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ABSTRACT 
 
 

The effect of alcohol on performance during single-feature and conjunctive-features 
visual search tasks was examined in 18 normal, young adult participants (nine women), using a 
counterbalanced, within-subjects design that examined performance under intoxicated (peak 
blood-alcohol concentration = 0.071 gms%) and sober (no-alcohol control) conditions. 
Behavioral responses, including reaction times and error rates for detection of targets were 
examined in the study’s main analyses, as were patterns of eye-movement, including saccade 
velocity and amplitude, number and duration of fixations, inhibition of return, and functional 
field of view.  

The results of these analyses indicated that alcohol intoxication was not associated with 
increased reaction times or error rates on any searches. However, alcohol intoxication was 
associated with decreased numbers and increased durations of fixations on trials that involve 
searching for conjunctive-features targets or absent targets. Alcohol intoxication was also 
associated with decreased fixations on distracters during conjunctive-features searches and 
decreased re-fixations of search elements that they had previously visited. Finally, alcohol 
intoxication was associated with decreased amplitudes and velocities of saccades. In sum, these 
findings indicated that alcohol intoxication slowed the initiation of saccades and that this effect 
was most pronounced on conjunctive-features searches. The results also suggested that these 
delays appeared to allow participants to process more parafoveal information at each fixation 
than they would have when sober, thus producing more efficient processing despite reduced 
speed. 

This study provided little support for alcohol-related reductions in cognitive capacity or 
inhibitory control suggested by the attention allocation model (Josephs and Steele, 1990) and 
impaired control (Fillmore, 2003) theory, respectively, as key mechanisms underlying changes in 
visual search while intoxicated—at least not at the dose tested in the present study. However, 
there was evidence of a general slowing effect of alcohol intoxication on the initiation and 
velocity of eye movements, as well as alteration of their amplitudes, that appeared to enable 
individuals to perform visual search tasks without obvious impairment by gathering more 
information at each fixation and consequently reducing the number of unnecessary eye 
movements that they made. These results are largely consistent with those of other research that 
has used different oculomotor tasks to examine alcohol’s effects on attention (e.g., Radach, et al., 
2011). Together, this work suggests that alcohol might influence attention in visual search, not 
by impairing top-down, controlled processes that guide eye-movements, but rather by 
influencing the bottom-up, automatic processes that initiate them. 
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CHAPTER 1 
 

INTRODUCTION 
 
 

It is well established that alcohol intoxication impairs performance on a variety of cognitive 
and psychomotor tasks (Hindmarch, Kerr, & Sherwood, 1991; Holloway, 1994; Maylor, Rabbitt, 
James, & Kerr, 1992), but study of its effects on task performances that rely on visual attention is 
arguably of particular importance because it may reveal mechanisms underlying the risks associated 
with critical behaviors such as driving while intoxicated (Mills, et al., 2001; Moskowitz, 1973). 
Although related impairments have been studied extensively (Moskowitz, et al., 2000; Moskowitz 
& Fiorentino, 2000), much of this work has relied on relatively simple target detection tasks. Given 
that visual attention is most often engaged in settings that involve multiple objects – including both 
relevant targets and irrelevant distracters – use of more sophisticated visual search paradigms may 
be necessary to accurately study the complex changes in visual attention that accompany 
intoxication. In the present study we sought to take a step in this direction. 

The limited investigation of alcohol-related impairments on visual searches that include both 
targets and distracters has relied exclusively on measurements of reaction time to gauge visual 
attention (e.g. Hoyer et al., 2007). However, visual searching involves dynamic changes in multiple 
attentional processes and the use of reaction times has been criticized for collapsing this complexity 
into a single measure (Zelinsky & Sheinberg, 1997; Zelinsky et al., 1997). Advances in 
measurements of eye-movement have greatly expanded research on visual attention (Findlay & 
Gilchrist, 2003). Although delineation of the precise relationship between movements of the eyes 
and movements of attention remains challenging (Vivianni, 1990; Findlay & Gilchrist, 1998), it is 
evident that the two processes are closely related – at least in situations where free eye-movement is 
permitted (Shepherd, Findlay, & Hockey, 1986; Hoffman & Subramaniam, 1995; Peterson, Kramer, 
& Irwin, 2004).  

Relatively few studies have directly examined the effects of alcohol intoxication on visual 
search (Hoyer et al., 2007; Maylor, et al., 1987; Maylor & Rabbitt, 1988; Newman, et al., 1997). Of 
these, only two (i.e., Hoyer et al., 2007; Newman et al, 1997) used a task that is comparable to those 
used in mainstream visual search studies and none has included measurements of eye-movements. 
In the present experiment we expanded the scope of this research by employing a standard visual 
search task and measurements of both reaction time and eye-movement. This approach allowed for 
exploration of the potentially complex ways that alcohol intoxication might affect significant 
changes in how attention is moved when the eyes search for a target among distracting stimuli.  
 

1.1 Attention and Visual Search 
 

Psychologists have long understood that attention can move rapidly, voluntarily or 
involuntarily, from one object to another (e.g., Helmholtz, 1910; James, 1890). Rapid shifts in 
visual attention are ubiquitous during normal waking periods (Findlay & Gilchrist, 2003) and serve 
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a variety of purposes, including location of desired objects among other irrelevant or distracting 
objects (Land, 2004). By manipulating the number and nature of these objects, researchers have 
sought to explicate the way attention operates in visual searches (e.g., Becker, 2010; Wolfe, et al., 
2003).  

In a typical search task, participants are asked to indicate the presence or absence of a 
predefined target in a display that contains multiple distracters. When the target is characterized by 
a single feature (e.g. color) that is not shared with the distracters, it appears to ―pop-out‖ of the 
display and its presence or absence is quickly determined by participants. Searches made under 
these conditions are often characterized as ―efficient,‖ based on the observation that reaction times 
are relatively quick and do not increase with the addition of more distracters. In contrast, when the 
target appears in conjunction of multiple features (e.g. color and orientation), some of which are 
shared with the distracters, its presence or absence is less obvious to participants. Searches made 
under these conditions could be described as ―inefficient‖ because reaction times are relatively slow 
and increase in a roughly linear fashion with the addition of more distracters. 

The patterns of reaction times associated with different search conditions have been inspired 
different theories of attention in visual search (Findlay & Gilchrist, 2003). The most famous of 
these, Feature Integration Theory (FIT: Treisman & Gelade, 1980; Treisman & Sato, 1990), 
proposed that visual attention initially addresses all objects in a display simultaneously and extracts 
basic information about their features. When the target is characterized by a single feature, this 
―parallel search‖ is sufficient to quickly identify the presence or absence of the target, regardless of 
the number of distracters present. Following the parallel search, visual attention addresses each 
object in the display, sequentially. When the target is characterized by a conjunction of features, 
some of which are shared with the distracters, this ―serial search‖ is necessary to identify the target. 

A sharp distinction between serial and parallel search mechanisms has been disputed (e.g. 
Wolfe, 1996; 1998; 2003).  Likewise, there have been challenges to the notion that the selection of 
these search mechanisms depends exclusively on the features that define the target (Porter, et al., 
2010). Other factors that appear to influence the efficiency of searching include the similarity and 
grouping of distracters (Duncan & Humphreys, 1989; Philips, Takeda, & Kumada, 2006) and 
deliberate search strategies (Watson, et al. 2010). However, it is clear from studies of reaction times 
and eye movements that searches of complex arrays require more processing than searches of 
simple arrays.  

Alternatives to FIT have been proposed (e.g., Duncan & Humphreys, 1989; Wolfe, 1994, 
Wolfe, Cave, & Franzel, 1989), but few of these theories consider the relationship between changes 
in attention and movements of the eyes (Findlay & Gilchrist, 1998, 2003,). This preference for 
measurement of reaction times over measurement of strategic changes and errors may be due to an 
agnostic stance regarding the relationship between movements of the eyes and shifts in attention, as 
well as the use of designs that restricted eye-movements during reaction time tasks in some of the 
early research on attention (e.g. Posner, Snyder, & Davidson, 1980; also see Kinchla, 1992).  
However, recent development of computational models that account for eye-movements during 
visual search permit more refined analyses (e.g. Zelinsky, 2008).  
 

1.2 Visual Search and Eye-Movements 
 

A key argument for the importance of inclusion of eye movements in the study of visual 
attention arises from physiological research on the visual system, which finds that the distribution of 
photoreceptors and other retinal neurons varies across the retina (Bailey & Gouras, 2000). The 
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population of cone photoreceptor is concentrated in the fovea, the region of the retina directly 
behind the pupil, where the relatively high overall density of photoreceptors and the relatively low 
ratio of photoreceptors to ganglion cells, maximizes visual acuity. In contrast, the population of rod 
receptors is distributed over a much larger area around the fovea. The relatively low density of 
photoreceptors across this area and the relatively high ratio of photoreceptors to ganglion cells 
maximize sensitivity for objects in the periphery of the visual field (Sterling, 2004).  

This pattern of organization is thought to reflect a history of natural selection for a visual 
system that could accommodate a variety of foraging and hunting needs, in both diurnal and 
nocturnal conditions (Kaas, 2004, Sterling, 2004). A key component of this system is the ability to 
move the eyes, so as to make most efficient use of the retina (Carpenter, 1988). Accordingly, under 
natural conditions, the eyes are constantly moved such that objects of interest are projected onto the 
fovea (Bailey & Gouras, 2000; Goldberg, 2000), where spatial resolution is greatest (Hirsch & 
Curcio, 1989; Wilson, et al., 1990).  

Eye movements typically involve saccades, rapid repositioning of gaze from one object to 
another. During most activities, the eyes make 3-4 saccades per second (Findlay & Gilchrist, 2003). 
When viewing a static scene, saccades are separated by periods of time in which the eyes remain in 
a state of relatively stable fixation. The fixations made when viewing naturalistic scenes can range 
in duration from less than 50ms to more than 1000ms, but the mean values for these fixations are 
usually around 300ms (Henderson & Hollingsworth, 1999). Fixation durations can increase over the 
course of viewing time (Viviani, 1990), but they generally stay close to the mean value during early 
relatively short presentation (i.e., those lasting seconds, rather than minutes, of time). The fixations 
made when performing visual searches vary in duration as a function of the size and complexity of 
the search array (Rayner, 2009). However, mean values for fixation durations usually fall within a 
range of around 200 to 300 ms (Binello, Mannan, & Ruddock, 1995; Williams, et al., 1997; 
Zelinsky & Sheinberg, 1997).  

During single-feature searches (i.e. those associated with parallel searching), relatively few 
saccades – often only one or two – are needed to fixate the target and, as with reaction times, this 
number does not increase with the addition of more distracters (Findlay, 1997; Scialfa & Joffee, 
1998; Williams, et al., 1997; Zelinsky & Sheinberg, 1997). During conjunctive features searches 
(i.e. those associated with serial searching), relatively more saccades are needed to fixate the target, 
and this number increases with the addition of more distracters (Binello, Mannan, & Ruddock, 
1995; Williams, et al., 1997; Zelinsky & Sheinberg, 1997). These findings suggest that a limited 
number of objects are processed during each fixation – if the target is within this group, the 
subsequent eye movement will be directed towards it. In single-feature searches, the number of 
objects processed during each fixation is relatively high, and thus relatively few saccades are 
needed. In conjunctive-features searches, this number is much smaller (Findlay, 1995; Williams, et 
al., 1997).  

Saccade guidance during visual search is influenced by both bottom-up and top-down 
cognitive processes (Wolfe, 1994; Wolfe, et al., 2003). The former includes relationships between 
the basic features of the elements in the search array (e.g. color, orientation), and the latter include 
knowledge about the specific features of target, task demands, and also search strategies. Although 
the precise separation of the effects of bottom-up and top-down factors is challenging (Becker, 
2010), studies using measurements of reaction time (e.g. Kim & Cave, 1999) and cortical event-
related potentials (ERP: Wykowska & Schubö, 1999) suggest that processes which involve bottom-
up factors generally precede those of top-down factors. 
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During single-feature searches, one feature distinguishes the target from the distracters, 
whereas the distracters are identical to each other. The decreased reaction times and numbers of 
saccades and associated with these searches, as well as the relative ease with which they are 
accomplished (e.g., the ―pop-out‖ effect) are thought to arise largely as a result of bottom-up 
factors, particularly the high feature contrast between the target and distracters, and responding to 
these factors is thought to be an automatic process. Support for this inference comes from studies in 
which participants are not given instructions to search for specific targets. These studies showed 
that participants tend to make saccades to elements in the search arrays that have unique features or 
that contrast highly with elements around them (e.g., Chen & Zelinsky, 2006; Findlay, 1997). 

During conjunctive-feature searches, two more features distinguish the target from 
distracters, and the distracters, each of which share one feature with the target and vary in 
appearance from one another. The increased reaction times and numbers of saccades associated 
with these searches, as well as the relative difficulty with which they are accomplished are thought 
to arise from the involvement of top-down factors. Because of the low feature contrast between the 
target and distracter elements, participants must use knowledge of the specific features which 
characterize the target to guide their searches. Engagement of top-down factors is thought to require 
controlled processing of the search array. Support for this inference comes from studies showing 
that participants tend to make saccades to search elements that share features with the target (e.g., 
Findlay, 1997; Scialfa & Joffee, 1998; Williams & Reingold, 2001)  

As noted above, saccade guidance during visual search can also be influenced by the 
strategies that individuals use when searching. Research suggests fairly stable individual differences 
in these strategies, such that some participants tend to make relatively many eye-movements, across 
a range of search tasks, whereas others tend to make relatively few. Nonetheless, most participants 
modify their search strategy, either as a result of changing search task or as a result of feedback 
(Boot, Becic, & Kramer, 2009). Moreover, participants can be trained to adopt different search 
strategies, including making fewer eye-movements, so as to more fully process the information 
available at each fixation (Watson, et al., 2010). 

