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ABSTRACT 

Research examining attentional biases toward alcohol cues in social drinking populations 

has relied on several different attentional paradigms, the majority of which do not provide 

researchers with insight on the temporal dynamics (e.g., early or late stages of 

processing) of these biases. The purpose of this study was to investigate the temporal 

dynamics of these biases in social drinkers of alcohol using an attentional blink (AB) 

paradigm. Male and female social and abstinent drinkers were recruited to complete one 

of two AB tasks (i.e., words or images). It was predicted that heavier social drinkers 

would show a reduced AB relative to lighter drinkers and abstainers, indicative of more 

efficient processing of alcoholic stimuli at early levels of encoding. It was also predicted 

that a family history of problem drinking will enhance this effect. Additionally, the AB to 

words and images was compared to explore the role of stimulus type on attentional 

capture. Our results show a reduced AB for alcohol-related images, but not words, in 

heavier social drinkers at early levels of encoding, suggesting a more efficient processing 

of alcohol-related images in this group. Further, family history of alcohol problems did 

not modulate the AB effect. These results of attentional bias may help inform AUD 

treatment options, as well as assessment of an individual’s risk for developing an AUD.
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I. INTRODUCTION 

 According to the World Health Organization (WHO, 2014), global alcohol use 

has a substantial impact on multiple facets of society, including social, economic, and 

disease-associated burdens. Approximately 40% of the global population over the age of 

15 has engaged in alcohol consumption in the past year, 16% of which engaged in heavy 

consumption (> 25 drinks per week; WHO, 2014). In 2012, 3.3 million deaths (globally) 

were directly attributable to alcohol use (WHO, 2014). Given that these negative 

outcomes are avoidable, understanding why individuals progress to problem drinking has 

important implications for the treatment and prevention of alcohol use disorders (AUDs).  

 A variety of factors, including biological, genetic, environmental and social 

factors make significant contributions to the development of problem drinking, and 

ultimately AUDs. Individual differences (e.g., personality, gender) as well as different 

developmental environments can have a substantial impact on rates of alcohol 

consumption and frequencies, as well as the complications that can arise from problem 

drinking (Cloninger, 1987). Specifically, the abuse of alcohol in earlier years of life (e.g., 

early teenage years) has been shown to increase the likelihood of an AUD manifesting 

itself as alcohol consumption and abuse continues into adulthood (Grant & Dawson, 

1997). Not only can sustained use and abuse of alcohol lead to health problems and the 

development of an AUD, it also leads to other negative outcomes, such as adolescent and 

young adult morbidity. Early alcohol abuse can be directly responsible and associated 

with fatal motor vehicle crashes (Millstein & Irwin, 1988), an increased likelihood of 

tobacco and other drug use (Schuckit & Russel, 1983), as well as increased sexual 

activity and an increased likelihood of sexually transmitted diseases, violence, and 



2 
 

depression (Grant & Dawson, 1997). Although these consequences are more likely in 

younger drinkers, they can affect drinkers of any age. 

 Because of the many potential negative consequences that can result from 

unhealthy patterns of alcohol use, it is important for researchers to provide insight into 

the differences that place individuals at risk for AUDs, as well as behavioral and 

biological correlates of these risk factors. Many studies in the realm of alcohol research 

have focused on understanding the cognitive and neural aspects of use and abuse, 

attentional mechanisms in particular. Attention allocation partially depends on how 

personally relevant a particular stimulus is to that person, often resulting in an attentional 

bias (i.e., automatic shifting of attentional resources; Ohman, 1993) toward stimuli that 

are motivationally significant (Cisler, Bacon, & Williams, 2009). Past research has 

shown consistently that an attentional bias toward alcohol-related cues exists in those 

who have an AUD, drink heavily (Johnsen et al., 1994), or engage in potentially harmful 

drinking patterns, such as binge drinking (Cox et al., 2002). This tendency for alcohol-

related cues to capture attention in heavy drinkers is thought to be the results of repetitive 

alcohol use. As a result of repeated use, a craving for alcohol can be elicited by alcohol-

related stimuli (e.g., visual, verbal, or situational/contextual cues). This craving can arise 

from a variety of factors, including negative or positive reinforcement and self-

medication associated with changes in mood state (e.g., anxiety relief), which are all 

highly dependent on the individual. Any type of stimulus in the environment that is 

associated with alcohol (e.g., beer bottle, shot glass, bar) possesses incentive salience, in 

that the stimulus (or stimuli) becomes highly attractive to the user (Robinson & Berridge, 

1993).  
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 Several different paradigms have been used to study attentional biases to drug-

related cues in alcohol and other drug users. Of these paradigms, Stroop tasks, dot-probe 

tasks, dual-tasks, and flicker-induced blindness tasks are most frequently used to assess 

attentional biases within the context of addiction. Although these paradigms have 

demonstrated the existence of attentional biases toward drug/alcohol cues, they have their 

shortcomings. For example, these paradigms tend to rely on reaction time differences 

between control and drug cues as an index of attentional bias, ultimately failing to 

pinpoint when the processing of these salient cues occurs. Additionally, performance on 

these tasks does not allow researchers to draw conclusions about the efficiency with 

which stimuli gain access to consciousness. Much of the research on attentional bias in 

drug use cannot address the temporal dynamics of attentional biases to drug-related cues. 

Therefore, the stages of selective attention in which these biases occur (i.e. orienting 

versus maintenance), are not well delineated. The AB paradigm, however, may be able to 

overcome these shortcomings, providing us with more nuanced information about the 

time course of attentional biases toward drug-related cues. 

 The AB was first introduced/reported by Raymond and colleagues (1992). Given 

two masked targets (T1 and T2) in a rapid serial visual presentation (RSVP) stream of 

distracter stimuli, the ability to report T2 when it followed T1 within 500 ms was 

significantly reduced. This is thought to occur because our attentional system has a 

limited capacity and there are insufficient resources to process all of the stimuli fully, 

thus T2 must compete with T1, in addition to intervening distracters (Chun & Potter, 

1995). Tibboel, De Houwer, and Field (2010) have used this paradigm to examine 

attentional biases at early levels of encoding using alcohol cues and found T2 
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performance was significantly better when it was an alcohol-related word as opposed to 

soft-drink related in heavy social drinkers who drank more than 21 drinks per week (i.e., 

reduced attentional blink), but not in light drinkers (less than 5 drinks per week). These 

results suggest that heavy drinkers possess an attentional bias for alcohol-related cues. 

Tibboel et al. (2010) posit that these findings are indicative of more efficient processing 

of alcohol-related cues in heavy drinkers at early levels of encoding during a high 

cognitive load.  

 As mentioned, paradigms used to investigate attentional biases in alcohol users 

tend to focus on the spatial dynamics of attention (Trippe et al., 2007). Therefore, it is 

important to study the temporal dynamics of attention to alcoholic cues using an AB 

paradigm because it has the potential to clarify the time course of attention to alcohol-

related cues when they compete with several other stimuli, which may provide a more 

nuanced account of attentional bias compared to other paradigms. Because Tibboel et al. 

