motivation and ACR. It was also 

hypothesized that individuals identified as heavy drinkers would demonstrated enhanced ACR in 

comparison to individuals identified as light drinkers.  Heavy drinkers have had more experience 

with alcohol related stimuli paired with consumptive behaviors and therefore should demonstrate 

heightened reactivity to alcohol pictures.  

Study 2.  Study 2 further investigated the role of motivation by directly manipulating 

approach motivation. In this study participants were induced into either an approach motivated 

state, a positive state, or a neutral state via a writing prompt. It was hypothesized that individuals 

induced into an approach motivated state would demonstrate an increase in ACR in comparison 

to those induced into either a neutral or positive state. It was also hypothesized that this effect 

would be greatest among those identified as heavy drinkers.  
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Subjective and Neurophysiological ACR.  Finally, both Study 1 and Study 2 included 

subjective and neurophysiological measures of ACR. Correlational analyses were first conducted 

to determine whether subjective responses corresponded with neurophysiological responses to 

alcohol related stimuli. Additional analyses were conducted to assess approach motivation and 

alcohol consumption as underlying mechanisms explaining the relationship between subjective 

and neurophysiological ACR. Specifically, moderation analyses were conducted to assess 

approach motivation (BAS) and alcohol use (AUDIT total scores) as potential moderators of the 

relationship between subjective and neurophysiological ACR. It was hypothesized that high trait 

approach motivation and increased alcohol use would strengthen the relationship between 

subjective and neurophysiological ACR. Finally, correlational analyses were conducted within 

each condition to assess whether manipulated states impacted the relationship between these 

broad categories of measurement.  
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STUDY 1 

Participants 

 

Fifty-three right-handed introductory psychology students (38 female, 14 male, 1 did not 

respond) completed the study in return for partial course credit through the PY101 research pool. 

The sample was predominately comprised of freshman (77.4%; sophomore: 13.2%; junior: 7.5%; 

senior: 1.9%) with a mean age of 18.50 (SD = 0.90). The majority of the sample identified as 

Caucasian (86.8%; African American: 5.7%; other: 3.8%; declined to respond: 1.9%; missing: 

1.9%). 

A prescreening procedure was used to recruit an equal number of heavy and light drinkers 

based on Alcohol Use Disorders Identification Test (AUDIT) scores (Babor, de la Fuente, 

Saunders, & Grant, 1992). A cut off score of four was used to differentiate between light (< four) 

and heavy (> four) drinkers (Barbor, Higgins-Biddle, Saunders, & Monteiro, 2001). Previous 

research has demonstrated that a cut-off score of four is capable of detecting 85% of at-risk 

drinkers (Maisto & Saitz, 2003). This cut off score resulted in 27 light drinkers and 25 heavy 

drinkers in the study (M = 5.38, SD = 4.66; 1 person did not respond).    

Methodology  

 

Following the prescreening process participants scheduled a 2-hour appointment to 

complete the study in the lab. Once in the lab, participants provided consent and then 

completed a battery of questionnaires that included an assessment of trait approach and 

withdrawal motivation (Behavioral Inhibition/Behavioral Activation System Questionnaire, 

BIS/BAS; Carver & White, 1994), drinking motives (Drinking Motives Questionnaire-
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Revised, DMQR; Cooper, 1994), alcohol consumption (Time Line Follow Back, TLFB; L. 

Sobell & M. Sobell, 1992), and trait craving (Penn Alcohol Craving Scale, PACS; Flannery, 

Volpicelli, & Pettinati, 1999). Following the completion of the questionnaires, participants 

underwent an electroencephalography (EEG) hook-up.  After a brief baseline measure of EEG 

activity, participants completed a writing prompt (i.e., the Projective Life Attitudes 

Assessment; E. Harmon-Jones, C. Harmon-Jones, Fearn, Sigelman, & Johnson, 2008) that 

induced a neutral state. Then, participants completed a Navon Letters task and a dot probe task. 

Finally, participants rated a subset of images presented during the Navon letters task and the 

dot probe task on dimensions of craving and desire.  

Measures 

Alcohol Use Disorders Identification Test. The Alcohol Use Disorders Identification 

Test (AUDIT; Babor, de la Fuente, Saunders, & Grant, 1992) is a 10-item questionnaire designed 

to assess three domains of alcohol use (Hazardous Alcohol Use, Dependence Symptoms, and 

Harmful Alcohol Use). Each item on the AUDIT has a set of 5 possible responses for the 

participants to choose from. The responses are then scored on a scale of 0 to 4. For example, 

item 1 asks “How often do you have a drink containing alcohol?” and provides the following 

responses: Never (given a score of 0), Monthly or less (given a score of 1), 2-4 times a month 

(given a score of 2), 2-3 times a week (given a score of 3), and 4 or more times a week (given a 

score of 4). The total possible score on the AUDIT ranges from 0 to 40. The AUDIT has 

demonstrated high reliability across a wide range of samples (for a review see Allen, Litten, 

Fertig, & Barbor, 1997) with measures of internal consistency within the 0.80’s. Within the 

current sample the internal consistency of this measure was acceptable (Cronbach’s α = .78). 
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For the current study, participants with a score above four were classified as heavy 

drinkers (n = 25) and participants with a score of four or lower were classified as light drinkers 

(n = 27). Previous research has suggested that determining a value for the cut-off score of the 

AUDIT should be done within the context of the sample and the purpose of the screening 

procedure (Barbor et al., 2001). While higher cut-off scores have increased specificity in 

identifying individuals with alcohol use disorders, these scores lack sensitivity in identifying 

individuals with harmful drinking habits. Conversely, lower cut-off scores are sensitive to more 

general harmful drinking behaviors. Because the current study was interested in simply 

differentiating heavy drinkers from light drinkers (i.e., not identifying those fitting the criteria for 

alcohol use disorders), a score of four was used.    

In order to test the validity of this cut-off score an independent samples t-test was 

conducted comparing drinking reported on the Timeline Followback between the heavy and light 

drinker groups. Participants categorized as heavy drinkers reported significantly higher alcohol 

consumption in the last month (M = 31.45, SD = 16.69) in comparison to participants categorized 

as light drinkers (M = 4.61, SD = 3.56), t(25.58) = -7.161, p < .001. These results support the use 

of an AUDIT cut-off score of four within this sample (Babor et al., 2001).  

Behavioral Inhibition/Behavioral Activation System. Trait approach motivation was 

measured using the BAS component of the behavioral inhibition/behavioral activation system 

(BIS/BAS) questionnaire (Carver & White, 1994). There are three BAS sub-scales: BAS drive 

which measures the persistent pursuit of goals, BAS reward responsiveness which measures 

positive responses to the anticipation of reward, and BAS fun seeking which measures 

willingness to approach new rewards. Total BAS combines the three sub-scales and measures 

overall behavioral approach. Trait withdrawal motivation was measured using the BIS 
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component of the questionnaire. BIS measures sensitivity to punishment and non-reward in the 

environment. The BIS/BAS scales using similar samples have demonstrated good to acceptable 

reliability (Cronbach’s α = .81 for total BAS, Cronbach’s α = .73 for BIS; Gable, Mechin, Hicks, 

& Adams, 2015).   Within the current sample the internal consistency of each measure was 

acceptable (BAS Cronbach’s α = .77; BIS Cronbach’s α = .73). Participants reported an average 

of 2.99 (SD = .31) on the BAS scale and an average of 3.14 (SD = .45) on the BIS scale.  

Drinking Motives Questionnaire-Revised. The Drinking Motives Questionnaire-

Revised (DMQ-R; Cooper, 1994) is a 20-item questionnaire designed to assess motivations to 

consume alcohol across four separate dimensions. Each dimension (social, coping, enhancement, 

conformity) is assessed through five items rated on a five-point scale (1 – Almost never/Never; 5- 

Almost always/Always). Participants are told to respond to each item based on how frequently 

their drinking is motivated by the reason listed. Social motives relate to increased drinking in 

social settings (“To celebrate a special occasion with friends”). Coping motives relate to drinking 

in response to life problems (“To forget your worries”). Enhancement motives relate to the belief 

that alcohol will improve the quality of a given situation (“Because it makes social gatherings 

more fun.”). Finally, conformity motives relate to external social pressures that influence an 

individuals’ decision to consume alcohol (“To be liked.”). The four-factor model of the DMQ-R 

has been demonstrated as a valid measure of drinking motives (see Cooper, 1994). Within the 

current sample the internal consistency of each factor was acceptable to excellent (social 

Cronbach’s α = .93, coping Cronbach’s α = .78, enhancement Cronbach’s α = .92, conformity 

Cronbach’s α = .89). Participants reported an average of 14.60 (SD = 5.91) on the social scale, 

9.55 (SD = 4.14) on the coping scale, 12.30 (SD = 5.45) on the enhancement scale, and 8.04 (SD 

= 4.14) on the conformity scale.  
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Timeline Followback Method (Alcohol). The Timeline Followback (TLFB) Method 

(Alcohol) (L. Sobell & M. Sobell, 1992) is a calendar based method for assessing alcohol use. 

For the current study participants completed a self-administered version of this task. Specifically, 

they were provided with a TLFB calendar and asked to retrospectively estimate their daily 

alcohol use for the 30 days prior to their scheduled appointment. Experimenters explained to the 

participants that they should use anchors (known days of heavy drinking) to help increase their 

accuracy when reporting their drinking over the last month. The TLFB method has demonstrated 

high test-retest reliability within clinical and research settings across a wide range of populations, 

including college students (for a review see L. Sobell, M. Sobell, Leo, & Cancilla, 1988). In the 

current study sample participants reported an average of 16.57 drinks in the past month (SD = 

18.04, Min. = 0, Max. = 74).  

Navon Letters Task. The Navon (1977) letters task is a measure of attentional scope. In 

this task participants identify local and global elements of hierarchical stimuli (i.e., larger letters 

comprised of smaller letters). Faster reaction times to local elements (i.e., small letters) indicate a 

narrowed attentional scope and faster reaction times to global elements (i.e., large letters) 

indicate a broadened attentional scope. This task has been reliably used as a measure of 

attentional breadth in response to appetitive stimuli, including alcohol cues (Gable & Harmon-

Jones, 2008; Hicks et al., 2015; for a review see Gable & Harmon-Jones, 2010). During this task, 

each Navon trial was preceded by an image. Half of the images featured alcoholic beverages and 

the other half of the images featured water pictures, there were 64 pictures in total. On each trial, 

a fixation cross was displayed for 500ms followed by a picture (either an alcohol or water image) 

displayed for 9s. Following each picture another fixation cross was displayed for 500ms. Lastly, 

a Navon letter was displayed until the participant responded.  Faster responses to local Navon 
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targets presented after an alcohol picture are interpreted as evidence for a local attentional focus. 

In order to assess neurophysiological ACR, electroencephalography (EEG) activity was collected 

during the picture viewing portion of this task. Details concerning the processing and assessment 

of this neurophysiological data are included in the electroencephalography section.  

Dot Probe Task. The dot probe task is a behavioral paradigm that uses reaction time 

responses to assess selective attention for visual stimuli. This task has been supported as a valid 

tool for detecting attentional biases for alcohol related stimuli (Hopfinger & Maxwell, 2005; 

Carrasco, 2006; Garland, Franken, Sheez, & Howard, 2012). Participants are first presented with 

two pictures that are displayed side-by-side simultaneously. These visual stimuli are then quickly 

replaced by probes. One picture is replaced by a target probe (two dots) and the other is replaced 

by a distracter probe (one dot). Participants are asked to quickly identify the location of the target 

probe while ignoring the distracter probe. For the current study, each trial consisted of an alcohol 

picture paired with a matched water picture. Water has been identified and reliably used as a 

contrast category for alcohol (Palfai & Ostafin, 2003; Ostafin & Palfai, 2006; Ostafin, Marlatt, & 

Greenwald, 2008); therefore, each alcohol picture was paired with a matched water picture. The 

trial progression and display times for the current study was as follows: fixation cross (500ms), 

alcohol/water paired stimuli (2000ms), interstimulus interval (50ms), target/distractor probes 

(100ms) (Garland et al., 2012). Faster responses to targets that appear in the same location of the 

alcohol pictures (alcohol consistent trials), in comparison to water pictures (water consistent 

trials), are interpreted as selective attention for alcohol related stimuli. In order to assess 

neurophysiological ACR electroencephalography data was recorded during this task. Details 

concerning the processing and assessment of this neurophysiological data are included in the 

electroencephalography section.   
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Electroencephalography (EEG).  EEG data was collected using 32 active electrodes 

mounted in a stretch lycra cap placed following the 10-20 system (Jasper, 1958). An online 

reference (i.e., CZ) was used and digital average mastoids were used to re-reference data offline. 

All electrode impedances were below 10 kΩ. EEG recordings were digitized at 1,024 Hz using 

Pycorder acquisition software (Brain Vision, Morrisville, NC) and filtered between .1 and 15 Hz. 

A computer algorithm corrected data for vertical electrooculogram artifacts (Gratton, Coles, & 

Donchin, 1983) and for signals exceeding ±75 μV. Neurophysiological ACR was measured 

using frontal alpha asymmetry during the Navon letters task and event-related potentials during 

the dot probe task.  

The Navon Letters task presents participants with sustained visual stimuli, in the current 

study pictures were presented for nine seconds. Because of the sustained presentation of the 

visual stimuli, frontal asymmetry scores were calculated. Previous research has demonstrated 

that greater relative activation in the left frontal cortex is associated with the behavioral approach 

system (Sutton & Davidson, 1997; Coan & Allen, 2003; Harmon-Jones, Gable, & Peterson, 

2010) and attentional narrowing in response to appetitive stimuli (Harmon-Jones & Gable, 

2009).  Frontal asymmetry was measured using the traditional alpha broadband of 8-13 Hz using 

a fast Fourier transformation (Coan & Allen, 2003; Shackman, McMenamin, Maxwell, 

Greischar, & Davidson, 2010). Cortical activity was averaged across the nine second picture 

presentation and then asymmetry scores were created for frontal homologous sites (F3/F4, 

F7/F8; log right minus log left; Gable & Harmon-Jones, 2008). Because alpha power is inversely 

related to cortical activity (Lindsley & Wicke, 1974), higher asymmetry scores indicate greater 

left than right hemispheric activity. Separate alpha asymmetry indexes were calculated for 

alcohol picture presentation and water picture presentation during the Navon letters task.  
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The dot probe task entails the rapid presentation of visual stimuli, therefore, event-related 

potentials (ERP) were calculated during this task. Early ERP’s can occur within 100ms after cue 

onset and reflect attentional cue reactivity that is beyond the control of participants (Petit, 

Kornreich, Dan, Verbanck, & Campanella, 2014; Dickter, Forestell, Hammett, & Young, 2014). 