Saccade guidance can also be influenced by previous movements of attention. The 
appearance of a probe (i.e., a quickly onset visual stimulus) tends to draw attention, and will often 
also trigger an involuntary saccade. However, in studies using measurements of reaction time, 
participants are slower to respond to a probe presented at a location previous occupied by elements 
in a visual search array than they are to a probe presented at other locations (Klein, 1988). This 
finding is consistent with those from studies which find increased response times to targets in 
locations that have previously been cued (e.g. Posner & Cohen, 1984), a phenomenon referred to 
inhibition of return (IOR: Posner, et al., 1985). The increased reaction times associated with IOR 
are more evident on serial search tasks (e.g., conjunctive-features searches) than on parallel search 
tasks (e.g., single-features searches). This finding has generally been replicated in other studies of 
IOR in visual search (for a review, Klein & MacInnes, 1999; for a failure to replicate, see Wolfe & 
Pokorny, 1990) and suggests that IOR discourages movements of attention to locations that have 
already been visited. In this connection, IOR has been characterized as a foraging facilitator (Klein, 
2000) that improves the efficiency of searching. 

Research that includes measurements of eye-movements in the study of IOR during visual 
search has yielded generally consistent results (for a review, see Wang & Klein, 2009). A classic 
study using search displays that contained images from a Where’s Waldo book found increased 
reaction times to detect a probe that appeared in same general region as that of a previous fixation. 
The study also found a tendency for saccades that occurred before the onset of the probe to be 
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launched in directions away from that of their previous landing position. More recent studies have 
found that participants sometimes make saccades to previously fixated locations, but the numbers of 
these saccades are lower than would be expected by chance (Gilchrist & Harvey, 2000), or would 
be expected if participants had no working memory of previously fixated locations (Peterson, et al., 
2001; see also Horowitz & Wolfe, 1998).  

Interestingly, a study which included both visual search and free-viewing tasks for displays 
composed of natural images found numbers of return saccades that were greater than would be 
expected by chance, but also found increased latencies for saccades to previous fixated locations 
(Hooge, et al., 2005). A second study that used a scene memorization task for displays composed of 
natural images found similar results (Smith & Henderson, 2009). However, a third study found 
increased latencies for saccades to previous fixated located on a visual search task, but decreased 
saccade latencies to previously fixated locations on a scene memorization task, a scene rating task, 
and a free-viewing task (Dodd, et al., 2009).  

Taken together, these findings suggest a general decrease in the likelihood of making 
saccades to previously fixated locations and an increase in latencies when such saccades are made. 
However, strength of IOR seems to vary across different types of search tasks and there is some 
evidence that these effects can occur on tasks other that visual searches. Such results challenge the 
notion that IOR always acts as a foraging facilitator that makes searching more efficient. 
 

1.3 Eye-Movements and Attention 
 

Traditionally, changes in visual attention that occur without corresponding eye movements 
are referred to as shifts in covert attention (Findlay & Gilchrist, 1998, 2003), and are demonstrated 
in reaction time tasks that require participants to maintain a steady gaze at one location while 
responding to stimuli at other locations (e.g. Posner, 1980; Posner, Snyder, & Davidson, 1980; see 
Kinchla, 1992 for a review). In these tasks, reaction times are generally faster when targets appear 
in attended locations, and generally slower when they appear in unattended locations. These 
findings are often interpreted with the familiar spotlight metaphor, as evidence of a spatially 
localized area of processing that is moved among elements in a visual display. 

In contrast, changes in visual attention that occur with corresponding eye movements are 
referred to as shifts in overt attention. Eye movements occur naturally in most everyday tasks, 
including those, such as visual searches, that involve changes in visual attention. Early theories 
suggested that covert and overt attention might be largely independent processes (e.g. Klein, 1980), 
or that covert attention might acts as a spatial pointer that guides overt attention (e.g. Henderson, 
1992). However, in several studies that attempted to manipulate both covert and overt attention, 
target detection is increased only when both covert attention and saccade (i.e., overt attention) are 
both directed toward targets. In contrast, target detection is decreased to chance levels if saccades 
are directed away from targets (Deubel & Schneider, 1996; Hoffman & Subramaniam, 1995; 
Kowler, et al., 1995). These finding challenge the theory that covert and overt attention are fully 
independent processes and also the theory that covert attention has a primary or guiding role over 
overt attention. More recent theories hold that covert attention may arise as an epiphenomenon of 
the overt attention (e.g., Sheliga et al., 1997) and that the effects of covert attention may result from 
the activity of brain system preparing to make a saccade (Rizzolatti, et al., 1987). 

Support for this position comes from several sources. Shifts in covert attention precede both 
voluntary movements of overt attention (i.e., saccades towards targets) and involuntary movements 
of overt attention (i.e., saccades that towards suddenly onset cues: Peterson, Kramer, & Irwin, 
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2004). Saccades have decreased latencies when directed towards locations that had previous 
received covert attention and increased latencies when directed away from such location (Murray & 
Giggey, 2006). In contrast, IOR occurs on tasks that involve changes in attention accompanied by 
oculomotor activity (i.e., overt attention), rather than changes in covert attention unaccompanied by 
such activity (Rafal, et al., 1989). Furthermore, shifts in covert and overt attention are associated 
with similar patterns of cortical activity, as indicated by ERPs (Eimer, et al., 2007; van der Lubbe, 
et al., 2006) and functional neuroimaging (for a review, see Corbetta, 1998).  

The brain systems involved in the generation of saccades have been extensively studied with 
electrophysiological and lesion studies in human and non-human animals (see Schall, 2004 for a 
review). Saccades are produced from activity in the brainstem saccade generator, an area that 
receives input from the superior colliculus (SC) and the frontal eye field (FEF). Patterns of lateral 
inhibition among the neurons in these areas have been shown to influence the guidance of saccades 
during visual search. Inputs to the SC and FEF from visual areas (e.g., visual cortex, inferior 
temporal cortex, posterior parietal cortex) are thought to mediate the bottom-up aspects of saccade 
generation, whereas inputs from frontal areas (e.g., prefrontal cortex) are thought to influence the 
top-down aspects of generation.  
 

1.4 Attention and Alcohol 
 

Based on a meta-analysis of alcohol’s effect on behavioral responding in social situations 
(Steele & Southwick, 1985) and on other research (Josephs and Steele, 1990; Steele, Critchlow, & 
Liu, 1985; Steele & Josephs, 1988; 1990; Steele, Southwick, & Pagano, 1986), Steele and Josephs 
have argued that alcohol intoxication limits and alters cognitive capacity such that complex, subtle, 
or distal stimuli receive less processing than simple, obvious, or proximal stimuli. As a result, 
emotions and behaviors are more likely to be influenced by highly salient features in the immediate 
setting when an individual is intoxicated than when he or she is sober. The frequent characterization 
of model as ―attention allocation‖ or ―alcohol myopia‖ highlights the key role that changes in 
attention – perhaps even visual attention – are thought to play in the emotional and behavioral 
consequences of alcohol intoxication.  

Research using cortical indices of attention, such as the P300 ERP, has yielded some support 
for the importance of an attention-limiting influence of alcohol on emotional response during 
intoxication (e.g., Curtin & Fairchild, 2003; De Cesarei, et al., 2006). Interestingly, a study which 
also included a modified flanker task (Bartholow, et al., 2003) found that higher intoxication was 
associated with greater interference from the flanker letters surrounding target letter in the task 
display (e.g. HHSHH). The authors of the study argue that this result is more consistent with 
alcohol’s effects on response inhibition (e.g. Abroms, Gottlob, & Fillmore, 2006) than with its 
effects on attention allocation (e.g. Steele and Josephs, 1990), but it is possible that intoxication 
could make participants more susceptible to the distracting effects of the flanker letters. Together, 
these finding suggest that alcohol impairs some aspects of attention, but they also highlight a 
challenge for testing the attention allocation model: outside of research designs that involve obvious 
threat or reward cues (e.g. Curtin & Fairchild, 2003), it is often difficult to specify which features of 
the setting will be particularly salient for intoxicated participants and therefore likely to produce 
changes in emotions and behaviors.  

As noted above, impairments in visual attention, as well as other cognitive faculties, have 
been studied extensively in connection with driving and piloting (e.g., Moskowitz & Fiorentino, 
2000). The consistent findings of alcohol-related impairments on divided attention tasks, which 
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require participants to monitor centrally-and peripherally-located stimuli, suggest that intoxication 
generally decreases the span of visual attention. More fine-grained analysis of impairments in 
responding to stimuli in different areas of the visual field suggests that intoxication can contribute to 
a ―tunnel vision‖ effect, wherein the functional field of is restricted. (Mills, et al., 2001). Research 
using driving simulators also suggests that impairments in attention are related to a range of unsafe 
driving behaviors (Leung & Starmer, 2005). Furthermore, studies that include functional brain 
imaging suggest that these impairments are associated with decreased activity levels across a range 
of brain areas, including both anterior/frontal areas and primary motor/cerebellar areas (Allen, et al., 
2009; Meda, et al., 2009). Significantly, these areas are implicated in the planning and initiation of 
eye-movements (Schall, 2004) 

Changes in attention are also implicated in the theory that the effects of alcohol, as well as 
those of other drugs, on emotions and behavior involve impairments in control (e.g. Fillmore, 2003; 
Lyvers, 2000). According to this theory, intoxication interferes with inhibitory mechanisms that 
prevent attention from moving to irrelevant stimuli in the environment and allow it to move to 
relevant stimuli. Failures in control of these mechanisms lead the intoxicated individual to respond 
more strongly to highly salient features in the immediate setting, resulting in extreme emotions and 
behaviors.  

Much of the support for this theory comes from research using go/no-go tasks, which 
suggest that alcohol impairs the ability to inhibit prepotent responses (Abroms, Fillmore, & 
Marczinski, 2003; Marczinski & Fillmore, 2003, Marczinski, et al., 2005). More recent 
investigations that have examined alcohol effects on inhibitory control by measuring changes in 
IOR (Abroms & Fillmore, 2004) and eye movements (Abroms, Gottlob, & Fillmore, 2006) are 
discussed below. 
 

1.5 Alcohol and Eye-Movements 
 

By drawing upon research into the cognitive and neurobiological factors that influence eye-
movements, oculomotor tasks can be used to study the underlying processes associated with various 
clinical phenomena (Leigh & Kennard, 2004). In this connection, at least one very recent 
experiment has highlighted the value of studying the effects of alcohol intoxication using tasks that 
correspond to different levels of visual processing (Radach, Vorstius, & Lang, 2011). 

Moderate to high levels of alcohol intoxication (i.e. 0.05-0.10 g/100ml 1) are associated with 
varied changes in basic visual functions, including decreases in visual field, accommodation, and 
convergence (Hill & Toffolon, 1987; Watten & Lie, 1996). Comparable levels of intoxication are 
associated with basic changes in eye-movements, including increased latency, decreased velocity, 
and decreased the accuracy of saccades (e.g., Baloh, et al., 1979). These effects are similar to those 
associated with barbiturate intoxication, perhaps owing to the common effect of these substances on 
gamma-aminobutyric acid (GABA) systems (Glue, 1991). 

Research with pro-saccade tasks, in which participants must make saccades towards 
appearing targets, has generally found that alcohol intoxication is associated with increased latency, 
decreased velocity, and decrease the accuracy of saccades (Gale, et al., 1996; Greudry, et al., 1975; 
Katoh, 1988; Vorstius, et al., 2008; Wegner & Fahle, 1999). In contrast, the results of research 
using anti-saccade tasks, in which participants must make saccades away from appearing targets, 
are more variable. With regard to saccade latency, two studies have found increased latencies 
during intoxication (Kahn, et al., 2003, Blacker, et al., 2002) and two have found no effect of 
intoxication (Vasallo & Abel, 2002; Vorstius, et al., 2008). Where saccade accuracy is concerned, 
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two studies suggest increased accuracy of saccades during intoxication (Kahn, et al., 2003; Vasallo 
& Abel, 2002) and two suggest no effect of intoxication on saccade accuracy (Blekher, et al., 2002; 
Vorstius, et al., 2008).  Thus, some unresolved equivocation is obvious. 

Nonetheless, pro-saccade and anti-saccade tasks are useful for exploration of the levels of 
visual processing affected by alcohol intoxication because the former are guided primarily by 
automatic or bottom-up processes, whereas the latter involve controlled or top-down processes. In 
this connection, a study that included both a pro- and an anti-saccade task (Vorstius, et al., 2008) 
showed that alcohol intoxication increased latencies and decreased velocities of saccades on both 
tasks, which suggests that alcohol impairs the automatic processes related to saccade generation. 
This finding, and also the finding that alcohol intoxication did not influence error rates on either 
task challenges the theory that alcohol impairs controlled processes related to response inhibition 
(e.g., Fillmore, 2003).  

In contrast, a study by Abroms and colleagues (2006) found evidence that alcohol alcohol’s 
effects may be specific to controlled processes related to saccade inhibition. This study compared 
the effects of alcohol intoxication on performance of a delayed ocular response (DOR) task in 
which participants had to delay making saccades to appearing targets with those occurring in a 
saccadic interference (SI) task in which participants had to make saccades to appearing during trials 
that sometimes included distracter stimuli. Performance on the DOR task, which involves the 
activity of controlled inhibitory mechanisms, was impaired by alcohol, whereas performance on the 
SI task, which involves automatic inhibitory mechanisms, was not (see Radach, Vorstius, & Lang, 
2011 for discussion of contradictory findings).  