(2010) investigated attentional bias using only consumption frequencies in heavy 

drinkers, it is important to determine whether other factors modulate the AB effect. For 

example, it is not known whether such biases exist in lighter drinkers, or whether factors 

associated with future problem drinking, such as family history of AUD (Dager et al., 

2013), would also have an impact on this effect. The current study also included an 

image-based AB task version in addition to a word-based version in order to compare 

differences in the AB effect in pictorial vs. semantic targets, with the assumption that an 

image-based AB task would be more effective at capturing attention due to the fact that 

images more closely reflect addiction-related cues encountered in real life.  
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 In order to understand the relationship between alcohol use/addiction and 

attentional biases, it is important to review the literature surrounding basic selective 

attention and the manifestation of addiction. A review of addiction and alcohol abuse in 

the context of attentional bias will then be discussed. Afterwards, a comprehensive 

review of the attentional paradigms that have been used to asses such biases will be 

provided, with justification for the use of an AB paradigm for the proposed study. The 

results of this study will provide insight on the temporal dynamics of attentional biases to 

alcoholic cues, and will also contribute to AUD intervention, prevention, and risk-

assessment efforts. 
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II. LITERATURE REVIEW 

 

Attention is the ability to select certain information from the environment for 

further processing while ignoring other, irrelevant information (Balkenius, 2000). The 

brain does not have the ability or capacity to process every single piece of information it 

receives from the sensory systems; therefore, an efficient attentional system is required in 

order to select stimuli for further processing (Ward, 2010). Attention can be externally 

guided by a stimulus (or stimuli; i.e., exogenous orienting) or, to some extent, guided by 

the specific goals of the perceiver (i.e., endogenous orienting). After attention is 

established, the object of attention is encoded, allowing the person to respond accordingly 

to the selectively attended stimulus (Allport, 1990).  

Frequently, stimuli in the environment are motivationally-relevant to the viewer 

(i.e., positively or negatively valenced, or approach/avoidance related), and often have an 

advantage of being selectively attended to over other stimuli in the same visual field 

(Ohman, 1993). These attentional biases tend to occur when the particular stimulus has a 

greater behavioral and cognitive impact on the person relative to others in the 

environment (Bruce & Jones, 2006). Although innate biases exist (e.g., threat; Lee & 

Knight, 2009), it is often the case that attentional biases develop through learning (Le 

Pelley, Mitchell & Johnson, 2013). Given the idea that selective attention is one of the 

very first steps in coordinating a goal-oriented movement or action (Allport, 1987), it is 

an important factor in the manifestation and maintenance of addiction. Previous research 

has demonstrated the importance of attention, specifically attentional bias, in individuals 

with an addiction (Hester, 2006).   
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Addiction & Alcohol Abuse 

 The development of an addiction is a process, in that it does not occur 

spontaneously (Sussman & Sussman, 2011). Although an addiction can be formed for 

almost any substance or activity, alcohol abuse and AUDs are of particular concern for 

the proposed research. At the very start of this process, the consumer usually has some 

goal in mind (e.g. reduction of pain, emotional enhancement, arousal, etc.) and 

consumption is motivated by this goal (Goodman, 1990; Hatterer, 1982). Once alcohol 

consumption is initiated, it is often the case that a person will continue to consume 

alcohol, and over time, the frequency and amount of alcohol consumed will increase 

(Sussman & Sussman, 2011). Ultimately, these patterns of behavior occur more 

frequently, and a craving or wanting for alcohol develops (Orford, 2001). The addictive 

behaviors become more automatic in nature, and increasingly difficult to control 

(Goodman, 1990). Because of the automaticity of the addictive process over time, with 

repeated exposure to alcohol-related cues, aspects of cognition, particularly attention, 

become affected (Field, Mogg, Zetteler, & Bradley, 2004). 

 In addition to learning, other factors can contribute to the initiation of alcohol use 

and addiction. For example, genetics may play a substantial role in the development of an 

AUD. According to the National Institute of Alcohol Abuse and Alcoholism (NIAAA, 

2008), genes account for about half of the risk of alcoholism, and having an alcoholic 

parent or family member greatly increases a person’s odds of abusing alcohol (Sher & 

Slutske, 2003). Other risk factors include biological factors such as decreased frontal 

cortex activity (hypofrontality), which can lead to general impulsivity (Nigg, 2000), as 
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well as a multitude of environmental and social factors, including negative peer 

influences and a low socioeconomic environment (Sher et al., 2005). 

Attentional Bias in Alcohol Use/Abuse 

 Incentive-sensitization theory, proposed by Robinson and Berridge (1993), 

suggests that through prolonged and repeated exposure to alcohol and associated cues, 

neural systems associated with reward become activated and reinforced over time. The 

activation of the meso-limbic and meso-cortical dopamine systems of the brain confers an 

incentive salience to alcohol-related cues, such that these cues are highly attractive to the 

user and more likely to capture attention. Over time, these stimuli become increasingly 

more attractive, and thus, begin to influence behavior (e.g., cravings, seeking and 

consuming alcohol). 

 Wiers et al. (2007) hypothesize that incentive salience arises from the activation 

of an appetitive approach-oriented system, wherein alcohol becomes sensitized with 

repeated use and leads to automatic tendencies to seek the substance (see Robinson & 

Berridge, 1993). The Wiers et al. (2007) model proposes that there are two main 

components involved in addiction – automatic processes and controlled processes. 

Automatic processes (i.e., implicit) recruit a fast, impulsive system which appraises 

stimuli automatically based on emotional and motivational significance, usually outside 

of conscious control. Controlled processes (i.e., explicit), however, are slower and more 

reflective of conscious deliberations and expected outcomes. Traditionally, explicit (self-

report) measures of appetitive motivation to consume/ positive reinforcement from 

consumption were used to predict future alcohol use. However, Wiers et al. (2007) argue 

that explicit measurements have very low power in predicting future alcohol use, as these 
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measurements are susceptible to social desirability biases. Implicit measures of appetitive 

emotion, such as attentional biases for alcohol or drugs, have greater power to predict 

spontaneous behaviors, as they are less amenable to cognitive control. Because people are 

often unaware of the influence these biases have on drug-seeking behaviors, implicit 

measures provide a more accurate representation of appetitive motivations.  The 

remainder of this section will review the current understanding of attentional biases 

toward alcohol-related stimuli as indexed by different implicit measures, culminating in 

the purpose and rationale of the proposed research.  

 Attentional biases to alcohol-related cues were assessed by Johnsen, Laberg, Cox, 

Vaksdal and Hugdahl (1994), who administered a modified Stroop paradigm to 

alcoholics using alcohol-related and non-alcohol-related words. Words were presented in 

different colored fonts and participants were asked to report the font color of each word 

as quickly as possible. Relative to an aged-matched nonalcoholic control group, 

alcoholics had slower RTs when naming the color of alcohol-related words as well as 

slower RTs for alcohol-related words relative to neutral words. These findings were 

thought to be due to the fact that alcohol-related words were more salient than the neutral 

words, most likely because of repeated exposure and experience with alcohol in alcohol 

dependent individuals (Johnsen et al., 1994). Thus, an increased competition between 

word meaning and color name manifests due to the high salience of alcohol-related 

words, yielding longer RTs. Subsequent studies employing modified Stroop paradigms to 

investigate alcohol-related attentional biases have replicated these findings in clinical 

populations (Stetter, Ackermann, Bizer, Straube, & Mann, 1995), social drinkers (Bruce 

& Jones, 2004), and heavy drinking adolescents (at least 23 drinks per week; Field, 
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Christiansen, Cole, & Goudie, 2007). Overall, studies employing the Stroop task confirm 

the existence of attentional biases toward alcohol-related stimuli in drinkers. However, 

they do not provide information about the temporal dynamics of these biases. 

Specifically, it is uncertain whether slower reaction times to alcohol-related stimuli are 

due to attentional capture by or an inability to disengage attention from these stimuli. 

 Another commonly used paradigm used to examine attentional biases in alcohol 

use is the visual dot probe (or probe detection) task. Townshend and Duka (2001) used 

this task to examine attentional biases in heavy social drinkers. Participants were 

presented two images side by side: an alcohol-related image and a neutral image. These 

stimuli were presented simultaneously for either 200ms, 500ms, or 2000ms. After 

stimulus presentation, the picture pair disappeared and a probe (i.e., dot or arrow) was 

presented in either the position of the alcohol-related picture, or the neutral picture. 