Early ERP components also reflect individual differences related to alcohol stimulus response 

including binge drinking (Ryerson, Neal, & Gable, 2017), alcohol sensitivity (Bartholow, Henry, 

& Lust, 2007), and general drinking habits (Petite et al., 2012). The N1 ERP is a negative-going 

potential that occurs between 80 and 120ms post stimulus onset. The N1 is typically found in the 

frontal region of the scalp and is most likely generated by several cortical and sub-cortical 

structures (Olofsson, Nordin, Sequerira, & Polich, 2008). Previous research has demonstrated 

that the N1 ERP is sensitive to motivationally relevant stimuli (Foti et al., 2009; Keil et al., 2001) 

and relates to enhanced attentional processing of appetitive stimuli (Gable & Harmon-Jones, 

2011). Because of the relationship between the N1 ERP component and motivated attentional 

processes, neurophysiological assessment of the dot probe task focuses on the N1 ERP 

component. Consistent with past research, data was epoched from 100ms prior to picture 

presentation until 1200ms after picture onset and filtered using a lowpass filter of 35 Hz (Picton 

et al., 2000).  Software was used to identify the minimum amplitude of the N1 ERP component 

within a window of 80 and 120ms (BrainVision Analyzer, Morrisville, NC). N1 amplitude was 

assessed at midline sites (Fz and Cz) (Gable & Harmon-Jones, 2011). The data from these sites 

was used to create an N1 index for each trial type (i.e., alcohol consistent and water consistent).  

Penn Alcohol Craving Scale. The Penn Alcohol Craving Scale (PACS; Flannery, 

Volpicelli, & Pettinati, 1999) is a five-item measure that assesses craving over the past week. 

Each item presents participants with seven potential responses scored from 0-6. For example, 
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“At its most severe point, how strong was your craving during the past week?” presents with the 

following responses: Not at all (given a score of 0), Slight, that is a very mild urge (given a score 

of 1), Mild urge (given a score of 2), Moderate urge (given a score of 3), Strong urge, but easily 

controlled (given a score of 4), Strong urge and difficult to control (given a score of 5), and 

Strong urge and would have drunk alcohol if it were available (given a score of 6). The total 

possible score on the PACS ranges from 0 to 30. Previous research has shown that the PACS 

demonstrates high internal consistency (Cronbach’s α = .92; Flannery, Volpicelli, & Pettinati, 

1999). Within the current sample the internal consistency of this measure was good (Cronbach’s 

α = .86). Participants reported an average of 4.66 (SD = 4.11) on the PACS scale.     

Craving and Desire. At the end of the study participants were presented with a subset of 

pictures presented during the Navon letters and dot probe tasks. Participants responded to two 

subjective ACR items for each stimulus. For each picture participants rated their craving in 

response to the picture (“How much did you crave the item shown in the picture?”) and the 

desirability of the pictures presented (“How desirable did you find the item shown in the 

picture?”) on a scale of 1 (no craving/desirability) to 5 (extreme craving/desirability). Items like 

these are very common within substance use literature and have demonstrated high levels of 

reliability (Cronbach’s α = .97; Ostafin & Palfai, 2006). Within the current sample the internal 

consistency of each measure was excellent (alcohol craving Cronbach’s α = .94, water craving 

Cronbach’s α = .97; alcohol desire Cronbach’s α = .93, water desire Cronbach’s α = .97).  

Projective Life Attitudes Assessment. Participants in Study 1 completed the neutral 

essay prompt condition of the Projective Life Attitudes Assessment (the positive and approach 

motivation prompts were used in Study 2).  Participants were told that this assessment was 

designed to measure different dimensions of personality. The neutral prompt instructs 
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participants to describe an ordinary day during which there was neither an extremely positive or 

negative event (E. Harmon-Jones et al., 2008).  
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RESULTS 

Navon Letters Task 

 

 Reaction Time. Correlations between reaction times and individual difference measures 

(i.e., BAS, BIS, social drinking motives, coping drinking motives, enhancement drinking 

motives, conformity drinking motives, and PACS scores) were assessed using a Bonferroni 

adjusted p-value. Specifically, a family wise adjusted alpha of .007 (.05/7) was used to protect 

against Type I error across correlations using the seven aforementioned individual difference 

measures.  Reaction times in response to Navon letter trials did not relate to BAS, BIS, drinking 

motives, or PACS scores (see Table 1).  
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Table 1 

Correlations between Navon letter trial reaction times and personality measures in Study 1 

 

A non-significant 2 (Navon trial: local vs. global) x 2 (picture type: alcohol vs. water) 

demonstrated that alcohol pictures did not narrow attentional scope, F(1, 43) = 0.194, p = .662, 

η2 = .004. There were also non-significant main effects of Navon trial (p = .368, η2 = .019) and 

picture type (p = .196, η2 = .039). In order to investigate whether reaction time during this task 

was impacted by drinking, a 2 (Navon trial: local vs. global) x 2 (picture type: alcohol vs. water) 

x 2 (drinking status: heavy vs. light) ANOVA was conducted. Results found a significant 

interaction, F(1, 42) = 5.112, p = .029, η2 = .109, see Figure 1. The main effects of Navon trial (p 

= .734, η2 = .003), picture type (p = .132, η2 = .053), and drinking status (p = .663, η2 = .005) 

were non-significant. Post-hoc analyses found that light drinkers were faster in response to local 

trials following alcohol pictures (M = 810.94, SD = 158.32) in comparison to local trials 

Variable Global - 

Alcohol 

Global - 

Water 

Local – 

Alcohol 

Local – Water 

PACS r = -.120 

p = .425 

 

r = -.097 

p = .521 

r = .115 

p = .447 

r = .012 

p = .936 

BAS r = .144 

p =.341 

 

r = .211 

p =.159 

r = .386 

p = .008 

r = .300 

p = .040 

BIS r = -.028 

p =.853 

 

r = -.243 

p = .104 

r = .072 

p = .634 

r = .029 

p =.846 

DMQR – Social  r = .102 

p =.499 

 

r = .042 

p = .780 

r = .121 

p = .423 

r = .156 

p =.296 

DMQR – Coping r = .139 

p =.357 

 

r = .049 

p = .744 

r = .220 

p = .142 

r = .249 

p = .092 

DMQR – Enhancement  r = .056 

p = .710 

 

r = -.021 

p =.889 

r = .127 

p = .400 

r = .170 

p = .254 

DMQR – Conformity r = -.089 

p =.556 

r = -.123 

p = .417 

r = -.126 

p = .404 

r = -.059 

p = .694 
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following water pictures (M = 870.32, SD = 241.70; p = .016). Heavy drinkers were faster in 

response to global trials following alcohol pictures (M = 781.36, SD = 161.79) in comparison to 

global trials following water pictures (M = 872.57, SD = 250.85; p = .028). These post-hoc 

analyses suggest that heavy drinkers experienced a broadened attentional scope following 

alcohol pictures whereas light drinkers experienced a narrowed attentional scope following 

alcohol pictures.  

 

Figure 1 

Graph depicting 2 (Navon trial: local vs. global) x 2 (picture type: alcohol vs. water) x 2 

(drinking status: heavy vs. light) ANOVA predicting Navon letter task reaction times during 

Study 1. Significant differences (p < .05) marked with bar and asterisk.  
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 Neurophysiological Assessment. Correlations between alpha asymmetry and individual 

difference measures were also assessed using a Bonferroni adjusted p-value of .007. Alpha 

asymmetry in response to water pictures related negatively to PACS scores (r = -.461, p = .002), 

indicating that individuals high in trait craving experienced less left frontal activation in response 

to water pictures. Alpha asymmetry in response to alcohol and water pictures did not relate to 

any other individual difference measures. Additionally, alpha asymmetry did not relate to 

reaction times during the task (see Table 2).  
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 There was a non-significant difference between alpha asymmetry in response to alcohol 

(M = 0.001, SD = 0.037) and water (M = -0.013, SD = 0.042) pictures, t(37) = 1.301, p = .201, 

indicating that alcohol pictures did not elicit greater left frontal activation in comparison to water 

pictures. In order to investigate whether alpha asymmetry in response to this task was impacted 

Table 2 

Correlations between alpha asymmetry indexes and personality measures in Study 1 

Variable Alcohol Asymmetry Water Asymmetry 

PACS r = .240 

p = .136 

 

r = -.461* 

p = .002 

BAS r = .029 

p = .860 

 

r = .202 

p = .205 

BIS r = -.057 

p = .729 

 

r = .059 

p = .715 

DMQR – Social r = .238 

p = .138 

 

r = -.193 

p = .227 

DMQR – Coping  r = .347 

p = .028 

 

r = -.124 

p = .438 

DMQR – Enhancement  r = .283 

p = .077 

 

r = -.152 

p = .344 

DMQR – Conformity  r = .146 

p = .369 

 

r = .006 

p = .969 

Global – Alcohol 

 

r = .028 

p = .862 

 

r = -.123 

p = .454 

Global – Water 

 

r = -.005 

p = .975 

 

r = -.208 

p = .205 

Local – Alcohol 

 

r = .085 

p = .603 

 

r = -.107 

p = .515 

Local – Water 

 

r = -.120 

p = .456 

r = -.178 

p = .272 

Note. * signifies significance of p < .007.  
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by drinking, a 2 (Navon trial: local vs. global) x 2 (drinking status: heavy vs. light) ANOVA was 

conducted. Results revealed a non-significant interaction, F(1, 35) = 0.733, p = .398, η2 = .021. 

The main effects of picture type (p = .158, η2 = .056) and drinking status (p = .776, η2 = .002) 

were also non-significant. 

Dot Probe Task  

 

 Reaction Time. Correlations between reaction times during the dot probe task and 

individual difference measures were assessed using a Bonferroni adjusted p-value of .007. 

Reaction times in response to alcohol consistent and water consistent trials did not relate to BAS, 

BIS, drinking motives, or PACS scores (see Table 3). 

 

Table 3 

Correlations between dot probe task reaction times and personality measures in Study 1 

Variable  Alcohol Consistent RT Water Consistent RT 

PACS r = -.142 

p = .326 

 

r = -.158 

p = .275 

BAS r = -.130 

p = .370 

 

r = -.198 

p = .168 

BIS r = .257 

p = .072 

 

r = .198 

p = .168 

DMQR – Social r = -.155 

p = .284 

 

r = -.197 

p = .170 

DMQR – Coping  r = -.035 

p = .809 

 

r = -.073 

p = .613 

DMQR – Enhancement  r = -.064 

p = .660 

 

r = -.120 

p = .405 

DMQR – Conformity  r = -.216 

p = .131 

r = -.144 

p = .319 
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 There was a non-significant difference between reaction times to alcohol consistent (M = 

473.48, SD = 122.88) and water consistent (M = 481.84, SD = 121.05) trials, t(49) = -1.121, p = 

.268. These results indicate that alcohol consistent trials did not elicit attentional capture in 

comparison to water consistent trials. In order to investigate whether reaction times in response 

to this task were impacted by drinking, a 2 (consistency: alcohol vs. water) x 2 (drinking status: 

heavy vs. light) ANOVA was conducted. Results revealed a non-significant interaction, F(1, 47) 

= 1.470, p = .231, η2 = .030. The main effects of trial type (p = .307, η2 = .022) and drinking 

status (p = .599, η2 = .006) were also non-significant.  

 Neurophysiological Assessment. Correlations between N1 amplitudes and individual 

difference measures were assessed using a Bonferroni adjusted p-value of .007. N1 amplitudes in 

response to alcohol consistent and water consistent trials did not relate to BAS, BIS, drinking 

motives, or PACS scores. Additionally, N1 amplitudes did not relate to reaction times during the 

dot probe task (see Table 4).  
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 There was a non-significant difference between N1 amplitudes in response to alcohol 

consistent (M = -2.96, SD = 2.66) and water consistent (M = -2.77, SD = 2.19) trials, t(49) = 

0.718, p = .476. These results indicate that alcohol consistent trials did not enhance early 

appetitive neurological responses in comparison to water consistent trials. In order to investigate 

whether N1 amplitudes in response to this task were impacted by drinking, a 2 (consistency: 

alcohol vs. water) x 2 (drinking status: heavy vs. light) ANOVA was conducted. Results revealed 

a significant interaction, F(1, 47) = 5.836, p = .020, η2 = .110, see Figure 2. The main effects of 

Table 4 

Correlations between N1 ERP amplitudes and personality measures in Study 1 

Variable N1 Alcohol Consistent N1 Water Consistent 

PACS r = .251 

p = .078 

 

r = .136 

p = .347 

BAS r = .164 

p = .256 

 

r = .040 

p = .781 

BIS r = .016 

p = .914 

 

r = -.237 

p = .098 

DMQR – Social r = .217 

p = .131 

 

r = -.031 

p = .833 

DMQR – Coping  r = .188 

p = .192 

 

r = -.025 

p = .863 

DMQR – Enhancement  r = .281 

p = .048 

 

r = .110 

p = .446 

DMQR – Conformity  r = -.039 

p = .787 

 

r = -.060 

p = .681 

Alcohol Consistent RT 

 

r = -.009 

p = .953 

 

r = .053 

p = .718 

Water Consistent RT 

 

r = .046 

p = .752 

r = .133 

p = .363 
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consistency (p = .541, η2 = .008) and drinking status (p = .329, η2 = .020) were non-significant. 

Post-hoc analyses demonstrated that light drinkers produced larger N1 amplitudes in response to 

alcohol consistent trials (M = -3.56, SD = 0.51) in comparison to water consistent trials (M = -

2.77, SD = 0.43; p = .028). These results suggest that light drinkers demonstrated enhanced 

neurophysiological ACR, however, this effect was not observed for heavy drinkers.  

  

Figure 2 

Graph depicting 2 (consistency: alcohol vs. water) x 2 (drinking status: heavy vs. light) ANOVA 

predicting N1 ERP amplitudes in the dot probe task during Study 1. Significant differences (p < 

.05) marked with bar and asterisk.  

Picture Ratings  

 

 Craving.  Correlations between craving ratings and individual difference measures were 

assessed using a Bonferroni adjusted p-value of .007. Craving ratings of alcohol pictures related 

positively to PACS (r = .260, p < .001), endorsement of social motives (r = .520, p < .001), 
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endorsement of coping motives (r = .413, p < .001), and endorsement of enhancement motives (r 

= .473, p < .001). Craving ratings of alcohol pictures did not relate to any other measures. 

Craving ratings of water pictures did not relate to any measures (see Table 5).  

Table 5 

Correlations between craving ratings and personality measures in Study 1 

Variable Craving – Alcohol Craving - Water 

PACS r = .620* 

p < .001 

 

r = .240 

p = .090 

BAS r = .112 

p = .434 

 

r = -.007 

p = .959 

BIS r = .101 

p = .480 

 

r = -.177 

p = .214 

DMQR – Social r = .520* 

p < .001 

 

r = .027 

p = .849 

DMQR – Coping  r = .413* 

p < .001 

 

r = .027 

p = .853 

DMQR – 

Enhancement  

r = .473* 

p < .001 

 

r = .067 

p = .638 

DMQR – 

Conformity  

r = .113 

p = .354 

r = -.012 

p = .936 

Note. * signifies significance of p < .007. 

Participants rated water pictures higher on craving (M = 2.68, SD = 1.05) in comparison 

to alcohol pictures (M = 1.48, SD = 0.58), t(50) = -7.700, p < .001. These results indicate that 

participants found water pictures as more appetitive in comparison to alcohol pictures. In order 

to investigate whether drinking status effects these ratings, a 2 (picture type: alcohol vs. water) x 

2 (drinking status: heavy vs. light) ANOVA was conducted. Results revealed a non-significant 

interaction, F(1, 48) = 1.503, p = .226, η2 = .030. There was a significant main effect of picture 

type (p < .001, η2 = 0.552) as well as a significant main effect of drinking status (p = .020, η2 = 
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.107; see Figure 3). Heavy drinkers rated alcohol pictures higher in craving (M = 1.82, SD = 

0.76) compared to light drinkers (M = 1.22, SD = 0.29; p = .011). Heavy (M = 2.83, SD = 1.07) 

and light (M = 2.62, SD = 1.02) drinkers did not differ in their ratings of water pictures (p = 

.350). However, both heavy and light drinkers rated water pictures higher in craving in 

comparison to alcohol pictures (ps < .001).  