The finding that alcohol intoxication increased amplitudes of saccades on the anti-saccade 
task in the Vorstius et al. (2008) study suggests that alcohol impairs the re-programming of 
saccades, in the absence of a visually specified target. Additional evidence that alcohol impairs the 
re-programming of saccades comes from a study that included a double-step task, in which 
participants are required to make a saccade to a target that is briefly presented at one location and 
then shifted to a new location (Radach, Vorstius, & Lang, 2011). In this study, alcohol intoxication 
resulted in longer latencies on trials in which a one-step response was made (i.e., participants made 
one saccade, rather than a ―double-step‖ of two saccades to the new target location), thus indicating 
that alcohol increases the amount of time to correctly reprogram the target location for saccades. 

Reading is, of course, a complex visual information processing task that includes both 
automatic and controlled processes and thus provides another venue for evaluating alcohol’s effects. 
New research examined these processes with a sentence-reading task in which the frequency of 
target words and the participant’s ability to preview these words was manipulated (Radach, 
Vorstius, & Lang, under revision; see also Radach, Vorstius, & Lang, 2011). As with much of the 
research reviewed above, this work revealed that alcohol intoxication generally results in decreased 
saccade velocity, a finding which suggests a general slowing of oculomotor processes. Alcohol 
intoxication was also associated decreased numbers of saccades, but also increased durations of 
fixations. Importantly, these effects appeared to partially offset one another, resulting in only 
modest increase in total reading time per word, perhaps indicating an adaptive strategy.  

Consistent with this notion, alcohol intoxication did not alter the normal effect of word 
frequency on fixation duration (i.e., words which appear less frequently in language are associated 
with longer fixations than words which appear more frequently), which suggests that alcohol 
intoxication does not impair linguistic processing. Additionally, alcohol did not alter the normal 
effect of previewing on fixation duration (i.e., words that are masked until the participant saccades 
across an invisible boundary are associated with shorter fixation than words that are not masked), 
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which indicated that that alcohol intoxication did not reduce the processing of parafoveal 
information that occurred during fixations. 

Taken together, these findings suggest that alcohol intoxication results in multiple changes 
to the visual processing. These include a general slowing in some of the bottom-up processes that 
contribute to saccade generation and impairments in some top-down processes that programming 
voluntary saccades. Interestingly, these changes in visual processing do not seem to include 
decreases in inhibitory control of automatic saccades or decreases in either linguistic processing or 
parafoveal processing.  
 

1.6 The Present Study 
 

Research that uses visual search tasks provides further opportunities to study the diverse 
effects of alcohol intoxication on the processes that underlie visual attention. Also, because the 
number of studies in this area is small, relative to the body of research outlined above, there are 
opportunities to develop new research designs that may better reveal these effects. 

Early research used tasks that required visual searches for letters within small arrays of other 
letters (Maylor & Rabbitt, 1988; Maylor, et al., 1987). In these studies, alcohol intoxication resulted 
in increased errors, which suggests that alcohol impairs attention during visual searches, but offers 
little insight into the nature of this impairment. A later study used a task that required visual 
searches for the letter L in arrays of the letter X, a parallel search condition; as well as visual 
searches for the letter L in arrays of the letter T, a serial search condition (Newman, et al., 1997). 
Alcohol intoxication resulted in increased reaction times in both search conditions and appears to 
have specifically slowed responding on serial searches, as compared to parallel searches2. These 
findings suggest that alcohol may impair searches that use top-down processing of visual 
information, such as information about target-related features, more than on searches that use 
bottom-up processing of visual information, such as high feature contrast.  

A more recent study included a task that required visual searches for a symbol in dense 
arrays of distracters that were the same symbol rotated to a different angle, as well as visual 
searches for the same target in dense arrays of distracters that were the same symbol inverted 
(Hoyer, Semenec, & Buchler, 2007). Here, alcohol intoxication resulted in decreased reaction times 
and increase in error rates on the more difficult searches (i.e., those containing distracters that were 
inverted copies of the target) and on searches in which the target was located at a far eccentricity 
from the center of the array (i.e., where all searches begin). The increase in error rates observed this 
study suggests that alcohol may disproportionately impair top-down processes related to visual 
search. Although apparently in contradiction with the results of the study by Newman and 
colleagues (1997), the decreased reaction times observed in this study may also suggest that alcohol 
impairs top-down processes related to visual search. The study by Hoyer and colleagues (2007) 
used displays that were more densely populated with distracters than the displays used in the study 
by Newman and colleagues (1997) and alcohol intoxication may have lead participants to terminate 
their searches early, before accurately determining the presence or absence of the target. The study 
by Hoyer and colleagues (2007) also required participants to keep their eyes fixated in the center of 
each display while completing their searches which likely increased the challenge of detecting the 
target. In interpreting the results of their study, the researchers suggest that this pattern of early 
termination (at the cost of accuracy) reflects impairment in voluntary control of attention that results 
from alcohol intoxication (Abroms, Gottlob, & Fillmore, 2006). 
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Alcohol intoxication may also change patterns of attention during visual search by limiting 
IOR. One study used a standard IOR paradigm, in which a visual probe was presented at one two 
possible locations and then removed before the presentation of a target (Abroms & Fillmore, 2004). 
Alcohol intoxication resulted in a general increase in reaction times to targets presented at both 
locations. It was also associated with the significant elevation of reaction times to targets at the 
previously cued location over reaction times to previously un-cued locations that characterize the 
IOR effect. However, intoxication appeared to reduce the duration of IOR such that there were no 
differences in reaction times targets presented at either location for trials with longer latencies 
between the offset of the cue and the onset of the target. This finding may suggest that the alcohol 
speeds the degradation of IOR and thus compromise search efficiency. 

Taken together, the findings from the studies of alcohol intoxication and visual search 
suggest that alcohol generally hinders performance on searches which require attention to be moved 
among targets and distracters. Alcohol may also impair attention by degrading the functional field 
of view and IOR, thus making searches less efficient. However, two shortcomings are apparent in 
this small body of research. First, only two studies (Hoyer, Semenec, & Buchler, 2007; Newman, et 
al., 1997) used searches that are comparable to those used in mainstream visual search studies. The 
results of these studies suggest a general impairment associated with alcohol intoxication that is 
more pronounced for serial searches. However, their results, with respect to reaction times are 
inconsistent. Neither of these studies included measurements of eye movements, which limits 
interpretation of these effects with regard to the bottom-up and top-down processes that guide 
movements of overt attention. Furthermore, the lack of eye-movement measurement in these studies 
makes it difficult to connect their results to those from recent research with alcohol and other 
oculomotor tasks (e.g. Radach, Vorstius, & Lang, 2011).  

The present study was designed to advance understanding of the effects of alcohol 
intoxication on visual processing by using a state-of-the-art visual search paradigm for single-
feature and conjunctive-feature targets, while also incorporating precise measurement of eye 
movements.  Several sets of analyses where used to examine hypotheses derived from the literature 
outlined above. 
 

1.6.1 Task Performance 

The first set of analyses considered the effects of alcohol intoxication on task performance 
by examining reaction times and error rates for single-feature and conjunctive-feature searches. As 
noted above, previous research with alcohol intoxication and visual search has found inconsistent 
effects of alcohol on reaction times. The size of the search arrays used in the present study was 
closer to the sizes use in the study by Newman and colleagues (1997), and the present study did not 
restrict eye movements during searches, as was the case in the study by Hoyer and colleagues 
(2007). Accordingly, the results of the present study were expected to more closely resemble the 
former than the latter. Participants were expected to have longer reaction times and higher error 
rates when they were intoxicated than when they were sober and this effect was expected to be more 
pronounced on conjunctive-features searches than on single-features searches. 

The main predictions made for the first set of analyses are based on previous visual search 
research, but they can also be related to predictions derived from the attention allocation model 
(Steele & Josephs, 1990). This model suggests that alcohol intoxication reduces the capacity for 
complex cognitive processing of stimuli, an effect that would seem to impair performance on 
conjunctive-features searches more than performance on single-feature searches, leading to longer 
reaction times and more errors. The attention allocation model also suggests that alcohol-related 
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reduction in the capacity for complex cognitive processing make an intoxicated person more likely 
to respond to simple, distinct cues in his or her environment than a sober person. This leads to the 
interesting possibility that participants may have better performance on single-feature searches 
when intoxicated than when sober because the high feature contrast of targets in these searches 
make them particularly salient. As a result participants would be expected to have shorter reaction 
times and fewer errors. 

The main prediction made for the first set of analyses can also be compared to predictions 
made from the impaired inhibitory control theory (Fillmore, 2003). This theory suggests that 
alcohol intoxication reduces the ability to inhibit prepotent responses. This effect could lead 
participant to have shorter reaction times and more errors when completing visuals searches while 
intoxicated than while sober. Research by Abroms and colleagues (2006) suggests that alcohol-
related impairments are more evident for controlled inhibitory processes than for automatic 
inhibitory processes. Controlled inhibitory processes may play a greater role in conjunctive-feature 
searches than in single feature searches, because the former involve selection of a target from 
among distracters which each share a common feature with the target. Thus, the theory suggests that 
alcohol should produce the greatest reductions in reaction times and the greatest increases in errors 
on the conjunctive-features searches.  
 

1.6.2 Fixations 

The second set of analyses addressed alcohol’s effects on overt attention by examining the 
numbers and durations of fixations made during single-feature and conjunctive-feature searches. 
Previous research suggests that a larger number of fixations are needed for conjunctive-features 
searches than for single-feature searches (e.g., William, et al., 1997). Other studies also suggest that 
alcohol intoxication is associated with decreased numbers of fixation during a reading task (Radach, 
Vorstius, & Lang, under revision). Accordingly, participants in the present study were expected to 
have more fixations on the conjunctive-features search than on the single-features search, but they 
were expected to have fewer fixations when intoxicated than when sober.  

Based on the consistent finding that alcohol intoxication results in longer fixations, it was 
expected that participants would make longer fixations when intoxicated than when sober. If 
alcohol impairs top-down processes associated with conjunctive-features searches, then it is 
possible that this increase in fixation duration would be greater for conjunctive-features searches 
than for single-feature searches.  

The second set of analyses also considered the numbers of re-fixations made of interest 
areas that had previously been visited during the search. Research suggests that IOR facilitates 
searches that require serial inspection of elements by limiting the return of attention to areas that 
have already been visited. This effect is thought to be especially important for conjunctive-feature 
searches, which typically require a larger number of eye-movements to accomplish than single-
feature searches. Considering the evidence that alcohol intoxication results in impairments of IOR 
(Abroms & Fillmore, 2004), the number of re-inspections was expected to be greater when 
participants are intoxicated than when they were sober. 

Fixations made to targets and distracters were also considered in the second set of analyses. 
As noted above, more fixations are expected for conjunctive features searches than for single-
feature searches, and it was expected that many of these fixations would be associated with 
distracters. Previous research with a reading task suggests, by increasing the duration of fixations, 
alcohol intoxication allows more time for reprogramming of unnecessary saccades. A similar effect 
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in the present study could lead participants to make fewer distracter fixations when intoxicated than 
when sober. 

As with the first set of analyses, the main predictions for the second set of analyses are 
based on previous research, but can be compared to predictions made from the attention allocation 
model. It is possible that alcohol related impairments in complex cognitive processing would result 
in increased fixation duration on conjunctive-features searches, as more time is needed to plan 
saccades. In addition, these impairments might also be expected to result increased number of 
unnecessary saccades (i.e., saccades areas other than the target), thus leading participants to make a 
greater number of fixations when completing conjunctive-features searches while intoxicated than 
while sober. If alcohol intoxication reduced the capacity for complex processing of stimuli, then 
participants might be expected to make more distracter fixations when intoxicated than when sober. 
This effect would be expected to be particularly pronounced on conjunctive features searches. 
Moreover, if alcohol intoxication enhances responding to highly distinct cues, then participants 
might be expected to make more target fixations when completing single-feature searches while 
intoxicated than while sober. 

The predictions made for the second set of analyses can also be compared to those made 
from the impaired inhibitory control theory. Here, impairments in control could be expected to lead 
participants to make more fixations on distracters when intoxicated than when sober. As noted 
above, since conjunctive-features searches are expected to use controlled, rather than automatic 
inhibitory processes, this effect would be expected to be greater on these searches, than on single-
feature searches. 
 

1.6.3 Saccades 

The third set of analyses further addressed alcohol’s effects on overt attention by examining 
different characteristics of saccades across sober and intoxicated conditions. Previous research has 
consistently found decreased saccade velocities and amplitudes under intoxication, and thus both of 
these effects were predicted in the present study.  

The first amplitude of the first saccades made in each search was given special 
consideration, as was the amplitude of the saccades that fixate the target of on target-present trials. 
If alcohol intoxication reduces span of attention (e.g. Post et. al., 1996) or results in a ―tunnel 
vision‖ effect (e.g., Mills, et al., 2001), then this may limit the initial saccade that participants can 
make, when beginning their search, as well as the distance from which participants can saccade to 
the target.  
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CHAPTER 2 
 

METHODS 
 
 

2.1 Participants 
 

Twenty-nine participants (15 women) were recruited from the North Dakota State 
University community by advertisements that offered course research participation credit or $5/hour 
for participation in a study of the effects of alcohol on vision. The data from a total of eleven 
participants were removed from the study because of problems with study exclusion criteria or data 
collection procedures, as described in the following sections. This left a final sample of 18 
participants (9 women) whose data were used for all analyses.  

In order to be eligible for the study, all participants had to complete a telephone screening 
that included a brief medical history questionnaire inquiring current and past medical and 
psychiatric conditions and treatments. Participants who had any conditions or who were taking 
receiving any treatments that contraindicated alcohol consumption were excluded from the study.  