Participants were asked to indicate on which side the probe was presented as quickly and 

accurately as possible.  Attentional bias was indexed by RTs to indicate the position of 

the probe as a function of whether it appeared in the same position as the alcohol image 

relative to when it appeared in the same position as the neutral image.  Townshend and 

Duka (2001) found that relative to occasional social drinkers, heavy alcohol drinkers 

were faster to indicate the probe position when it replaced the alcohol image, indicative 

of an attentional bias for alcohol-related stimuli. Field, Mogg, Zetteler, and Bradley 

(2004) replicated this study and found nearly identical results.  These results were also 

comparable to those found in visual probe tasks for cigarette smokers using smoking-

related stimuli (Ehrman et al., 2002; Bradley et al., 2003), as well as opiate users 

(Lubman et al., 2000).  According to Field et al. (2004), these results suggest the 
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existence of attentional biases to drug-related cues in the maintenance stage of attention.  

However, while these results support the existence of attentional biases toward alcohol in 

drinkers, they do not provide evidence of an attentional bias in the initial orienting stages 

of attention. 

 Attentional bias in alcohol users can also be assessed using a dual-task paradigm. 

Waters and Green (2003) designed a study comparing alcohol abusers (both abstinent and 

continuing) and a control group performing two tasks. In this task, a number was 

centrally-presented on a computer screen, and participants were asked to indicate whether 

the number was odd or even. At the same time, an alcohol-related, neutral, or non-word 

was presented on the screen in their peripheral visual field (i.e., lexical decision task). 

Participants were also asked to identify the peripheral word as either a word or non-word. 

They found that alcohol abusers performed worse than the control group on the odd/even 

task when an alcohol-related word was presented in their peripheral visual field. Their 

reactions times were also slower for making a lexical decision when the peripheral word 

was alcohol-related. These results may suggest an interference effect, as the alcohol 

abusers may have directed their attention toward the alcohol-related cues, which in turn, 

interfered with the odd/even task. However, Field and Cox (2008) provide another 

possible interpretation of the results, with particular regard to the abstinent alcohol 

abusers. Alcohol abusers who were currently abstinent may not have been selectively 

attending to the alcohol-related stimuli, but rather trying to avoid it, which may have 

interfered with odd/even task performance. Therefore, these results do not clearly 

elucidate how attention is influenced by the alcohol-related stimuli.  
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 Another less commonly used paradigm to assess attentional biases is the flicker-

induced change blindness paradigm (Jones et al., 2002), wherein two scenes are 

presented in a rapid succession.  The scenes differ slightly, in that some things are added 

or removed (e.g., drug-related changes or changes to non-drug related aspects of a scene).  

Participants were presented these scenes until they could accurately detect the change.  

Jones et al. (2002) found that active drug users were able to detect scene changes more 

quickly when the changes were drug-related relative to non-drug related scene changes, 

suggesting that participants were allocating their attention toward the drug-related objects 

in a scene, making it easier to detect changes. However, similar to other paradigms 

discussed previously, these results fail to provide insight on the temporal dynamics (e.g. 

initial orienting or maintenance) of attention and how these contribute to alcohol-related 

biases. 

 In summary, although the results from the above-mentioned paradigms have 

shown an attentional bias toward alcoholic/drug cues to exist, they fail to inform us about 

whether such biases are due to increased efficiency of attentional processing at early 

levels of encoding or an inability to disengage attention from alcohol-related stimuli. The 

AB paradigm, however, may provide substantive insight on the existence of attentional 

biases during the initial orienting stages of attention. It also has the ability to allow 

researchers to examine more closely the limited capacity of the human attentional system, 

and to what extent stimuli need attentional resources to reach consciousness (Tibboel et 

al., 2010). 
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Attentional Blink 

 The AB phenomenon was first described by Raymond, Shapiro and Arnell 

(1992). The AB was observed by presenting participants a first target (T1) followed by a 

second target (T2) some position (i.e., lag) after T1 amongst a number of distracter 

stimuli in a RSVP stream. Raymond et al. (1992) found that when T2 was presented 

within 100-500 ms of T1, participants had significant deficits in T2 identification. This 

deficit in attentional processing was appropriately named an AB. The AB phenomenon 

occurs only in this specific temporal window, with T2 performance recovering after 

approximately 500 ms. As a result, Raymond et al. (1992) suggested that the AB 

occurred during the early levels of attentional processing. They argued that during an 

RSVP stream, T1 is detected pre-attentively (i.e., unconsciously). This pre-attentive 

information is then used to encourage and facilitate T1 identification. This model also 

suggests that attention may be allocated episodically, in that the episode of attention 

begins with target detection and ends with target identification. An attentional episode 

tends to be short-lived and the availability of attentional resources is highly limited. After 

these attentional resources are recruited for T1 detection and identification, the ability for 

the attentional system to detect subsequent stimuli is temporarily diminished. In other 

words, it takes time for the attentional system to recover so that resources can be directed 

to the identification of T2 (approximately 500 ms after T1 presentation). Ultimately, the 

data from Raymond et al. (1992) suggests that during a highly demanding attentional 

task, the resources engaged in T1 identification cause the underlying attentional 

mechanisms “blink”, such that subsequent stimuli are not fully encoded until attention 

has time to recover and begin a new “episode”.  
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 Chun and Potter (1995) have proposed a two-stage model for the AB, consisting 

of a preattentive stage and a more deliberative, capacity-limited stage.  The first stage, or 

rapid detection stage, is assumed to be relatively short-lived, and involves more pre-

attentive processes. Chun and Potter (1995) argue that when each item is presented for 

the same duration in the stream, virtually every item is processed pre-attentively during 

this stage. A person’s pre-attentive system scans each item searching for the proposed 

target (i.e., T1) using categorical or specific cues to identify the target. For example, if 

the participant is told that the target is a white letter, font color is the identifying cue as 

part of the stream analysis. Chun and Potter (1995) suggest that in an RSVP stream rate 

of about ten items per second, the categorical identity (e.g., font color), and perhaps 

specific identity (e.g., letter), of each item is momentarily available for further processing 

via selective attention. 

 The second stage is referred to as the capacity-limited processing stage, wherein 

an identification made in the first stage is selected for additional processing in order to 

fully identify and report the target (Chun & Potter, 1995). A potential target item must be 

represented in a way that allows the person to report the target at the end of the stream 

(e.g., reach short term memory). In order for this to occur, a target (or targets) must be 

fully identified and consolidated, while filler items in the RSVP stream are discarded. 

Identification and consolidation of the first target beyond stage one is very likely. 

However, if T1 is still recruiting second-stage processing when T2 appears, the likelihood 

of detecting and processing T2 is reduced greatly. The shorter the delay (i.e., the closer 

T2 is to T1 in the RSVP stream), the higher the probability of an attentional blink. 
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It is important to note that this recovery interval can vary depending upon the 

nature of T2. For example, if T2 shares processing resources with T1 (i.e., target-target 

similarity), there tends to be a more severe deficit in the ability to report T2 (i.e., a larger 

AB) than dissimilar T1 and T2 targets (Awh et al., 2004). Awh et al. (2004) suggests that 

when T1 and T2 are similar, T1 processing occupies the necessary resources needed to 

discriminate and report T2 at short lags. Essentially, the magnitude of the AB increases as 

the overlap of processing requirements between T1 and T2 increases (Sy & Giesbrecht, 

2009). As mentioned previously, stimuli vary in their motivational significance, which 

can result in attentional biases. Thus, when T2 is highly salient (e.g., one’s own name or 

other motivationally-relevant stimulus), the AB will be attenuated (i.e., higher T2 

identification rates at short lags; Shapiro, Caldwell, & Sorensen, 1997). Because the AB 

is thought to be indicative of attentional competition between the RSVP items, 

particularly in the early stages of attention, using an AB task can be useful in 

understanding the underlying attentional biases in substance use and abuse (Tibboel, De 