 

Figure 3 

Graph depicting 2 (picture type: alcohol vs. water) x 2 (drinking status: heavy vs. light) ANOVA 

predicting craving ratings during Study 1. Significant differences (p < .05) marked with bar and 

asterisk.  

 

Desire. Correlations between desire ratings and individual difference measures were 

assessed using a Bonferroni adjusted p-value of .007. Desire ratings of alcohol pictures related 
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positively to PACS (r = .530, p < .001), endorsement of social motives (r = .524, p < .001), 

endorsement of coping motives (r = .440, p < .001), and endorsement of enhancement motives (r 

= .510, p = .001). Desire ratings of alcohol pictures did not relate to any other measures. Desire 

ratings of water pictures did not relate to any measures (see Table 6).  

Table 6 

Correlations between desire ratings and personality measures in Study 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. * signifies significance of p < .007. 

 

Participants rated water pictures higher on the desire scale (M = 2.71, SD = 1.03) in 

comparison to alcohol pictures (M = 1.51, SD = 0.57), t(50) = -7.544, p < .001. These results 

indicate that participants found water pictures as more appetitive in comparison to alcohol 

pictures. In order to investigate whether drinking status effects these ratings, a 2 (picture type: 

alcohol vs. water) x 2 (drinking status: heavy vs. light) ANOVA was conducted. Results revealed 

Variable Desire – Alcohol Desire - Water 

PACS r = .530* 

p < .001 

 

r = .241 

p = .088 

BAS r = .114 

p = .314 

 

r = .018 

p = .903 

BIS r = .038 

p = .793 

 

r = -.209 

p = .141 

DMQR – Social r = .524* 

p < .001 

 

r = .031 

p = .826 

DMQR – Coping  r = .440* 

p < .001 

 

r = .041 

p = .777 

DMQR – Enhancement  r = .510* 

p = .001 

 

r = .084 

p = .560 

DMQR – Conformity  r = .239 

p = .091 

r = -.004 

p = .979 
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a non-significant interaction, F(1, 48) = 2.479, p = .122, η2 = .049. There was a significant main 

effect of picture type (p < .001, η2 = 0.545) as well as a significant main effect of drinking status 

(p = .008, η2 = .138; see Figure 4). Heavy drinkers rated alcohol pictures higher in desire (M = 

1.89, SD = 0.63) compared to light drinkers (M = 1.20, SD = 0.25; p = .003). Heavy (M = 2.84, 

SD = 1.06) and light (M = 2.65, SD = 0.98) drinkers did not differ in their ratings of water 

pictures (p = .510). However, both heavy and light drinkers rated water pictures higher in desire 

in comparison to alcohol pictures (ps < .001).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 

Graph depicting 2 (picture type: alcohol vs. water) x 2 (drinking status: heavy vs. light) ANOVA 

predicting desire ratings during Study 1. Significant differences (p < .05) marked with bar and 

asterisk.  
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Study 1 Discussion 

 The purpose of Study 1 was to investigate trait approach motivation and drinking as 

underlying mechanisms of ACR.  Results from Study 1 did not provide support for the 

hypothesis that trait approach motivation is a mechanism behind ACR. Trait approach 

motivation (BAS) did not relate to behavioral responses (i.e., reaction times), neurophysiological 

responses, or ratings of pictures. Furthermore, trait avoidance motivation (BIS) did not relate to 

these outcome measures. However, assessments of drinking motives which map onto 

motivational intensity were also included in the study to further investigate the role of motivation 

as an underlying mechanism of ACR. Although none of the motives related to behavioral or 

neurophysiological responses during either the Navon letters or dot probe task, endorsement of 

social, coping, and enhancement motives all related to enhanced subjective ACR (i.e., alcohol 

picture ratings of craving and desire). These results suggest that both approach (social and 

enhancement motives) and withdrawal (coping motives) related drinking motives may be related 

to enhanced subjective ACR. However, the passive nature of the tasks used within the current 

study (discussed in additional detail in the general discussion section) may have contributed to 

these unanticipated results.  

 Analyses concerning drinking status provided seemingly inconsistent results. During the 

Navon letters task, light drinkers were faster in response to local Navon trials following alcohol 

pictures compared to local Navon trials following water pictures. These results indicate that light 

drinkers experienced attentional narrowing in response to alcohol pictures, which is consistent 

with previous research demonstrating the virtual alcohol myopia effect (Gable et al., 2016; Hicks 

et al., 2012). However, heavy drinkers were faster in response to global Navon trials following 

alcohol pictures compared to global Navon trials following water pictures. These results indicate 
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that heavy drinkers experienced attentional broadening in response to alcohol pictures. 

Additionally, during the dot probe task, light drinkers produced larger N1 ERP amplitudes in 

response to alcohol consistent trials compared to water consistent trials. Although these 

behavioral and neurophysiological results suggest that light drinkers responded more appetitively 

to the alcohol pictures (i.e., increased attentional narrowing and enhanced rapid 

neurophysiological responses), heavy drinkers rated alcohol pictures higher on subjective 

craving and desire. The rating results suggest that heavy drinkers responded more appetitively to 

the alcohol pictures compared to light drinkers, which is in direct contrast to the implications of 

the behavioral and neurophysiological results. A source of this inconsistency could have resulted 

from the stimuli used within the study.   

 A major methodological issue within the current study is that water pictures were rated 

higher in desire and craving compared to the alcohol pictures. This suggests that participants 

found the water pictures as more appetitive than the alcohol pictures. Furthermore, this was the 

case regardless of drinking status. The hypotheses that served as the basis for the current study 

were predicated on the assumption that alcohol pictures are appetitive stimuli. Therefore, water 

pictures (and responses to these pictures) cannot be considered as a neutral comparison condition 

in the current study. Past research has consistently found that appetitive stimuli narrows 

attentional scope (Hicks, Friedman, Gable, & Davis, 2012; Hicks, Davis, Fields, & Gable, 2015; 

Gable et al., 2016). However, these examples of previous research consistently used rock images 

has a neutral comparison. The sharp contrast between the appetitive (i.e., alcohol pictures) and 

neutral (i.e., rock pictures) stimuli was not maintained in the current study, which may explain 

why the current study was unable to replicate well established past findings. Future research 
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should investigate whether a neutral comparison stimuli set featuring water images can be 

developed and used to replicate these past findings.  

Finally, PACS (i.e., trait craving in response to alcohol in the environment) was used to 

investigate individual differences in trait subjective ACR. PACS scores did not relate to 

performance on either the Navon letters task or the dot probe task. Additionally, PACS scores 

did not relate to neurophysiological responses to alcohol pictures. However, PACS scores did 

relate to craving and desire ratings of alcohol pictures. Because PACS scores reflect a stable 

trait, it cannot be considered a form of subjective ACR in the current study and was therefore 

treated as an individual difference measure instead of an ACR outcome measure.  
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STUDY 2 

 

 The current study sought to further investigate the role of motivation and drinking as 

underlying mechanisms of ACR. In the current study participants were induced into either a 

neutral, positive, or approach motivation state.  It was hypothesized that individuals induced into 

an approach motivation state would demonstrate enhanced ACR and that this effect would be 

paramount for heavy drinkers.  

Participants 

 

For the current study, participants in Study 1 served as the neutral condition (n = 53). An 

additional seventy-nine psychology students were recruited for Study 2 (59 female, 19 male, 1 

did not respond). These participants were assigned to complete a writing prompt that induced 

either an approach motivated state (n = 40) or a positive state (n = 39). The following analyses 

and descriptive statistics utilize the entire sample of participants (n = 132). There were no 

significant differences between the samples on any variables of interest (ps > .072; see Table 7). 

Additionally, all measures retained acceptable to excellent internal consistency (see Table 8 for 

Cronbach’s α and means/SDs for the entire sample).  
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Table 7 

Comparison of participants included in Study 1 and Study 2  

 Study 1  Study 2   

Variable M SD  M SD t-test p-value 

Self-report 
 

       

AUDIT 
 

5.38 4.66  5.35 4.48 0.041 .967 

BAS 
 

2.99 0.31  3.01 0.27 0.228 .820 

BIS 
 

3.14 0.45  3.00 0.45 1.811 .072 

TLFB 
 

16.57 18.04  21.36 24.35 1.274 .205 

PACS 
 

4.66 4.11  4.32 3.87 0.488 .626 

DMQR Social 
 

14.60 5.91  13.65 6.02 0.903 .368 

DMQR Coping 
 

9.55 4.14  9.11 3.67 0.631 .529 

DMQR Enhancement 
 

12.30 5.45  11.61 5.09 0.746 .457 

DMQR Conformity  
 

8.04 4.14  7.18 3.41 1.296 .197 

Navon Letters Task 
 

       

Global Alcohol 818.51 222.27  881.12 342.66 1.204 .231 

Global Water 848.92 261.98  866.76 323.48 0.314 .754 

Local Alcohol 834.59 247.40  890.60 350.80 1.016 .312 

Local Water 880.90 317.30  927.18 383.83 0.690 .492 

Alcohol Alpha Asymmetry 0.001 0.037  -0.004 0.033 0.802 .424 

Water Alpha Asymmetry  -0.013 0.042  -0.002 0.039 1.380 .171 

Dot Probe Task        

Alcohol Consistent 473.48 122.88  501.11 101.60 1.350 180 

Water Consistent 481.84 121.05  505.51 114.54 1.093 .277 

Alcohol N1 -2.96 2.66  -3.49 2.81 1.016 .312 

Water N1 -2.77 2.19  -3.32 2.40 1.268 .207 



44 
 

Picture Ratings 
 

       

Craving – Alcohol 1.48 0.58  1.62 0.69 1.128 .261 

Craving – Water  2.68 1.05  2.58 0.92 0.607 .545 

Desire – Alcohol 1.51 0.57  1.68 0.71 1.381 .170 

Desire – Water  2.71 1.03  2.58 0.91 0.704 .483 

 

 

One-hundred and thirty-two right-handed introductory students (97 female, 33 male, 2 

did not respond) completed the study in return for partial course credit through the PY101 

research pool. The sample was predominately comprised of freshman (74.2%; sophomore: 

Table 8 

Internal consistency and means/SDs of measures in Study 2 

Variable  M SD Cronbach’s α 

AUDIT 

 

5.36 4.54 .78 

PACS 

 

4.45 3.96 .87 

BAS 

 

3.00 0.28 .75 

BIS 

 

3.06 0.46 .75 

DMQR – Social 

 

14.03 5.97 .94 

DMQR – Coping 

 

9.29 3.86 .79 

DMQR – Enhancement 

 

11.89 5.23 .91 

DMQR – Conformity  

 

7.53 3.73 .90 

Craving – Alcohol  

 

1.56 0.65 .95 

Craving – Water  

 

2.62 0.98 .97 

Desire – Alcohol  

 

1.61 0.66 .95 

Desire – Water  

 

2.63 0.96 .96 
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15.9%; junior: 9.1%; senior: 0.8%) with a mean age of 18.46 (SD = 0.87). The majority of the 

sample identified as Caucasian (81.8%; African American: 8.3%; Asian American/Island 

Pacificer: other: 4.5%; declined to respond: 3.0%; missing: 1.5%).  

The same prescreening procedure from Study 1 was used to recruit an equal number of 

heavy and light drinkers into Study 2 (AUDIT; Babor et al., 1992). As with Study 1, a cut-off 

score of four was used (Babor et al., 2001) resulting in 64 light drinkers and 65 heavy drinkers 

included in the study (M = 5.36, SD = 4.54; 3 did not respond). Because the measures and 

procedures of Study 2 are mostly identical to that of Study 1, only the measures unique to Study 

2 are described below.  

Measures 

Projective Life Attitudes Assessment. Participants in Study 2 were assigned to 

complete either the approach or positive essay prompt conditions of the Projective Life Attitudes 

Assessment. Participants were told that this assessment is designed to measure different 

dimensions of personality. The positive prompt instructed participants to describe a positive 

event that caused them to feel very good but was not a result of something they did. The 

approach motivation prompt instructed participants to write about a goal they intend to 

accomplish in the next 3 months. In writing about this goal, they were asked to provide the five 

most important steps including details about how, when, and where each step will be performed 

(Taylor & Gollwitzer, 1995). In order to prevent participants from writing about goals that could 

elicit an aversive response to alcohol related stimuli (goals related to healthy eating, academic 

performance, etc.), participants were told to write about goals that will enhance their collegiate 

experience (expanding social relationships, embracing the college experience, trying new things, 
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etc.). This Projective Life Attitudes Assessment writing prompts have been used previously to 

manipulate neutral, positive, and approach states (E. Harmon-Jones et al., 2008). 

Manipulation Check. Two coders independently rated participant essays on dimensions 

of motivation (approach, avoidance), valence (positive, neutral, and negative), and length. Each 

dimension was rated using a 7 point Likert-scale (1 – Not at all present/Short; 7 – Extremely 

present/Long). Analyses of intraclass correlation coefficients found that the coders demonstrated 

inter-rater reliability for each dimension (positive = .84, p < .001; neutral = .86, p < .001; 

negative = .60, p < .001; approach motivation = .41, p = .002; avoidance motivation = .65, p < 

.001; length = .95, p < .001). One-way ANOVA’s were conducted to assess each manipulation 

check dimension across the conditions.  

Motivation. Participants in the approach condition (M = 5.18, SD = 0.12) wrote essays 

that were rated significantly higher in approach compared to participants in the neutral (M = 

4.17, SD = 0.10; p < .001) and positive conditions (M = 4.42, SD = 0.12; p < .001), F(1, 125) = 

21.757, p < .001, η2 = .258, see Figure 5. There was no difference in approach ratings between 

the neutral and positive conditions (p = .122). Participants in the approach (M = 1.17, SD = 0.08), 

positive (M = 1.14, SD = 0.08) and neutral (M = 1.31, SD = 0.07) conditions did not differ in 

avoidance motivation essay ratings, F(2, 125) = 1.532, p = .220, η2 = .024.  
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Figure 5 

Graph depicting one-way ANOVA for approach essay ratings across conditions in Study 2. 

Significant differences (p < .05) marked with bar and asterisk. 

Valence. Participants in the positive condition (M = 5.51, SD = 0.14) wrote essays that 

were rated significantly more positive in comparison to participants in the neutral (M = 2.79, SD 

= 0.12; p < .001) and approach conditions (M = 3.29, SD = 0.14; p < .001), F(2, 125) = 114.086, 

p < .001, η2 = .646, see Figure 6. Additionally, participants in the approach condition wrote 

essays that were rated significantly more positive in comparison to participants in the neutral 

condition (p = .007). Participants in the neutral (M = 4.73, SD = 0.12) and approach (M = 4.54, 

SD = 0.14) conditions wrote essays that were rated significantly more neutral in comparison to 

participants in the positive condition (M = 1.89, SD = 0.14; ps < .001), F(2, 125) = 132.045, p < 
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.001, η2 = .679, see Figure 7. However, there was no difference between the neutral and approach 

conditions (p = .300) on the neutral dimension rating. Finally, participants in the approach 

condition (M = 1.24, SD = 0.11) wrote essays that were rated significantly less negative in 

comparison to participants in the neutral condition (M = 1.61, SD = 0.10; p = 0.014), F(2, 125) = 

3.306, p = 0.040, η2 = .050, see Figure 8. There was no difference between the approach and 

positive conditions (M = 1.54, SD = 0.11; p = .063) or between the positive and neutral 

conditions (p = .660) on the negative dimension. 