The screening also included a brief drinking behavior questionnaire (DBQ) that asked about 
the frequency and quantity of current drinking behavior. For items on this measure, one ―drink‖ was 
defined as one 12-oz beer, one 5-oz glass of wine, or one 1.5-oz shot of liquor (straight or mixed). 
Participants who reported high levels of drinking, defined as more than 35 drinks per week for men 
and more than 28 drinks per week for women, were excluded from the study. Participants who 
reported infrequent drinking or abstinence from alcohol, defined as less than 2 drinks per week for 
men and less than 1 drinks per week for women, were also be excluded. In addition, the screening 
also included the short version of the Michigan Alcoholism Screening Test (SMAST: Selzer, et al., 
1975), a questionnaire that assesses problems related to alcohol use. Participants who endorse more 
than two items on this measure, a standard for probable alcohol use disorders (AUDs), were 
excluded from the study. 

Research suggests that nicotine influences visual search (Rycroft, Rusted, & Hutton, 2005) 
and other aspects of attention (Trimmel & Wittberger, 2004). To avoid confounding by these 
effects, as well as those associated with nicotine withdrawal, participants who reported the regular 
use of tobacco or nicotine replacement products were excluded from the study2. 

During their first scheduled session, all participants had to show proof of being at least 21 
years old. Participants also had to demonstrate normal or corrected-to-normal visual acuity and 
normal color vision. A standard near vision test card was used to measure visual acuity at twelve, 
four, and two feet – the latter distance being approximately equivalent to the 60cm distance between 
the participants’ eyes and the monitor screen used in the visual search task. A standard set of 10 
Ishihara plates was used to red/green color vision. Data was not gathered from one participant 
because of red/green color vision deficiency. 
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2.2 Questionnaire Screening Measures 
 
2.2.1 Medical History 

During their first scheduled session, participants completed an expanded version of the 
medical history questionnaire used in the telephone screening. This measure included more detailed 
question about current and past medical and psychiatric conditions and treatments.  
 

2.2.2 Drinking Behavior 

Participants also completed an expanded version of the DBQ used in the telephone 
screening. This instrument included a 10-option item for the frequency of alcohol consumption 
(ranging from ―once a month or less‖ to ―21 times or more a week‖) and a 10-option item for the 
number of drinks typically consumed during each drinking occasion (ranging from ―less than one 
drink‖ to ―more than 12 drinks‖). In addition, it included a 10-option item for frequency of getting 
―at least somewhat high or intoxicated‖ from drinking (ranging from ―once a month or less‖ to 
―seven times or more a week‖) and a 10-option item for the number of drinks required to achieve 
this state (ranging from ―less than one drink‖ to ―more than 12 drinks‖). Finally, the questionnaire 
included a 10-option item for frequency of getting ―drunk‖ (ranging from ―once a month or less‖ to 
―seven times or more a week‖) and a 10-option item for the number of drinks required to feel 
―drunk‖ (ranging from ―less than one drink‖ to ―more than 12 drinks‖). For all items, one ―drink‖ 
was defined as one 12-oz beer, one 5-oz glass of wine, or one 1.5-oz shot of liquor (straight or 
mixed). Responses on the first two items of this measure were checked against the guidelines for 
acceptable drinking behavior used in the telephone screening. 
 

2.2.3 Drinking-Related Problems 

Participants also repeated the short version of the Michigan Alcoholism Screening Test 
(SMAST: Selzer, et al., 1975). Cronbach’s alpha for this 13-item instrument have been reported as 
0.76 in a non-clinical sample. Elevated scores on the SMAST are associated with problematic 
drinking behavior (Selzer, Vinokur, & Rooijan, 1975, Harburg et al., 1988). Participants’ responses 
on SMAST were checked against the standard for drinking behavior used in the telephone 
screening. 

Participants also completed the Young Adult Alcohol Problems Screening Test (YAASPST: 
Hurlburt & Sher, 1992), a 27-item instrument designed to detect alcohol problems among college 
students. Recent research with a large sample of university students supports the validity of this 
instrument (Kahler, et al., 2004).  

In addition, participants completed modified versions of the SMAST that assess alcohol-
related problems in their fathers and mothers (F-SMAST, M-SMAST: Crews & Sher, 1992). 
Cronbach’s alphas in a non-clinical sample have been reported as 0.87 for the F-SMAST and 0.74 
for the M-SMAST, and both measures show good convergent validity with parallel measure of 
parents’ own alcohol use.  
 

2.2.4 Drinking Motivations and Expectations 

Participants completed the Drinking Motives Questionnaire (DM: Cooper, Russell Skinner, 
& Windle, 1992), a 15-item instrument that assesses three potential motivations for drinking: 
drinking to enhance positive feelings, drinking to cope with negative feelings, and drinking to 
socialize with others. Cronbach’s alphas in a non-clinical sample have been reported as 0.85 for 
enhancement, 0.81 for coping, and 0.77 for socializing motivations. Moreover, these drinking 
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motivations have been shown to relate to distinct patterns of alcohol and drug use in several large 
studies (Cooper, 1994, Cooper, Russell Skinner, & Windle, 1992). 

Participants also completed the Alcohol Expectations Questionnaire (AEQ: Brown, 
Christiansen, & Goldman, 1987), a 12-item instrument that assesses alcohol reinforcement 
expectancies across six broad domains: positive global changes in experience, sexual enhancement, 
social and physical pleasure, assertiveness, relaxation/tension reduction, and arousal/interpersonal 
power. A meta-analysis of research with the AEQ suggested that the total scale for this instrument 
has good internal consistency in non-clinical samples (mean Cronbach’s alpha of 0.82), as do most 
of the domain scales (Kieffer, et al., 2004). 
 

2.2.5 Drug Use 

Participants completed the Drug Abuse Screening Test (DAST: Skinner, 1982), a 20-item 
instrument used to detect substance use disorders (SUDs). The DAST address various negative 
consequences of substance use and provides a general measure of lifetime problem severity. The 
DAST shows good internal consistency, in clinical samples, (Cronbach’s alpha is 0.92) and shows 
good convergence with diagnoses of SUDs. Participants also completed the Monitoring the Future 
Questionnaire (MTF: Monitoring the Future, 2006), an instrument that surveys a variety of different 
forms of substance use. 
 

2.3 Beverage Manipulation 
 

Using a within-subjects design, all participants completed one session of the experiment in 
which they consumed alcoholic beverages (the intoxicated condition) and one session of the 
experiment in which they consumed non-alcoholic beverages (the sober condition). The order of 
participation was counterbalanced, within gender, across the sample.  

In each session, participants were given accurate information about the nature of their 
beverages. An informed sober condition was chosen instead of a placebo-alcohol condition for 
several reasons. First, reviews of the literature on placebo designs (e.g., Martin & Sayette, 1993) 
suggest difficulty in disambiguating the effects of moderate-to-high levels of intoxication from 
expectations about such levels of intoxication, especially when intoxication is a within-subjects 
variable. Second, a recent meta-analysis (Schlauch, et al., 2010) suggests that participants in 
placebo-alcohol conditions report significantly lower expectations about actually being intoxicated 
(e.g., estimated numbers of beverages consumed, subjective level of intoxication) than participants 
in alcohol conditions, a finding that challenges the effectiveness of placebo-alcohol manipulations. 
Third, a summary of issues in alcohol research using placebo manipulations (Testa, et al., 2006) 
suggests that when placebo-alcohol manipulations are effective, they can result in unanticipated 
effects on cognitive variables, including attention, if participants try to compensate for expected 
deficits in task performance associated with intoxication (e.g., Hoyer et al., 2007).  

During the alcohol session, participants consumed beverages consisting of one part 100-
proof vodka (50% ethanol) to five parts lemonade mixer. Total beverage volume and alcohol dose 
were determined using a computer program (Curtin, 1995) that calculated the alcohol dose required 
to produce a specific peak BAC, as function of the participant’s total body water, duration of the 
drinking period, time to peak BAC, and alcohol metabolism rate (Watson, 1989)3. The targeted 
BAC for the alcohol intoxication condition was 0.08 g/100ml – is associated with effects on eye-
movement in previous studies and legally defines intoxication for the purpose of driving. Data from 
four participants were excluded from analyses because of their maximum level of intoxication did 
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not exceed 0.06. During the non-alcohol session, participants consumed a beverage consisting of 
only lemonade mixer, measured to a volume equivalent to that used in the alcohol session. 
 

2.4 Visual Search Task 
 
2.4.1 Presentation 

During each study session, participants completed a visual search task that was presented on 
a 22-inch cathode ray tube (CRT) computer monitor set to a 1024 x 768 resolution and a 100 Hz 
refresh rate. Participants’ heads were positioned on a chinrest, located 60 cm from the computer 
screen and adjusted to a height such that the center of the screen was at located at approximately 0 
degrees of elevation from the center of the participant’s eyes.  
 

2.4.2 Search Displays 

The visual search task consisted of 300 displays. The first 12 displays were used in a 
practice section of the study, and the following 288 displays were used for the main data-collection 
sections of the study. These 288 displays comprised 18 instances of all combinations of the four 
main display variables: target orientation (horizontal, vertical), target color (green, red), target 
presence (absent, present), search type and (conjunctive-feature, single-feature). Among the 144 
target-present displays, the location of the target occurred with equal frequency at each of three 
eccentricities from the center of the display (near, medium, far). These eccentricities were defined 
by three invisible circles located concentrically in each display. The circles had diameters of 6.5 cm, 
13.0 cm, and 19.5 cm; measurements that corresponded to approximately 6°, 12°, and 18° of visual 
angle, at a viewing distance of 60 cm from the screen. All search displays were developed using 
Microsoft PowerPoint and then saved as bitmap image files in 1024 x 768 resolution. Examples of 
search displays are given in Figure 1. 
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            Single-features search, target present    Conjunctive-features search, target present 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
            Single-features search, target absent    Conjunctive-features search, target absent 
 

Figure 1: Sample Visual Search Displays 
 

Note: Solid and dotted lines were not visible to participants. 
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Target and distracter elements were identically-sized rectangles, each with a width of 1.25 
cm and a height of .25 cm. At a distance of 60 cm from the screen, the width of the these elements 
subtended approximately 1° of visual angle, and their height subtended approximate .25° of visual 
angle. 

Single-feature search displays contained one element (the target) that differed from the other 
elements (the distracters), in terms of either color (red or green) or orientation (vertical, horizontal)5. 
Conjunctive-features search displays contained one element that differs from the others in terms of 
both color and orientation. Each display contained 12 elements: one target and 11 distracters or 12 
distracters. All targets and distracters were positioned at three possible eccentricities from the center 
of the displays, and their locations were balanced such that an equal number of elements appeared 
in each quadrant of the display. 

Displays were aggregated into blocks of 12 that contained the same target color and 
orientation (24 blocks in total). Blocks were aggregated into sets of four that contained one of each 
combination of target color and orientation (6 sets in total). Within each set, the relative positions of 
the other display variables were balanced, such that the average positions of each search (e.g. a 
single feature search, for a target that was present and located at the far eccentricity) was the same 
across the set. 

Each block was preceded by an instruction screen that identified the target for the following 
12 displays and directed the participants to respond to the presence or absence of the target in each 
display with the triggers of a videogame controller.  

Each display was presented in a trial that began with one of ten fixation screens. Each 
fixation screens consisted of small video clip located at the center of an otherwise blank field. The 
video clips, which showed flashing or changing symbols (e.g. letters, numbers), appeared in a box 
with a width of 2.25 cm and a height of 2.25 cm. At a distance of 60 cm from the screen, the width 
and height of the box subtended approximately 2° each. Once participants fixated this video for one 
second, the video was replaced with the display. Each display was presented for a maximum of six 
seconds or until the participant used a videogame controller to indicate the presence or absence of 
the target. 

The display presentation was divided into one practice section, containing one block of 
displays (12 displays, total), and three study sections, each containing eight blocks of displays (96 
displays, each; 288 displays, total). The displays used during the study section featured a target that 
was unrelated to the rest of the visual search displays (a blue triangle). Following each practice 
display the participant was told whether his/her response on that trial (target present or target 
absent) was correct or incorrect. The participant’s responses to the practice trials were recorded, but 
they were not used in any analyses. A short break was taken at the beginning of each study section 
to allow participant to rest their eyes or use the restroom. A calibration check and drift correction 
was performed during these breaks. 

Two versions of the display presentation were developed in SR Research Experiment 
Builder. In one, the right trigger on the videogame controller was used to indicate the presence of 
the target and the left trigger was used to indicate the absence of the target, and in the other the 
opposite arrangement was used. Each participant completed one session of the study using each of 
these presentations. The removal of data from some participants resulted in an imperfect 
counterbalancing of presentations across the sample. Thus, during the intoxicated session, eleven 
participants responded to indicate the presence of the target with their dominant hand and seven of 
the participants responded to indicate the presence of the target with their non-dominant hand. 
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2.5 Data Collection 
 
2.5.1 Recording 

Reaction times and eye movements were monitored using an EyeLink II video eye-tracking 
system (SR Research., Mississauga, Canada). Eye movement measurements were made using both 
pupil and corneal reflection tracking, to minimize movement artifacts. Nine-point calibration and 
drift correction procedures were used at three points during the presentation, corresponding to the 
beginning of the first, second, and third portions of the trials. Data were sampled at 250 Hz, and 
noise in the spatial resolution of eye-movement was <0.02° (see McConkie, 1981, for details on 
calibration; Inhoff & Radach, 1998, for measurement issues). Although measurements were made 
from both eyes, actual recordings during the trials were made from the eye that provided the best 
resolution during the calibration procedure. Within each session, the same eye was used for all 
recordings. 

Data from one participant were removed from analysis because of difficulties with 
calibration, and data from three other participants were lost due to computer crashes. 
 

2.5.2 Quantification 

Data recording from each trial were limited to a time period defined by the onset of the trials 
display (following fixation of the video clip in the fixation display) and either the participant’s 
response with the videogame controller or the timing-out of the trial. Within this time period, 
reaction times were recorded as the difference in milliseconds between the onset of the display and 
the participant’s response. Errors were recorded when the participant incorrectly indicated the 
presence or absence of the target in the display.  