Houwer, & Field, 2010).  Other attentional paradigms mentioned earlier provide evidence 

supporting the existence of attentional bias in substance abusers for drug related cues, but 

fail to show the specific attentional statuses of substance-related stimuli at early levels of 

encoding. The AB paradigm allows researchers to observe the time course of attention, 

by limiting available attentional resources by using short temporal lags between target 

items among an RSVP stream. These manipulations are necessary in order to examine 

whether alcohol-related stimuli are processed more efficiently at early levels of encoding 

than non-alcoholic stimuli. 
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 A few studies have examined the AB in substance abusers using a neutral T1, 

random distracter items, and either a substance-related or control T2 stimulus. Cigarette 

smokers have shown to have a smaller AB (i.e., higher T2 identification rates) for 

nicotine/smoking-related words relative to control words (Waters, Heishman, Lerman, 

and Pickworth, 2007). A similar reduction in the AB to opiate-related words has also 

been observed with opiate-dependent patients (Liu, Li, Sun, & Ma, 2008).  Most relevant 

to the proposed research, a study by Tibboel et al. (2010) is one of the only studies that 

utilized the AB paradigm to assess attentional biases in alcohol drinkers. The purpose of 

their study was to determine whether alcohol-related T2 words were processed more 

efficiently than neutral soft drink-related words in heavy drinkers (> 21 drinks/week) 

versus light social drinkers (<5 drinks/week). Overall, the heavy drinking group had a 

reduced AB for alcohol-related words compared with soft drink-related words, suggestive 

of more efficient processing of alcohol-related words at early levels of encoding, as well 

as an attentional bias for alcohol-related stimuli. The light drinkers showed an equally 

strong AB for both word types, suggesting an attentional bias for alcohol-related words 

does not exist in this group. Given that this was the only AB study in the literature 

involving alcohol, it was important to continue using this paradigm to assess the 

attentional biases associated with social alcohol consumption in college drinkers. 

Understanding attentional biases in college-aged social drinkers is especially important, 

in that it may identify putative risk factors for future problem drinking, such as family 

history of problem drinking. Additionally, the effect of target type (word vs. image) on 

the AB effect was examined by using a word-based and image-based task, as Tibboel et 

al. (2010) used only word-based stimuli. The use of an AB paradigm allowed for the 
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examination of the attentional status of alcohol-related cues (words vs. pictures) at early 

levels of encoding, as well as examined how efficiently these cues are processed. 

Hypotheses and Rationale 

 The primary aim of this study was to examine whether alcohol-related stimuli 

were processed more efficiently at early levels of encoding than non-alcoholic stimuli, 

and if this phenomenon was modulated by alcohol consumption patterns in college 

students. Based on the results of Tibboel et al. (2010), it was hypothesized that heavier 

social drinkers (i.e., total QFI > 0.5) would have greater accuracy in categorizing alcohol-

related stimuli compared to lighter (i.e., total QFI < 0.5, but > 0) or abstinent drinkers 

(total QFI = 0). The above QFI group cut-offs were different than those used in Tibboel 

et al. (2010) and is explained further below in Section III. Greater accuracy for alcohol-

related T2 stimuli was evidenced by an attenuated AB. Additionally, it was hypothesized 

that the heavier social drinkers would have a larger AB effect for the non-alcoholic 

stimuli, with the lighter and abstinent drinkers possessing a strong AB for both types of 

stimuli. 

 A secondary aim was to explore individual differences that may moderate the 

magnitude of the AB effect, such as family history of alcohol-related problems. It was 

hypothesized that participants with a positive family history of alcohol problems would 

have attenuated ABs for alcohol-related stimuli, as prior research shows greater cue 

reactivity to alcohol-related stimuli in individuals with a positive family history, 

independent of personal consumption (Dager et al., 2013). 

 The final aim of the study was to compare the effectiveness of word-based and 

image-based AB tasks (alcohol-related vs. non-alcohol-related words vs. images). This 
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aim was motivated by the fact that AB paradigms differ with respect to the stimuli used 

as targets (i.e., words or images). However, it is possible that target parameters could 

influence results on AB tasks, especially those employing addiction-related (or other 

motivationally relevant) stimuli. On one hand, words and images are thought to share 

common neural substrates (e.g., Vandenberghe et al., 1996).  If this was the case, then the 

AB to alcohol-related images should have been similar to that for words. On the other 

hand, visual stimuli have greater ecological validity, as they are more likely to be cues 

encountered in everyday life. In this case, T2 images of alcoholic beverages should have 

captured attention more efficiently in heavier social drinkers, which would have resulted 

in an attenuation of the AB relative to non-alcoholic targets.  
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III. RESEARCH DESIGN AND METHODS 

Participants 

 Participants were recruited from the Psychology Department at Texas State 

University and had normal or corrected-to-normal vision. The participant sample 

consisted of 142 college students over the age of 18, seventy-three completed the word 

version of the AB task and sixty-nine completed the image version. Compensation for 

participation was in the form of course credit for an introductory-level Psychology course 

via the Texas State Psychology Department’s online human subjects pool (SONA). 

Procedures were approved by the Institutional Review Board at Texas State University. 

Stimuli: AB Task Version 1 (words) 

 The design of the word version of the AB task was based primarily on the AB 

study conducted by Tibboel et al. (2010). Thirteen neutral distracter words were selected 

from a word list used in a study by Anderson (2005) that were long enough to effectively 

mask the two targets. The first target (T1) had two different types of neutral stimuli: 

kitchen gadgets or office supplies. Six of the possible T1 words were kitchen gadgets and 

the other six possibilities were office supplies, for a total of twelve neutral T1 target 

words. The second target (T2) also had two different types of stimuli: alcohol-related 

words and soft-drink related words, also with six words per type. Distracter words were 

presented in black 20-point font, while both T1 and T2 were presented in green 20-point 

font (indicating target status) against a white background. Distracter words subtended 

approximately 2.01° visual angle horizontally and 0.50° vertically. Target words 

subtended approximately 1.51° visual angle horizontally and 0.50° vertically. 
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Stimuli: AB Task Version 2 (images) 

 The second version of the AB task was identical to version 1, only with images 

used as stimuli in lieu of words. For the neutral distracters, 13 nonsensical colored shapes 

(DeSchepper & Treisman, 1996) were used. For the T1 and T2 stimuli, the images were 

surrounded by a green border, indicating their target status. The T1 stimuli were 6 kitchen 

gadget images (e.g., spoon) and 6 office supply images (e.g., stapler). The T2 stimuli 

were 6 alcohol-related images (e.g., beer bottle) and the other 6 were non-alcoholic 

images (e.g., soda bottle). Distracter images subtended approximately 6.03° visual angle 

both horizontally vertically. Target images subtended approximately 7.06° visual angle 

both horizontally and vertically. 

AB Task 

 Participants completed one of two versions of the AB task. Both AB task versions 

were identical except for the stimuli used (i.e., words or images). The task involved the 

viewing of an RSVP stream filled with distracter words or images and two target words 

or images, in which the participants were asked to categorize the two targets after the 

RSVP presentation.  

Within the 15-item RSVP stream, the position of T1 was variable. T1 either 

appeared at the third, fourth, or fifth position in the stream, with all positions appearing 

an equal number of times in the experiment. The position in which T2 followed T1 (i.e., 

lag) was also variable. T2 appeared either 2, 4, or 6 lags away from T1, reflecting SOAs 

of 220, 440, and 660 ms respectively. There were 12 presentations of each T2 at each of 

the lags and each of the possible T1 positions, resulting in 216 total experimental trials. 