Figure 6 

Graph depicting one-way ANOVA for positive essay ratings across conditions in Study 2. 

Significant differences (p < .05) marked with bar and asterisk. 
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Figure 7 

Graph depicting one-way ANOVA for neutral essay ratings across conditions in Study 2. 

Significant differences (p < .05) marked with bar and asterisk. 
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Figure 8 

Graph depicting one-way ANOVA for negative essay ratings across conditions in Study 2. 

Significant differences (p < .05) marked with bar and asterisk. 

Length. Participants in the approach condition (M = 4.83, SD = 0.21) wrote essays that 

were rated significantly shorter in comparison to participants in the neutral condition (M = 5.51, 

SD = 0.18; p = .016), F(2, 125) = 3.146, p = .046,  η2 = .046, see Figure 9. There was no 

difference between the approach and positive (M = 5.38, SD = 0.22; p = .073) conditions in 

length or between the neutral and positive conditions in length (p = .643).  
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Figure 9 

Graph depicting one-way ANOVA for length essay ratings across conditions in Study 2. 

Significant differences (p < .05) marked with bar and asterisk. 
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RESULTS 

The following results section first presents analyses for the positive and approach 

conditions separately. These analyses are identical to the analyses conducted for the neutral 

condition in Study 1. Then, analyses focusing on across condition comparisons are presented.  

Positive Condition 

 

Navon Letters Task. 

 

 Reaction Time. Correlations between reaction times and individual difference measures 

(i.e., BAS, BIS, social drinking motives, coping drinking motives, enhancement drinking 

motives, conformity drinking motives, and PACS scores) were assessed using a Bonferroni 

adjusted p-value. Specifically, a family wise adjusted alpha of .007 (.05/7) was used to protect 

against Type I error across correlations using the seven aforementioned individual difference 

measures. Reaction times in response to local trials following alcohol and water pictures times 

did not relate to any measures (see Table 9).  
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Table 9 

Correlations between Navon letter trial reaction times and personality measures in the positive 

condition 

Variable  Global - 

Alcohol 

Global - 

Water 

Local - 

Alcohol 

Local – 

Water 

PACS 

 

r = .089 

p = .600 

 

r = -1.22 

p = .480 

r = -.042 

p = .804 

r = .005 

p = .978 

BAS 

 

r = -.198 

p = .240 

 

r = -.261 

p = .125 

r = -.088 

p = .605 

r = -.098 

p = .564 

BIS 

 

r = .095 

p = .576 

 

r = .093 

p = .588 

r = .069 

p = .686 

r = .112 

p = .507 

DMQR – Social 

 

r = .099 

p = .562 

 

r = .009 

p = .957 

r = -.037 

p = .827 

r = -.017 

p = .920 

DMQR – Coping 

 

r = .220 

p = .191 

 

r = -.003 

p = .986 

r = -.021 

p = .903 

r = .102 

p = .546 

DMQR – Enhancement  

 

r = .053 

p = .756 

 

r = -.114 

p = .509 

r = -.035 

p = .837 

r = -.013 

p = .941 

DMQR – Conformity  

 

r = .172 

p = .309 

r = .157 

p = .359 

r = .054 

p = .752 

r = .007 

p = .966 

 

A non-significant 2 (Navon trial: local vs. global) x 2 (picture type: alcohol vs. water) 

demonstrated that alcohol pictures did not narrow attentional scope, F(1, 35) = 0.582, p = .451, 

η2 = .016. There was a significant main effect of Navon trial (p = .047, η2 = .108) and a non-

significant main effect of picture type (p = .518, η2 = .012). Participants responded to faster to 

global trials (M = 808.26, SD = 25.36) following water pictures compared to local trials (M = 

849.97, SD = 43.51) following water pictures, p = .030, see Figure 10. These results suggest that 

individuals in the positive condition experienced attentional broadening in response to water 

pictures.  
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Figure 10 

Graph depicting 2 (Navon trial: local vs. global) x 2 (picture type: alcohol vs. water) ANOVA 

predicting Navon letter task reaction times in the positive condition of Study 2. Significant 

differences (p < .05) marked with bar and asterisk.  

 In order to investigate whether reaction time during this task was impacted by drinking, a 

2 (Navon trial: local vs. global) x 2 (picture type: alcohol vs. water) x 2 (drinking status: heavy 

vs. light) ANOVA was conducted. Results found a significant interaction, F(1, 33) = 8.494, p = 

.006, η2 = .205, see Figure 11. There was a significant main effect of Navon trial (p = .047, η2 = 

.114) and non-significant main effects of picture type (p = .450, η2 = .017) and drinking status (p 

= .480, η2 = .015). Post-hoc analyses found that heavy drinkers were faster in response to global 

trials following water pictures (M = 818.58, SD = 213.42) compared to global trials following 
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alcohol pictures (M = 886.27, SD = 294.62; p = .010) and local trials following water pictures (M 

= 883.45, SD = 286.53; p = .013). These results suggest that heavy drinkers experienced a more 

broadened attentional scope following water pictures when in a positive state. Additionally, light 

drinkers were faster in response to global trials following alcohol pictures (M = 771.06, SD = 

225.66) versus local trials following alcohol pictures (M = 842.65, SD = 251.69; p = .005). These 

results suggest that light drinkers experience a broadened attentional scope following alcohol 

pictures when in a positive state.  

 

Figure 11 

Graph depicting 2 (Navon trial: local vs. global) x 2 (picture type: alcohol vs. water) x 2 

(drinking status: heavy vs. light) ANOVA predicting Navon letter task reaction times in the 

positive condition of Study 2. Significant differences (p < .05) marked with bar and asterisk.  
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 Neurophysiological Assessment. Correlations between alpha asymmetry and individual 

difference measures were assessed using a Bonferroni adjusted p-value of .007. Alpha 

asymmetry in response to alcohol pictures related negatively to BIS scores (r = -.586, p = .001), 

specifically, individuals high in BIS demonstrated decreased left frontal activation in response to 

alcohol pictures. Alpha asymmetry in response to alcohol and water pictures did not relate to any 

other measures. Additionally, alpha asymmetry did not relate to reaction times during the task 

(see Table 10).  

Table 10 

Correlations between alpha asymmetry indexes and personality measures in the positive 

condition 

Variable  Alcohol Asymmetry Water Asymmetry 

PACS 

 

r = .278 

p = .144 

 

r = .000 

p = .999 

BAS 

 

r = .132 

p = .494 

 

r = .364 

p = .052 

BIS 

 

r = -.586* 

p = .001 

 

r = -.185 

p = .337 

DMQR – Social  

 

r = .192 

p = .319 

 

r = -.147 

p = .446 

DMQR – Coping  

 

r = .180 

p = .350 

 

r = .063 

p = .745 

DMQR – Enhancement 

 

r = .343 

p = .068 

 

r = .047 

p = .810 

DMQR – Conformity  

 

r = -.105 

p = .589 

 

r = -.019 

p = .924 

Global – Alcohol 

 

r = .102 

p = .600 

 

r = .292 

p = .124 

Global – Water 

 

r = -.173 

p = .380 

 

r = .063 

p = .749 
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Local – Alcohol 

 

r = .053 

p = .786 

 

r = .276 

p = .147 

Local – Water 

 

r = .000 

p = .999 

r = .256 

p = .180 

Note. * signifies significance of p < .007.  

 There was a non-significant difference between alpha asymmetry in response to alcohol 

(M = -0.008, SD = 0.036) and water (M = -0.012, SD = 0.042) pictures, t(27) = 0.334, p = .741, 

indicating that alcohol pictures did not elicit greater left frontal activation in comparison to water 

pictures. In order to investigate whether alpha asymmetry in response to this task was impacted 

by drinking, a 2 (Navon trial: local vs. global) x 2 (drinking status: heavy vs. light) ANOVA was 

conducted. Results revealed a non-significant interaction, F(1, 26) = 0.321, p = .576, η2 = .012. 

The main effects of picture type (p = .421, η2 = .025) and drinking status (p = .382, η2 = .030) 

were also non-significant. 

Dot Probe Task.  

 

 Reaction Time. Correlations between reaction times during the dot probe task and 

individual difference measures were assessed using a Bonferroni adjusted p-value of .007. 

Reaction times in response to alcohol consistent and water consistent trials did not relate any 

measures (see Table 11).  

Table 11 

Correlations between dot probe task reaction times and personality measures in the positive 

condition  

Variable  Alcohol Consistent RT Water Consistent RT 

PACS r = .029 

p = .865 

 

r = .179 

p = .297 

BAS r = -.282 

p = .096 

 

r = -.227 

p = .183 

BIS r = .248 

p = .144 

r = .131 

p = .448 
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DMQR – Social r = -.207 

p = .226 

 

r = -.044 

p = .797 

DMQR – Coping  r = -.052 

p = .763 

 

r = .030 

p = .864 

DMQR – Enhancement  r = -.073 

p = .673 

 

r = .151 

p = .378 

DMQR – Conformity  r = -.411 

p = .013 

r = -.325 

p = .053 

 

 There was a non-significant difference between reaction times to alcohol consistent (M = 

498.85, SD = 107.14) and water consistent (M = 514.89, SD = 125.39) trials, t(35) = -1.009, p = 

.320. These results indicate that alcohol consistent trials did not elicit attentional capture in 

comparison to water consistent trials. In order to investigate whether reaction times in response 

to this task were impacted by drinking, a 2 (consistency: alcohol vs. water) x 2 (drinking status: 

heavy vs. light) ANOVA was conducted. Results revealed a non-significant interaction, F(1, 32) 

= 2.141, p = .153, η2 = .063. The main effects of trial type (p = .271, η2 = .038) and drinking 

status (p = .764, η2 = .003) were non-significant.  

 Neurophysiological Assessment. Correlations between N1 amplitudes and individual 

difference measures were assessed using a Bonferroni adjusted p-value of .007. N1 amplitudes in 

response to alcohol consistent trials related negatively to social (r = -.545, p = .001) drinking 

motives. Specifically, individuals scoring higher on the social drinking motives subscale 

demonstrated larger N1 amplitudes in response to alcohol consistent trials. N1 amplitudes in 

response to alcohol consistent and water consistent trials did not relate to any other measures. 

Additionally, N1 amplitudes did not relate to reaction times during the task (see Table 12).  
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 There was a non-significant difference between N1 amplitudes in response to alcohol 

consistent (M = -3.59, SD = 3.28) and water consistent (M = -2.94, SD = 2.80) trials, t(43) = -

1.117, p = .273. These results indicate that alcohol consistent trials did not enhance early 

appetitive neurological responses in comparison to water consistent trials. In order to investigate 

whether N1 amplitudes in response to this task were impacted by drinking, a 2 (consistency: 

alcohol vs. water) x 2 (drinking status: heavy vs. light) ANOVA was conducted. Results revealed 

Table 12 

Correlations between N1 ERP amplitudes and personality measures in the positive condition 

Variable  N1 Alcohol Consistent N1 Water Consistent 

PACS 

 

r = -.408 

p = .020 

 

r = .031 

p = .866 

BAS 

 

r = .064 

p = .728 

 

r = .025 

p = .891 

BIS 

 

r = -.164 

p = .371 

 

r = .069 

p = .709 

DMQR – Social 

 
r = -.545* 

p = .001 

 

r = -.283 

p = .117 

DMQR – Coping 

 

r = -.440 

p = .012 

 

r = .008 

p = .967 

DMQR – Enhancement 

 

r = -.352 

p = .048 

 

r = -.260 

p = .151 

DMDQ – Conformity 

 

r = -.372 

p = .036 

 

r = -.063 

p = .731 

Alcohol Consistent RT 

 

r = .213 

p = .241 

 

r = .069 

p = .709 

Water Consistent RT 

 

r = .170 

p = .351 

r = -.108 

p =.557 

Note. * signifies significance of p < .007.  
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a non-significant interaction, F(1, 28) = 3.063, p = .091, η2 = .009. The main effects of 

consistency (p = .627, η2 = .008) and drinking status (p = .083, η2 = .103) were non-significant.  

Picture Ratings. 

  

 Craving.  Correlations between craving ratings and individual difference measures were 

assessed using a Bonferroni adjusted p-value of .007. Craving ratings of alcohol pictures related 

positively to PACS (r = .514, p < .001) scores. These results suggest that individuals high in trait 

craving also rated alcohol pictures high in state craving. Craving ratings of alcohol pictures did 

not relate to any other measures. Craving ratings of water pictures did not relate to any measures 

(see Table 13).  

 

Table 13 

Correlations between craving ratings and personality measures in the positive condition 

Variable Craving – Alcohol Craving - Water 

PACS 

 
r = .514* 

p < .001 

 

r = -.056 

p = .741 

BAS 

 

r = -.025 

p = .884 

 

r = .022 

p = .899 

BIS 

 

r = .157 

p = .254 

 

r = .129 

p = .446 

DMQR – Social  

 

r = .382 

p = .019 

 

r = .160 

p = .343 

DMQR – Coping  

 

r = .372 

p = .023 

 

r = .137 

p = .419 

DMQR – Enhancement  

 

r = .408 

p = .012 

 

r = .054 

p = .751 

DMDQ – Conformity  

 

r = .362 

p =.028 

r = .112 

p = .508 

Note. * signifies significance of p < .007. 
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Participants rated water pictures higher on craving (M = 2.69, SD = 0.99) in comparison 

to alcohol pictures (M = 1.62, SD = 0.74), t(36) = -5.930, p < .001. These results indicate that 

participants found water pictures as more appetitive in comparison to alcohol pictures. In order 

to investigate whether drinking status effects these ratings, a 2 (picture type: alcohol vs. water) x 

2 (drinking status: heavy vs. light) ANOVA was conducted. Results revealed a non-significant 

interaction, F(1, 33) = 1.284, p = .265, η2 = .037. There was a significant main effect of picture 

type (p < .001, η2 = 0.504) as well as a significant main effect of drinking status (p = .003, η2 = 

.234; see Figure 12). Heavy drinkers rated alcohol pictures higher in craving (M = 2.02, SD = 

0.75) compared to light drinkers (M = 1.17, SD = 0.28; p = .003). Heavy (M = 2.87, SD = 1.11) 

and light (M = 2.44, SD = 0.88) drinkers did not differ in their ratings of water pictures (p = 

.203). However, both heavy and light drinkers rated water pictures higher in craving in 

comparison to alcohol pictures (ps < .001).  



62 
 

 

Figure 12 

Graph depicting 2 (picture type: alcohol vs. water) x 2 (drinking status: heavy vs. light) ANOVA 

predicting craving ratings in the positive condition of Study 2. Significant differences (p < .05) 

marked with bar and asterisk.  