Overall numbers of saccades were recorded as simple counts of these events within each 
trial. Saccade amplitude was measured as degrees of visual angle. Saccade velocity was measured 
as the average degrees/second. Saccade amplitude was measured as the total distance in degrees 
traveled in degrees. Latency for the first saccade was measured as the time between the onset of the 
display and the initiation of the first saccade. Like saccades, overall numbers of fixations were 
recorded as simple counts of these events within each trial. Fixation duration was measured as the 
total time in milliseconds spent in fixations.  

Saccades and fixations were associated with specific display elements (targets or distracters) 
when they fell within interest areas around these elements. Interest areas expanded the boundaries 
of each display element by 30 pixels (approximately .75cm or .72°) on each side. A re-fixation was 
counted when a fixation was associated with an interest area that had already been fixated as part of 
a separate run of saccades within that trial. In simple terms, this meant that an interest area that was 
fixated and then immediately re-fixated was not counted a re-fixation, but an interest area that was 
fixated and then fixated again, after other interest areas had been fixated, was counted. 
 
2.5.3 Reduction 

Raw data of the eye tracking system was reduced using SR Research Data Viewer software 
and macros written for Microsoft Excel. Data for each dependent variable were examined within 
each participant, within each session (alcohol, no-alcohol), and within each combination of the main 
independent variables for the visual search task (search type, target presence). Values that fell more 
than two standard deviations above or below the mean for that set of trial – for instance, a given 
participant’s responses, during the alcohol session, for single-feature, target-present searches – were 
brought to that fence. In most cases, < 5% of a participant’s data for any given dependent variable 
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was altered in this way. However, one participant was removed from analyses because his numbers 
of saccades and fixations fell more than three standard deviations below the mean for the sample for 
both the alcohol and the no-alcohol session. On most trials, this participant made no eye-
movements. 
 

2.6 Procedure 
 

All procedures used in the study were approved by the Institutional Review Boards at 
Florida State University and North Dakota State University. Details are provided in Appendix A. 

After initial telephone screening, participants were scheduled for study sessions in the early-
to-mid afternoon. As this study used a within-subjects design for alcohol intoxication, each 
participant completed a session for the alcohol condition and a session for the no-alcohol condition. 
The former took approximately four hours, including time for all intoxication checks, completion of 
all questionnaire measures, and a period for sobering-up, after intoxication. The later took 
approximately two hours and excluded all but the first intoxication check (to verify sobriety at the 
beginning of the session) and the sobering-up period. Thus, the whole time commitment for each 
participant was approximately six hours. An outline for the general procedure that each session 
followed is given in Table 1. 
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Table 1: General Procedure 

 Procedures Questionnaires Time 
Telephone recruitment Description of the study, 

screening questions 
Elements of the medical history, drinking behaviors, and 
drinking-related problems questionnaires 

5 minutes 

    
Eligibility check ID check, informed 

consent, pregnancy test*, 
vision test 

 10 minutes 

    
Intoxication check BrAC test  1 minute 
    
Questionnaires  Medical history, drinking problems questionnaires  10 minutes 
    
Drinking period Beverage administration Drinking motivations and expectations questionnaires 20 minutes 
    
Absorption period  Other drugs questionnaires, general instructions 20 minutes 
    
Intoxication check* BrAC test (*only during the intoxication session) 1 minutes 
    
Visual search blocks 1, 2 Eye-movement   10-12 minutes 
    
Intoxication check* BrAC test  1-4 minutes 
    
Visual search blocks 3, 4 Eye-movement   10-12 minutes 
    
Intoxication check* BrAC test  1-4 minutes 
    
Visual search blocks 5, 6 Eye-movement   10-12 minutes 
    
Intoxication check* BrAC test  1 minute 
    
Sobering-up period* Debriefing  120+  minutes  
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Participants were instructed to abstain from consuming alcohol and non-prescription 
medications for at least 24 hours prior to each session, and from eating any food (except water) 
for at least four hours prior to the alcohol session. Data from one participant were removed from 
analysis because of non-compliance with the fasting requirements of the study. Female 
participants were advised that they would undergo a urine-sample pregnancy test before the 
alcohol session.  

At the beginning of their first session, participants showed valid proof of age, gave 
informed consent to participate in the study (see Appendix A), and completed the vision 
screening. Participants then completed the expanded medical questionnaire. Responses on this 
measure were checked against those given during the telephone screening to confirm eligibility 
for participation in the study. Following the experimenter administered an alcohol breath-test 
(Alco-Sensor FST, Intoximeters, St. Louis, MO) to verify a 0.00 breath alcohol concentration 
(BrAC). The experimenter then administered a urine pregnancy test (QuickVue+, Quidel Corp., 
San Diego, CA) to all female participants. 
 
2.6.1 Alcohol Session 

At the beginning of the alcohol session all participants completed the drinking behavior 
and drinking-related problems measures. Responses on these measures were checked against 
those given during the telephone screening to confirm eligibility for participation in the study. 

Next, participants consumed their alcoholic beverages. The total volume of beverage was 
equally distributed into four beverage containers. Participants were informed that each beverage 
was approximately equal in total volume and alcohol content, and they were instructed to 
consume each beverage evenly over consecutive five-minute drinking periods. A stopwatch was 
used to help participants pace their drinking evenly across each five minute period. A light snack 
(several crackers) was served with the beverages. This served to minimize risk of illness from 
drinking on an empty stomach. It also served to slow and reduce variation in alcohol absorption 
rates, and to permit a relatively long period of plateau BAC around the target peak (see Casbon, 
et al., 2003; Curtin & Fairchild, 2003 for examples of this procedure).  

A standard 20-minute absorption period followed beverage consumption. During this 
time participants completed the other drug use questionnaires. Participants were also given 
general instructions for the visual search task during this period. A script for these instructions is 
given in Appendix B. In the interest of avoiding disruptions or participant discomfort during the 
visual search task, participants were encouraged to use the restroom during the absorption 
period. At the end of the absorption period, participants rinsed their mouths with water – a step 
necessary to remove residual alcohol and guard against inflated breathe-test readings – and a 
second breath-test was administered. 

After the second breath-test, the experimenter set-up the eye-tracking equipment and ran 
the initial calibration and drift correction procedures. The experimenter then reviewed the 
instructions for the visual search task with the participant and began the practice section. 
Following the practice section, the breath-test was repeated, as were the calibration and drift 
correction procedures. Then, the main recording session began.  

A short break occurred after the second set of blocks. As previously noted, this break 
occurred after the first third of the displays had been presented. During this break, participants 
were allowed to use the restroom and rest their eyes. The third breath-test was administered 
during this break, and the third calibration and drift-correction were performed. Another short 
break occurred after the fourth set of block, after the second third of the displays had been 
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presented. Participants were allowed to relax during this period, before the fourth breath-test and 
the fourth calibration and drift-correction were performed.  

After the sixth set of blocks, the main recording session was concluded. A fifth breath-
test was administered at this time. Participants received a short debriefing for the session and had 
the opportunity to ask questions about the study. If participants had already completed the no-
alcohol condition, this debriefing included a full discussion of the potential effects of alcohol on 
visual search. Otherwise, a more circumspect treatment was offered, so as not to unduly 
influence the next session.  

Participants were kept at the experiment site during the sobering-up period, until 
consecutive measurements of BrAC indicate levels of intoxication at or below 0.02. 
Refreshments, internet access, and entertainment options (DVDs, videogames) were provided. 
Once participants’ BrACs have fallen to a sufficiently low level, they were released to pre-
arranged rides or escorts. Participants were instructed to abstain from consuming alcohol or 
drugs for at least four hours after the study session and to avoid driving or other hazardous 
activity for at least that long. 

 
2.6.2 No-Alcohol Session 

The procedure for the no-alcohol session was largely the same as that for the intoxicated 
condition session. However, only one breath-test – the first, to confirm 0.00 BrAC, before 
beginning the session – was administered and no sobering-up period was necessary. 
 

2.7 Data-Analytic Strategy 
 

The main analyses of the present study addressed main or interacting effects among 
within-subjects variables. These variables included: target orientations (vertical, horizontal), 
target color (green, red), target presence (present, absent), search type (single feature, 
conjunctive feature), target eccentricity (near, medium, far), and participant intoxication 
condition (sober, intoxicated). Because no effects were predicted for target orientation or color, 
data were collapsed across these variables. Previous research suggests that target eccentricity 
influences both reaction times and number saccades made in visual search tasks (Carrasco, Evert, 
Chang, & Katz, 1995; Hoyer, et al., 2007; Scialfa & Joffe, 1998). Accordingly, target 
eccentricity (for target-present trials) was included in follow-up analyses when effects for target 
presence were observed. 

Repeated-measures analysis of variance (ANOVA) was the main data-analytic technique 
used in this study. Because the primary independent variables – intoxication condition, search 
type, and target presence – each have two only levels, the assumption of sphericity (equal 
variances of differences between levels of a given within-subjects variable) was always met. For 
analyses involving target location, a variable with three levels, Mauchley’s test of sphericity was 
used to evaluate the strength of this assumption, and for cases in which this assumption was 
untenable, the Greenhouse-Geisser correction was used. All analyses were carried out using 
SPSS, Version 19. 

The large number of analyses conducted in this study raises some concern about inflation 
of Type I error rates. This concern was addressed in three ways. First, analyses were limited to 
those comparisons necessary to explore the effects of alcohol intoxication on the dependent 
variables in the study. Analyses of other independent variables – for instance, the main effects 
and interactions of search type and target presence – were ignored, outside of the manipulation 
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check for the visual search task (see below). Second, follow-up tests for simple effects were only 
performed when significant interactions were observed for higher-level interactions. Third, 
because four pairwise comparisons were necessary to fully examine the effects of alcohol across 
different levels of the main independent variables (search type, target presence), a Bonferonni-
corrected α-level of .01was used to supplement the traditional α-level of .05. In the results 
presented below, effects for pairwise comparisons that were significant at the α-level of .05 are 
indicated with one asterisk (*) and those that were significant at the α-level of .0125 are 
indicated with two asterisks (**). 

Limiting sizes of families of tests and considering a more stringent criterion for rejecting 
null hypotheses arguable strikes a reasonable balance between addressing concerns over family-
wise Type I error rates and preserving adequate power for those tests that were run (Myers et al., 
2010). .In addition to regular hypothesis testing, graphs were made for all significant interactions 
involving alcohol intoxication condition. The error bars for confidence intervals on these graphs 
have been adjusted, using an approach advocated by Loftus and Masson (1994) which removes 
between-subjects variability from estimates of standard errors of means. Note, however, that 
estimates of standard errors of means reported in the text were not adjusted in this way and 
include between-subject variability. This approach has the advantage of producing error bars for 
95% confidence intervals that are interpretable for comparisons of within-subjects variables and 
as a result, conclusions about differences between within-subjects conditions drawn from 
inspection of graphs tend to mirror those drawn from reviewing the results of hypothesis tests (α-
level of .05).  
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CHAPTER 3 
 

RESULTS 
 
 

3.1 Sample Characteristics 
 
3.1.1 Demographic Variables 

The sample consisted of 18 participants (9 female), whose ages ranged between 21 and 
32 years old (M = 23.56, SD = 2.85). All participants described their race as White or Caucasian. 
No female participants tested positive for pregnancy. 
 
3.1.2 Alcohol Use Variables 

The number of reported drinking episodes per week ranged between one and six, and the 
reported drinks consumed per episode ranged from one to seven. Most participants reported one 
episode of binge drinking in the previous month, and the number of drinks consumed per binge 
episode ranged from five to eight. Male and female participants did not differ significantly in 
terms of number drinking episodes per week t(16) = -1.18, p = .089; number of drinks consumed 
per episode t(16) = -1.18, p = .881; likelihood of having a binge in the last month Χ2 = .40, p = 
.527; or number of drinks consumed during the binge t(16) = -3.47, p = .733. No participants had 
elevated levels of alcohol use problems on either the SMAST or the YAAPST. A summary of 
data on alcohol use variables is presented in Table 2. 
 
3.1.3 Drug Use Variables 

Although participants were screened for current cigarette use, ten participants reported 
lifetime use, and three participants reported use in the last 30 days. Among those participant who 
reported cigarette use in the last 30 days, the most commonly endorsed level of use was ―one to 
five cigarettes per day‖. Male and female participants did not differ significantly in terms of their 
lifetime use of cigarettes Χ2 = .90, p = .34. 

The use of illegal drugs was low in this sample; most participants reported that they had 
never used any drugs. Nonetheless, eight participants reported lifetime use on one or more illegal 
drugs, and one participant reported use within the last 12 months. The most commonly used drug 
was marijuana. No participants reported number of reported use of illegal drugs within the last 
30 days. Male and female participants did not differ significantly in terms of their lifetime use of 
drugs Χ2 = .90, p = .34. No participants had elevated levels of alcohol use problems on either the 
DAST. A summary of data on drug use variables is presented in Table 3. 
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Table 2: Alcohol Use Variables 

Gender Female [n=9] Male [n=9] Combined 
Alcohol Use                                    mean (standard error) 
Frequency 1.1 (0.16) 2.3 (0.61) 1.7 (0.34) 
Quantity 3.7 (0.50) 3.6 (0.53) 3.6 (0.35) 
Binge 5.8 (0.40) 5.6 (0.22) 5.7 (0.22) 
Drinking Motivations    
Social 8.9 (0.93) 8.9 (0.99) 8.9 (0.66) 
Coping 3.4 (0.73) 3.0 (0.94) 3.2 (0.58) 
Enhancement 7.9 (1.26) 7.8 (0.98) 7.8 (0.78 
Alcohol Expectancies    
Positive 45.2 (1.35) 40.8 (2.15) 43.0 (1.35) 
Negative 28.0 (1.46) 26.0 (2.21) 27.0 (1.31) 
Drinking Problems    
SMAST 0.4 (0.24) 0.9 (0.31) 0.7 (0.20) 
FMAST 1.1 (1.11) 1.8 (1.06) 1.4 (0.75) 
MMAST 1.3 (1.11) 0.0 (0.00) 0.7 (0.56) 
YAAPST 12.4 (3.31) 19.1 (3.48) 15.8 (2.46) 
Notes. Frequency refers to the number of drinking occasions per week. Quantity refers to the 
number of drinks consumed per occasion; one ―drink‖ = 1 beer, 1 glass of wine, or 1 single shot 
– straight or mixed. Binge refers to the average number of drinks consumed during an episode of 
binge drinking. Social, Coping, and Enhancement refer to scores on the corresponding scales of 
the Drinking Motivations Questionnaire (DMQ). Positive and Negative refer to positive and 
negative expectations scales on the Comprehensive Effects of Alcohol (CEOA) questionnaire. 
SMAST, FMAST, and MMAST refer to scores on the self, father, and mother versions of the 
Short Michigan Alcoholism Screening Test (SMAST). YAAPST refers to past year severity 
scores on the Young Adult Alcohol Problems Screening Test. 
 