The different types of trials were randomly presented.  
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AB tasks were created using Superlab 2.0 (Cedrus, San Pedro CA; Version 1, 

words) and Superlab 5.0 (Cedrus, San Pedro CA; Version 2, images). Each participant 

completed 10 practice trials and 216 experimental trials. At the beginning of each trial, a 

black fixation cross was presented on a white screen for 1000 ms. Following the fixation 

cross, an RSVP stream was presented with 13 neutral distracter stimuli, and T1 and T2. 

The stimuli were each presented for 100 ms with an ISI of 10 ms. After the stream was 

complete, a response screen appeared. On the response screen, the participants were 

asked to categorize T1 as a kitchen gadget or an office supply by pressing the 

appropriately corresponding key. For example, pressing the “1” key indicated a kitchen 

gadget, and pressing the “2” key indicated an office supply. A second response screen 

appeared afterwards, with the same procedure as the T1 categorization, but required a T2 

categorization – alcohol or non-alcohol (i.e., soft-drink). T1 categorization always 

preceded T2 categorization for all trials across all participants. Following this response 

screen, the participants were then required to press a key to move on to the next trial, 

giving them the opportunity to take a break at any point in between trials, in order to 

minimize possible boredom or fatigue. 

Self-report measures 

 Upon completion of the AB task, the participants then filled out an online survey 

consisting of questions to determine basic demographics, alcohol consumption 

frequencies of the last 6 months and family history of alcohol problems.  

Absolute ounces of alcohol consumed by the participant in the six months prior to 

testing was determined using a quantity/frequency index (QFI; Cahalan et al., 1969). 

Participants indicated the amount of alcohol consumed (in ounces), the type/proof of 
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alcohol, and the frequency of consumption (e.g., daily, 5-6 times/week, etc.). Frequencies 

were assigned a Jessor weight for the calculation (e.g., 1.00 = daily, .80 = 5-6 days/week, 

.00 = none). The QFI calculations multiplied the above three factors. For example, if an 

individual consumed 4 ounces of table wine (15% alcohol or 0.15) , every day, the QFI 

calculation would multiply 4 x 0.15 x 1 = 0.60. Individual QFI scores were calculated for 

beer, wine, and liquor separately, and were used to derive a total QFI score (sum of all 3 

QFI scores). The QFI is one of the most commonly used methods to determine quantity 

and frequency of alcohol use (e.g., Ceballos et al., 2012; King et al., 1997; Marlatt et al., 

1998). 

Family history of alcohol problems was quantitatively measured using a pedigree 

method developed by Mann et al. (1985). The quantitative score grouped participants as 

having either a positive or negative family history of alcohol problems. This method has 

been widely used to provide a sensitive index of familial alcoholism and problem 

drinking (e.g., Baer et al., 2003; Mitchell et al., 2005; Marlatt et al., 1998). 

Procedure 

 Each experimental session lasted approximately 45 minutes. Upon arrival in the 

laboratory, the experimenter provided the participants with an overview of the study. 

They then read and sign an informed consent document. Participants then completed the 

25-minute AB task on a computer. Afterwards, the participants filled out a questionnaire 

via Survey Monkey regarding basic demographics, alcohol consumption frequencies, and 

family history of problem drinking. Following the survey, the participants were 

debriefed. 
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IV. RESULTS 

 In total, 142 college students (105 females) were recruited from the Psychology 

department at Texas State University to participate in this study. Seventy-three 

participants performed the word-based version of the AB task, while sixty-nine 

participants performed the image-based task. Demographic characteristics of the sample 

are shown in Table 1. 

 

Table 1. Characteristics of participants: Means (standard deviations in parentheses)a 

  Experiment Type  

 Words  Images 

Variable Abstinent Light Heavy  Abstinent Light Heavy 

Male, n 

(%) 

3 (16.7) 5 (17.2) 6 (23.1)  13 (34.2) 4 (19) 6 (60) 

Female, n 

(%) 

15 (83.3) 24 (82.8) 20 (76.9)  25 (65.8) 17 (81) 4 (40) 

Agea 22.3 (8.9) 22.2 (5.5) 21.3 (3.2)  19.2 (2.3) 19.8 (2.6) 21.0 (1.9) 

QFIa,b 0 0.19 (.14) 1.43 (1.5)  0 0.16 (0.1) 2.93 (2.7) 

FHa,c 1.58 (1.6) 1.81 (1.9) 1.14 (1.2)  1.01 (1.3) 0.86 (.86) 1.55 (1.9) 

FH 

positive, 

n (%) 

11 (61.1) 18 (62.1) 14 (53.8)  16 (42.1) 10 (47.6) 5 (50) 

FH 

negative, 

n (%) 

7 (38.9) 11 (37.9) 12 (46.2)  22 (57.9) 11 (52.4) 5 (50) 

Notes: QFI = quantity-frequency index; FH = family history; bquantity-frequency index 

(Cahalan et al., 1969) = ounces of absolute ethanol per day during the previous 6-month 

period; cfamily history of alcohol problems (Mann et al., 1985)   

  

In order to examine differences across demographic characteristics across 

consumption groups and experiments, Chi-Square tests and univariate ANOVAs were 

performed on demographic variables. A Chi-Square test of gender distributions across 

drinking groups was equal for both experiments (χ(4) = 7.37, p > .05) and family history 
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of drinking problems across drinking groups was equal for both experiments (χ(2) = 

0.650, p > .05). An ANOVA was performed on total QFI scores, with experiment type as 

a fixed factor and drinking group as a random factor, revealing a significant drinking 

group x experiment type interaction, F(2,136) = 7.19, p = .001. More specifically, self-

reported QFI for the heavier drinking group was lower for those in the word-based 

experiment than those in the image-based experiment.  

In order to gain an overall picture of the behavioral data, an omnibus mixed 

ANOVA was performed on T2 identification accuracy with drinking group (abstinent, 

light, heavy), family history (positive or negative), and experiment type (words or 

images) as between-subjects factors, and lag (2,4, or 6) and T2 target type (alcohol or 

non-alcohol) as within-subjects factors. The ANOVA revealed a main effect for lag, 

F(2,260) = 16.12, p = .000, where overall T2 accuracy was 0.854 (SE = .008) at lag 2, 

0.879 (SE = .007) at lag 4, and 0.875 (SE = .008) at lag 6 (see Figure 1). There was also a 

main effect for T2 target type, F(1,130) = 29.26, p = .000, where participants had a 

greater overall accuracy for alcohol T2 (0.898, SE = .008) than non-alcohol T2 (0.841, SE 

= .010), as well as a main effect for experiment type, F(1,130) = 124.63, p = .000, where 

overall T2 accuracy was greater for words (.949, SE = .009) versus images (.790, SE = 

.011). However, these main effects were mitigated by several interactions. 
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Figure 1. Main effect of lag on overall T2 accuracy. Significant at the p < .05 level. 

 

 Significant interactions were found between T2 target type and lag, F(2,260) = 

4.56, p = .013 (see Figure 2), between T2 target type and experiment type, F(1,130) = 

20.94, p = .000, and between experiment type and drinking group, F(2,130) = 3.56, p = 

.031. Other higher-order interactions were noted, including a T2 target type x lag x 

experiment type interaction, F(2,260) = 4.56, p = .011, and a lag x experiment type x 

family history interaction, F(2,260) = 3.30, p = .039. This latter interaction was likely the 

result of a performance decrease in family history positive individuals at lag 6 for the 

image-based experiment (Figure 3) but not the word-based experiment (Figure 4). Most 

importantly, the above effects were mitigated by a four-way interaction between T2 

target type, lag, experiment type, and drinking group, F(4,260) = 5.08, p = .001. 
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Figure 2. T2 target type x lag interaction. Significant at the p < .05 level. 

 

 

 

Figure 3. Image-based experiment: lag x family history interaction. Significant at the p < 

.05 level. 
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Figure 4. Word-based experiment: lag x family history interaction. Significant at the p < 

.05 level. 