Desire. Correlations between desire ratings and individual difference measures were 

assessed using a Bonferroni adjusted p-value of .007. Desire ratings of alcohol pictures related 

positively to PACS (r = .485, p = .002) and endorsement of enhancement (r = .445, p = .006) 

motives scores. Desire ratings of alcohol pictures did not relate to any other measures. Desire 

ratings of water pictures did not relate to any measures (see Table 14).  

Table 14 

Correlations between desire ratings and personality measures in the positive condition 

Variable  Desire – Alcohol Desire - Water 
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PACS 

 

r = .485* 

p = .002 

 

r = -.119 

p = .482 

BAS 

 

r = -.100 

p = .554 

 

r = .034 

p = .842 

BIS 

 

r = .173 

p = .305 

 

r = .125 

p = .461 

DMQR – Social 

 

r = .391 

p = .017 

 

r = .138 

p = .416 

DMQR – Coping 

 

r = .381 

p = .020 

 

r = .092 

p = .589 

DMQR – Enhancement  

 

r = .445* 

p = .006 

 

r = .065 

p = .704 

DMDQ – Conformity  

 

r = .327 

p = .048 

 

r = .087 

p = .609 

Note. * signifies significance of p < .007. 

Participants rated water pictures higher on desire (M = 2.71, SD = 0.97) in comparison to 

alcohol pictures (M = 1.69, SD = 0.78), t(36) = -5.510, p < .001. These results indicate that 

participants found water pictures as more appetitive in comparison to alcohol pictures. In order 

to investigate whether drinking status effects these ratings, a 2 (picture type: alcohol vs. water) x 

2 (drinking status: heavy vs. light) ANOVA was conducted. Results revealed a non-significant 

interaction, F(1, 33) = 2.384, p = .132, η2 = .067. There was a significant main effect of picture 

type (p < .001, η2 = 0.471) as well as a significant main effect of drinking status (p = .001, η2 = 

.276), see Figure 13. Heavy drinkers rated alcohol pictures higher in desire (M = 2.16, SD = 

0.72) compared to light drinkers (M = 1.18, SD = 0.29; p < .001). Heavy (M = 2.88, SD = 1.08) 

and light (M = 2.48, SD = 0.88) drinkers did not differ in their ratings of water pictures (p = 

.143). However, both heavy and light drinkers rated water pictures higher in craving in 

comparison to alcohol pictures (ps < .02).   
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Figure 13 

Graph depicting 2 (picture type: alcohol vs. water) x 2 (drinking status: heavy vs. light) ANOVA 

predicting desire ratings in the positive condition of Study 2. Significant differences (p < .05) 

marked with bar and asterisk.  

Approach Motivation Condition 

 

Navon Letters Task. 

 

 Reaction Time. Correlations between reaction times and individual difference measures 

(i.e., BAS, BIS, social drinking motives, coping drinking motives, enhancement drinking 

motives, conformity drinking motives, and PACS scores) were assessed using a Bonferroni 

adjusted p-value. Specifically, a family wise adjusted alpha of .007 (.05/7) was used to protect 

against Type I error across correlations using the seven aforementioned individual difference 
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measures. Reaction times in response to Navon trials following alcohol and water pictures times 

did not relate to any measures (see Table 15).  

Table 15 

Correlations between Navon letter trial reaction times and personality measures the approach 

condition 

Variable Global - 

Alcohol 

Global - 

Water 

Local - 

Alcohol 

Local – 

Water 

PACS 

 

r = -.098 

p = .576 

 

r = -.205 

p = .224 

r = -.162 

p = .353 

r = -.209 

p = .214 

BAS 

 

r = .150 

p = .397 

 

r = .091 

p = .598 

r = -.033 

p = .852 

r = .195 

p = .254 

BIS 

 

r = -.156 

p = .372 

 

r = -.232 

p = .166 

r = -.300 

p = .080 

r = -.206 

p = .222 

DMQR – Social 

 

r = -.142 

p = .416 

 

r = -.195 

p = .248 

r = -.121 

p = .489 

r = -.160 

p = .344 

DMQR – Coping 

 

r = -.060 

p = .734 

 

r = -.080 

p = .640 

r = -.067 

p = .704 

r = -.113 

p = .507 

DMQR – Enhancement 

 

r = -.190 

p = .275 

 

r = -.241 

p = .151 

r = -.177 

p = .309 

r = -.200 

p = .235 

DMQR – Conformity 

 

r = -.110 

p = .529 

r = -.055 

p = .747 

r = .064 

p = .715 

r = .027 

p = .875 

 

A non-significant 2 (Navon trial: local vs. global) x 2 (picture type: alcohol vs. water) 

demonstrated that alcohol pictures did not narrow attentional scope, F(1, 32) = 4.090, p = .052, 

η2 = .113. The main effects of Navon trial (p = .951, η2 < .001) and picture type (p = .955, η2 < 

.001) were non-significant. In order to investigate whether reaction time during this task was 

impacted by drinking a 2 (Navon trial: local vs. global) x 2 (picture type: alcohol vs. water) x 2 

(drinking status: heavy vs. light) was conducted. Results found a non-significant interaction, F(1, 
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31) = 0.420, p = .522, η2 = .013. The main effects of Navon trial (p = .914, η2 < .001), picture 

type (p = .992, η2 < .001), and drinking status (p = .877, η2 < .001) were non-significant.  

 Neurophysiological Assessment. Correlations between alpha asymmetry and individual 

difference measures were assessed using a Bonferroni adjusted p-value of .007. Alpha 

asymmetry in response to alcohol and water pictures did not relate to any measures. 

Additionally, alpha asymmetry did not relate to reaction times during the task (see Table 16).  

Table 16 

Correlations between alpha asymmetry indexes and personality measures in the approach 

condition 

Variable Alcohol Asymmetry Water Asymmetry 

PACS 

 

r = -.010 

p = .956 

 

r = .111 

p = .544 

BAS 

 

r = .034 

p = .857 

 

r = .125 

p = .502 

BIS 

 

r = .215 

p = .238 

 

r = .218 

p = .231 

DMQR – Social  

 

r = -.069 

p = .706 

 

r = .175 

p = .339 

DMQR – Coping 

 

r = .032 

p = .862 

 

r = .069 

p = .706 

DMQR – Enhancement  

 

r = -.132 

p = .473 

 

r = .105 

p = .567 

DMQR – Conformity  

 

r = -.144 

p = .432 

 

r = .190 

p = .298 

Global – Alcohol 

 

r = .024 

p = .901 

 

r = .153 

p = .420 

Global – Water 

 

r = .055 

p = .766 

 

r = .272 

p = .132 

Local – Alcohol 

 

r = .232 

p = .209 

r = .330 

p = .070 
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Local – Water 

 

r = .219 

p = .229 

r = .270 

p = .136 

 

 There was a non-significant difference between alpha asymmetry in response to alcohol 

(M = -0.001, SD = 0.030) and water (M = 0.007, SD = 0.033) pictures, t(31) = -1.441, p = .160, 

indicating that alcohol pictures did not elicit greater left frontal activation in comparison to water 

pictures. In order to investigate whether alpha asymmetry in response to this task was impacted 

by drinking, a 2 (Navon trial: local vs. global) x 2 (drinking status: heavy vs. light) ANOVA was 

conducted. Results revealed a significant interaction, F(1, 30) = 4.476, p = .043, η2 = .130. The 

main effects of picture type (p = .110, η2 = .083) and drinking status (p = .666, η2 = .006) were 

non-significant, see Figure14. Post-hoc analyses revealed that heavy drinkers demonstrated 

greater left frontal activation to water pictures (M = 0.016, SD = 0.03) in comparison to alcohol 

pictures (M = -0.005, SD = 0.037; p = .027). These results suggest that heavy drinkers in the 

approach condition demonstrated enhanced neurophysiological cue reactivity in response to 

water pictures.   
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Figure 14 

Graph depicting 2 (picture type: alcohol vs. water) x 2 (drinking status: heavy vs. light) ANOVA 

predicting alpha asymmetry in the Navon letters task in the approach condition of Study 2. 

Significant differences (p < .05) marked with bar and asterisk.  

Dot Probe Task.  

 

 Reaction Time. Correlations between reaction times and individual differences were 

assessed using a Bonferroni adjusted p-value of .007. Reaction times in response to alcohol 

consistent and water consistent trials did not relate to any measures (see Table 17).  

 Table 17 

Correlations between dot probe task reaction times and personality measures in the approach 

condition  

Variable  Alcohol Consistent RT Water Consistent RT 

PACS r = -.066 r = -.075 
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p = .707 

 

p = .667 

BAS r = .063 

p = .721 

 

r = .026 

p = .884 

BIS r = .164 

p = .347 

 

r = .104 

p = .553 

DMQR – Social r = -.003 

p = .984 

 

r = -.074 

p = .673 

DMQR – Coping  r = .124 

p = .479 

 

r = .112 

p = .523 

DMQR – Enhancement  r = -.026 

p = .884 

 

r = -.096 

p = .584 

DMQR – Conformity  r = -.171 

p = .326 

r = -.186 

p = .286 

 

There was a non-significant difference between reaction times to alcohol consistent (M = 

503.43, SD = 97.09) and water consistent (M = 495.85, SD = 103.13) trials, t(34) = 1.059, p = 

.297. These results indicate that alcohol consistent trials did not elicit attentional capture in 

comparison to water consistent trials. In order to investigate whether reaction times in response 

to this task were impacted by drinking, a 2 (consistency: alcohol vs. water) x 2 (drinking status: 

heavy vs. light) ANOVA was conducted. Results revealed a non-significant interaction, F(1, 33) 

= 3.848, p = .058, η2 = .104. The main effects of trial type (p = .255, η2 = .039) and drinking 

status (p = .875, η2 < .001) were non-significant.  

 Neurophysiological Assessment. Correlations between N1 amplitudes and individual 

difference measures were assessed using a Bonferroni adjusted p-value of .007. N1 amplitudes in 

response to alcohol and water consistent trials did not relate to any measures. Additionally, N1 

amplitudes did not relate to reaction times during the task (see Table 18).  

Table 18 
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Correlations between N1 ERP amplitudes and personality measures in the approach condition 

Variable  N1 Alcohol Consistent N1 Water Consistent 

PACS 

 

r = -.076 

p =.679 

 

r = -.157 

p = .382 

BAS 

 

r = .262 

p = .155 

 

r = .466 

p = .007 

BIS 

 

r = -.031 

p = .866 

 

r = -.019 

p = .916 

DMQR – Social 

 

r = -.242 

p = .182 

 

r = -.082 

p = .652 

DMQR – Coping 

 

r = .074 

p = .686 

 

r = -.019 

p = .918 

DMQR – Enhancement  

 

r = -.145 

p = .428 

 

r = -.101 

p = .576 

DMDQ – Conformity  

 

r = -.168 

p = .358 

 

r = -.202 

p = .259 

Alcohol Consistent RT 

 

r = .328 

p = .072 

 

r = .234 

p = .197 

Water Consistent RT 

 

r = .215 

p = .245 

r = .207 

p = .257 

 

 There was a non-significant difference between N1 amplitudes in response to alcohol 

consistent (M = -3.39, SD = 2.29) and water consistent (M = -3.69, SD = 1.90) trials, t(31) = 

0.666, p = .510. These results indicate that alcohol consistent trials did not enhance early 

appetitive neurological responses in comparison to water consistent trials. In order to investigate 

whether N1 amplitudes in response to this task were impacted by drinking, a 2 (consistency: 

alcohol vs. water) x 2 (drinking status: heavy vs. light) ANOVA was conducted. Results revealed 

a non-significant interaction, F(1, 30) = 2.122, p = .156, η2 = .066. The main effect of drinking 

status (p = .040, η2 = .134) was significant while the main effect of consistency was not 
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significant (p = .450, η2 = .066; see Figure 15). Post-hoc analyses demonstrated that heavy 

drinkers produced larger N1 amplitudes in response to water consistent trials (M = -4.68, SD = 

0.44) compared to light drinkers (M = -2.81, SD = 0.42; p = .012).  

 

Figure 15 

Graph depicting 2 (consistency: alcohol vs. water) x 2 (drinking status: heavy vs. light) ANOVA 

predicting N1 amplitudes to alcohol consistent trials in the dot probe task in the approach 

condition of Study 2. Significant differences (p < .05) marked with bar and asterisk.  

Picture Ratings.  

 

 Craving.  Correlations between craving ratings and individual difference measures were 

assessed using a Bonferroni adjusted p-value of .007. Craving ratings of alcohol pictures related 

positively to PACS (r = .760, p < .001), and endorsement of coping (r = .669, p < .001) and 

enhancement (r = .463, p = .004) motives. Craving ratings of alcohol pictures did not relate to 
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any other measures. Craving ratings of water pictures did not relate to any measures (see Table 

19).  

Table 19 

Correlations between craving ratings and personality measures in the approach condition 

Variable  Craving – Alcohol Craving - Water 

PACS 

 

r = .760* 

p < .001 

 

r = -.129 

p = .455 

BAS 

 

r = .081 

p = .646 

 

r = .251 

p = .145 

BIS 

 

r = .124 

p = .470 

 

r = -.138 

p = .421 

DMQR – Social 

 

r = .395 

p = .017 

 

r = .094 

p = .584 

DMQR – Coping 

 

r = .669* 

p < .001 

 

r = -.109 

p = .525 

DMQR – Enhancement 

 

r = .463* 

p = .004 

 

r = .090 

p = .604 

DMDQ – Conformity  

 

r = .129 

p =.453 

r = .228 

p = .181 

Note. * signifies significance of p < .007. 

Participants rated water pictures higher in craving (M = 2.46, SD = 0.84) in comparison 

to alcohol pictures (M = 1.61, SD = 0.65), t(35) = -4.594, p < .001. These results indicate that 

participants found water pictures as more appetitive in comparison to alcohol pictures. In order 

to investigate whether drinking status effects these ratings, a 2 (picture type: alcohol vs. water) x 

2 (drinking status: heavy vs. light) ANOVA was conducted. Results revealed a non-significant 

interaction, F(1, 34) = 1.164, p = .288, η2 = .033. There was a significant main effect of picture 

type (p < .001, η2 = 0.377) as well as a significant main effect of drinking status (p = .007, η2 = 

.194; see Figure 16). Heavy drinkers rated alcohol pictures higher in craving (M = 1.95, SD = 
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0.73) compared to light drinkers (M = 1.31, SD = 0.38; p = .010). Heavy (M = 2.58, SD = 0.86) 

and light (M = 2.34, SD = 0.82) drinkers did not differ in their ratings of water pictures (p = 

.320). However, both heavy and light drinkers rated water pictures higher in craving in 

comparison to alcohol pictures (ps < .03).   

 

Figure 16 

Graph depicting 2 (picture type: alcohol vs. water) x 2 (drinking status: heavy vs. light) ANOVA 

predicting craving ratings in the approach condition of Study 2. Significant differences (p < .05) 

marked with bar and asterisk.  

Desire. Correlations between desire ratings and individual difference measures were 

assessed using a Bonferroni adjusted p-value of .007. Desire ratings of alcohol pictures related 

positively to PACS (r = .758, p < .001) and endorsement of social (r = .446, p = .006), coping (r 

= .661, p < .001), and enhancement (r = .496, p = .002) motives. Desire ratings of alcohol 
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pictures did not relate to any other measures. Desire ratings of water pictures did not relate to any 

measures (see Table 20).  