 

Table 3: Drug Use Variables 
Gender Female [n=9] Male [n=9] Combined  
Cigarette Use                            count (percentage) 
Lifetime 4 (21%) 6 (32%) 10 (53%) 
Last 30 days 1 (  5%) 2 (11%) 3 (16%) 
Other Drug Use    
Lifetime 3 (16%) 5 (26%) 8 (42%) 
Last 12 months 0 (  0%) 1 (  5%) 1 (  5%) 
Last 30 days 0 (  0%) 0 (  0%) 0 (  0%) 
Drug Problems                    mean (standard error) 
DAST 0.6 (0.24) 1.7 (0.55) 1.1 (0.32) 
Notes. Lifetime, Last 12-months, Last 30 days refer use during the specified time period, as 
reported on the Monitoring the Future (MTF) survey. DAST refers to the score on the Drug 
Abuse Screening Test (DAST). 
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3.2 Manipulations Checks 
 
3.2.1 Intoxication Condition 

Measurements of BrAC were taken at four time points across the alcohol session: prior to 
the practice section, prior to the first section of the study, prior to the second section of the study, 
and prior to the third section of the study. These measurements were used to verify the 
effectiveness of the beverage manipulation. 

The mean BrAC at the first time point, prior to the beginning of the practice section, was 
0.069 (SE = .002). The peak BrAC, 0.071 (SE = .002), occurred at the second time point, prior to 
the second study section. This measurement occurred after the first third of the trial displays, and 
was approximately 30 minutes after the end of beverage consumption.  

A significant linear trend for BrAC across the second, third, and fourth measurements, 
F(1,17)= 5.20, p= 0.04, p

2= 0.24, indicated that breath-alcohol level declined over the course of 
the study sections. Follow-up analyses suggest that this decline is only significant when 
comparing the BrAC measurement from the second time point, following the first third of the 
trial displays, and the fourth time point, following the final third of the trial displays, t(17) = -
2.28, p = .036 r = .48. Despite the statistical significance and moderate effect size of this finding, 
its practical significance is questionable, given that reflects and decrease in BrAC from a mean 
of 0.071 (SE = .002) to a mean of 0.068 (SE = .002). 
 
3.2.2 Visual Search Task 

Measurements of reaction times and numbers of saccades made during the no-alcohol 
session were used to verify the basic characteristics of the visual search task. 

Reaction times from the no-alcohol condition were subjected to a two-way repeated-
measures ANOVA for search type (single-feature, conjunctive-features) and target presence 
(present, absent). The results of these analyses indicated a significant interaction of search type 
and target presence F(1,17) = 51.33, p < 0.01, p

2 = 0.75. Follow-up analyses suggested a non-
significant effect of target presence for single-feature searches, F(1,17) = 2.54, p = 0.13, p

2= 
0.13, such that participants’ reaction times during single-feature target-present searches (M = 
650, SE = 40) were not significantly different their reaction times during single-feature target-
absent searches (M = 689, SE = 42), and a significant effect of target presence for conjunctive-
features searches. F(1,17) = 62.11, p < 0.01, p

2= 0.79, such that participants had smaller 
reaction times during conjunctive-features, target-present searches (M = 929, SE = 48) than 
during conjunctive-features, target-absent searches (M = 1168, SE = 65). 

Reaction times from the target-present searches were subjected to a further two-way 
repeated-measures ANOVA for search type and target location (near, medium, far). Results of 
these analyses indicated a significant effect for search type, F(1,17) = 51.34, p < 0.01, p

2 = 0.75, 
such that participants had shorter reaction times during single-feature searches (M = 661, SE = 
40) than during conjunctive-features searches. Results also indicated a significant linear trend for 
target location, F(1,17) = 59.98, p < 0.01, p

2 = 0.78, such that participants’ reaction times grew 
larger across near-location target searches (M = 743, SE = 43), medium-location target searches 
(M = 798, SE = 42), and far-location target searches (M = 855, SE = 50).  

Error rates from the no-alcohol condition were also subjected to a two-way repeated-
measures ANOVA for search type and target presence. The results of these analyses indicated a 
significant effect for search type F(1,17) = 12.09, p < 0.01, p

2 = 0.42, such that participants 
made fewer errors during single-feature searches (M = 0.02, SE = 0.01) than during conjunctive-
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feature searches (M = 0.04, SE = 0.01), and a significant effect for target presence F(1,17) = 
6.76, p = 0.02, p

2= 0.28, such that participants made more errors during target-present searches 
(M = 0.04, SE = 0.01) than during target-absent searches (M = 0.02, SE = 0.01). 

Numbers of saccades made during trials in the no-alcohol condition were subjected to a 
two-way repeated-measures ANOVA for search type and target presence. Results of these 
analyses indicate a significant interaction for the effects of search type and target presence 
F(1,17) = 84.56, p < 0.01, p

2 = 0.83. Follow-up analyses suggested a non-significant effect of 
target presence for single-feature searches, F(1,17) = 1.58, p = 0.23, p

2= 0.08, such that the 
numbers of saccades that participants made during single-feature, target-present searches (M = 
1.57, SE = 0.12) did not significantly from the numbers of saccades that they made during single-
feature, target-absent searches (M = 1.38, SE = 0.23), and a significant effect of target presence 
for conjunctive-features searches. F(1,17) = 52.77, p < 0.01, p

2= 0.76, such that participants 
made fewer saccades during conjunctive-features, target-present searches (M = 2.92, SE = 0.27) 
than during conjunctive-features, target-absent searches (M = 4.42, SE = 0.41). 

Numbers of saccades were subjected to a further two-way repeated-measures ANOVA 
for search type and target location. Results of these analyses indicated a significant interaction 
for the effect for search type and target location, F(1,17) = 11.57, p < 0.01, p

2 = 0.41. Follow-up 
analyses suggested a significant effect of search type for near-location target searches, F(1,17) = 
51.49, p < 0.01, p

2= 0.75, such that participants made fewer saccades during single-feature, 
near-location target searches (M = 1.47, SE = 0.11) than during conjunctive-feature, near-
location target searches (M = 2.52, SE = 0.24); a significant effect of search type for medium-
location target searches, F(1,17) = 67.76, p < 0.01, p

2= 0.80, such that participants made fewer 
saccades during single-feature, medium-location target searches (M = 1.15, SE = 0.15) than 
during conjunctive-feature, medium-location target searches (M = 3.03, SE = 0.29); and a 
significant effect of search type for far-location target searches, F(1,17) = 102.11, p < 0.01, p

2= 
0.86, such that participants made fewer saccades during single-feature, far-location target 
searches (M = 1.69, SE = 0.17) than during conjunctive-feature, far-location target searches (M = 
3.19, SE = 0.30). Further analyses suggested that the linear trend for target location was 
significant for both single-feature searches, F(1,17) = 5.84, p = 0.03, p

2 = 0.26 and conjunctive-
feature searches, F(1,17) = 23.84, p < 0.01, p

2 = 0.58. 
Taken together, these findings are consistent with those made in other visual search 

studies (e.g., Williams, et al., 1997).  They indicate that the visual search task used in the present 
study produced the expected changes in reaction times and eye-movements.  
 

3.3 Task Performance 
 
3.3.1 Reaction Times 

Reaction times were subjected to a three-way repeated-measures ANOVA for 
intoxication condition, search type, and target presence. The results did not indicate a significant 
effect or significant interaction for intoxication condition.  
 
3.3.2 Error Rates 

Error rates were subjected to a three-way repeated-measures ANOVA for intoxication 
condition, search type, and target presence. The results did not indicate a significant effect or 
significant interaction for intoxication condition.  
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3.4 Fixations 
 
3.4.1 Fixation Numbers 

The average numbers of fixations made during each trial were examined across 
intoxication condition, search type and target presence. (see Table 4). 
 
 

Table 4: Average Fixations Per Trial 
Search Single-Feature  Conjunctive-Feature  
Target Present Absent Present Absent 
Intoxication Condition mean (standard error) 
Intoxicated 2.6 (0.2) 2.1 (0.2) 3.7 (0.3) 4.8 (0.4) 
Sober 2.6 (0.1) 2.4 (0.2) 3.9 (0.3) 5.5 (0.4) 
 
 

The results of a three-way repeated-measures ANOVA indicated a significant interaction 
for the effects of intoxication condition and search type F(1,17) = 11.37, p < 0.01, p

2 = 0.40 (see 
Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Average Fixations Per Trial 
 
 

Follow-up analyses suggested a non-significant effect for intoxication condition during 
single-feature searches F(1,17) = 1.52, p = 0.23, p

2 = 0.08, such that participants did not have a 
larger average number of fixations per trial when completing single-feature searches while 
intoxicated (M = 2.3, SE = 0.2) than when completing single-feature searches while sober (M = 
2.5, SE = 0.2), and a significant effect for intoxication condition during conjunctive-feature 
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searches F(1,17) = 6.40, p = 0.02*, p
2 = 0.27, such that participants had a smaller average 

number of fixations per trial when completing conjunctive-feature searches while intoxicated (M 
= 4.3, SE = 0.3) than when completing conjunctive-features searches while sober (M = 4.7, SE = 
0.3). 

The results of these analyses also indicated a significant interaction for the effects of 
intoxication condition and target presence F(1,17) = 19.88, p < 0.01, p

2 = 0.54 (see Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Average Fixations Per Trial 
 
 

 Follow-up analyses suggested a non-significant effect for intoxication condition during 
target-present searches F(1,17) = 0.71, p = 0.41, p

2 = 0.04, such that participants did not make 
more fixations when completing target-present searches while intoxicated (M = 3.1, SE = 0.2) 
than when completing these searches while sober (M = 3.3, SE = 0.2), and a significant effect for 
intoxication condition during target-absent searches F(1,17) = 8.82, p < 0.01**, p

2 = 0.34, such 
that participants made fewer fixations when completing target-absent searches while intoxicated 
(M = 3.4, SE = 0.3) than while sober (M = 3.9, SE = 0.3). 

The results of these analyses suggested that intoxication condition had little influence on 
the numbers of fixations made during target present searches. In order to confirm this 
impression, the average numbers of fixations made during target-present trials were examined 
across intoxication condition, search type and target location. (see Table 5). 
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Table 5: Average Fixations Per Trial (Target Present Trials) 
Search Single-Feature  Conjunctive-Feature  
Target Near Medium Far Near Medium Far 
Intoxication. Condition mean (standard error) 
Intoxicated 2.5 (0.1) 2.5 (0.2) 2.7 (0.2) 3.2 (0.2) 3.9 (0.3) 4.0 (0.3) 
Sober 2.5 (0.1) 2.5 (0.1) 2.7 (0.2) 3.5 (0.2) 4.1 (0.3) 4.3 (0.3) 
 
 

The results of a three-way repeated-measures ANOVA for intoxication condition, search 
type and target location did not indicate a significant interaction for the effects intoxication 
condition and target location.  
 
3.4.2 Fixation Durations 

The average durations of fixations made during each trial were examined across 
intoxication condition, search type and target presence. (see Table 6). 
 
 

Table 6: Average Fixation Durations Per Trial 
Search Single-Feature  Conjunctive-Feature  
Target Present Absent Present Absent 
Intoxication Condition mean (standard error) 
Intoxicated 288 (20) 419 (35) 296 (33) 273 (35) 
Sober 253 (17) 333 (27) 233 (20) 197 (17) 
 
 

The results of a three-way repeated-measures ANOVA indicated a significant interaction 
for the effects of all three variables, F(1,17) = 15.50, p < 0.01, p

2 = 0.48. Follow-up analyses 
suggested a marginally significant interaction for the effects of intoxication condition and search 
type during target-present searches, F(1,17) = 4.11, p = 0.06, p

2= 0.20 (See Figure 4) and a non-
significant interaction between the effects of intoxication condition and search type during 
target-absent searches F(1,17) = 0.35, p = 0.56, p

2= 0.02 
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Figure 4: Average Fixation Durations Per Trial (Target-Present Searches) 
 
 

Further follow-up analyses suggested a non-significant effect for beverage during single-
feature, target-present searches F(1,17) = 1.58, p = 0.23, p

2 = 0.09, such that participants did not 
have longer fixations when completing single-feature, target-present searches while intoxicated 
(M = 288, SE = 27) than when completing these searches while sober (M = 253, SE = 18), and a 
significant effect for intoxication condition during conjunctive-features, target-present searches 
F(1,17)= 5.08, p= 0.04*, p

2= 0.23, such that participants did have longer fixations when 
completing conjunctive-features, target present searches while intoxicated (M = 296, SE = 33) 
than when completing these searches while sober (M = 233, SE = 20). 