 

In order to interpret higher order interactions in the context of research hypotheses 

regarding the magnitude of the AB, an AB index of T2 accuracy was computed by 

subtracting performance at lag 2 from lag 4 for both alcohol and non-alcohol T2. As 

shown in Figure 1, T2 performance decreased at lag 6 relative to lag 4, suggesting that 

factors other than the AB (e.g., distraction) may have contributed to this decrement in 

performance. Therefore, an AB index (derived from subtracting accuracy at lag 2 from 

that at lag 4) was thought to be the best estimate of the AB, with positive AB index 

scores reflecting a larger AB (i.e., lower accuracy) at lag 2 relative to lag 4, while 

negative scores indicating a reversal of the AB (i.e., greater accuracy) at lag 2 relative to 

lag 4.  
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A follow-up ANOVA was performed on the accuracy of T2 identification with 

the AB index as the dependent variable, T2 target type (alcohol vs. non-alcohol) as a 

within-subjects factor and experiment type (words vs. images) and drinking group 

(abstinent, low, moderate) as between-subjects factors. This yielded a significant 

interaction between T2 target type, experiment, and drinking group, F(2,130) = 5.46, p = 

.005. In order to interpret this interaction, follow-up ANOVAs were performed for each 

experiment type using the same within- and between-subjects factors described above 

(excluding experiment type). The ANOVA of AB magnitude in the word-based version 

of the experiment yielded no significant main effects or interactions. However, the 

ANOVA of AB magnitude in the image-based version revealed a significant interaction 

between T2 target type and drinking group, F(2,63) = 4.03, p < .05. The null result of the 

word-based version is shown in Figure 5 and the interaction for the image-based version 

is shown in Figure 6. 

As indicated by Figure 6, the largest differences in the AB to alcohol and non-

alcohol images seemed to occur with the heavier drinking group, which is larger in the 

image-based version of the experiment. To confirm this, multiple paired-samples t-tests 

were performed to compare the AB index means between drinking groups in the image-

based experiment. The t-test of differences in accuracy for alcohol vs. non-alcohol T2 

was not significant for the abstinent drinking group, t(37) = -0.156, p = .88, as was that 

for the light drinking group, t(20) = 1.54, p = 0.14. However, this difference was 

significant for the heavier drinking group, t(9) = -2.39, p = 0.04, such that heavier 

drinkers had an attenuated AB (i.e., greater accuracy) for alcohol T2s versus non-alcohol 

T2s.     



29 
 

 

Figure 5. The interaction between T2 target type and drinking group for the word-based 

task version. 

 

 

Figure 6. The interaction between T2 target type and drinking group for the image-based 

task version. *Significant at the p < .05 level. 
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V. DISCUSSION 

Attentional biases for alcohol-related cues have been consistently demonstrated in 

individuals who drink heavily (Johnsen et al., 1994) or engage in potentially harmful 

drinking patterns (e.g., binge drinking; Cox et al., 2002). However, much of this research 

has failed to address the temporal dynamics of biases to alcohol- or drug-related cues, 

which could inform our understanding of how automatic attentional biases vary with 

drinking patterns that may be indicative of future problem drinking. Tibboel et al. (2010) 

used a word-based paradigm to study the AB in heavy drinkers and found an attenuated 

AB for alcohol-related words at early lags, suggesting more efficient processing of these 

cues. The present study extended this research by examining attentional biases in social 

drinkers using both a word- and image-based AB paradigm, in order to help clarify the 

time course of attention to alcohol-related cues. Results suggests that alcohol-related 

stimuli may be processed more efficiently at early levels of encoding in heavier social 

drinkers, particularly when viewing alcohol-related images. These results are discussed in 

further detail below in the context of experimental hypotheses and study aims. 

The primary aim of this study was to examine whether alcohol-related stimuli are 

processed more efficiently at early levels of encoding than non-alcoholic stimuli, and if 

this was modulated by alcohol consumption patterns in social-drinking college students. 

Based on the results of Tibboel et al. (2010), it was predicted that the heavier social 

drinkers would have greater accuracy (e.g., attenuated AB) in identifying alcohol-related 

stimuli compared to light and abstinent drinkers (i.e., T2 target type x lag x drinking 
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group interaction). Additionally, it was thought that heavier drinkers would show a large 

AB effect for non-alcoholic stimuli, while the other drinking groups would possess an 

equally strong AB for both stimuli types. Together, this would suggest an attentional bias 

for alcohol-related cues exists in the heavier social drinkers, but not in the lighter or 

abstinent drinkers.  

The results confirmed the presence of an AB, a decrement in performance 

between lags 2 and 4, evidenced by a main effect of lag. Accuracy for T2, regardless of 

its target status (alcohol or non-alcohol), was lowest at lag 2 (i.e., 220 ms from T1), 

indicative of an AB during this time frame. T2 accuracy increased from lag 2 to lag 4, but 

decreased from lag 4 to lag 6, which was unexpected. The increase in performance from 

lag 2 to 4 is consistent with previous research, in that the closer T2 is to T1, the less 

likely T2 will be accurately reported (i.e., stronger AB at shorter lags; Chun & Potter, 

1995). Because the AB recovers after approximately 500 ms, T2 targets shown at a lag 

between 200 and 500 ms after T1 should show a strong AB, with performance recovering 

after 500 ms (e.g., lag 6). In the present study, performance declined at lag 6 relative to 

lag 4, suggesting that the AB window in the current study was shorter than Tibboel et al. 

(2010). This decrease in performance at longer lags and the observation of an AB prior to 

440 ms may have been due to the fact that our sample consisted of young, healthy social 

drinkers and non-drinkers such that the AB recovered at shorter lags, and factors such as 

distraction exerted an influence on attention when longer lags intervened between T1 and 

T2 (i.e. between lags 4 and 6). Several studies have shown that individual differences can 

play a role in the observed AB effect. For example, older adults tend to exhibit a larger 

AB than younger adults (e.g., Lahar, Izaak, & McArthur, 2001; Maciokas & Crognale, 
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2003), while some individuals are able to consolidate information more quickly than 

others, yielding an attenuated or non-existent AB (Martens et al., 2006).  

The omnibus ANOVA revealed a main effect of target type, such that participants 

had a greater overall accuracy for alcohol vs. non-alcohol T2s, regardless of lag. This 

finding makes sense, in that previous research has shown that T2 accuracy tends to be 

greater for motivationally relevant objects/stimuli (e.g., one’s own name, Shapiro et al., 

1997; emotionally significant words, Andersen, 2005). Given the sample of this study 

consisted of college students and that alcohol and alcohol-related cues are highly 

prevalent and often unavoidable in the college community, it seems likely that alcohol 

targets were more motivationally-relevant to most participants, regardless of individual 

consumption patterns. This result suggests that alcohol-related stimuli may be processed 

more efficiently at early levels of encoding, as evidenced by higher accuracy for alcohol 

T2 relative to non-alcohol T2, possibly due to their motivational relevance.  

However, the main effects reported above were mitigated by several interactions, 

including a T2 target type x lag x experiment type x drinking group interaction. In order 

to interpret this interaction in the context of hypotheses of the AB, an index of AB 

magnitude was created and examined for each experiment separately. For the word-based 

version of the AB experiment, no significant interactions were noted. Drinking status 

(i.e., abstinent, light, heavy) had no significant effect on the magnitude of the AB, failing 

to support the primary hypothesis of this study. For the image-based version, a significant 

drinking status by target type interaction was noted. Further, a priori comparisons 

examining each drinking group separately showed no differences in the magnitude of the 

AB across target types (alcohol vs. non-alcohol) in abstinent and light drinkers. However, 
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heavier drinkers in this experiment showed a greater accuracy for alcohol T2 at lag 2 than 

for non-alcohol T2. This suggests that alcohol-related cues may be processed more 

efficiently than non-alcoholic cues in heavier drinkers, particularly at early levels of 

encoding (i.e., lag 2), but only when more salient targets (images) are used. 