Table 20 

Correlations between desire ratings and personality measures in the approach condition 

Variable  Desire – Alcohol Desire - Water 

PACS 

 

r = .758* 

p < .001 

 

r = -.159 

p = .355 

BAS 

 

r = .071 

p = .687 

 

r = .178 

p = .306 

BIS 

 

r = .077 

p = .655 

 

r = -.192 

p = .263 

DMQR – Social 

 

r = .446* 

p = .006 

 

r = .085 

p = .624 

DMQR – Coping 

 

r = .661* 

p < .001 

 

r = -.136 

p = .429 

DMQR – Enhancement 

 

r = .496* 

p = .002 

 

r = .054 

p = .756 

DMDQ – Conformity  

 

r = .170 

p =.323 

r = .187 

p = .274 

Note. * signifies significance of p < .007. 

Participants rated water pictures higher on desire (M = 2.46, SD = 0.83) in comparison to 

alcohol pictures (M = 1.66, SD = 0.65), t(35) = -4.234, p < .001. These results indicate that 

participants found water pictures as more appetitive in comparison to alcohol pictures. In order 

to investigate whether drinking status effects these ratings, a 2 (picture type: alcohol vs. water) x 

2 (drinking status: heavy vs. light) ANOVA was conducted. Results revealed a non-significant 

interaction, F(1, 34) = 1.203, p = .280, η2 = .034. There was a significant main effect of picture 

type (p < .001, η2 = 0.339) as well as a significant main effect of drinking status (p = .013, η2 = 

.168; see Figure 17). Heavy drinkers rated alcohol pictures higher in desire (M = 1.98, SD = 
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0.70) compared to light drinkers (M = 1.38, SD = 0.45; p = .015). Heavy (M = 2.56, SD = 0.86) 

and light (M = 2.37, SD = 0.82) drinkers did not differ in their ratings of water pictures (p = 

.426). However, both heavy and light drinkers rated water pictures higher in craving in 

comparison to alcohol pictures (ps < .05).   

 

Figure 17 

Graph depicting 2 (picture type: alcohol vs. water) x 2 (drinking status: heavy vs. light) ANOVA 

predicting desire ratings in the approach condition of Study 2. Significant differences (p < .05) 

marked with bar and asterisk.  

Across Condition Comparisons  

 

 Navon Letters Task.  
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 Reaction Time. A 3 (condition: neutral vs. positive vs. approach) x 2 (Navon trial: local 

vs. global) x 2 (picture type: alcohol vs. water) ANOVA was conducted to investigate the impact 

of condition on Navon letter task performance. These results revealed a non-significant 

interaction, F(2, 111) = 1.920, p = .151, η2 = .033. There was no significant main effect of 

condition (p = .790, η2 = .004), Navon trial (p = .239, η2 = .012), or picture type (p = .595, η2 = 

.003). In order to investigate whether reaction time during this task was impacted by drinking, 3 

(condition: neutral vs. positive vs. approach) x 2 (drinking status: heavy vs. light) ANOVAs 

were conducted for each Navon trial type (i.e., global trials following alcohol pictures, global 

trials following water pictures, local trials following alcohol pictures, and local trials following 

water pictures). All analyses were non-significant (ps > .373; see Table 21 for full details).  

 

Table 21  

ANOVA results examining effects of condition and drinking status on Navon letter trial reaction 

times 

 F-test Main Effect of 

Condition 

Main Effect of Drinking 

Status 

Global – Alcohol 

RT 

 

F(2, 109) = 0.308 

p = .736 

η2 = .005 

 

p = .440 

η2 = .015 

p = .246 

η2 = .012 

Global – Water 

RT 

 

F(2, 111) = 0.463 

p = .630 

η2 = .008 

 

p = .241 

η2 = .025 

p = .926 

η2 < .001 

Local – Alcohol 

RT 

 

F(2, 109) = 0.825 

p = .441 

η2 = .015 

 

p = .683 

η2 = .007 

p = .815 

η2 < .001 

Local – Water RT  

 

F(2, 112) = 0.994 

p = .373 

η2 = .017 

 

p = .292 

η2 = .022 

p = .817 

η2 < .001 
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 Neurophysiological Assessment. A 3 (condition: neutral vs. positive vs. approach) x 2 

(picture type: alcohol vs. water) ANOVA was conducted to investigate the impact of condition 

on alpha asymmetry. These results revealed a non-significant interaction, F(2, 96) = 1.621, p = 

.203, η2 = .033. There was no significant main effect of condition (p = .174, η2 = .036) or picture 

type (p = .555, η2 = .004). In order to investigate whether alpha asymmetry was impacted by 

drinking, 3 (condition: neutral vs. positive vs. approach) x 2 (drinking status: heavy vs. light) 

ANOVAs were conducted for each picture type. There was a non-significant interaction in 

predicting alpha asymmetry during alcohol picture presentation, F(2, 94) = 0.240, p = .787, η2 = 

.005, with non-significant main effects of condition (p = .411, η2 = .019) and drinking status (p  

= .915, η2 < .001). There was also a non-significant interaction in predicting alpha asymmetry 

during water picture presentation, F(2, 94) = 1.186, p = .310, η2 = .025, with a non-significant 

main effect of drinking (p = .995, η2 < .001). However, there was a main effect of condition (p = 

.034, η2 = .069; see Figure 18). Heavy drinkers in the approach condition (M = 0.016, SD = 

0.034) demonstrated greater left frontal activation in response to water pictures compared to 

heavy (M = -0.015, SD = 0.048; p = .025) and light drinkers (M = -0.015, SD = 0.048; p = .028) 

in the neutral condition, as well as heavy drinkers in the positive condition (M = -0.022, SD = 

0.040; p = .009). These results suggest that heavy drinkers in the approach condition experienced 

enhanced neurophysiological responses to water pictures.  
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Figure 18 

Graph depicting 3 (condition: neutral vs. positive vs. approach) x 2 (drinking status: heavy vs. 

light) ANOVA predicting alpha asymmetry to water pictures during the Navon letters task across 

conditions of Study 2. Significant differences (p < .05) marked with bar and asterisk.  

 Dot Probe Task. 

 

 Reaction Time. A 3 (condition: neutral vs. positive vs. approach) x 2 (consistency: 

alcohol vs. water) ANOVA was conducted to investigate the impact of condition on dot probe 

task performance. The results revealed a non-significant interaction, F(2, 118) = 1.186, p = .309, 

η2 = .020. There was no significant main effect of condition (p = .433, η2 = .014) or consistency 

(p = .359, η2 = .007). In order to investigate whether reaction time during this task was impacted 

by drinking, a 3 (condition: neutral vs. positive vs. approach) x 2 (drinking status: heavy vs. 
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light) ANOVA was conducted for each trial type (i.e., alcohol consistent, water consistent). All 

analyses were non-significant (ps > .373; see Table 22 for full details).  

Table 22 

ANOVA results examining effects of condition and drinking status on dot probe task reaction 

times 

 F-test Main Effect of 

Condition 

Main Effect of Drinking 

Status 

Alcohol Consistent 

RT 

 

F(2, 112) = 0.086 

p = .917 

η2 = .002 

 

p = .486 

η2 = .013 

p = .830 

η2 < .001 

Water Consistent 

RT 

 

F(2, 112) = 0.762 

p = .469 

η2 = .013 

 

p = .511 

η2 = .012 

p = .871 

η2 < .001 

 

 Neurophysiological Assessment. A 3 (condition: neutral vs. positive vs. approach) x 2 

(consistency: alcohol vs. water) ANOVA was conducted to investigate the impact of condition 

on N1 ERP amplitudes. These results revealed a non-significant interaction, F(2, 111) = 1.126, p 

= .329, η2 = .020. There was no significant main effect of condition (p = .391, η2 = .017) or 

consistency (p = .453, η2 = .005). In order to investigate whether N1 amplitudes were impacted 

by drinking, a 3 (condition: neutral vs. positive vs. approach) x 2 (drinking status: heavy vs. 

light) ANOVA was conducted for each trial type (i.e., alcohol consistent, water consistent). 

There was a significant interaction in predicting N1 amplitudes during alcohol consistent trials, 

F(2, 105) = 4.913, p = .009, η2 = .086, see Figure 19. There was no significant main effect of 

condition (p = .653, η2 = .008) or drinking status (p = .224, η2 = .014). Post-hoc analyses 

demonstrated that heavy drinkers in the positive condition produced larger N1 amplitudes in 

response to alcohol pictures (M = -4.71, SD = 0.67) compared to light drinkers (M = -2.09, SD = 

0.72; p = .009) and in comparison to heavy drinkers in the neutral condition (M = -2.29, SD = 
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0.57; p = .007). These results suggest that heavy drinkers induced into a positive state experience 

enhanced neurophysiological ACR. There was a non-significant interaction in predicting N1 

amplitudes during water consistent trials, F(2, 106) = 1.629, p = .101, η2 = .030. There was no 

significant main effect of condition (p = .175, η2 = .032) or drinking status (p = .056, η2 = .034).  

 

Figure 19 

Graph depicting 3 (condition: neutral vs. positive vs. approach) x 2 (drinking status: heavy vs. 

light) ANOVA predicting N1 amplitudes during the dot probe task across conditions of Study 2. 

Significant differences (p < .05) marked with bar and asterisk.  

 Picture Ratings.  

 

 Craving. A 3 (condition: neutral vs. positive vs. approach) x 2 (picture type: alcohol vs. 

water) ANOVA was conducted to investigate the impact of condition on craving ratings. These 
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results revealed a non-significant interaction, F(2, 121) = 1.095, p = .338, η2 = .018. There was 

no significant main effect of condition (p = .707, η2 = .006). However, there was a significant 

main effect of picture type (p < .001, η2 = .468; see Figure 20). Post-hoc analyses demonstrated 

that water pictures were rated higher in craving compared to alcohol pictures in each condition. 

Participants in the approach condition rated water pictures (M = 2.46, SD = 0.16) higher in 

craving compared to alcohol pictures (M = 1.61, SD = 0.11; p < .001), participants in the positive 

condition rated water pictures (M = 2.69, SD = 0.16) higher in craving compared to alcohol 

pictures (M = 1.62, SD = 0.11; p < .001), and participants in the neutral condition rated water 

pictures (M = 2.68, SD = 0.14) higher in craving compared to alcohol pictures (M = 1.48, SD = 

0.09; p < .001). Ratings of alcohol pictures and water pictures did not differ across condition (ps 

> .213). Post-hoc analyses comparing picture type across conditions (for example, comparing 

neutral condition ratings of water pictures to approach condition ratings of alcohol pictures) are 

not presented.  
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Figure 20 

Graph depicting 3 (condition: neutral vs. positive vs. approach) x 2 (picture type: alcohol vs. 

water) ANOVA predicting craving ratings across conditions of Study 2. Significant differences 

(p < .05) marked with bar and asterisk.  

In order to investigate whether craving ratings were impacted by drinking, a 3 (condition: 

neutral vs. positive vs. approach) x 2 (drinking status: heavy vs. light) ANOVA was conducted 

for each picture type (i.e., alcohol, water). There was a non-significant interaction in predicting 

craving ratings of alcohol pictures, F(2, 115) = 0.598, p = .551, η2 = .010. There was a non-

significant main effect of condition (p = .603, η2 = .008), however, there was a significant main 

effect of drinking status (p < .001, η2 = .300; see Figure 21). Post-hoc analyses demonstrated that 

heavy drinkers rated alcohol pictures higher in craving compared to light drinkers in each 

condition. Heavy drinkers in the approach condition rated alcohol pictures (M = 1.95, SD = 0.13) 
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higher in craving compared to light drinkers (M = 1.13, SD = 0.12; p < .001), heavy drinkers in 

the positive condition rated alcohol pictures (M = 2.02, SD = 0.13) higher in craving compared to 

light drinkers (M = 1.17, SD = 0.13; p < .001), and heavy drinkers in the neutral condition rated 

alcohol pictures (M = 1.82, SD = 0.11) higher in craving compared to light drinkers (M = 1.22, 

SD = 0.10; p < .001). Heavy and light drinkers did not differ across condition (ps > .238). Post-

hoc analyses comparing drinkers across conditions (for example, comparing heavy drinkers in 

the approach condition to light drinkers in the positive condition) are not presented. There was a 

non-significant interaction in predicting craving ratings of water pictures, F(2 115) = 0.146, p = 

.865, η2 = .003. There was no significant main effect of condition (p = .467, η2 = .013) or 

drinking status (p = .099, η2 = .023).  

 



84 
 

Figure 21 

Graph depicting 3 (condition: neutral vs. positive vs. approach) x 2 (drinking status: heavy vs. 

light) ANOVA predicting craving ratings of alcohol pictures across conditions of Study 2. 

Significant differences (p < .05) marked with bar and asterisk.  

 Desire. A 3 (condition: neutral vs. positive vs. approach) x 2 (picture type: alcohol vs. 

water) ANOVA was conducted to investigate the impact of condition on desire ratings. These 

results revealed a non-significant interaction, F(2, 121) = 1.350, p = .263, η2 = .022. There was 

no significant main effect of condition (p = .601, η2 = .008). However, there was a significant 

main effect of picture type (p < .001, η2 = .441; see Figure 22). Post-hoc analyses demonstrated 

that water pictures were rated higher in desire compared to alcohol pictures in each condition. 

Participants in the approach condition rated water pictures (M = 2.46, SD = 0.16) higher in desire 

compared to alcohol pictures (M = 1.66, SD = 0.11; p < .001), participants in the positive 

condition rated water pictures (M = 2.71, SD = 0.16) higher in desire compared to alcohol 

pictures (M = 1.69, SD = 0.11; p < .011), and participants in the neutral condition rated water 

pictures (M = 2.71, SD = 0.13) higher in desire compared to alcohol pictures (M = 1.51, SD = 

0.09; p < .001). Ratings of alcohol pictures and water pictures did not differ across condition (ps 

> .164). Post-hoc analyses comparing picture type across conditions (for example, comparing 

neutral condition ratings of water pictures to approach condition ratings of alcohol pictures) are 

not presented. 
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Figure 22 

Graph depicting 3 (condition: neutral vs. positive vs. approach) x 2 (picture type: alcohol vs. 

water) ANOVA predicting desire ratings across conditions of Study 2. Significant differences (p 

< .05) marked with bar and asterisk.  

 In order to investigate whether desire ratings were impacted by drinking, a 3 (condition: 

neutral vs. positive vs. approach) x 2 (drinking status: heavy vs. light) ANOVA was conducted 

for each picture type (i.e., alcohol, water). There was a non-significant interaction in predicting 

desire ratings of alcohol pictures, F(2, 115) = 1.238, p = .295, η2 = .021. There was a non-

significant main effect of condition (p = .432, η2 = .015), however, there was a significant main 

effect of drinking status (p < .001, η2 = .347; see Figure 23). Post-hoc analyses demonstrated that 

heavy drinkers rated alcohol pictures higher in desire compared to light drinkers in each 

condition. Heavy drinkers in the approach condition rated alcohol pictures (M = 1.98, SD = 0.13) 
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higher in desire compared to light drinkers (M = 1.38, SD = 0.12; p < .001), heavy drinkers in the 

positive condition rated alcohol pictures (M = 2.16, SD = 0.13) higher in desire compared to light 

drinkers (M = 1.18, SD = 0.12; p < .001), and heavy drinkers in the neutral condition rated 

alcohol pictures (M = 1.89, SD = 0.11) higher in desire compared to light drinkers (M = 1.20, SD 

= 0.10; p < .001). Heavy and light drinkers did not differ across condition (ps > .121). Post-hoc 

analyses comparing drinkers across conditions (for example, comparing heavy drinkers in the 

approach condition to light drinkers in the positive condition) are not presented. There was a 

non-significant interaction in predicting desire ratings of water pictures, F(2, 115) = 0.145, p = 

.866, η2 = .021. There was no significant main effect of condition (p = .385, η2 = .016) or 

drinking status (p = .142, η2 = .019).  
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Figure 23 

Graph depicting 3 (condition: neutral vs. positive vs. approach) x 2 (drinking status: heavy vs. 

light) ANOVA predicting desire ratings of alcohol pictures across conditions of Study 2. 