In order to determine whether or not target eccentricity influenced the effects of alcohol 
intoxication on target-present searches, average durations of fixations were examined across 
intoxication condition, search type and target location. (see Table 7). 
 
 

Table 7: Average Fixation Durations Per Trial (Target Present Trials) 
Search Single-Feature  Conjunctive-Feature  
Target Near Medium Far Near Medium Far 
Intoxication. Condition mean (standard error) 
Intoxicated 285 (24) 287 (27) 290 (31) 301 (31) 297 (35) 290 (34) 
Sober 251 (15) 247 (17) 260 (22) 237 (18) 235 (21) 228 (20) 
 
 

The results of a three-way repeated-measures ANOVA did not indicate a significant 
interaction for the effects of intoxication condition and target location. 
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Finally, post-hoc testing suggested a main effect for intoxication condition during target-
absent searches F(1,17) = 9.42, p < 0.01, p

2 = 0.36, such that participants had longer fixation 
durations when completing target-absent searches while intoxicated (M = 346.14, SE = 32.73), 
than when completing target-absent searches while sober (M = 264.78, SE = 19.74), regardless of 
the type of searches (single-feature, conjunctive-features) they were engaged in. 
 
3.4.3 Re-Fixations 

The total numbers of re-fixations in each session were examined across intoxication 
condition, search type and target presence. (see Table 8). 
 
 

Table 8: Total Re-Fixations Per Session 
Search Single-Feature  Conjunctive-Feature  
Target Present Absent Present Absent 
Intoxication Condition mean (standard error) 
Intoxicated 0.28 (0.11) 0.17 (0.09) 2.11 (0.69) 3.06 (0.92) 
Sober 0.61 (0.33) 0.17 (0.09) 4.56 (1.38) 5.78 (1.80) 
 
 

The results of a three-way repeated-measures ANOVA indicated a significant interaction 
for the effects of intoxication condition and search type F(1,17) = 6.74, p = 0.02, p

2 = 0.28 (see 
Figure 5).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Total Re-Fixations Per Session 
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Follow-up analyses suggested a non-significant effect for intoxication condition during 
single-feature searches F(1,17) = 1.13, p = 0.30, p

2 = 0.06, such that the total numbers of re-
fixations that participants made when completing single-feature searches while intoxicated (M = 
0.22, SE = 0.09) did not differ significantly from the total numbers of re-fixations they made 
when completing single-feature searches while sober  (M = 0.39, SE = 0.16). In contrast, 
analyses suggested a significant effect for intoxication condition during conjunctive-feature 
searches F(1,17) = 6.71, p = 0.02*, p

2= 0.28, such that participants made smaller total numbers 
of re -fixations when completing conjunctive-feature searches while intoxicated (M = 2.58, SE = 
0.74) than when completing conjunctive-feature searches while sober (M = 5.17, SE = 1.53). 
 
3.4.4 Target Fixations 

The average numbers target interest area fixations during target-present trials were 
examined across intoxication condition, search type and target location. (see Table 9). 
 
 

Table 9: Average Target Fixations Per Trial 
Search Single-Feature  Conjunctive-Feature  
Target Near Medium Far Near Medium Far 
Intoxication. Condition mean (standard error) 
Intoxicated 1.0 (0.1) 0.8 (0.1) 0.6 (0.1) 0.9 (0.1) 0.7 (0.1) 0.7 (0.1) 
Sober 1.2 (0.1) 0.8 (0.1) 0.7 (0.1) 1.0 (0.1) 0.7 (0.1) 0.6 (0.1) 
 
 

The average numbers target interest area fixations during each trial were subjected to a 
three-way repeated-measures ANOVA for intoxication condition, search type, and target 
location. The results of these analyses indicated a significant interaction for the effects of 
intoxication condition and target location F(2,34) = 3.96, p = 0.03, p

2 = 0.19 (see Figure 6).  
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Figure 6: Average Target Fixations Per Trial 
 

Follow-up analyses suggested a significant effect of intoxication condition for near-
location targets, F(1,17) = 4.80, p= 0.043*, p

2= 0.22, such that the average numbers of target 
fixations per trial were smaller when participants completed searches for near-location targets 
while intoxicated (M = 1.0, SE = 0.1) than when they completed searches for near-location target 
while sober (M = 1.1, SE = 0.1). Follow-up analyses suggested a non-significant effect of search 
type for medium-location targets, F(1,17 )= 0.03, p =  0.86, p

2= 0.00, such that the average 
number of target fixations per trial was not different when participants completed searches for 
medium-location targets while intoxicated (M = 0.7, SE = 0.1) and when they completed 
searches for medium-location target while sober (M = 0.7, SE = 0.1). Follow-up analyses also 
suggested a non-significant effect of search type for far-location targets, F(1,17) = 0.01, p = 
0.91, p

2 = 0.00, such that the average number of target fixations per trial was not different when 
participants completed searches for far-location targets while intoxicated (M = 0.7, SE = 0.1) and 
when they completed searches for medium-location target while sober (M = 0.7, SE = 0.1). 
 
3.4.5 Distracter Fixations 

The average numbers distracter interest area fixations during target-present trials were 
examined across intoxication condition, search type and target location. (see Table 10). 
 
 

Table 10: Average Distracter Fixations Per Trial 
Search Single-Feature  Conjunctive-Feature  
Target Near Medium Far Near Medium Far 
Intoxication. Condition mean (standard error) 
Intoxicated 0.0 (0.0) 0.1 (0.0) 0.2 (0.0) 0.3 (0.1) 0.7 (0.1) 0.7 (0.1) 
Sober 0.0 (0.0) 0.1 (0.0) 0.2 (0.0) 0.4 (0.1) 0.9 (0.1) 1.0 (0.1) 
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Results of a three-way repeated-measures ANOVA for intoxication condition indicated a 
significant interaction for all three of these effects F(2,34) = 4.21, p = 0.02*, p

2= 0.20. Follow-
up analyses suggested a non-significant interaction for intoxication condition and target location 
during single-feature searches, F(2,34) = 0.90, p = 0.39, p

2 = 0.05, but a significant interaction 
for intoxication condition and location during conjunctive-features searches, F(2,34) = 6.01, p < 
0.01**, p

2 = 0.26 (See Figure 7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Average Distracter Fixations Per Trial (Conjunctive-Features Searches) 
 
 

Follow-up analyses suggested a non-significant effect of intoxication condition for near-
location targets, F(1,17) = 2.22, p = 0.16, p

2= 0.12, such that the number of distracter fixations 
that participants made when completing conjunctive-features searches for near-location targets 
did not differ significantly between the trials in which in which those participants were 
intoxicated (M = 0.3, SE = 0.1) and trials in which they were sober (M = 0.4, SE = 0.1). Follow-
up analyses also suggested a significant effect of intoxication condition for medium-location 
targets, F(1,17) = 8.01, p < 0.01**, p

2= 0.32, such that the number of distracter fixations that 
participants made when completing conjunctive features searches for medium-location targets 
was smaller when they were intoxicated (M = 0.7, SE = 0.1) that when they were sober (M = 0.9, 
SE = 0.1). In addition, follow-up analyses suggested a significant effect of intoxication condition 
for far-location targets, F(1,17) = 20.01, p < 0.01**, p

2= 0.54 such that the number of distracter 
fixations that participants made when completing conjunctive features searches for far-location 
targets was smaller when they were intoxicated (M = 0.7, SE = 0.10) that when they were sober 
(M = 1.0, SE = 0.1). 
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3.5 Saccades 
 
3.5.1 Saccade Velocities 

The velocities of saccades made during each trial were examined across intoxication 
condition, search type, and target presence. (see Table 11) 
 
 

Table 11: Average Saccade Velocities Per Trial 
Search Single-Feature  Conjunctive-Feature  
Target Present Absent Present Absent 
Intoxication Condition mean (standard error) 
Intoxicated 127.0 (4.6) 102.2 (6.2) 129.4 (4.6) 158.5 (7.4) 
Sober 135.6 (4.6) 120.4 (5.6) 143.0 (4.4) 174.0 (6.2) 
 
 

The results of a three-way repeated-measures ANOVA indicated a significant effects of 
intoxication condition, F(1,17) = 16.19, p < 0.01**, p

2 = 0.49, such that participants had slower 
saccades when intoxicated (M = 129.30, SE = 4.96) than when sober (M = 143.27, SE = 4.45). 
 
3.5.2 Saccade Amplitudes 

The amplitudes of saccades made during each trial were examined across intoxication 
condition, search type, and target presence. (see Table 12). 
 
 

Table 12: Average Saccade Amplitudes Per Trial 
Search Single-Feature  Conjunctive-Feature  
Target Present Absent Present Absent 
Intoxication Condition mean (standard error) 
Intoxicated 4.93 (0.25) 3.79 (0.34) 5.28 (0.26) 7.70 (0.53) 
Sober 5.31 (0.26) 4.97 (0.33) 6.04 (0.26) 8.50 (0.44) 
 
 

The results of a three-way repeated-measures ANOVA indicated a significant effects of 
intoxication condition, F(1,17)= 14.92, p < 0.01**, p

2= 0.47, such that participants made longer 
saccades when sober (M = 6.21, SE = 0.26) than when intoxicated (M = 5.43, SE = 0.29). 
 
 
3.5.3 First Saccade Amplitudes 

The amplitudes of the first saccades made during each trial were examined across 
intoxication condition, search type, and target presence. (see Table 13). 
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Table 13: Average First Saccade Amplitudes 
Search Single-Feature  Conjunctive-Feature  
Target Present Absent Present Absent 
Intoxication Condition mean (standard error) 
Intoxicated 5.68 (0.28) 3.24 (0.27) 3.57 (0.20) 3.57 (0.21) 
Sober 6.27 (0.30) 4.09 (0.26) 3.91 (0.20) 3.83 (0.23) 
 
 

The results of a three-way repeated-measures ANOVA indicated a significant interaction 
for the effects of intoxication condition and search type, F(1,17) = 6.19, p = 0.02, p

2= 0.27 (see 
Figure 8).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Average First Saccade Amplitude 
 
 

Follow-up analyses for single-feature searches suggested a significant effect of 
intoxication condition, F(1,17) = 18.14, p < 0.01**, p

2= 0.52, such that the amplitudes of the 
first saccades that participants made when completing single-feature searches while intoxicated 
were shorter (M = 4.50, SE = 0.24) than those participants made when completing single-feature 
searches while sober (M = 5.18, SE = 0.25). Follow-up analyses suggest a marginally-significant 
effect of intoxication condition during conjunctive-feature searches, F(1,17) = 4.20, p = 0.06, 
p

2= 0.20, such that the amplitudes of the first saccades that participants made when completing 
conjunctive-feature searches while intoxicated were shorter (M = 3.57, SE = 0.20) than those 
participants made when completing single-feature searches while sober (M = 3.87, SE = 0.21). 
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3.5.4 Target Fixation Saccade Amplitude 

The amplitudes of the saccades that fixated the target during target-present searches were 
examined across intoxication condition, search type, and target location. (see Table 14). 
 
 

Table 14: Average Target Fixation Saccade Amplitudes 
Search Single-Feature  Conjunctive-Feature  
Target Near Medium Far Near Medium Far 
Intox. Cond.       
Intoxicated 2.65 (0.18) 4.75 (0.41) 5.32 (0.72) 3.73 (0.17) 5.20 (0.34) 6.62 (0.61) 
Sober 3.16 (0.13) 5.03 (0.44) 5.23 (0.43) 4.43 (0.21) 6.00 (0.37) 7.40 (0.68) 
 
 

Results of a three-way repeated-measures ANOVA indicated an effect of intoxication 
condition F(1,17) = 4.66, p = 0.05, p

2 = 0.24, such that participants made longer saccades to 
targets on searches they completed while sober (M = 5.21, SE = 0.29) than on searches they 
completed while intoxicated (M = 4.71, SE = 0.30). 
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CHAPTER 4 
 

DISCUSSION 
 
 

The present study examined the effects of alcohol intoxication on visual search using a 
variety of measures selected to capture both overt task performance and apparent visuomotor 
strategies. When task performance was considered, a simple picture emerged: alcohol 
intoxication was not associated with increased reaction times and error rates on either single-
feature searches or conjunctive-features searches. In contrast, when eye movements were 
considered, a more nuanced picture emerged.  

Alcohol intoxication was not associated with increased reaction times or error rates for 
either single-feature or conjunctive-features searches. These findings suggest that alcohol did not 
produce any substantial overall impairment in attention during visual search. Previous research 
often has found some deleterious effects of alcohol intoxication on task performance during 
visual search, so in this context the failure to detect a significant effect for alcohol in the present 
study was somewhat surprising. However, several key methodological differences between 
previous studies and the present one may account for the differences observed.  

The study by Newman and colleagues (1997) found that alcohol intoxication increased 
reaction times across both serial and parallel searches. However, their study used a finger-
tapping response for detection of the target, rather than digital recordings of reaction times, and it 
is possible that the additional demand characteristic of this behavior (i.e., indicating both whether 
the target is present and, if so, where it is located), may have made it more sensitive to the effects 
of alcohol intoxication. In addition, the displays used in this study varied in the numbers of 
search elements they contained. The results for displays containing 12 elements (i.e., the number 
used in the present study) suggest increased reaction time when participants were intoxicated, as 
compared to when they were sober, however the difference between intoxicated and sober 
conditions were larger for displays that contained more elements. This suggests that if the 
displays used in the present study had contained more elements, then perhaps the measurements 
of reaction times and error rates might have showed greater sensitivity to the effects of 
intoxication 

A study by Hoyer and colleagues (2006) also found that alcohol intoxication decreased 
reaction times and increased error rates on a serial search task. However, the displays used in 
their study included more dense search arrays than those selected for the present study and again, 
as alluded to above, the lesser number of search elements in the displays used for tasks in our 
study could have reduced its sensitivity to the effects of intoxication. In addition, participants in 
the present study were instructed to maintain fixation in the center of the array while searching. 
If alcohol intoxication results in a general decrease in eye movement during visual search, as was 
suggested by results from this study, then it may have been easier for participants to maintain 
this fixation during the intoxication condition and more challenging for them to do so during the 
sober condition. The additional demand associated with maintenance of a central fixation while 
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also searching the array for the target may explain why reaction times were increased under the 
sober condition, relative to the intoxicated condition. In this connection, it is worth noting that 
the sober condition in the Hoyer et al. (2006) study used a placebo alcohol manipulation. It is 
possible that participants in this condition extended the duration of their searches in an effort to 
compensate for the  alcohol-related deficit in performance they anticipated. Such an effect could 
then account for the findings similar to those of Fillmore and colleagues (1998) whose 
participants performed worse on a speeded visual information processing task when in a placebo 
versus an actual alcohol intoxication condition.  In any case, clearly the impact of alcohol on 
indices of gross task performance was minimal in the present study.  However, the eye 
movements underlying these performances suggested a number of subtle, but significant 
differences in the way they were achieved.  