The reduction in AB magnitude for alcohol-related images in heavier drinkers in 

the second study is consistent with the Wiers et al. (2007) model of attentional bias, 

which suggests an incentive salience for substance-related stimuli arises from an 

appetitive-approach oriented system that becomes sensitized over time due to repeated 

cue exposure. In this case, alcohol becomes sensitized with repeated exposure and use, 

thus leading to an automatic tendency to seek it (also see Robinson & Berridge, 1993). 

This model proposes that automatic processes involved in addiction (i.e., implicit 

processes) recruit a fast, impulsive system that appraises stimuli automatically based on 

emotional/motivational significance outside of conscious control. These implicit 

measures provide a sensitive measurement in predicting future behavior (e.g., alcohol 

seeking). Thus, it is plausible that the reduction of the AB to alcohol images in heavier 

social drinkers was a consequence of these rapid attentional processes. This is consistent 

with studies reporting higher T2 identification rates for substance-related stimuli in 

cigarette smokers (Waters et al., 2007), opiate users (Liu et al., 2008), and most 

importantly, in heavy alcohol drinkers (Tibboel et al., 2010).  

Nevertheless, the finding of this effect only for images and not for words requires 

further discussion. There are two explanations for these findings. First, the reduction of 

AB magnitude for alcohol-related images in the current study could imply that only 

alcohol-related images are processed more efficiently at early levels of encoding at least 
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by heavier social drinkers, in addition to an overall attentional bias for alcohol-related 

cues. Given the latency of these effects, these biases are likely to occur automatically; 

however, attentional biases in social drinkers may be subtler than those in heavy drinkers. 

It is possible that images of alcohol were more salient than words to heavier social 

drinkers, which resulted in the attenuation of the AB.  

Alternatively, differences across studies could have been due to differences in 

alcohol consumption (QFI) across experiments, such that heavier social drinkers in the 

image-based study had significantly higher QFIs than those in the word-based version. 

Because the former group drank more heavily, it is possible that the observed biases were 

not due to the target type specifically. Rather, the reduction of the AB in that study could 

have been due to alcohol consumption differences across experiments. It is possible that 

the same reduction in the AB would have also been observed for alcohol-related had QFI 

scores across both heavier drinking groups been equivalent across studies. Thus, 

attentional biases at early levels of encoding may not be restricted to just pictorial stimuli, 

but may also exist for other alcohol-related cues (i.e., words). Future studies utilizing 

targeted recruitment techniques, in addition to time-sensitive techniques such as event-

related potential (ERP) methodologies may help to resolve these questions. 

Although the present study suggests that alcohol-related images may be processed 

automatically and more efficiently at early levels of encoding in heavier social drinkers, 

this is only speculative at this time. Tibboel et al. (2010) posits that heavier alcohol 

drinkers may require less attentional resources (i.e., more efficient processing) to become 

aware of alcohol-related information. Alternatively, Anderson (2005) suggests that 

although salient stimuli can be processed automatically, this does not necessarily result in 
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an enhanced or more efficient access to conscious awareness. Rather, arousal may be 

associated with reduced capacity limitations for conscious processing, yielding greater 

access to awareness for highly arousing stimuli (e.g., increased attentional capture). Thus, 

it is possible that through sensitization and repeated exposure, as well as the resulting 

automatic tendency to seek it, alcohol becomes highly arousing to the user. The arousing 

nature of alcohol-related images may help explain the preferential processing of these 

stimuli when competing with other stimuli (e.g., T1, distracters) in an RSVP stream, 

yielding a greater chance of accessing conscious awareness as evidenced by a reduced 

AB. Given the current behavioral data, it is difficult to conclude if alcohol-related cues 

are processed more efficiently, or whether another factor (e.g., increased attentional 

capture, preferential processing) is responsible for the observed AB effects. Future 

studies employing ERP methodologies may help to more closely examine this 

phenomenon and help determine the attentional status of alcohol-related cues at early 

levels of encoding.  

A secondary aim of this study was to examine any individual differences that may 

modulate the AB effect, such as family history of alcohol-related problems. Those with a 

positive family history were expected to show an attenuated AB for alcohol-related 

stimuli (i.e., greater accuracy), independent of personal consumption. In short, the present 

results do not support the original prediction that participants with a positive family 

history would show an attenuated AB for alcohol-related stimuli. Although a family 

history x lag x experiment type interaction was reported, a differential performance 

decrement at lag 6 in the images experiment in family history positive participants was 

the likely cause of this interaction. Direct examination of the AB index (derived from 
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accuracy at lags 2 and 4) did not reveal any significant main effects or interactions 

involving family history. Therefore, it is reasonable to conclude that family history did 

not modulate the AB as expected.  

There are several possible explanations for this finding, the majority of which 

may be related to how family history of alcohol problems were assessed. In the current 

study, it was assessed using a pedigree method developed by Mann et al. (1985), which 

relied on self-report. Although this method has been widely used as a sensitive index of 

familial alcohol problems, it is possible that the participants of this study failed to 

accurately report familial problem drinking. Because this pedigree method assigns 

anyone with a single first-generation relative with alcohol problems or two or more 

secondary relatives (e.g., grandparent) as family history positive, a subset of these 

individuals may not have had any first-generation relatives (e.g., parents) with alcohol 

problems. Some studies showing an attentional bias toward alcoholic cues in family 

history positive participants suggest that these biases are stronger in individuals who 

reported parent(s) as problem drinkers (Zetteler et al., 2006). Further, Dager et al. (2013) 

found greater cue-reactivity to alcoholic cues in participants with a positive family 

history, as defined as reporting at least one first degree relative with problem drinking. 

Therefore, it is possible that the inclusion of participants with 2, second-degree relatives 

into the family history positive group may have obscured group differences.  

An alternative explanation is that although it is possible that family history 

positive individuals may have an inherent attentional bias toward alcoholic cues, these 

differences might not be manifested at early levels of encoding. Zetteler et al. (2006) 

assessed these biases in individuals with a positive family history of alcohol problems 
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using a supraliminal (i.e., with awareness) and subliminal (i.e., without awareness; 

stimuli briefly presented followed by a visual mask) alcohol Stroop task. The subliminal 

Stroop task allowed researchers to examine pre-attentive biases at early stages of 

encoding. Attentional biases for alcohol-related words were evident only in the 

supraliminal task, but not in the subliminal task, suggesting that these biases related to 

familial drinking problems are not likely to manifested during early levels of encoding.  

The final aim of this study was to compare the effectiveness of a word-based AB 

paradigm and an image-based paradigm, as previous AB studies differ in respect to the 

target stimuli being used. Words and images have been shown to share common neural 

substrates (e.g., Vandenberghe et al., 1996), and it was possible that a reduction in AB 

effect to alcohol-related images would be the same across word- and image-based 

studies. Conversely, because visual cues more closely represent stimuli encountered in 

everyday life, images of alcoholic beverages could capture attention more efficiently, 

resulting in an attenuation of the AB for alcohol relative to non-alcohol images. 

Furthermore, this effect may be most evident in heavier social drinkers compared to 

lighter drinkers and non-drinkers.  

Overall, there was a significant difference in overall T2 identification between 

both experiment types, such that the word-based version yielded significantly higher 

identification rates (regardless of T2 type) than the image-based version. It is important to 

remember that for both task versions, participants were asked to categorize both T1 and 

T2 at the end of the RSVP stream, rather than explicitly report each target. It is possible 

that participants had greater difficulty in discriminating pictures versus words, resulting 

in an overall lower T2 identification rate for images. Images were matched based on 
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properties such as size, shape, and color, thus, it is likely that some ambiguity may have 

existed between category membership for target images but not for words. It is unlikely 

that priming or repetition can explain these differences, as research has shown that 

priming effects often occur with both words and images (e.g., Carroll & Kirsner, 1982; 

Grill-Spector, Henson, & Martin, 2006). Although difficulties in target discrimination for 

pictures versus words is the most plausible conclusion to explain overall lower T2 

identification rates in the images experiment, future studies are needed to investigate 

these differences using ERPs. 