Significant differences (p < .05) marked with bar and asterisk.  

Study 2 Discussion  

 

 The purpose of Study 2 was to investigate the role of manipulated state approach 

motivation and drinking as underlying mechanisms of subjective and neurophysiological ACR. 

Analyses were conducted within each of the conditions as well as across the three conditions. 

Within each condition, analyses concerning subjective ACR (i.e., ratings of craving and desire) 

produced comparable results. Water pictures were rated higher in craving and desire compared to 

alcohol pictures, indicating that in all three conditions water pictures were more appetitive than 

alcohol pictures. Also within each condition, heavy drinkers rated the alcohol pictures higher in 

craving and desire compared to light drinkers. These results suggest that heavy drinkers in each 

condition had more appetitive subjective responses to alcohol pictures compared to their light 

drinker counterparts.  Additionally, within all three conditions trait craving (PACS scores) 

related to increased ratings of craving and desire for alcohol pictures and endorsement of 

enhancement motives related to ratings of desire for alcohol pictures. These results suggest that 

regardless of condition assignment, individuals who are high on PACS and have a tendency to 

consume alcohol due to enhancement motives demonstrate greater subjective ACR. However, 

these results are the extent of the consistency across all three conditions. Results concerning 

behavioral and neurophysiological responses to the Navon letters and dot probe task were 

especially inconsistent when comparing across condition.   

There was a significant interaction between condition assignment and drinking status in 

predicting physiological ACR (i.e., N1 amplitudes) in response to alcohol consistent trials during 

the dot probe task. However, post-hoc tests demonstrated that the effect was not driven by the 
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approach condition. Instead, the effect was driven by heavy drinkers in the positive condition. 

Specifically, heavy drinkers assigned to the positive condition produced larger N1 amplitudes in 

response to alcohol consistent trials in comparison to light drinkers in this condition as well as 

heavy drinkers in the neutral condition. Furthermore, within the positive condition social 

drinking motives related to enhanced N1 ERP amplitudes in response to alcohol pictures. The N1 

ERP component has been previously identified as a neurophysiological correlate of appetitive 

motivational processes (Ryerson, Neal, & Gable, 2017). Additionally, previous research has 

shown that alcohol consumption is associated with positive mood states and times of celebration 

within college student populations (Cyders & Smith, 2008). This result suggests that heavy 

drinkers who were induced into a positive mood state, not an approach motivated state, were 

especially sensitive to the appetitive nature of the alcohol consistent trials. 

 Interestingly, heavy drinkers in the approach condition demonstrated enhanced 

neurophysiological cue reactivity (i.e., alpha asymmetry) in response to water pictures during the 

Navon letters task. Specifically, heavy drinkers in the approach condition demonstrated greater 

relative left frontal activation in response to water pictures compared to heavy drinkers in the 

neutral and positive conditions. Previous research has found that greater left frontal activation 

relates to reactive desire toward cues across several domains (Myrick et al., 2004; van de Laar, 

Licht, Franken, & Hendricks, 2004; McClernon, Hiott, Huettel, & Rose, 2005), which suggests 

that heavy drinkers in the approach condition are demonstrating enhanced cue reactivity toward 

water pictures. This interpretation is supported by the neurophysiological analyses conducted 

specifically within the approach condition. Within the approach condition heavy drinkers 

demonstrated greater left frontal activation to water pictures compared to alcohol pictures and 

larger N1 amplitudes to water consistent trials compared to light drinkers.  
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The manipulation check analyses suggest that the participants in the approach condition 

did in fact write essays higher in approach motivation compared to participants in the neutral and 

positive conditions. However, the writing prompt instructions given to participants in the 

approach condition may have enhanced approach motivation toward water pictures instead of 

alcohol pictures as intended. It may be that by prompting participants to write about goals that 

would enhance their collegiate experience, they choose to write about goals that would be 

hindered by drinking. Upon review of the essays, it was noted that a number of participants 

wrote about goals that would be more conducive to healthy habits and therefore may lead to an 

increased appetitive response to water. For example, academic goals (being accepted into the 

Honors College, earning A’s on all final exams, etc.) and health goals (working out more, joining 

the lacrosse team, etc.) were discussed in a large number of essays. Future research should 

investigate whether prompting participants to write specifically about goals that would not be 

negatively impacted by alcohol consumption (going to parties more, attending sporting events, 

etc.) would elicit the anticipated effect of enhancing ACR.   

Finally, the relationship between endorsement of drinking motives and picture ratings 

appeared to be most consistent across the neutral and approach conditions. Within these two 

conditions endorsement of social, enhancement, and coping motives related to desire ratings of 

alcohol pictures, whereas within the positive condition, only enhancement motives related to 

desire ratings. Additionally, within the neutral and approach conditions endorsement of 

enhancement and coping motives related to craving ratings of alcohol pictures. There were no 

significant relationships between craving ratings and drinking motives within the positive 

condition. It is worth noting that endorsement of conformity motives did not relate to craving or 

desire ratings in any of the conditions. These results suggest that there is some evidence 
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supporting the idea that specific drinking motives may be related to subjective ACR. The 

significant relationships between subjective ACR and specific drinking motives included motives 

that map onto both approach (social and enhancement motives) and avoidance (coping motives) 

tendencies. Although there were more significant relationships noted within the approach related 

motives, because the results were inconsistent across condition assignment more research is 

needed to fully understand the relationship between these specific drinking motives and 

subjective ACR.   
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SUBJECTIVE AND NEUROPHYSIOLOGICAL ASSESSMENT OF ACR 

The aim of the present analyses was to assess the relationship between subjective and 

physiological ACR, asking the question of whether these separate components of ACR are 

reflecting the same underlying psychological phenomenon. Data from Study 1 and Study 2 were 

used for these analyses. Within each study, subjective ACR was measured using craving ratings 

of alcohol stimuli, desire ratings of alcohol stimuli, and trait craving (PACS) while 

neurophysiological ACR was measured using alpha asymmetry in response to alcohol pictures in 

the Navon letters task and N1 amplitudes in response to alcohol consistent trials in the dot probe 

task. It should be noted that although PACS scores were used as an individual difference 

measure in previous analyses, it is utilized as a subjective ACR measure in the following 

analyses.  

It was hypothesized that increased approach motivation and alcohol consumption would 

moderate the relationship between subjective and neurophysiological ACR. Increased sensitivity 

to appetitive stimuli in the environment (i.e., increased trait approach motivation) and more 

experience with alcohol stimuli (i.e., increased alcohol use) should contribute to more adept 

reporting of subjective ACR. More accurate reporting of subjective ACR should have a stronger 

association with neurophysiological ACR, which is largely outside of the control and awareness 

of participants.  
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RESULTS 

 In the current sample, measures of subjective and neurophysiological ACR did not relate 

to behavioral task performance (i.e., reaction times during the Navon letter and dot probe tasks; 

ps > .224; see Table 23). Because the current analyses were specifically focused on reactivity to 

alcohol, only alcohol trials are included in these results. First, analyses were conducted to 

explore whether subjective and neurophysiological ACR related to the individual difference 

measures included in the study (i.e., BIS, BAS, social drinking motives, coping drinking 

motives, enhancement drinking motives, and conformity drinking motives). Correlations 

between ACR and individual difference measures were assessed using a Bonferroni adjusted p-

value. Specifically, a family wise adjusted alpha of .008 (.05/6) was used to protect against Type 

1 error across correlations using the six aforementioned individual difference measures. 

Measures of subjective and neurophysiological ACR did not relate to BAS or BIS (ps > .098), 

however, all subjective measures of ACR positively related to three drinking motives factors 

(social, coping, and enhancement; ps < .001; see Table 24). Additionally, PACS scores related 

positively to endorsement of conformity drinking motives (r = .227, p = .001). However, the 

measures of neurophysiological ACR did not relate to any of the individual difference measures 

(ps > .024). 
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Table 23 

Correlations between ACR and reaction times 

 Alcohol Consistent 

RT 

Local – Alcohol 

RT 

Global – Alcohol 

RT 

Alcohol Alpha 

Asymmetry 

 

r = -.056 

p = .586 

 

r = .049 

p = .632 

r = -.007 

p = .978 

Alcohol Consistent N1 

ERP 

 

r = .116 

p = .224 

 

r = .064 

p = .515 

r = -.006 

p = .951 

Craving – Alcohol 

 

r = -.056 

p = .540 

 

r = -.066 

p = .479 

r = .026 

p = .778 

Desire – Alcohol 

 

r = -.056 

p = .543 

 

r = -.036 

p = .701 

r = .084 

p = .372 

PACS 

 

r = -.075 

p = .411 

r = -.043 

p = .644 

r = -.053 

p = .570 

 

Table 24 

Correlations between ACR and individual difference measures  

 BAS BIS DMQR – 

Social 

DMQR – 

Coping 

DMQR – 

Enhancement 

DMQR - 

Conformity 

Alcohol Alpha 

Asymmetry 

 

r = .166 

p = .098 

r = -

.094 

p = .351 

r = .166 

p = .098 

r = .225 

p = .024 

r = .198 

p = .047 

r = .026 

p = .793 

Alcohol Consistent 

N1 ERP 

 

r = .145 

p = .125 

r = -

.033 

p = .728 

r = -.146 

p = .122 

r = -.009 

p = .923 

r = -.023 

p = .806 

r = -.149 

p = .113 

Craving – Alcohol 

  

r = .057 

p = .534 

 

r = .106 

p = .240 

r = .414* 

p < .001 

r = .455* 

p < .001 

r = .435* 

p < .001 

r = .177 

p = .049 

Craving – Desire 

 

r = .036 

p = .666 

 

r = .072 

p = .426 

r = .425* 

p < .001 

r = .460* 

p < .001 

r = .465* 

p < .001 

r = .216 

p = .016 

PACS 

 

r = .032 

p = .716 

 

r = .071 

p = .418 

r = .573* 

p < .001 

r = .639* 

p < .001 

r = .646* 

p < .001 

r = .277* 

p = .001 

Note. * signifies significance of p < .008. 
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Comparison between Subjective and Neurophysiological ACR 

Before assessing the relationship between subjective and neurophysiological ACR, 

correlations were conducted within each category of measurement to test for convergence. All 

measures of subjective ACR were related, suggesting that these measures are assessing similar 

constructs (ps < .001; see Table 25). However, the measures of neurophysiological ACR (alpha 

asymmetry and N1 amplitudes) did not correlate (r = .116, p = .258) with each other. These 

results suggest that the measures of neurophysiological ACR are each reflective of different 

psychological phenomena.   

Table 25 

Correlations among subjective ACR measures 

 Craving – Alcohol Desire – Alcohol 

Craving – Alcohol 

 

 

-- -- 

Desire – Alcohol 

 

r = .949* 

p < .001 

 

-- 

PACS 

 

r = .619* 

p < .001 

 

r = .571 * 

p < .001 

Note. * signifies significance of p < .05. 

Correlational analyses were used to assess the relationship between subjective and 

neurophysiological ACR. Subjective measures of ACR did not correlate with neurophysiological 

measures of ACR (ps > .095; see Table 26). Follow-up analyses were conducted to test for 

moderation using the Hayes PROCESS macro in SPSS (Hayes, 2013). Specifically, trait 

approach motivation (BAS) and alcohol use (AUDIT total score) were tested as moderator 

variables of the relationship between subjective and neurophysiological measures of ACR. A 

total of twelve models were tested pairing each neurophysiological assessment with each 

subjective assessment. Separate models were used to test approach motivation and alcohol use as 
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moderators. In each model, neurophysiological measures were entered as the predictor variable 

and subjective measures were entered as the outcome variable. Additionally, condition 

assignment was dummy coded and entered as a covariate in each model to control for 

manipulated state. All analyses indicated that trait approach motivation and alcohol consumption 

are not moderators of the relationship between neurophysiological and subjective measures of 

ACR (ps > .061; see Tables 27 through 29). Specifically, all moderation models produced non-

significant interactions.  

Table 26 

Correlations between subjective and neurophysiological ACR measures 

 Craving – Alcohol Desire – Alcohol PACS 

Alcohol Alpha 

Asymmetry 

 

r = .098 

p = .334 

 

r = .055 

p = .586 

r = .167 

p = .095 

Alcohol Consistent N1 

ERP 

 

r = -.071 

p = .456 

 

r = -.117 

p = .218 

r = -.039 

p = .678 

  

Table 27 

Moderation interaction analyses predicting PACS scores  

 

 

 

 

 

Table 28 

Moderation interaction analyses predicting craving ratings 

  ΔR2 B SE F p 

BAS*N1 ERP 0.001 0.033 0.085 0.149 .700 

BAS*Alpha Asymmetry 0.013 -8.107 7.240 1.254 .266 

AUDIT Total*N1 ERP 0.000 0.000 0.004 0.007 .935 

AUDIT Total*Alpha Asymmetry 0.000 0.076 0.335 0.052 .821 

 ΔR2 B SE F p 

BAS*N1 ERP 0.013 -0.030 0.515 0.004 .953 

BAS*Alpha Asymmetry 0.035 -80.891 42.574 3.610 .061 

AUDIT Total*N1 ERP 0.011 -0.037 0.026 2.024 .158 

AUDIT Total*Alpha Asymmetry 0.001 0.498 1.761 0.080 .778 
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Table 29 

Moderation interaction analyses predicting desire ratings 

 

 

 

 In order to investigate whether manipulated states impacted the relationship between 

subjective and neurophysiological ACR, separate correlations between subjective and 

neurophysiological ACR were conducted for each condition in the study (i.e., neutral, positive, 

and approach). When individuals in the approach and neutral conditions are analyzed separately 

there are no significant relationships between subjective and neurophysiological ACR (ps > .078; 

see Tables 30 and 31 respectively). However, when individuals in the positive condition are 

analyzed separately, N1 amplitudes in response to alcohol consistent trials during the dot probe 

task are negatively related to all three subjective measures of ACR. Larger N1 amplitudes in 

response to alcohol consistent trials related to increased craving ratings (r = -.379, p = .032), 

increased desire ratings (r = -.446, p = .010), and higher PACS scores (r = -.408, p = .020; see 

Table 32). The relationships between subjective measures and alpha asymmetry remain non-

significant within the positive condition (ps > .144).  