Alcohol intoxication was associated with decreased numbers of fixations on conjunctive-
features and searches and also with decreased numbers of fixations on target-absent searches. No 
differences in the numbers of fixations were observed between single-feature searches that 
participants completed while intoxicated and those they completed while sober, or between 
target-present searches that participants completed while intoxicated and those they completed 
while sober. Increased fixations are commonly seen on conjunctive-features and target-absent 
searches (e.g., Williams, et al., 1997), and the results of the present study suggest that alcohol 
impaired the processes involved in saccade generation or guidance for these challenging searches 
more than it did for easier single-feature and target-present searches. In addition, alcohol 
intoxication was also associated with increased fixation durations on conjunctive-features 
searches. The fixation durations for single features searches that participants completed while 
intoxicated appeared to be somewhat longer than those they completed while sober, although the 
difference was not statistically significant. 

These findings were generally consistent with those observed in conceptually similar 
research by Radach and colleagues (in submission) who found that alcohol intoxication was 
associated with decreased numbers of fixations and increased fixation durations on a reading 
task. If alcohol deters the initiation of saccades, this could allow more time for information to be 
gathered at each fixation. This extra information might then have benefitted participants when 
they completed the conjunctive-feature or target absent searches by limiting the number of eye-
movements needed to determine the presence or absence of the target. In effect, intoxicated 
subjects might have been implementing a different strategy than sober ones to achieve 
comparable performance. 

Evidence that alcohol intoxication reduced the likelihood of unnecessary saccades comes 
from the finding that intoxication was associated with a reduced number of re-fixations on 
conjunctive-features searches. Abroms & Fillmore (2004) found reduced IOR under conditions 
of intoxication, which suggests that alcohol should increase the likelihood of attention returning 
to a previous visited location. However, their study differed from the present study in two 
respects. First, as with most other studies of IOR, it used a visual probe designed to attract 
attention and then used reaction time to a subsequently presented target to test the latency to 
return attention to the probed location. In an effort to avoid introducing a confounding effect on 
eye-movement during visual search, the present study did not include visual probes. This 
decision limits the interpretability of these findings as a rigorous test of alcohol’s effects on IOR. 
However, it does suggest that during normal visual searching (i.e., searching that is not 
interrupted by the onset of visual probes), alcohol intoxication does not increase the number of 
instances in which attention returns to a location that has previously been visited.  
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Further evidence that alcohol intoxication reduced the likelihood of unnecessary eye-
movements comes from the finding that intoxication was associated with a reduced number of 
distracter fixations during conjunctive-features searches. This effect was observed for searches in 
which the target appeared at medium and far eccentricities from the starting point of the search 
The fact that this difference was not observed when the target was located at a position near the 
center of the screen may indicate that when the target is already near to a fixation, additional 
processing of the search display by covert attention offers no real advantage to planning a 
saccade to the target or away from distracters. 

Alcohol intoxication was also associated with decreased velocities and amplitudes of 
saccades made on both single-feature and conjunctive-features searches. These findings are 
generally consistent with those of other research into the effects of alcohol on eye movement 
(e.g. Moser, Heide, & Kömpf, 1998; Vorstius, et al., 2008) and provide a further indication of 
alcohol’s slowing effect on the oculomotor system.  

This general reduction in the amplitudes of saccades was observed for the first saccades 
made in each search as well as for the saccades made to the target in target-present searches. 
These two sets of saccades were considered especially important for determining whether or not 
alcohol intoxication decreased the functional field of view around each fixation point and 
thereby limited the amount of information available for planning key eye-movements (i.e., the 
first saccade into the search array and the saccade that lands on the target). Although the 
decreased amplitudes for these saccades made in the intoxication condition suggest that alcohol 
degrades functional field of view, the decreased number of fixations in this condition argues 
against this interpretation. If alcohol reduced functional field of view, then more saccades would 
be necessary to complete each search, because less information about the location of the target 
would be available around each fixation.  

The results of this study inform our understanding of alcohol’s effect on the processes 
that guide attention during visual search. The reduction in saccade velocities and amplitudes 
associated with intoxication, as well as the increase in fixation durations, suggests a general 
slowing of the oculomotor system. As noted above, the extra time afforded by this slowing 
allows for more information to be gathered at each fixation, with the result that individuals are 
less likely to make unnecessary eye movements when intoxicated than when sober. In effect, 
alcohol creates a slight shift from overt attention to covert attention when completing a visual 
search. Interestingly, a similar shift can be accomplished through deliberate training. Research 
suggests that participants can be trained to adopt a ―passive‖ visual search strategy, whereby they 
wait longer before making saccades and make fewer total saccades than participants with an 
―active‖ visual search strategy (Smilek, et al., 2006; Watson, et al., 2010). This strategy results in 
more efficient searches, as more information is available at each fixation.  Perhaps intoxicated 
subjects simply stumble upon an adaptive visual search strategy that enables them to compensate 
for alcohol’s slowing effects on the visuomotor system.  

The results of this study suggest that the attention allocation theory (Steele & Josephs, 
1990) does not accurately characterize changes in visual attention that accompany intoxication. 
Alcohol-related reductions in the capacity for complex processing proposed by this theory were 
expected to impair the discrimination of target and distracter stimuli on conjunctive-features 
searches. This led to the predictions that alcohol intoxication would result in increased reaction 
times, increased error rates, and increased fixations on distracters during these searches. None of 
these effects was observed. Furthermore, the effects of alcohol intoxication on cognitive capacity 
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were also expected to enhance the discrimination of target and distracter stimuli on single-feature 
searches, but this effect was not observed either. 

The results of this study also suggest that alcohol-related impairment of inhibitory control 
(Fillmore, 2003) does not influence shifts of attention during visual search. The possibility of 
such impairments led to predictions of decreased reaction times, increased error rates, and 
increased fixations on distracters during these searches. Again, none of these effects was 
observed. Moreover, the effects of alcohol intoxication on inhibitory control were also expected 
to reduce IOR and lead to more re-fixations during visual search, but this effect was not 
observed. 

Before concluding, it is important to comment on several limitations of the present study, 
as well as some avenues for future study. First, although most of the significant results described 
above were associated with moderate effect sizes (Myers, et al., 2010), the practical sizes of 
these effects were sometimes quite small. For instance, the difference between the average 
number of distracter fixations that participants made when completing conjunctive-features 
searches while intoxicated and the average number of distracter fixations that they made when 
completing conjunctive features searches when sober was less than one fixation. Although 
significant, the practical consequence of such alcohol-related changes in patterns of eye-
movement on other types of search tasks or in real-world applications is unknown and may be 
limited. A replication and extension of this study to include denser arrays of search elements 
might reveal larger differences in eye movements between sober and intoxicated participant and 
this should be explored.  In addition, the present study used search arrays comprised of elements 
that had no emotional valence and thus the extent to which these findings would generalize to 
visual searches that involve emotionally relevant elements is unknown. A replication and 
extension of this study that included such elements might reveal interaction between alcohol 
intoxication and emotional cues (e.g., threats of punishment or reward) on patterns of eye 
movements. Another limiting feature of the present study was its use of a no-alcohol sober 
condition rather than a placebo-alcohol sober condition. This made it impossible to confidently 
estimate the extent to which the effects of alcohol intoxication on eye movements reflected the 
pharmacology of ethanol or psychological expectations associated with drinking, or some 
combination of the two. Research suggests that expectations about intoxication can influence 
patterns of attention (e.g. Fillmore, 1998) and that deliberate search strategies can influence 
performance on visual search (e.g. Watson, et al., 2010). A replication and extension of this 
study that includes alcohol, sober no-alcohol, and placebo no-alcohol groups would be better 
able to tease apart the pharmacological and psychological effects of alcohol. Future dose-
response studies would also be needed to determine how level of alcohol intoxication might 
differentially effect visual search performance and process. 

In conclusion, the results of this study provided little support for alcohol-related 
reductions in cognitive capacity or inhibitory control suggested by the attention allocation 
(Josephs and Steele, 1990) and impaired control (Fillmore, 2003) theories as key mechanisms 
underlying changes in visual search while intoxicated—at least not at the dose tested in the 
present study. However, our findings did indicate a general slowing effect of alcohol intoxication 
on the initiation and velocity of eye movements, as well as alteration of their amplitudes. Such 
effects appeared to enable individuals to perform visual search tasks without obvious impairment 
by gathering more information at each fixation and consequently reducing the number of 
unnecessary eye movements that they made. These results are largely consistent with those of 
other research that has used different oculomotor tasks to examine alcohol’s effects on attention 
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(e.g., Radach, et al., 2011). Together, these studies suggest that alcohol might influence attention 
in visual search, not by impairing top-down, controlled processes that guide eye-movements, but 
rather by influencing the bottom-up, automatic processes that initiate them. 
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APPENDIX A 
 

INSTITUTIONAL REVIEW BOARD APPROVAL 
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APPENDIX B 
 

GENERAL INSTRUCTIONS FOR VISUAL SEARCH TASK 
 
 

In a few minutes, we will calibrate the eye-tracking machine and then begin the visual 
search task. During this task, you job will be to look at a series of displays and determine 
whether or not a specific shape, the target, in present in each one. The displays are grouped into 
blocks of 12. Before each block, you will see an instruction screen that will tell you what the 
target for that block will be. The instruction screen will also tell you to click the left (or right) 
trigger on the game controller when you see that the object is present or the right (or left) trigger 
when you see that the object is not present.  

Before each display, you will see a screen with a video clip located at the center. You 
must look directly at the video clip to get the display to appear. Once the display has appeared 
please do your best to quickly and accurately decide whether or not the target is present. 

We take two short breaks during the visual search task. During these times, you may go 
to the restroom or simply relax. Unless it is an emergency, please save any questions or 
comments that you have for these breaks. 

We will also take calibrate the eye-tracking machine again (and check your breath 
alcohol level) at two points during the visual search task. 

Do you have any questions now? 
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APPENDIX C 
 

FOOTNOTES 
 
 

1 Blood alcohol concentration (BAC) is commonly expressed in g/100ml of blood or 
gms%, often denoted without units. However, as with most alcohol challenge studies involving 
human participants, the present experiment used estimates of BAC derived from breath alcohol 
concentration (BrAC), measured as g/210 l of breath.  Numerous studies indicate that these 
indices are highly correlated (r = 0.95-0.98, see Jones & Andersson, 2003), and breath testers, 
such as the ones used in the present study, provide reliable estimates of BAC to two decimal 
places (Intoximeters, 2006).  

2 Research suggests that over one-third of university students use tobacco (Rigotti, Lee, 
& Wechsler, 2000), and that patterns of tobacco use are associated with patterns of alcohol use 
(Weitzman & Chen, 2005). While it would have been desirable to include tobacco-using 
participants from the study, concerns about possible effects on visual search (e.g. Rycroft, 
Rusted, & Hutton, 2005) made this challenging. Subsequent research may examine potential 
interactions of alcohol and nicotine on visual search. 

3 The procedure used to determine alcohol dosage in the present study was developed 
using formulae available from Watson (1989).  It is predicated on the assumption that to reach a 
target level of intoxication, the alcohol dose administered should be a function of each 
participant's total body water (TBW), duration of the drinking period (DDP), time to peak BAC 
(TPB), and alcohol metabolism rate (MR).  Specifically, Alcohol dose (g) = (10 * BAC + 
TBW)/0.8 + 10 * MR * (DDP + TPB) * (TBW/0.8).  By convention, 0.015 g/100 ml/hr is used 
as the average metabolism rate for all participants.  In addition, it was assumed, based on fasting, 
beverage concentrations, and drinking rates in this study, that participants reached their peak 
BAC approximately 0.5 hr after cessation of drinking.  TBW was determined from 
gender-specific regression equations provided by Watson: Men's TBW = 2.447 - 0.09516·age + 
0.1074·height (cm) + 0.3362·weight (kg). Women's TBW = - 2.097 + 0.1069·height (cm) + 
0.2466·weight (kg).  Finally, alcohol dose was converted from grams to milliliters by dividing by 
the density of alcohol at 24°C, 0.7861 g/ml. 

4 The colors red (HSL: hue=0, saturation=255; luminance=128) and green (HSL: hue=85, 
saturation=255; luminance=64) were chosen for consistency with the large body of visual search 
research conducted by Wolfe and colleagues (e.g. Wolfe & Horowitz, 2006). Color and 
orientation are features that guide attention in visual search (see Wolfe & Horowitz, 2004 for a 
review). Importantly, alcohol intoxication, at the level proposed in this study, is not associated 
with loss of color sensitivity or visual acuity (Hill & Toffolon, 1987; Watten & Lie, 1996). The 
background color for all screens in the visual search task was set to gray (HSL: hue=170, 
saturation=0; luminance=225). 
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