As mentioned earlier, a drinking group x target type interaction was noted for 

heavier drinkers in the image-based experiment, but not for heavier drinkers in the word-

based version. Further, heavier social drinkers had a reduced AB for alcohol versus non-

alcohol images, but not for alcohol-related words. It is possible that the participants in 

this study encountered alcohol-related cues in the form of visual representation (e.g., a 

beer bottle) more often than lexical representations in the real world, thus a greater 

ecological validity for images and a more efficient capture of attention at early levels of 

encoding. Although Tibboel et al. (2010) found a reduced AB for alcohol-related words 

at early lags, their sample consisted of much heavier drinkers than the social college 

drinkers recruited for this experiment. It is possible that the drinking group x target type 

interaction would have manifested in the word-based task if that group had consisted of a 

heavier drinking sample. Taken together, the present results support the prediction that 

heavier social drinkers would show an attenuated AB for images of alcoholic beverages 

relative to non-alcoholic beverages, suggesting a more efficient capture of attention for 

alcohol-related images. Alternatively, this result may have been due to heavier alcohol 
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consumption in that particular group. Future studies examining electrophysiological 

indices of attention (i.e., ERPs), as well as targeted recruiting, could help to resolve this 

issue. 

Overall, the results of this study revealed that heavier social drinkers exhibited an 

attenuated AB at early levels of encoding (i.e., lag 2) for alcohol-related images, but not 

for words. However, there are some limitations that may temper this conclusion. First, the 

sample recruited for participation was not screened prior to the lab visit for alcohol 

consumption patterns or family history of alcohol problems. Those categorized in the 

present study as heavier social drinkers required a total alcohol QFI of 0.5 or greater 

(e.g., 1-2 drinks per day). According to the NIAAA (2014), heavy drinkers are typically 

classified as having more than 5 drinks per day, while moderate drinkers consume 

between 1 and 2 drinks per day. The present grouping of participants as heavier social 

drinkers had a large range, some of whom would be classified as moderate drinkers 

(according to NIAAA, 2014) while others would have been correctly classified as heavy 

drinkers. In order to produce potentially more substantial AB effects in accurately 

represented drinking groups, future studies should pre-screen for QFI scores in order to 

group individuals based on NIAAA (2014) guidelines. Additionally, the heavier drinking 

group established in the images experiment had a small sample size (n = 10) while the 

word-based task had a larger sample of heavier drinkers (n = 26). Consequently, it is 

possible that the observed AB effects in the images experiment would change (e.g., 

diminish) with a larger sample of heavier drinkers. Also, it is expected that a clinical 

population of people with an AUD or problem drinking would also produce much more 
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substantial AB effects, as alcohol consumption is much more of an issue with this 

population than in college students who drink socially. 

Although an overall AB was observed, suggesting the task was effective in 

detecting the desired effects, there are some limitations in the task design for both 

versions of the experiment. Much of the design, especially its timing, was based on the 

AB study by Tibboel and colleagues (2010), which originally produced significant AB 

effects in heavy alcohol drinkers (i.e., greater than 21 drinks per week). Although their 

design seemed to provide a reliable AB task, the present study had near-ceiling 

performance on the word task, suggesting that the task was too easy. Therefore, future 

studies using similar samples should consider changing some task parameters (e.g., ISI, 

stimulus presentation time, lag) potentially making the task more difficult, thus more 

likely to show more substantial AB effects that could further define the time course of 

attentional biases. Additionally, a potentially important drawback of the present study is 

that it relied on T1 and T2 categorization at the end of each RSVP stream, while in the 

Tibboel et al. (2010) study and other AB studies on substance abuse (e.g., Waters et al., 

2007; Liu et al., 2008). Participants were required to either verbally report each target or 

type it in. Again, categorization of the targets instead of explicit report may have 

decreased task difficulty, ultimately failing to effectively measure stimulus processing at 

early, unconscious levels of encoding.  

Furthermore, both tasks involved alcohol-related stimuli not particular to each 

participant’s preferences. Although the target stimuli varied between alcohol type (e.g., 

beer, wine, liquor), it is possible that more substantial AB effects and attentional biases 

would be produced if the target stimuli were more personally relevant to the participants’ 
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alcohol preference. Research has shown that beverage preference may play a role in 

determining an individual’s alcohol use patterns (Del Rio, Prada, & Alvarez, 1995). 

Because people develop these beverage preferences through repeated alcohol use (e.g., 

Wiers et al., 2007), subsequent biases may not be generalizable to all alcohol-related 

stimuli. Therefore, attentional biases to alcohol-related cues may be more enhanced to 

preferred beverages, especially in younger drinkers. Moreover, the AB tasks used only 

six different stimuli for alcohol T2, presented multiple times throughout the experiment. 

In future studies, more variation in T2 stimuli would be ideal, as to help eliminate any 

priming or repetition effects. 

In summary, college students tend to have an overall attentional bias for alcohol-

related stimuli independent of their alcohol consumption frequencies and patterns. Other 

individual factors such as having a positive family history of alcohol problems did not 

modulate the AB effect, in that these individuals did not show an attentional bias for 

alcoholic cues at early levels of encoding, independent of their own drinking patterns. 

The word-based version of the AB task failed to produce any substantial AB effects or 

biases at early lags in heavier social drinkers. However, the image-based version did 

show an attenuated AB at lag 2 for alcohol-related images in heavy drinkers. It is possible 

that images more effectively captured attention due to their greater ecological validity 

and efficacy as appetitive stimuli. This would also suggest that a more efficient 

processing of alcohol-related stimuli at early levels of encoding may exist in heavier 

drinkers, particularly when presented with pictorial stimuli. This phenomenon likely 

occurs automatically and outside of conscious awareness, congruent with Wiers et al. 

(2007) appetitive-approach model, in that alcohol becomes sensitized with repeated 
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exposure and use, leading to drug-seeking behaviors (Robinson & Berridge, 1993). 

However, it is important to keep in mind that the heavier drinking group in the image-

based task had higher QFI scores than those in the word-based task, which may have 

been responsible for the observed results. Therefore, it is possible that similar results 

would have been observed in the word-based task if QFI had been higher in this group.  

 The results of this study have implications for understanding the time course of 

attentional biases to alcohol-related cues, as well as how efficient these cues are 

processed outside of conscious awareness. Alcohol-related cues have been shown to 

capture attention in heavier drinkers (Tibboel et al., 2010), which is likely the result of 

repetitive alcohol use, but may also serve as a marker of future alcohol problems in social 

drinkers. Collectively, these findings may help assess an individual’s risk for future 

problem drinking or the development of an AUD. However, in order to determine the 

effectiveness of the AB paradigm in assessing attentional bias and subsequent AUD risk, 

future studies are needed in clinically addicted populations (e.g., treatment-seeking 

individuals). Although the present results are promising, it is important to investigate 

these effects and the associated neural correlates by using event-related brain potentials. 

Investigating ERP correlates of attentional capture may help to provide a more sensitive 

interpretation of the time course of these biases and can be used to supplement, as well as 

clarify behavioral data. Ultimately, understanding attentional biases to alcoholic cues 

may help inform treatment options (e.g., attentional bias modification therapies) in 

individuals with an existing AUD, or help assess an individual’s risk in developing an 

AUD, thus providing an opportunity for early intervention and subsequent prevention. 
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