Table 30 

Correlations between subjective and neurophysiological ACR measures among individuals in the 

approach condition  

 Craving – Alcohol Desire – Alcohol PACS 

Alcohol Alpha 

Asymmetry 

 

r = -.042 

p = .827 

 

r = -.082 

p = .668 

r = -.010 

p = .956 

Alcohol Consistent N1 

ERP 

 

r = .030 

p = .874 

 

r = -.011 

p = .955 

r = -.076 

p = .679 

 

 ΔR2 B SE F p 

BAS*N1 ERP 0.003 0.051 0.086 0.358 .551 

BAS*Alpha Asymmetry 0.008 -6.474 7.335 0.779 .380 

AUDIT Total*N1 ERP 0.000 0.000 0.004 0.007 .935 

AUDIT Total*Alpha Asymmetry 0.004 -0.252 0.336 0.563 .455 
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Table 31 

Correlations between subjective and neurophysiological ACR measures among individuals in the 

neutral condition  

 Craving – Alcohol Desire – Alcohol PACS 

Alcohol Alpha 

Asymmetry 

 

r = .216 

p = .181 

 

r = .168 

p = .301 

r = .240 

p = .136 

Alcohol Consistent N1 

ERP 

 

r = .219 

p = .126 

 

r = .212 

p = .138 

r = .251 

p = .078 

 

Table 32 

Correlations between subjective and neurophysiological ACR measures among individuals in the 

positive condition 

 Craving – Alcohol Desire – Alcohol PACS 

Alcohol Alpha 

Asymmetry 

 

r = .098 

p = .613 

 

r = .078 

p = .688 

r = .278 

p = .144 

Alcohol Consistent N1 

ERP 

 

r = -.379* 

p = .032 

 

r = -.446* 

p = .010 

r = -.408* 

p = .020 

 

Subjective and Neurophysiological Assessment of ACR Discussion 

 There were two main goals of these analyses: 1. Investigate the relationship between 

subjective and neurophysiological ACR and 2. Assess whether approach motivation and drinking 

were mechanisms underlying the relationship. In relation to the first goal, results revealed that 

subjective and neurophysiological measures did not relate to one another. The outcome of these 

analyses suggests that these broad categories of measurement may be assessing different 

constructs. Furthermore, within the category of neurophysiological ACR, N1 amplitudes and 

alpha asymmetry in response to alcohol pictures also did not relate to one another.  

 In relation to the second goal, moderation analyses were conducted using approach 

motivation and alcohol use as moderator variables of the relationship between subjective and 
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neurophysiological ACR. These results indicated that neither approach motivation nor drinking 

status moderated the relationship between these broad categories of measurement. Additionally, 

correlations were assessed within each condition (approach, positive, and neutral) separately. 

However, the relationship between these broad categories of measurement was not enhanced in 

the approach or neutral conditions. Conversely, the relationship between subjective and 

neurophysiological (specifically, N1 ERP amplitudes) ACR was strengthened within the positive 

condition. These results suggest that a positive mood state may allow individuals to more 

accurately report their subjective ACR through introspection.  
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GENERAL DISCUSSION 

 

 In the current studies, I sought to extend existing research by investigating the underlying 

mechanisms of subjective and neurophysiological ACR. In Study 1 I investigated trait 

motivation and drinking as potential underlying mechanisms of ACR. In Study 2 I investigated 

the impact of directly manipulating approach motivation on ACR and the effect of this 

manipulation on heavy and light drinkers. Finally, using data from Study 1 and Study 2 I 

investigated the relationship between subjective and physiological ACR, and the moderating 

roles of motivation and drinking in this relationship.  

Study 1 

 Trait approach motivation (BAS) did not relate to any outcomes included in the study. 

Overall, the analyses from Study 1 do not appear to support models of cue reactivity that posit 

appetitive motivational mechanisms as responsible for ACR (i.e., the Appetitive Motivational 

Model; Steard, de Wit, & Eidelboom, 1984). That being said, trait withdrawal motivation (BIS) 

also did not relate to any of the outcome measures included in Study 1. Therefore, the analyses 

of the current study also do not provide support for models that posit withdrawal motivation as 

the mechanism behind ACR (i.e., the Conditioned Withdrawal and Conditioned Compensatory 

Response Model; Wikler, 1965; Siegel, 1979).  

One possible explanation for these results is that the tasks used in the current study were 

not able to elicit strong responses of either motivational system. Trait approach motivation and 

trait withdrawal motivation reflect behavioral systems that are reactive to the environment and 

provide the impetus to act whether in response to rewarding or threatening stimuli (Gable & 
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Harmon-Jones, 2010; 2013). In both the Navon letter and dot probe tasks, the participants 

responded to targets (letters in the Navon task and probes in the dot probe task) but not directly 

to the alcohol or water pictures. A similar observation was made in previous research using a 

passive picture viewing task (Mechin, Hicks, & Gable, 2016).  Specifically, this study did not 

find a relationship between neural activation in response to alcohol pictures and motivational 

intensity. It was suggested that the passive nature of the task failed to elicit strong motivational 

responses. It appears as though the current study, although it included more active involvement 

from participants, also failed to enact the motivational systems. Future research should 

incorporate more active interaction with the pictures, not just targets and probes, to investigate 

whether a less passive approach could activate the behavioral motivation systems. Additionally, 

behavioral approach and withdrawal are general motivational systems. Motives more directly 

related to alcohol consumption were also included in the study.  

Assessment of drinking motives provided additional information about the relationship 

between motivation and ACR. The strongest relationships were apparent in assessing subjective 

ACR. Specifically, social, coping, and enhancement motives all related positively to alcohol 

picture ratings of craving and desire. These results suggest that these three motives to consume 

alcohol relate to enhanced subjective ACR. However, these results do not provide any further 

information concerning ACR and motivational intensity because two of these motives map onto 

approach tendencies (i.e., social and enhancement) while one maps onto withdrawal tendencies 

(i.e., coping). These results may also be impacted by the passive design of the tasks. Future 

research should investigate whether activating each of these motives separately could potentially 

impact both subjective and neurophysiological ACR.  
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Alcohol consumption did appear to relate to ACR, however, within Study 1 the effect of 

alcohol consumption produced seemingly contradictory results. During the Navon letters task, 

light drinkers were faster to respond to local trials following alcohol pictures, while heavy 

drinkers were faster to respond to global trials following alcohol pictures. These results suggest 

that light drinkers experienced attentional narrowing in response to alcohol pictures, while heavy 

drinkers experience attentional broadening. At the onset of the study it was hypothesized that 

heavy drinkers would have a greater appetitive response to alcohol pictures in comparison to 

light drinkers. These reaction time results suggest the opposite effect. Similarly, light drinkers 

produced larger N1 amplitudes in response to alcohol consistent trials in comparison to water 

consistent trials during the dot probe task. There was no difference in the N1 amplitudes 

produced by heavy drinkers. Again, these results suggest that light drinkers are having a more 

appetitive response to alcohol pictures compared to heavy drinkers. One possible explanation for 

these findings is that light drinkers are demonstrating a novelty effect to the alcohol pictures 

while heavy drinkers are demonstrating a habituation effect. Previous research has suggested that 

novelty reactions to a test situation versus habituated reactions can impact participant responses 

to alcohol cues (Greeley, Swift, Prescott, & Heather, 1993).  

Despite the finding that light drinkers were producing increased appetitive 

neurophysiological and behavioral responses to alcohol pictures, heavy drinkers consistently 

rated alcohol pictures higher in both craving and desire compared to light drinkers. These 

subjective measures of ACR suggest that heavy drinkers are responding more appetitively to the 

alcohol pictures in comparison to light drinkers. These results are in direct contrast to the 

reaction time results from the Navon letters task and the N1 amplitude results from the dot probe 

task. A possible explanation for these results may be that heavy drinkers routinely ‘rate’ 
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alcoholic beverages (for example, trying a new craft beer), therefore this behavior of assessing 

craving and desire may be stronger for these individuals, allowing us to observe the difference 

between heavy and light drinkers.  

Study 2 

 For Study 2, it was hypothesized that individuals induced into an approach motivational 

state would demonstrate enhanced ACR and that this effect would be most pronounced for heavy 

drinkers. Analyses comparing neurophysiological ACR across condition and drinking status 

found that heavy drinkers in the positive condition actually demonstrated the greatest increase in 

neurophysiological ACR. Specifically, heavy drinkers in the positive condition demonstrated 

larger N1 amplitudes to alcohol consistent trials during the dot probe task. However, heavy 

drinkers in the approach condition demonstrated greater left frontal activation in response to 

water pictures. Overall these results suggest that heavy drinkers in the positive condition 

demonstrated enhanced neurophysiological responses to alcohol pictures while heavy drinkers in 

the approach condition demonstrated enhanced neurophysiological responses to water pictures. 

Within condition analyses concerning neurophysiological ACR provide additional support for 

these interpretations. Heavy drinkers in the approach condition demonstrated greater left frontal 

activation toward water pictures compared to alcohol pictures. Heavy drinkers in the approach 

condition also produced larger N1 amplitudes to water consistent trials compared to alcohol 

consistent trials.  

Although it was hypothesized that heavy drinkers in the approach condition would 

demonstrate the strongest appetitive responses to alcohol pictures, the instructions included in 

the writing prompt for this condition may have caused participants to focus on health-conscious 

goals. Implications of this possibility are discussed in the limitations section. Furthermore, there 
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is some evidence to suggest that alcohol is associated with positive states and high energy 

situations (Cyders & Smith, 2008) which would provide some explanation for the results 

showing that heavy drinkers induced into a positive state demonstrated enhanced 

neurophysiological ACR. Future research should investigate other methods of positive mood 

induction to test the replicability of these results.  

Analyses comparing subjective ACR (i.e., ratings of craving and desire) across condition 

and drinking status found consistent results across all three conditions. Water pictures were rated 

higher on craving and desire scales compared to alcohol pictures. However, heavy drinkers rated 

alcohol pictures more appetitively when compared to light drinkers. Within condition analyses 

also demonstrated similar relationships between individual difference measures and subjective 

ACR. Craving ratings of alcohol pictures related positively to PACS scores across all three 

conditions. Additionally, desire ratings of alcohol pictures related positively to PACS scores as 

well as endorsement of enhancement drinking motives across all three conditions.  

Finally, analyses comparing behavioral responses on the two tasks included in the study 

(i.e. reaction times during the Navon letters and dot probe tasks) across condition and drinking 

status found no significant effect of either. However, within condition analyses found behavioral 

effects for the positive condition. Overall, participants were faster in response to global trials 

following water pictures compared to local trials following water pictures. These results suggest 

that within the positive condition water pictures broadened attentional scope, which is consistent 

with past research demonstrating the broadening effect of neutral stimuli (Navon, 1977; Gable & 

Harmon-Jones, 2010). However, when these results are broken down by drinking status, light 

drinkers were faster to respond to global trials following alcohol pictures while heavy drinkers 

were faster to respond to global trials following water pictures. These results suggest that when 
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induced into a positive state, light drinkers demonstrate attentional broadening to alcohol 

pictures while heavy drinkers demonstrate attentional broadening to water pictures. One potential 

interpretation of these behavioral responses is that the positive mood induction made alcohol less 

appetitive for light drinkers and water less appetitive for heavy drinkers.   

Subjective and Neurophysiological ACR 

 Analyses comparing subjective and neurophysiological ACR found that there was no 

relationship between the two broad categories of measurement. This is concerning as most 

research on ACR treats subjective and neurophysiological assessment as synonymous. Another 

concerning aspect of these results was the analyses showing that the measures of 

neurophysiological ACR also seem divergent from one another. In order to assess whether 

approach motivation or drinking may be moderating the relationship between the categories of 

measurement, additional analyses were conducted. Results indicated that neither approach 

motivation nor alcohol use moderated the relationship between subjective and 

neurophysiological ACR.  

 Additional correlational analyses were conducted within each condition (approach, 

neutral, and positive). Only within the positive condition was the relationship between the 

categories of measurement enhanced. These results are in line with the results from Study 2, 

suggesting that the positive condition manipulation served to enhance ACR. Not only did heavy 

drinkers in this condition demonstrate enhanced neurophysiological ACR but individuals in this 

condition also demonstrate the strongest evidence for convergence across the two categories of 

measurement.  
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Limitations 

There are several limitations of the current study that warrant discussion. The first 

limitation is that the water pictures included in the study, which were chosen as a neutral 

comparison stimulus, were rated more appetitively (i.e., higher in craving and desire) in 

comparison to the alcohol pictures. This unanticipated effect was consistent across all three 

conditions included across the two studies. The hypotheses proposed for this research were 

predicated on the assumption that alcohol pictures would be more appetitive in comparison to 

water pictures. Although analyses within the alcohol based trials can be interpreted (for example, 

comparing alpha asymmetry during alcohol picture presentation across heavy and light drinkers), 

the relationship between alcohol and water ratings makes cross stimulus comparisons difficult 

(for example, comparing reaction times on Navon local trials following alcohol to reaction times 

on Navon local trials following water pictures). These ratings are most likely reflective of a 

population shift toward healthy lifestyle choices. In fact, the university where the research was 

conducted has recently launched a series of Health & Wellness programs which are popular 

among students. Additionally, U.S. consumption of bottled water has shown consistent increases 

(International Bottled Water Association, 2013) with the sale of water surpassing less healthy 

alternatives such as soda (Beverage Marketing Corporation, 2017).   

 Another limitation of the current study is specific to the approach condition in Study 2. It 

was hypothesized that manipulating an approach motivated state would enhance ACR. However, 

the writing prompt that was used to induce this state (i.e., the Projective Life Attitudes 

Assessment; Harmon-Jones et al., 2008), was altered for the current study. Specifically, 

participants were explicitly told to write about goals that would serve to enhance their collegiate 

experience instead of leaving the goals open to their choosing. This alteration was meant to steer 
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participants away from goals that may be hindered by alcohol consumption, thus causing an 

aversive response. However, it seems as though participants still chose to write about health-

conscious goals. Future research should investigate whether having participants write about 

alcohol consistent goals (try a new craft beer, drink socially with friends, etc.) would enhance 

approach motivation. It would also be interesting to investigate whether explicitly instructing 

participants to write about health-conscious goals would further exacerbate appetitive responses 

to water pictures.  

 Finally, the current research was conducted using a college sample that was made up of 

predominately college freshman. These individuals may not have a large amount of experience 

with alcohol related stimuli or drinking in general. In fact, the average age of the sample was 

below the legal age for purchasing alcohol. Therefore, these results should not be generalized to 

non-college aged populations. However, these results are important in investigating responses to 

alcohol related stimuli during a period of time in which many young adults are first 

experimenting with alcohol use. College students experimenting with alcohol also demonstrate 

largely harmful drinking habits, further highlighting the importance for understanding responses 

to alcohol stimuli in the context of college experiences.  

Conclusions  

 Trait approach motivation did not relate to responses to alcohol pictures, nor did a 

manipulated state approach motivation enhance responses to alcohol pictures. However, 

manipulated state approach motivation did enhance responses to water pictures for heavy 

drinkers. The current research also found that heavy drinkers induced into a positive state 

demonstrated enhanced neurophysiological responses to alcohol pictures. Alcohol consumption 

also appears to play an important role in subjective ACR. Heavy drinkers found alcohol pictures 



107 
 

to be more appetitive than water pictures. Finally, in general neurophysiological and subjective 

ACR do not appear to be related, however, under a manipulated positive state the relationship 

between these broad categories of measurement is enhanced.  
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